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Abstract
This editorial examines the relationship between nutrition, physical activity, and brain health, emphasizing 
their effects on cognitive function and mental well-being. Evidence supports a balanced diet – rich in anti-
oxidants, omega-3 fatty acids, polyphenols, and patterned after the Mediterranean-DASH Intervention for 
Neurodegenerative Delay (MIND) diet – as crucial for sustaining neural structure, function, and plasticity. 
Similarly, regular exercise has been shown to enhance mood, attention, memory, and overall cognitive per-
formance. However, despite these demonstrated benefits, the precise neurobiological mechanisms through 
which diet and exercise influence brain health remain unclear. This article explores both the efficacy of these 
interventions and the challenges involved in optimizing them for long-term cognitive resilience.

Key words: cognitive function, mental health, exercise, nutrition, brain health
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Introduction

In recent decades, a broad range of academic studies has 
shown interest in the mind–body relationship and published 
a number of empirical studies in this field.1 The “mind–body 
connection” refers to the complex interplay between mental 
and physical well-being. Efficient bidirectional communi-
cation between the brain and body is vital for maintaining 
physiological homeostasis. The human organism comprises 
intricately connected systems that work in concert to regu-
late this balance and underpin both behavior and cogni-
tion.2 This concept highlights on interaction of thoughts, 
emotions, and actions on our bodies and vice versa.3 Some 
factors such as psychological therapy, diet, exercise, and 
sleep significantly affect cognitive function and emotional 
stability, psychological status and physical health.4 For ex-
ample, psychological therapy can improve quality of life 
and wellbeing.5 A healthy nutrition influences both mental 
and physical well-being and increases disease resistance.6

The capacity of neurons to modify the strength and 
structure of their synaptic connections in response to in-
ternal and external stimuli underlies the brain’s adaptive 
ability, a phenomenon known as neuroplasticity. A grow-
ing body of evidence indicates that physical activity (PA) 
enhances cognitive processes, such as memory and atten-
tion, in both children and adults.7,8 Studies have reported 
that brain capillaries improve and regulate these effects 
by supplying angiogenic growth factors such as the vas-
cular endothelial growth factor (VEGF), brain-derived 
neurotrophic factor (BDNF), and the growth and differen-
tiation factor 11 (GDF11), and induce genes responsible for 
neuroplasticity.9,10 Dietary regimens that emphasize caloric 
restriction may delay the onset of age-related diseases and 
slow the biological aging process.11,12

Preventive policies and health promotion programs are 
crucial for healthy aging. As the elderly population grows, 
these strategies help support their well-being and decrease 
pressure on healthcare and pension systems. This change 
in population structure is linked to a higher disease burden 
and increased healthcare costs.13,14 Eating healthy foods 
with anti-aging properties is  important for supporting 
healthy aging and reducing the risk of chronic diseases.15

This editorial explores the mind–body connection by ex-
amining how diet and exercise influence brain function. 
It synthesizes mounting evidence that lifestyle choices, 
specifically balanced nutrition and regular physical activ-
ity, are fundamental to cognitive health, emotional resil-
ience, and overall quality of life. By reviewing the latest 
research, the letter advocates for lifestyle modifications 
that may slow biological aging and reduce the risk of age-
related diseases, underscoring the critical interplay be-
tween mental and physical well-being.

Brain health

The cerebrum, the largest part of the brain, is responsible 
for higher cognitive functions such as memory, reasoning, 
and complex thought.16 The brainstem controls fundamen-
tal processes such as breathing, heartbeat, and digestion, 
while the cerebellum organizes movement and balance.17 
The  brain utilizes interconnected neuronal networks, 
linked by synapses, to transmit electrical impulses and 
facilitate communication both among its various regions 
and with the rest of the body. The brain can process sen-
sory data, start movements, control emotions, and oversee 
all physiological processes that are required for survival.18 
Despite its capabilities, the brain has several difficulties, 
especially as people age. Cognitive decline – a gradual de-
terioration of memory, learning, and reasoning abilities 
– is a common concern.19 Although aging is a primary 
contributor, lifestyle factors, genetic predisposition, and 
disease can accelerate this decline.20 Mood disorders such 
as anxiety and depression can have a major effect on brain 
function. These disorders may also affect the structure and 
function of the brain, especially in areas such as the amyg-
dala and prefrontal cortex.21 Neurodegenerative diseases 
–  such as  Alzheimer’s, Parkinson’s, and Huntington’s 
– pose significant threats to brain health. These conditions 
are characterized by progressive neuronal degeneration, 
resulting in declines in both motor function and cognitive 
abilities.22 For example, Alzheimer’s disease is character-
ized by the accumulation of aberrant proteins in the brain 
that disrupt neuronal communication, leading to memory 

Highlights
	• Nutrition and exercise synergy enhances brain health and neuroplasticity: Combined diet and physical activity 
fortify brain structure, synaptic function, and learning capacity.

	• Antioxidants, omega-3 fatty acids, polyphenols, and the MIND diet boost cognitive function: These key nutrients 
reduce oxidative stress and support memory, attention, and executive performance.

	• Regular physical activity elevates mood, attention, memory, and overall cognitive performance: Aerobic and resis-
tance training increase cerebral blood flow and neurotrophic factors for sharper thinking.

	• Mechanistic insights still emerging on diet- and exercise-driven brain benefits: Ongoing research aims to unravel 
the molecular pathways linking nutritional compounds and exercise stimuli to neural health.
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loss, disorientation, and other cognitive deficits.23 Al-
though aging is the primary risk factor, lifestyle choices, 
environmental exposures, and genetic predisposition also 
play significant roles in disease development.

The effects of nutrition 
on brain health

Nutrition has an important role for developing the brain 
and its functions. Diets containing sugar, unhealthy fats 
and/or too many calories can cause damages in brain func-
tion.24 These types of diets increase stress in the brain and 
decrease its ability to adapt. An ideal nutrition is essential 
for brain function. It has been accepted that having break-
fast helps children perform better in school.25 Children 
who ate breakfast did better and made fewer mistakes than 
those who skipped it. As people age, cognitive abilities, 
such as memory and processing speed, naturally decline. 
Nutrition not only influences brain structure but also af-
fects its function.26 Antioxidants can positively influence 
cognitive performance and overall brain function.

In our study, we demonstrated that Spirulina platensis, 
a potent source of antioxidants, protects adolescent rats 
from oxidative stress.27 Treatment with S. platensis in-
creased expression of brain-derived neurotrophic factor 
(BDNF) and key antioxidant enzymes, thereby mitigating 
stress-induced damage.27 Molecular factors like BDNF 
and VEGF can influence broader brain systems involved 
in thinking and emotional regulation, linking body activity 
to brain function.28 Antioxidants can play protective roles 
during critical periods of adolescence. In our study, Spiru-
lina platensis ameliorated scopolamine-induced memory 
deficits by attenuating oxidative stress, as evidenced by re-
duced malondialdehyde (MDA) levels.29 Additional studies 
have examined how S. platensis modulates apolipopro-
tein E (APOE) and reticulon-4 (RTN4) protein expression 
in the rat prefrontal cortex.30 Polyphenols are powerful 
antioxidants found in foods like fruits, tea, red wine, cocoa, 
and coffee.31 These nutrients may protect brain cells from 
damage caused by harmful toxins, reduce brain inflamma-
tion, and help improve memory, learning, and brain func-
tion.32 It has been shown that polyphenols decrease stress 
and inflammation in the brain, increase protective signals, 
and promote the production of proteins that help protect 
brain cells.33 It was also reported that green tea extract 
and polyphenols increased brain activity in the prefrontal 
cortex in the human brain.34 In a separate study, we dem-
onstrated that quercetin nano-phytosomes significantly 
attenuated inflammation in rodent models of multiple 
sclerosis.35 We also demonstrated that gingerol produces 
significant antidepressant-like effects through modula-
tion of the serotonergic system.36 Conversely, our group 
reported that high white and brown sugar consumption 
significantly decreased the concertation of brain-derived 
neurotrophic factor in animal models.37 In our studies, 

nutritional interventions, such as S. platensis, quercetin 
nano-phytosomes, and phenolic compounds, demon-
strated neuroprotective effects by attenuating oxidative 
stress and inflammation and by supporting neurotrans-
mitter function. These compounds increased BDNF lev-
els and cognitive performance in animal models.27,29,35 
In contrast, high intake of refined sugars adversely affected 
brain-derived neurotrophic factor levels.37 In sum, our 
findings underscore the pivotal role of nutrition in modu-
lating brain function, particularly during critical develop-
mental and aging periods.

Adherence to the Mediterranean-DASH Intervention 
for Neurodegenerative Delay (MIND) diet has been asso-
ciated with superior cognitive performance, independent 
of common neuropathological changes. The MIND diet 
can increase cognitive resilience in the elderly.38 It was 
also reported that the MIND diet intervention could re-
verse the destructive effects of obesity on cognition and 
brain structure in healthy obese women.39 A systematic 
review indicated that adherence to the MIND diet is linked 
to improved cognitive function in older adults, positioning 
it as a superior dietary strategy for preserving cognitive 
performance in this population.40 A recent study found 
that greater adherence to the French version of the MIND 
diet is associated with a lower risk of dementia and pres-
ervation of white matter microstructure.27 These studies 
suggest the MIND diet is a promising nutritional method 
for protecting brain health in aging populations.

The effects of exercise 
on brain health

Exercise has an important role in improving brain func-
tion. It has been reported that combining exercise and eat-
ing habits is the best way to support brain health.4 There 
are studies reporting the positive effects of physical activity 
on mental health.41,42 Physical activity improves mental 
health outcomes and helps to improve mood, self-esteem, 
stress, and cognitive function.43 Exercise enhances mood, 
boosts self-esteem, and reduces stress. Exercise also stimu-
lates the body’s production of endogenous opioids and 
endocannabinoids.44 Regular physical activity enhances 
cognitive function, lowers stress hormone levels, and helps 
regulate appetite-related hormones. In our study, voluntary 
exercise enhanced cognitive performance, elevated hip-
pocampal BDNF levels, and promoted neuroanatomical 
remodeling in stressed female rats.45 In a separate study, 
we demonstrated that voluntary exercise–administered 
alone or combined with Spirulina platensis microalgae 
supplementation–reduced oxidative stress and elevated 
BDNF expression in the adolescent rat brain.45 Further-
more, voluntary exercise enhanced cognitive performance, 
increased hippocampal BDNF levels, and promoted neu-
roanatomical remodeling in the hippocampus of stressed 
female rats. These findings emphasize the  synergistic 
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benefits of nutrition and physical activity on brain health. 
Physical exercise has been shown to accelerate reaction 
times in older adults and enhance executive functions 
mediated by the prefrontal cortex.46 High-intensity exer-
cise has been shown to impair cognitive performance and 
decrease oxygenation in the prefrontal cortex compared 
with moderate exercise or rest.47 Although physical activ-
ity usually enhances executive function in older adults, 
excessively high intensity may have the opposite effect.

Challenges and future directions

Several studies have investigated the effects of exercise 
and diet on brain health, but several important questions 
remain unanswered. A major challenge is the complexity 
of the brain, as numerous factors affect its structure and 
function. This makes it difficult to identify the exact effects 
of specific foods or types of physical activity. In addition, 
individual differences in genetics, lifestyle, and environ-
ment make it hard to apply findings to everyone. Future 
research should aim to identify specific nutrition and ex-
ercise plans that support brain health. Another challenge 
is the need for extensive, long-term research to provide 
stronger evidence of the relation between exercise, diet, and 
brain health. Most current studies are observational data 
or short-term trials, which makes it difficult to determine 
a clear cause-and-effect relationship. Long-term random-
ized controlled trials examining the effects of nutrition 
and physical activity are needed to generate robust, reliable 
evidence. Although the mental health benefits of physical 
activity are well recognized, the specific types and amounts 
of exercise that best support brain function remain un-
clear. More research is needed to identify the most effective 
routines for different age groups and health conditions, 
especially in relation to cognitive decline and neurodegen-
erative diseases. However, the relationship between them 
requires deeper investigation.

Conclusions

This editorial emphasizes the important role that exer-
cise and diet play in maintaining cognitive performance 
and brain health. Diet and regular physical activity can 
improve mood, memory, mental well-being, and overall 
brain function. This editorial highlights how nutrition, 
particularly antioxidant-rich diets such as the MIND regi-
men, and moderate exercise support brain health by re-
ducing oxidative stress, elevating neurotrophic factors 
like BDNF, and enhancing cognitive function. Together, 
they offer a synergistic approach to preserving brain func-
tion throughout life. Although challenges persist, such 
as the need for personalized interventions and long-term 
clinical trials, the growing body of evidence underscores 
the value of healthy nutrition and regular exercise for 

preserving cognitive function and mitigating age-related 
decline. Future research on these interactions will inform 
the development of targeted strategies to optimize brain 
health and enhance quality of life across the lifespan.
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Abstract
The Enhanced Recovery After Surgery (ERAS) consensus offers a robust framework but must be tailored 
to the unique challenges of free-tissue transfer reconstructions in oral cancer. Factors such as clinical het-
erogeneity, institutional variability, inconsistent monitoring, and the absence of internal compliance audits 
can undermine postoperative recovery. By fostering multidisciplinary collaboration, ERAS can evolve from 
a theoretical guideline into a reproducible clinical pathway that enhances survival, functional outcomes and 
quality of life for oral cancer patients undergoing free-tissue reconstruction. Our proposed checklist merges 
evidence-based recommendations with practical adaptations to establish a more consistent, auditable and 
outcome-driven approach to perioperative care.
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Introduction

Enhanced Recovery After Surgery (ERAS) protocols 
have revolutionized perioperative care by substantially 
decreasing morbidity across numerous surgical disci-
plines. Dort et al. published a consensus on ERAS imple-
mentation in head and neck cancer surgery and free tissue 
transfer reconstruction (HNS-FTR).1 However, when ex-
trapolating to complex oncologic oral cavity reconstruc-
tions involving FTR, the ERAS framework begins to show 
signs of strain. That editorial addressed major contro-
versial issues but left universal matters uncommented 
upon while stating that the general principles of early 
mobilization, multimodal analgesia, reduced periopera-
tive fasting, and early urinary catheter removal remain 
universally beneficial. Nonetheless, several core elements 
of ERAS in this specific surgical context require critical 
adaptation or, in some cases, fundamental rethinking 
because even seemingly straightforward opioid-sparing 
analgesia requires improvements in monitoring. Kemp 
et al.2 revealed inconsistencies in the  implementation 
of the guidelines by showing that more than 64% of in-
tensive care unit (ICU) patients did not receive a physi-
cian-documented pain assessment. This critical oversight 
highlights the urgent need for a structured checklist that 
includes ERAS recommendations for oral cancer FTR 
patients who may be tracheostomy-dependent and un-
able to self-report.

Preoperative nutritional optimization

The interval between diagnostic evaluation, definitive 
diagnosis and treatment initiation in oral cancer patients 
varies significantly depending on the institution and mul-
tiple individual patient factors.3 Given the  significant 
delays before treatment reported by Rutkowska et al.,4 
we believe that the time required for comprehensive di-
agnostics can be used to optimize the patient’s nutritional 
status in every case where oral cancer is suspected, using 
validated tools such as Nutritional Risk Screening 2002 
(NRS-2002)5 or  the Malnutrition Universal Screening 
Tool (MUST).6

Early oral feeding vs prolonged nil 
by mouth

Institutions vary widely in their protocols for postopera-
tive oral intake: Some enforce a strict nil-by-mouth (NBM) 
regimen for 7–10 days regardless of reconstruction type, 
based on the traditional belief that prolonged fasting re-
duces the risk of flap dehiscence, compromised healing and 
fistula formation. Both ERAS and European Society for 
Clinical Nutrition and Metabolism (ESPEN) support early 
oral feeding, though they underscore the limitation in ro-
bust data regarding oral cancer. When oral feeding is con-
traindicated, enteral nutrition should be initiated within 
24 h of surgery, with careful monitoring and proactive man-
agement of refeeding syndrome.1,7,8 Kerawala et al. showed 
that early oral feeding did not increase the incidence of re-
cipient site complications and was safe, even in patients 
with prior radiotherapy. Moreover, it significantly reduced 
the length of stay (LOS), supporting a shift from routine 
prolonged NBM practices.9 Brady and al. supported these 
findings and proposed a structured early feeding protocol 
that commences oral intake of a liquid diet on postoperative 
day 1, dietitian-supported nutritional planning, swallow-
ing assessment by a speech and language therapist (SLT), 
and instrumental swallowing assessments when the clini-
cal situation is unclear.10 In our experience, rigid fasting 
protocols often delay recovery and undermine nutritional 
goals that are critical in cancer care. It is time to abandon 
dogma in favor of a data-driven, patient-centered approach.

Airway management: Is tracheostomy 
still too routine?

Free tissue transfer reconstruction (FTR) involving 
the tongue base, floor of the mouth and extensive man-
dibular resections presents particular challenges in assess-
ing the need for elective tracheostomy. According to Led-
derhof et al. and Le et al., elective tracheostomy should be 
reserved for patients with large lower oral cavity defects 
when the resection crosses the midline, involves the floor 
of the mouth, or requires bilateral neck dissections with 
FTR.11,12 Reconstructive flaps should be designed with 
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reconstructions in oral cancer patients.
•	 Challenges such as clinical heterogeneity, institutional variability, and lack of compliance audits can hinder post-

operative recovery.
•	 Multidisciplinary collaboration is essential to transform ERAS from theoretical guidelines into reproducible clini-

cal pathways.
•	 A proposed checklist integrates evidence-based recommendations with practical adaptations to ensure consistent, 

auditable, outcome-driven perioperative care.



Adv Clin Exp Med. 2025;34(9):1425–1431 1427

approx. 37% additional tissue to offset anticipated post-
operative shrinkage and natural atrophy.13 In this context, 
postoperative edema can constrict the upper airway, posing 
a life-threatening risk if a tracheostomy is not performed. 
Although ERAS guidelines advocate for selective trache-
ostomy use and prompt decannulation once safe, they do 
not define explicit indications for elective tracheostomy, 
leaving this decision to the surgeon’s clinical judgment 
and experience. Several validated scoring systems can aid 
in determining the need for elective tracheostomy in head 
and neck surgery. Cameron’s original index evaluates fac-
tors such as surgical site, anticipated airway edema and 
comorbidities; Gupta’s modification refines these criteria 
by incorporating intraoperative findings and patient risk 
profiles; and the TRACHY (Tracheostomy Risk Assess-
ment Checklist in Head and Neck Surgery) protocol, de-
veloped by Mohamedbhai, combines preoperative, intraop-
erative and postoperative variables to generate a composite 
risk score that guides both tracheostomy placement and 
timing of decannulation.14–16 Table 1 presents a compari-
son of the 3 scoring systems.

Adhikari et al. defined decannulation timing as early 
(≤7 days) or delayed (≥7 days),17 whereas Patel et al. recom-
mended that, in uncomplicated cases, decannulation can 
be safely performed between postoperative days 3 and 6 

– provided there is adequate airway patency, an effective 
cough and no evidence of flap compromise.18

When tracheostomy is employed, the most widely ac-
cepted and safe protocols include tracheostomy tube cuff 
deflation on postoperative day 1 with subsequent early 
decannulation and surgical closure of the tracheostomy. 
These procedures lead to faster recovery and more effective 
respiratory and swallowing rehabilitation, though individ-
ualized assessments remain critical to avoid postoperative 
airway emergencies.1,19

Tracheostomy should be a carefully considered inter-
vention rather than a routine reflex. When it is required, 
protocols must emphasize structured weaning and early 
decannulation. This approach not only safeguards the air-
way but also accelerates recovery, minimizes complications 
and restores function at the earliest clinically appropriate 
time.

Postoperative ICU admission: 
Necessary or not?

Routine postoperative admission to the ICU is a case for 
ongoing discussion, and we believe it is time to question 
the reflexive ICU admission model. According to a sys-
tematic review and meta-analysis conducted by Mashrah 

Table 1. Tracheostomy scoring systems focused on oral cancer surgery

Feature Cameron et al.14 CASST15 TRACHY score16 

Study focus
Major head and neck surgery (including oral 

cancers)
Oral cavity and oropharyngeal 

cancers
Head and neck cancer with flap 

reconstruction, including oral sites

What about oral cancer?

Included oral sites like the anterior/posterior 
tongue, floor of mouth, and mandibular 
alveolus. Scoring emphasized tumor site 

proximity to the pharyngeal airway. High risk 
in tongue/floor of mouth resections

Exclusively focused on oral and 
oropharyngeal cancer surgeries. 
Identified tumor size, site, extent 

of resection, trismus, radiation, and 
flap bulk as major contributors 

to airway risk

Included oral cavity tumors 
as part of the overall H&N group. 
Oral cancers that needed bulky 

flaps or bilateral neck dissections 
scored higher

Study type
Retrospective review

(148 procedures)

Retrospective analysis of 386 patients, 
prospective validation 

on 486 patients

Retrospective review
(149 patients)

Tracheostomy criteria
Score based on tumor site, mandibulectomy, 

bilateral neck dissection, reconstruction

Score based on 6 major and 4 minor 
factors; surgical/anatomic risks and 

patient comorbidities

Score based on TRACHY (T-stage, 
reconstruction type, surgical site, 
ASA, treatment history, and neck 

dissection laterality)

Threshold for tracheostomy Total score ≥5 Total score ≥7 Total score ≥4

Ease of use Moderate – 4-factor model Complex – 10 variables Simple – 6 variables

Oral cancer suitability
Good general tool; flagged tongue and floor 

of mouth as high-risk

Best suited – built around oral cancer 
surgeries; robust data and validated, 
with the highest sensitivity (95.5%) 

and specificity (99.5%)

Applicable but not exclusive 
to oral cancers; strength in flap-

specific risk

Key strengths
First structured scoring method; intuitive 

clinical categories

Highly predictive; prospectively 
validated in a large oral/

oropharyngeal cancer cohort

Easy to apply; high-performing 
for flap-based reconstructions, 

including oral sites

Main limitation
Does not account for comorbidities; 

retrospective only
Many variables, less intuitive, and may 

be complex for routine use
Not yet externally validated; not 

exclusive to oral cancers

CASST – Clinical Assessment Scoring System for Tracheostomy; TRACHY – acronym based on 6 key factors: T-stage – tumor stage (based on TNM 
classification); reconstruction type – type of reconstruction (e.g., free flap, local flap); anatomic surgical site – surgical location (e.g., tongue, floor of mouth); 
ASA – American Society of Anesthesiologists physical status classification; history of treatment – prior therapies (e.g., radiation, surgery); Y/N neck dissection 
bilaterality – yes/no: Bilateral neck dissection performed; H&N – Head and Neck.
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et al., it does not improve outcomes in terms of flap survival 
or complication rates after HNS-FTR. Moreover, reduc-
ing ICU time or even limiting postoperative admissions 
can lower rates of pneumonia, sepsis, LOS, and healthcare 
costs.20 Based on our experience and institutional setting, 
it is more efficient to monitor stable patients’ when they 
remain in the same surgical ward rather than being trans-
ferred to the ICU, which also supports faster mobilization 
and improves continuity of care, but these findings require 
comprehensive research. Table 2 presents our institution’s 
decision-support criteria for ICU compared to ward admis-
sion, which is grounded in recent literature and expert 
consensus. The presence of a single high-risk factor may 
be sufficient to warrant postoperative ICU admission.20–24

Perioperative antibiotics: Tailored duration 
and choice

Prolonged antibiotic use remains common in oral cavity 
oncology and is usually connected to bone reconstruction, 
segmental mandibulectomy, preoperative radiation therapy, 
tracheotomy, longer operative time, and LOS.13 The Centers 
for Disease Control and Prevention (CDC) recommend anti-
biotic prophylaxis within 60 min before incision and discon-
tinuation within 24 h postoperatively. Current guidelines 
emphasize pathogen-directed, short-term antibiotic regi-
mens to optimize outcomes and reduce hospital-acquired 
infections.1,25,26 In contrast, a retrospective study by Daly 
et al. demonstrated that shortening the duration of antibi-
otic prophylaxis from a median of 9 days to 1 day, including 
the recommended cefazolin + metronidazole regimen, led 
to a significant increase in surgical site infection (SSI).27

Recent evidence indicates that extending prophylactic 
antibiotic courses beyond 48–72 h offers no additional 
benefit; penicillins and cephalosporins remain the most 
effective agents for preventing surgical-site infections 
in head and neck/oral cancer surgery, whereas clindamy-
cin performs poorly, especially in penicillin-allergic pa-
tients.26,28–30 Iocca et al. also highlighted that most re-
ported penicillin allergies are not confirmed upon formal 
testing, suggesting that many patients may be unneces-
sarily excluded from receiving first-line prophylaxis.26 
Multidisciplinary research shows that the risk of cross-
reactivity between penicillin and cefazolin is very low and 
supports its use in most surgical patients with a history 
of penicillin allergy, but current official clinical guide-
lines still do not fully align with these trends.31,32 Data 
on the optimal duration of postoperative antibiotic pro-
phylaxis are limited – articularly in patients undergoing 
vascularized bone graft reconstruction or those who have 
received neoadjuvant therapy. Furthermore, no clear con-
sensus has been established, underscoring the need for 
further research, ideally randomized controlled trials fo-
cused on these high-risk subgroups. Current perioperative 
antibiotic prophylaxis recommendations are summarized 
in Table 3.

Steroid use: Limited to single 
preoperative dose

Corticosteroid use in ERAS protocols for head and neck 
surgery (HNS) remains a subject of debate. Dort et al.1 
recommend a single preoperative dose of corticosteroids, 
primarily to reduce postoperative nausea and vomiting 

Table 2. Intensive care unit vs ward admission criteria for oral cancer free tissue transfer reconstruction

Parameter ICU admission recommended Ward/step-down admission safe GoE SoR

ASA physical status ASA IV or unstable ASA III ASA I–III, stable III A

Airway management
Anticipated airway difficulty without 

tracheostomy or unstable
Secured airway (tracheostomy or extubated 

safely in OR/PACU)
IV A

Intraoperative hemodynamics
Vasopressor/inotrope use >1 h, persistent 

instability
Stable throughout the case, with low or no 

vasoactive support
II A

Ventilation needs Planned postoperative ventilation or FiO2 > 50% Extubated, normal oxygen needs III B

Bleeding risk or coagulopathy Active bleeding, platelet dysfunction, INR > 1.5 Controlled hemostasis, no known coagulopathy III A

Comorbidities
Decompensated CHF, ESRD, CAD with low EF, 

severe COPD
Controlled hypertension, DM, mild COPD III B

Free flap complexity
Bone flaps, previous radiation, bilateral neck, and 

long op (>12 h)
Soft tissue flap, unilateral neck, operative 

time <10–12 h
III B

Postoperative pain/sedation 
plan

Requires i.v. PCA or deep sedation with 
hypoventilation risk

On multimodal PO analgesia or light sedation II B

GoE – grade of evidence; I – meta-analysis or more than 1 high-quality randomized controlled trial (RCT); II – prospective cohort study or lower-quality RCT; 
III – retrospective cohort, case-control study, or expert-informed institutional data; IV – case series or registry data; V – expert opinion or consensus without 
direct supporting studies; SoR – strength of recommendation; A – strong recommendation (clear benefit > risk; high-quality evidence); B – moderate 
recommendation (moderate-quality evidence or smaller benefit margin); C – weak recommendation (limited evidence or highly individualized decision); 
ASA – American Society of Anesthesiologists; CAD – coronary artery disease; CHF – congestive heart failure; COPD – chronic obstructive pulmonary 
disease; DM – diabetes mellitus; EF – ejection fraction; ERAS – enhanced recovery after surgery; ESRD – end-stage renal disease; FiO2 – fraction of inspired 
oxygen; ICU – intensive care unit; INR – international normalized ratio; i.v. – intravenous; OR – operating room; PACU – post-anesthesia care unit; 
PCA – patient-controlled analgesia; PO – per os (by mouth); SCCM – Society of Critical Care Medicine.
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(PONV) after some types of surgery. However, the role 
of extended steroid administration is more controversial. 
In a randomized controlled trial, Kainulainen et al. exam-
ined the effects of a total of 60 mg dexamethasone intra-
venously (i.v.) for 3 days. The regimen did not reduce flap 
edema or shorten LOS and was associated with a higher 
rate of postoperative infections than placebo.33

The ongoing PreSte-HN study34 is the first multicenter, 
placebo-controlled, phase III trial specifically addressing 
whether a single, low-dose preoperative dexamethasone 
infusion can enhance recovery without increasing compli-
cations and establishing clearly defined ERAS guidelines 
for HNS-FTR. Once consensus is reached, the checklist 
should include a single preoperative dose of steroids; rou-
tine use of steroids beyond that single dose is not supported 
by the literature and may be harmful.

Venous thromboembolism prevention: 
Multimodal, risk-based strategy

Thromboprophylaxis following oral cancer FTR, where 
the balance between thrombosis and bleeding is particu-
larly delicate, has led to wide variations in clinical prac-
tice; some centers initiate low-molecular-weight heparin 
(LMWH) within 6–12 h following the operation, while 
others delay pharmacologic prophylaxis, relying initially 
on mechanical methods.

Low-molecular-weight heparin and unfractionated hep-
arin (UFH) are effective options for venous thromboem-
bolism (VTE) prophylaxis, with LMWH offering practical 

advantages such as predictable dosing and longer half-life, 
though no clear superiority has been proven. Aspirin alone 
is not recommended for VTE prophylaxis, and its role re-
mains unclear since evidence indicates increased bleeding 
when combined with other anticoagulants.35

Current expert consensus supports a multimodal ap-
proach combining pharmacologic agents with mechanical 
prophylaxis, like intermittent pneumatic compression and 
early mobilization. Low-molecular-weight heparin should 
ideally commence within 12 h of surgery (following hemo-
stasis) at prophylactic doses (40 mg daily) and continue for 
at least 7 days or extend to 28 days in high-risk scenarios 
(previous VTE, obesity, prolonged immobilization, and 
advanced cancer stage). It is also vital to assess patients’ 
individualized thromboembolism risk factors preopera-
tively and adjust prophylaxis accordingly.

At present, the routine continuation of anticoagulant 
therapy to prevent metastatic spread is not standard prac-
tice, although preclinical studies indicate that anticoagu-
lants may possess antitumor properties.36

Conclusions

Perhaps the most glaring weakness in ERAS implementa-
tion for oral cavity reconstruction is the lack of monitoring 
systems. Protocols are frequently adopted in theory but 
inconsistently applied. Furthermore, elements such as early 
feeding, pain control, ambulation, and tracheostomy wean-
ing are often left without documentation or audit.

Table 3. Recommended perioperative antibiotic therapy in oral cavity free flap reconstruction

Clinical scenario Antibiotic regimen Dosage and frequency Duration Notes/Alternatives GoE SoR

Standard 
case (clean-
contaminated)

Ampicillin + sulbactam 3 g i.v. every 6 h ≤24 h
Preferred: discontinue unless 

high-risk*
II A

Alternative 
(β-lactam allergy 
– non-anaphylaxis)

Cefazolin + metronidazole
Cefazolin 1–2 g i.v. q8h 

and metronidazole 
500 mg i.v. q8h

≤24 h
Use only if allergy is mild (e.g., 

rash); avoid in-mediated reactions
II B

Penicillin 
anaphylaxis (true 
allergy)

Clindamycin
Clindamycin 600 mg 

i.v. q8h
≤24 h

Limited Gram-negative coverage. 
Consider adding levofloxacin 
500–750 mg i.v. q24h if Gram-

negative risk is high
Monitor for C. difficile

III B

High-risk Ampicillin-sulbactam As above up to 72 h

For major contamination, 
ischemia, prior radiation, 

or immunocompromised hosts. 
De-escalate and consult ID 

if needed

II B

Signs of infection 
or fistula

Tailored antibiotic therapy 
(based on cultures)

Per ID recommendation
Therapeutic 

course 
(7–14 days)

Start broad empiric coverage 
→ de-escalate once cultures 

available. Cover oral flora, 
anaerobes, and skin flora

III A

i.v.– intravenous; q8h – every 8 h; q12h – every 12 h; ID – infectious diseases specialist; C. difficile – Clostridium difficile; *High risk – bone reconstruction (e.g., 
fibula flap, segmental mandibulectomy), preoperative radiation therapy, tracheostomy or prolonged intubation, risk of salivary leak, operative time >8 h, 
reoperation or flap revision within 72 h; supporting sources for these recommendations include: Iocca et al. (Head Neck, 2022), Daly et al. (Open Forum 
Infect Dis, 2021), Khariwala et al. (Surg Infect, 2016), Haidar et al. (Head Neck, 2018), Balamohan et al. (Am J Otolaryngol, 2019), Sousa-Pinto et al. (JAMA Surg, 
2021), Sexton & Kuruvilla (Antibiotics, 2024)26–32
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Given the  increasing volume of  microvascular pro-
cedures, there is a clear need for targeted research and 
consensus-building. ERAS should function as a  living, 
actively implemented protocol – not a checklist gather-
ing dust in a drawer. It should be a dynamic system, not 
a static guideline, that evolves with evidence, audits its 
own effectiveness, and adapts to institutional realities. 
Our proposed checklist (Table 4), a first step toward that 
vision, is a user-friendly protocol that centers not on what 
is easy but on what is necessary, a  literature-based ap-
proach to optimal recovery.

Use of AI and AI-assisted technologies

Not applicable.
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Abstract
Background. Vestibular rehabilitation therapy (VRT) is widely utilized to enhance balance and mitigate diz-
ziness in patients with vestibular disorders. However, its overall effectiveness remains to be comprehensively 
assessed, particularly in the context of variability among studies. 

Objectives. This study aimed to address the current need for a systematic evaluation of VRT’s efficacy.

Materials and methods. A meta-analysis was conducted using the “meta” and “dmetar” R packages 
to evaluate VRT’s efficacy. The analysis included statistical tools, such as Begg’s test, Egger’s test, Baujat plots, 
Galbraith plots, and influence analysis. Additionally, heterogeneity and outliers were assessed using general-
ized scatterplot smoothing (GOSH) diagnostics and clustering methods, including K-means, density-based 
spatial clustering of applications with noise (DBSCAN) and Gaussian mixture model (GMM).

Results. The meta-analysis examined the impact of VRT on the dizziness handicap inventory (DHI) and Berg 
balance scale (BBS). For the DHI, VRT resulted in a significant mean improvement of 7.63 points, despite high 
heterogeneity (I2 = 88%). Similarly, the BBS exhibited significant improvement, with a mean difference (MD) 
of –2.31 points in the fixed effects model, while the random effects model also suggested improvement, 
though with greater variability (I2 = 92%). Subgroup analysis identified outliers significantly influencing 
the results.

Conclusions. We showed that VRT significantly enhanced patient outcomes as measured with both the DHI 
and BBS. These findings provide strong evidence supporting VRT’s effectiveness, though the substantial 
heterogeneity underscores the need for further research to refine patient selection and intervention proto-
cols. This study advances the understanding of VRT’s role in managing vestibular disorders and highlights 
the importance of addressing variability in future studies.

Key words: meta-analysis, Berg Balance Scale, Dizziness Handicap Inventory, vestibular rehabilitation training
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Background

Vestibular rehabilitation therapy (VRT) is an essential 
intervention for individuals experiencing balance disor-
ders and dizziness, particularly those recovering from 
conditions, such as stroke and multiple sclerosis (MS).1–3 
Balance disturbances and dizziness are common compli-
cations for stroke survivors,4,5 and VRT has been shown 
to play a significant role in alleviating these symptoms.6 
Sana et al.7 demonstrated that VRT effectively enhances 
balance, reduces dizziness and improves gait in patients 
with subacute stroke. Furthermore, Ekvall Hansson et al.8 
provided evidence through a pilot study that VRT can 
also benefit stroke patients with concomitant dizziness. 
In a comprehensive review, Meng et al.9 confirmed the pos-
itive effects of VRT on post-stroke balance and gait through 
a systematic review and meta-analysis.

Understanding the underlying neuroscience of vestibular 
compensation is critical to understating how VRT contrib-
utes to recovery.10,11 Key neural structures, including the ves-
tibular nuclei, cerebellum, thalamus, and cortical areas, play 
crucial roles in processing and compensating for vestibular 
deficits.12–14 The vestibular nuclei, located in the brainstem, 
are the primary centers for processing vestibular information 
and initiating the compensation process.15,16 The cerebellum 
further refines these signals, which is essential for adjusting 
motor responses and maintaining balance.17 The thalamus 
serves as a relay station, transmitting vestibular information 
to the cerebral cortex, where higher-order processing takes 
place, facilitating spatial orientation and movement percep-
tion.18,19 Neuroplasticity mechanisms involved in vestibular 
compensation include both peripheral and central changes. 
Peripheral adaptation refers to adjustments in the sensitivity 
of the hair cells in the inner ear, while central adaptation in-
volves synaptic plasticity and reorganization within the ves-
tibular nuclei and associated neural circuits.20,21 Evidence 
suggests that repeated vestibular stimuli can enhance syn-
aptic efficacy and promote new neural connections, aiding 
in functional recovery.22

Patients with MS also benefit from VRT. García-Muñoz 
et al.23 demonstrated that vestibular therapy significantly 
improves balance and reduces dizziness in MS patients 
through a systematic review and meta-analysis. Additionally, 
García-Muñoz et al.24 explored the combined use of immer-
sive virtual reality and VRT, showing notable improvements 
in balance and dizziness rehabilitation for MS patients. 
Despite numerous studies on the effectiveness of VRT, in-
cluding those conducted by Sulway and Whitney,25 Bush 
and Dougherty26 and Wang et al.,27 there remains a need 
for a more comprehensive evaluation of the effectiveness 
of VRT in different patient populations. Studies carried out 
by Moore et al.,28 Loftin et al.29 and Smółka et al.30 have 
reported promising results for VRT in treating persistent 
post-concussion symptoms and chronic unilateral vestibu-
lar dysfunction. However, there is still a lack of systematic 
assessment across diverse patient populations.

Objectives

The primary objective of this study was to address this 
gap by conducting a meta-analysis to systematically evalu-
ate the effectiveness of VRT. This analysis aimed to consol-
idate findings from various studies, address heterogeneity 
and mitigate potential publication biases. 

The aim was to identify relevant studies focusing on 
the Berg Balance Scale (BBS), Dizziness Handicap Inventory 
(DHI), and vestibular rehabilitation training, specifically 
within the context of randomized controlled trials (RCTs) 

Methods

Search strategy

The search for this systematic review and meta-analysis 
was conducted over a period from January 2015 to May 
2024. The primary databases searched included PubMed, 
Web of Science and Embase. The search terms used were 
a combination of key words and Medical Subject Head-
ings (MeSH) terms to  ensure comprehensive coverage. 
The key words included “Berg Balance Scale”, “Dizziness 
Handicap Inventory ”, “vestibular rehabilitation training”, 
“randomized”, and “RCT”. Boolean operators such as AND 
and OR were employed to refine and expand the search 
results appropriately. In addition to the database searches, 
supplementary records were identified through other repu-
table sources including Cochrane Library, China National 
Knowledge Infrastructure (CNKI) and WanFang databases. 
This multi-database approach was designed to capture 
a broad range of studies, including those published in lan-
guages other than English and those that might not have 
been indexed in the primary databases. We conducted a sys-
tematic review and meta-analysis following the Preferred 
Reporting Items for Systematic reviews and Meta-analyses  
(PRISMA) guidelines to assess the efficacy of VRT. Studies 
were evaluated using the Grading of Recommendations As-
sessment, Development, and Evaluation  (GRADE) approach 
to rate the certainty of evidence for key outcomes, including 
balance improvement and reduction in dizziness severity. 
The systematic review and meta-analysis were indepen-
dently conducted by 2 authors, J.S. and A.M., who carried 
out the literature search. In the event of any conflict during 
the process, M.R. acted as a 3rd author to make the final de-
cision, ensuring consistency and accuracy in study selection.

Inclusion criteria

Study design: Only RCTs were considered eligible, re-
gardless of participants’ gender, age, race, and country, 
as well as time of study. This broad inclusion ensured a di-
verse and comprehensive data analysis.

Intervention methods: Included studies had to use one 
of the following intervention methods:
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–  Balance and eye-movement exercises for persons with 
multiple sclerosis (BEEMS);

–  Vestibulo-ocular reflex (VOR);
–  Gaze and postural stability (GPS) retraining 

intervention;
–  Dynamic motion instability system training (DMIST);
–  Gaze stabilization exercises (GSEs);
–  Turning-based treadmill training;
–  Robot-assisted stair climbing training;
–  Epley maneuver (canalith repositioning procedure);
–  Gaze stability exercises combined with postural sta-

bility exercises;
–  Outcome measures: The studies needed to report out-

comes using either the DHI or the BBS, which are validated 
tools for assessing the effectiveness of vestibular rehabili-
tation training.

Exclusion criteria

–  Non-RCTs: Any study that was not an RCT was ex-
cluded to maintain the rigor and reliability of the analysis.

–  Small sample size: Studies with a patient number of 10 
or less were excluded to ensure sufficient statistical power 
and the generalizability of the findings.

–  Incomplete data: Studies where the full text was un-
available or the article data were incomplete were excluded 
from the analysis. This was done to ensure a comprehen-
sive analysis.

–  Non-English or Non-Chinese studies were not included.
–  Similar intervention methods: Studies in which both 

interventions involved vestibular rehabilitation therapy 
were excluded to avoid redundancy and ensure the diver-
sity of the interventions analyzed.

Data extraction

Data extraction was performed accurately and indepen-
dently by J.S. and A.M., with M.R. resolving any discrepan-
cies to ensure that the extraction process remained unbi-
ased and valid, thereby reducing the potential for error.

Quality assessment

The quality of controlled intervention studies was evalu-
ated using the Quality Assessment of Controlled Interven-
tion Studies tool developed by the National Heart, Lung, 
and Blood Institute (NHLBI; National Institutes of Health 
(NIH), Bethesda, USA). This tool involves 14 criteria, in-
cluding randomization, allocation concealment, blinding 
of participants, providers, outcome assessors, and base-
line comparability between groups. It also helps evaluate 
drop-out rates, adherence to intervention protocols, con-
sistency in applying other treatments, and the use of valid 
and reliable outcome measures. We used the tool to assess 
whether the studies clearly defined outcomes and sub-
groups at the time of study initiation, whether the sample 

size was sufficiently powered to achieved at  least 80% 
statistical power, whether the studies used intention-to-
treat populations, and whether the target population was 
representative. To aid in determining the quality of these 
studies, each was evaluated and classified as good, fair 
or poor according to these criteria to prevent overreaching 
conclusions that are based on weak and possibly biased 
research.

The risk of bias plot was generated using the online 
tool available at robvis (https://mcguinlu.shinyapps.io/
robvis) by selecting the Generic_example template and 
uploading the relevant data. The review was performed 
by 2 reviewers with the use of recommendations from 
Cochrane Handbook for Systematic Review of Interven-
tions.31 Items assessed included: 1)  random sequence 
generation (selection bias), 2) allocation concealment 
(selection bias), 3) blinding of participants and personnel 
(performance bias), 4) blinding of outcome assessment 
(detection bias), 5)  incomplete outcome data (attrition 
bias), 6) selective reporting (reporting bias), and 7) other 
biases. The risk of bias of the included studies was noted 
as  low, unclear or high. The question of risk bias sug-
gested that most of the studies were at low risk in most 
categories, although there was an optional risk of per-
formance bias due to  lack of  information on blinding 
of participants and personnel.

Statistical analyses

The  meta-analysis was conducted using R  software 
v. 4.3.2 (R Foundation for Statistical Computing, Vienna, 
Austria) with specific packages and statistical methods 
designed to handle meta-analytic data. The primary pack-
ages used were R tools “meta”32 and “dmetar”.33

Begg’s test was employed to evaluate publication bias 
by examining the correlation between effect sizes and 
their variances.34 Egger’s test was used to assess funnel 
plot asymmetry through linear regression of the inter-
vention effect estimates on their standard errors (SEs).35 
It  is  important to note that Begg’s and Egger’s tests are 
typically recommended for use when the number of stud-
ies in a meta-analysis exceeds 10. This recommendation 
is based on the increased statistical power and reliability 
of these tests with larger sample sizes. In this study, these 
tests were used, but we recognized that with fewer stud-
ies, the results may have limited reliability and should be 
interpreted with caution. 

Baujat plots were used to identify studies contributing 
most to the heterogeneity in the meta-analysis. Galbraith 
plots were utilized to detect outliers and influential studies 
by plotting standardized effect sizes against the inverse 
of their SEs.36 To supplement the findings from Begg’s and 
Egger’s tests, qualitative assessments were also performed 
using funnel plots, Baujat plots and Galbraith plots. These 
additional methods helped to identify potential sources 
of  heterogeneity and the  impact of  individual studies 
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on the overall results, providing a more comprehensive 
evaluation of potential biases.

Influence analysis was performed to determine the im-
pact of each individual study on the overall meta-analysis 
results. This included leave-one-out analysis and various 
influence diagnostics such as rstudent, dffits and Cook’s 
distance.

Generalized scatterplot smoothing (GOSH) diagnostics 
were used to explore the robustness of the meta-analytic 
findings by assessing the distribution of effect sizes and 
heterogeneity across a  large number of potential meta-
analytic models.37

Clustering methods including K-means,38 DBSCAN39 and 
GMM40 were applied to identify patterns and outliers within 
the dataset. For the clustering analysis, specific hyperpa-
rameters were selected for each method. In the K-means 
algorithm, the number of clusters was determined using 
the Elbow method and Silhouette score, with “k-means++” 
initialization and 10 initializations to avoid local minima. For 
DBSCAN, the epsilon (ε, eps) parameter was selected using 
the k-distance graph to find the “elbow” point, with a mini-
mum sample parameter set to 5. In the GMM, the number 
of components was based on the Bayesian information cri-
terion (BIC) and Akaike information criterion (AIC), and 
the covariance type was set to “full”. These parameters were 
optimized using cross-validation and specific data charac-
teristics. In case of the high heterogeneity in the outcomes, 
further analysis was conducted to explore potential sources 
of this variability. While the K-means algorithm indicated 
a different clustering pattern compared with DBSCAN and 
GMM, this discrepancy was attributed to K-means’ assump-
tion of spherical clusters with uniform sizes, which was not 
suitable for our dataset’s characteristics. The final cluster-
ing interpretation prioritized the results from DBSCAN 
and GMM, which better accounted for clusters of varying 
densities and shapes. While GMM provided a probabilistic 
framework for cluster assignment, DBSCAN was particu-
larly effective at identifying noise and outliers.

Notably, the meta-analysis utilized both fixed-effect 
and random-effects models. However, the final model was 
the random-effects model, aligning with the guidelines 
from the Cochrane Handbook for Systematic Reviews 
of Interventions.31 The decision to use the random-effects 
model was made a priori, based on the assumption that 
the included studies represented a random sample from 
a larger population, acknowledging the variability in effect 
sizes due to differences in study populations, interventions 
and other factors. This approach ensured that the meta-
analytic findings were generalizable and robust. Meta-re-
gression and subgroup analyses were employed to identify 
factors contributing to heterogeneity. Meta-regression was 
performed to assess the impact of study-level covariates, 
such as intervention type, follow-up time and patients’ 
characteristics on effect sizes. Subgroup analysis was con-
ducted based on intervention methods, geographical loca-
tions of studies and quality assessment ratings.

Sensitivity analysis

To assess the robustness of meta-analysis results and 
the potential impact of high-risk bias studies, sensitivity 
analysis was conducted. This involved excluding studies 
that were rated as having a high risk of bias in any of the key 
domains assessed. The risk of bias for each study was evalu-
ated using the Cochrane Collaboration’s tool, considering 
factors such as random sequence generation, allocation con-
cealment, blinding, incomplete outcome data, and selective 
reporting. For the sensitivity analysis, we re-ran the meta-
analysis excluding studies categorized with a high risk of bias 
in the domains of random sequence generation, allocation 
concealment, and blinding of participants and personnel. 
This approach aimed to determine whether the exclusion 
of these studies significantly altered the overall effect esti-
mates and the conclusions drawn from the primary analysis.

Results

Selection and inclusion of studies

A comprehensive search strategy identified 629 records 
through database searches in PubMed, Web of Science and 
Embase. An additional 37 records were found through other 
sources, including Cochrane Library, CNKI and WanFang 
databases, leading to a total of 666 potential articles. After 
removing 20 duplicate records, 212 articles were considered 
for further examination. Title and abstract screening re-
sulted in the exclusion of 89 articles for reasons such as ir-
relevance to the study, review articles, case reports, non-
English or non-Chinese studies, and retrieval issues. This 
left 103 full-text articles for eligibility assessment. During 
this assessment, 93 articles were excluded due to unsuitable 
study designs, overlapping data, small sample sizes, or in-
ability to derive specificity. Ultimately, 10 full-text articles 
met the inclusion criteria and were included in the meta-
analysis (Fig. 1). A summary of the study selection and 
inclusion process is provided in Table 1.24–32

Characteristics of the included studies

The included studies examined various clinical con-
ditions related to vestibular and balance disorders and 
were conducted across multiple countries, including 
the USA,41,42 Australia,43 China,44–46 Taiwan,47 Italy,48–50 
and Saudi Arabia.51 All studies were RCTs, addressing 
conditions such as multifaceted vestibular disorders, pe-
ripheral vestibular hypofunction, recurrent vertigo, mul-
tiple sclerosis, stroke, and diabetic patients with posterior 
benign paroxysmal positional vertigo.

Participants ranged in age from their late 30s to late 60s, 
with follow-up periods extending from 1 week to 14 weeks, 
allowing for evaluation of both short-term and longer-term 
effects. The interventions studied included specialized 
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exercises and training programs, such as balance and eye-
movement exercises for persons with multiple sclerosis 
(BEEMS), vestibulo-ocular reflex (VOR) exercises, etc. 
These were assessed using validated scales such as the DHI 
and BBS, ensuring reliable outcome measurement.

Most studies demonstrated good methodological qual-
ity, with a few rated as fair, and several provided clinical 
trial identifiers, adding to the credibility of the research. 
The GRADE assessment indicated moderate certainty 
of evidence for reducing dizziness severity and low cer-
tainty for balance improvement, primarily due to incon-
sistencies and imprecision in  study findings. Overall, 
the studies collectively provide strong evidence support-
ing the effectiveness of various interventions for vestibular 
and balance disorders, although there is some variability 
in  the certainty of  the evidence, particularly concern-
ing balance improvement outcomes. The overall quality 
of the research is high, with most studies demonstrating 
rigorous design and execution. Table 1 presents charac-
teristics of the included studies.

Risk of bias in the included studies

The bias risk analysis of the studies showed that the ma-
jority had a low risk of bias across most categories. How-
ever, there was an unclear risk of performance bias due 

to the lack of information on the blinding of participants 
and personnel in all studies (Fig. 2).

Effectiveness of VRT in improving patient 
outcomes on the DHI scale

The primary outcome assessed was the effectiveness 
of VRT in improving patient outcomes using the DHI scale. 
Due to the substantial variability across the studies, a ran-
dom effects model was used for analysis. The results indi-
cated that VRT significantly improved patient outcomes 
compared to controls (Fig. 3).

To assess publication bias, both Begg’s and Egger’s tests 
were conducted, neither of which suggested significant 
publication bias. However, the analysis of the funnel plot 
and Baujat plot highlighted potential influences on the dis-
tribution of study effects, with some studies showing dis-
tinct contributions to the overall heterogeneity. The Gal-
braith plot further illustrated patterns in  the SEs and 
effect sizes among the included studies (Fig. 3). Overall, 
the findings suggest that VRT is effective in improving 
patient outcomes as measured with the DHI scale. While 
there is significant heterogeneity across the studies, the re-
sults consistently support the benefits of VRT. Further 
analyses also indicate minimal risk of publication bias, 
although certain studies have a disproportionate influence 

Fig. 1. Flowchart of the selection 
process629 records identified through 

databases (PubMed, 
Web of Science and Embase) 
searching

192 relevant articles 
for initial eligibility

103 full-text articles
assessed for eligibility

89 excluded based on title/abstract:
60 unrelated to the study
2 review articles
10 case reports
15 unable to translate in English
2 could not be retrieved

93 excluded based on full-text articles:
39 unsuitable study design
28 unable to construct table
10 possible overlapping data
14 included less than 10 patients
2 unable to derive specificity

10 full-text articles
assessed for meta-analysis

212 potentially relevant articles

37 additional records identified 
through other sources 
(Cochrane Library, CNKI 
and WanFang)

20 records removed for duplicates

Ex
cl

ud
ed

El
ig

ib
ili

ty
Sc

re
en

in
g

Id
en

tif
ic

at
io

n



X. Sun, Z. Cao, X. Li. Vestibular rehabilitation on balance and dizziness1438

on the overall results. Summary of VRT’s effectiveness 
(DHI scale) is presented in Table 2.

GOSH diagnostics analysis 
with DHI datasets

The K-means clustering method identified 3 distinct 
clusters within the dataset, as shown in Fig. 4A. This 
method did not detect any outliers, suggesting that 
the data points were well-separated into the 3 clusters 
without any significant anomalies. In contrast, the DB-
SCAN method also identified 3  clusters, as  depicted 
in Fig. 4B. However, in contrast to K-means, DBSCAN 
detected 1  outlier, Hebert et  al.46 (6-week interval). 
The GMM provided a more granular clustering solution, 
identifying 6 distinct clusters as  illustrated in Fig. 5A. 
Similar to the DBSCAN method, the GMM also flagged 
the study by Hebert et al.46 (6-week interval) as a po-
tential outlier. The  GOSH Diagnostics analysis also 
visualized in this Fig. 5B highlights that Hebert et al.46 
(6-week interval) is identified as an outlier. The scatter 
plot shows the distribution of studies with respect to ef-
fect size and I2, with the results of Hebert et al. deviating 
significantly from the main cluster. The density plots 
above and to the right further emphasize the anoma-
lous distribution of the results of Hebert et al. compared 
to other studies.46 Consequently, the clustering analysis 
revealed consistent grouping across different methods, 
with some variability in the granularity of the clusters. 
Notably, the study by Hebert et al.46 (6-week interval) 
emerged as an outlier in multiple analyses, suggesting 
it may have unique characteristics that set it apart from 
the other studies in the dataset. These findings under-
score the importance of using multiple clustering meth-
ods to capture different dimensions of data structure and 
to identify potential outliers effectively.

Influence analysis with DHI datasets

The leave-one-out analysis explored how the omission 
of individual studies affected the overall effect size and 
heterogeneity in the dataset. Notably, omitting studies 
such as Loyd et al.49 (10-week and 6-week intervals) and 
Hebert et al.46 (14-week and 6-week intervals) led to sig-
nificant changes in both effect size and heterogeneity 
(Fig. 6,7). These findings indicate that these studies have 
a substantial impact on the overall meta-analysis results. 
The Influence Diagnostics further highlighted the con-
siderable influence of these studies, with specific met-
rics showing their effect on the stability of the regression 
model. The Baujat Diagnostics also supported these find-
ings, revealing that omitting these key studies contrib-
uted to significant reductions in heterogeneity (Fig. 6). 
Overall, the influence analysis underscores the pivotal 

Table 1. Summary of study characteristics

Characteristics Details

Countries
Spain,24 Switzerland,25 USA,26,28,29 China,27 Poland,30 

UK,31,32 Germany32

Study design All RCTs

Conditions 
addressed

vestibular disorders, peripheral vestibular 
hypofunction, recurrent vertigo, multiple sclerosis, 

stroke,
diabetic patients with posterior benign paroxysmal 

positional vertigo

Participants’ age late 30s–late 60s

Follow-up time 1 week–14 weeks

Interventions

BEEMS, VOR exercises, Cawthorne–Cooksey exercises, 
gaze/postural stability retraining, DMIST, GSEs,

turning-based treadmill training, robot-assisted stair 
climbing training, Epley–Canalith repositioning, 

vestibular rehabilitation therapy

Outcome 
measures

DHI and BBS

Methodological 
quality

high (few studies rated as fair)

RCTs – randomized controlled trials; BEEMS – balance and eye-movement 
exercises for persons with multiple sclerosis; VOR – vestibulo-ocular reflex; 
DMIST – Digital Mammographic Imaging Screening Trial; GSE – gaze 
stabilization exercises; DHI – Dizziness Handicap Inventory; BBS – Berg 
Balance Scale.

Fig. 2. Risk of bias of included studies

Table 2. Summary of VRT’s effectiveness (DHI scale)

Effectiveness 
of VRT (DHI scale)

Random-effects 
model Fixed-effects model

Mean difference 
(MD)

7.6346 (95% CI:  
2.4217–12.8475)

–

Z-value 2.87 (p = 0.004) –

Heterogeneity
high (I2 = 88%, 

τ2 = 32.193, τ = 5.6739)
–

Test of heterogeneity 
(Q-value, df, p-value)

49.09, 6, p < 0.001 –

95% CI – 95% confidence interval ; df – degrees of freedom; 
DHI – dizziness handicap inventory.
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role of certain studies, particularly those by Loyd et al.49 
and Hebert et al.,46 in shaping the outcomes of the meta-
analysis. Their omission leads to notable shifts in both 
effect size and heterogeneity, suggesting that these stud-
ies are influential in determining the overall conclusions 
of the analysis. These results highlight the importance 
of carefully considering the impact of individual studies 
in meta-analyses, especially when they have a significant 
influence on the overall findings (Fig. 7).

P-curve analysis with DHI datasets

The P-curve analysis, depicted in Fig. 8, was conducted 
to  assess the  evidential value of  the  findings across 

the included studies. The analysis revealed a significant 
right-skewness in the P-curve, indicating that the results 
are not only statistically significant but also possess strong 
evidential value. The distribution of p-values further sup-
ports the robustness of the findings, with a high-power 
estimate suggesting that the dataset is well-suited to detect 
true effects. In summary, the P-curve analysis confirms 
the presence of substantial evidential value in the dataset, 
reinforcing the reliability of the findings. The significant 
right-skewness and high-power estimate indicate that 
the results are not driven by chance, but rather reflect 
genuine effects. This analysis contributes to the overall 
robustness of the meta-analysis, underscoring the cred-
ibility of the conclusions drawn from the DHI datasets.

Fig. 3. Effectiveness of VRT in improving patient outcomes measured with DHI scale. A. Forest plot of the effectiveness of VRT on DHI scale; B. Begg’s test for 
publication bias; C. Egger’s test for funnel plot asymmetry; D. Funnel plot analysis of study effects; E. Baujat plot analysis of study influence; F. Galbraith plot 
analysis of study standard errors and effect sizes

VRT – vestibular rehabilitation therapy; DHI – Dizziness Handicap Inventory.
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Fig. 4. Effectiveness of VRT in improving patient outcomes with DHI scale. A. Baujat plot analysis of study influence; B. Galbraith plot analysis of study 
standard errors and effect sizes

DBSCANAlgorithm – density-based spatial clustering of applications with noise; VRT – vestibular rehabilitation therapy; DHI – Dizziness Handicap Inventory.
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Fig. 5. GOSH diagnostics analysis with DHI datasets. A. Clusters identiffed with Gaussian mixture model; B. Visualization of outlier detection. Light blue 
represents the distribution of detected outliers in the data. The shaded area indicates the density or frequency of outliers based on their effect size (z-score) 

GOSH – graphical display of study heterogeneity; DHI – dizziness handicap inventory; GMM – Gaussian mixture model.



Fig. 6. The leave-one-out analysis showing how the omission of individual studies affected the overall effect size and heterogeneity in the dataset

DFFITS – difference in fits, a diagnostic measure used in regression to identify influential data points based on how much they change the predicated 
values; θ

^
 – bootstrap estimate of the parameter θ.



Adv Clin Exp Med. 2025;34(9):1433–1449 1443

Results of meta-regression 
and subgroup analyses

The meta-regression analysis identified key study char-
acteristics that influenced the effectiveness of interven-
tions on DHI and BBS outcomes. Specifically, the type 
of intervention and follow-up time significantly affected 
DHI outcomes, with gaze stabilization exercises show-
ing greater effectiveness, while longer follow-up periods 
were associated with reduced treatment effects. For BBS 
outcomes, geographical location and quality assessment 
ratings emerged as significant factors, with studies from 

Asia and those rated as “good” showing more substantial 
improvements in balance. Subgroup analyses corroborated 
these findings, revealing that studies using gaze stabiliza-
tion exercises had lower heterogeneity and higher mean 
differences compared to other interventions. Addition-
ally, studies conducted in Asia demonstrated greater im-
provements in balance than those from Western countries. 
Collectively, the meta-regression and subgroup analyses 
highlight the importance of specific study characteristics 
in determining the effectiveness of interventions for DHI 
and BBS outcomes. Interventions such as gaze stabilization 
exercises and studies conducted in Asia or rated as “good” 

Fig. 7. A sensitivity analysis and influence diagnostics of the studies included in the meta-analysis. The top panel displays an influence plot, where each dot 
represents a study and its contribution to the pooled effect size. Studies with greater influence are positioned higher on the y-axis and further to the right 
on the x-axis. Notably, Hebert et al.46 (14-week) and Loyd et al.49 (14-week) exerted the strongest influence on the overall effect estimate. The bottom panel 
shows the results of a leave-one-out analysis using a fixed-effect model, illustrating how omitting each individual study alters the overall effect size and 
heterogeneity (I2). Each line corresponds to a scenario where one study is removed, with the black square indicating the adjusted effect size and horizontal 
lines denoting the 95% confidence interval (95% CI). The vertical dashed line represents the pooled effect size when all studies are included. The analysis 
reveals that omitting specific studies, particularly Loyd et al.49 (10-week) and Hebert et al.46 (14-week), leads to notable reductions in heterogeneity, 
suggesting that these studies significantly contributed to between-study variation

VOR – vestibulo-ocular reflex; I2 – proportion of variation due to heterogeneity; θ̂ – bootstrap estimate of the parameter θ.
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quality were associated with better outcomes. These find-
ings emphasize the need to consider these factors when 
designing and interpreting future studies.

Effectiveness of VRT in improving patient 
outcomes with BBS

Two statistical models, the fixed effect and random ef-
fects models, were used to evaluate the data. Due to sig-
nificant heterogeneity among the studies, the random ef-
fects model was determined to be more suitable. The fixed 
effect model initially indicated a significant improvement 
in balance scores for the VRT group compared to the con-
trol group (Fig. 9). However, the random effects model, 
which accounts for variability across studies, suggested 
that the difference between groups was not statistically 
significant (Fig. 9). This finding underscores the impor-
tance of considering study heterogeneity in meta-analyses.

Further analysis using the Begg’s and Egger’s tests indi-
cated no significant publication bias, as both tests showed 
symmetry in the distribution of study effect sizes. How-
ever, the funnel plot did reveal a nonstandard pattern, 
suggesting potential concerns that warrant further inves-
tigation. The Galbraith analysis revealed distinct patterns 
of heterogeneity, with certain studies contributing more 
to the variability in effect sizes than others (Fig. 9).

To  address the  observed heterogeneity, a  subgroup 
analysis was conducted, dividing studies into outlier and 
non-outlier groups. The non-outlier group demonstrated 
minimal heterogeneity and a more consistent effect size, 
while the outlier group showed a significantly larger ef-
fect size (Fig. 9). These results highlight the importance 
of identifying and accounting for outliers in meta-analyses 
to ensure more accurate and reliable findings. Summary 
of VRT’s effectiveness (BBS) is presented in Table 3.

In summary, this analysis demonstrates the complexity 
of evaluating interventions across diverse studies. While 
the random effects model provides a more nuanced un-
derstanding by accounting for study variability, the pres-
ence of outliers significantly impacts the overall results. 
The findings suggest that while VRT shows promise, its 
effectiveness may vary depending on specific study char-
acteristics, and careful consideration of heterogeneity is es-
sential in interpreting meta-analytic results.

Results of sensitivity analysis

The sensitivity analysis was conducted by excluding 
studies identified as having a high risk of bias. For the pri-
mary outcome assessed using the DHI scale, the results 
remained statistically significant, with only a slight re-
duction in heterogeneity. This suggests that studies with 
a high risk of bias had a minimal impact on the overall 
findings. Similarly, for the BBS, the exclusion of high-risk 
bias studies did not significantly change the overall effect 
size or the statistical significance, though the heterogene-
ity among the studies remained substantial. Sensitivity 
analysis summary is presented in Table 4.

Taken together, the sensitivity analysis reinforces the ro-
bustness of the primary outcomes, particularly for the DHI 
scale, even when studies with a high risk of bias were 

Table 3. Summary of VRT’s effectiveness (BBS scale)

Effectiveness of VRT 
(BBS )

Random-effects 
model Fixed-effects model

Mean difference (MD)
–2.7925 (95% CI: 
–6.1485–0.5636)

–2.3106 (95% CI: 
–3.0507 to –1.5704)

Z-value –1.63 (p = 0.10) –6.12 (p < 0.001)

Heterogeneity
high (I2 = 92%, 

τ2 = 19.183, τ = 4.3798)
low

Test of heterogeneity 
(Q-value)

92.24, p < 0.001 –

VRT – vestibular rehabilitation therapy; BBS – Berg Balance Scale; 
95% CI – 95% confidence interval.

Table 4. Results of sensitivity analysis

Outcome measure Original I2 (%) New I2 (%) MD p-value (Begg’s test) p-value (Egger’s test)

DHI 88 85 7.01 0.36 0.27

BBS 92 90 –2.47 0.46 0.46

DHI – Dizziness Handicap Inventory; BBS – Berg Balance Scale; MD – mean difference.

Fig. 8. Influence analysis of effectiveness of VRT in improving patient 
outcomes with DHI scale

VRT – vestibular rehabilitation therapy; BBS – Berg Balance Scale; 
CI – confidence interval.
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excluded. While some heterogeneity persists, the overall 
effect sizes and conclusions remain consistent, suggest-
ing that the results are reliable despite variations in study 

quality. This analysis underscores the importance of ac-
counting for study quality in meta-analyses to ensure ac-
curate and meaningful conclusions.

Fig. 9. Effectiveness of VRT in improving patient outcomes measured with BBS. A. Forest plot of the effectiveness of VRT on BBS; B. Begg’s test for 
publication bias; C. Egger’s test for funnel plot asymmetry; D. Funnel plot analysis of study effects; E. Galbraith plot analysis of study standard errors and 
effect sizes. F. Forest plot of the effectiveness of subgroup meta-analysis based on BBS

SD – standard deviation; 95% CI – 95% confidence interval; IV – inverse variance method used in meta-analysis; VRT – vestibular rehabilitation therapy; 
BBS – Berg Balance Scale; df – degree of freedom.
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Discussion

The present investigation provided a comprehensive 
evaluation of the effectiveness of VRT in improving patient 
outcomes related to balance and dizziness, as measured us-
ing the BBS and the DHI. The findings strongly supported 
the efficacy of VRT in enhancing these outcomes, aligning 
with those of previous research.51 The significant improve-
ments observed in both BBS and DHI scores across various 
studies highlight VRT’s potential as a valuable intervention 
for patients suffering from vestibular disorders. However, 
the analysis also revealed remarkable heterogeneity among 
the included studies, pointing to the variability in study 
designs, patient populations and intervention protocols 
as key factors influencing the results.

The results of the present study build upon and extend 
previous work in the area of vestibular rehabilitation. For 
instance, the improvements in DHI scores observed in this 
meta-analysis align with the findings of previous studies, 
such as those reported by Başoğlu et al.,41 who demon-
strated the effectiveness of virtual reality-based vestibular 
rehabilitation in patients with peripheral vestibular hypo-
function. Similarly, our analysis echoes the conclusions 
of Mitsutake et al.,43 who highlighted the positive impact 
of VRT on gait performance in stroke patients, a group 
that often experiences significant balance and mobility 
issues. These consistencies with prior research underscore 
the robustness of VRT as a therapeutic approach, while 
the high heterogeneity observed suggests that future stud-
ies need to address standardization in intervention proto-
cols to achieve more uniform outcomes.

The implications of our findings are multifaceted. First 
and foremost, they underscore the importance of VRT 
as a noninvasive, cost-effective treatment option for pa-
tients with vestibular disorders. The observed improve-
ments in both balance and dizziness-related outcomes 
suggest that VRT can significantly enhance the quality 
of life for these patients, reducing their risk of falls and 
improving their ability to perform daily activities. Ad-
ditionally, the identification of key factors contributing 
to heterogeneity, such as geographical location, interven-
tion type and study quality, provides valuable insights 
for future research. By concentrating on these variables, 
researchers can design more targeted and effective VRT 
interventions, ultimately improving patient outcomes.

For instance, findings from Chen et al.52 and Gandolfi 
et al.53 highlighted the importance of task-specific inter-
ventions in improving balance, gait, and postural control 
in individuals with chronic stroke. Chen et al.52 demon-
strated that turning-based treadmill training significantly 
improved turning speed, gait symmetry, muscle strength, 
and balance control compared to conventional treadmill 
training. Similarly, Gandolfi et  al.53 found that robot-
assisted stair climbing training showed improvements 
in postural control and sensory integration processes, spe-
cifically in challenging balance conditions. These findings 

underscore the importance of having personalized reha-
bilitation strategies that incorporate both dynamic gait 
training and sensory integration exercises to optimize 
functional recovery in chronic stroke patients.

Moreover, this study highlighted the potential for VRT 
to be tailored to specific patient populations, depending 
on factors such as age, underlying health conditions and 
geographical location. For instance, the subgroup analy-
sis revealed that studies54–56 conducted in Asia reported 
more substantial improvements in balance, suggesting that 
cultural or regional differences may play a role in the ef-
fectiveness of VRT. Similarly, the analysis unveiled that 
studies57,58 employing gaze stabilization exercises as part 
of their VRT protocols yielded larger effect sizes, indi-
cating that this specific intervention may be particularly 
beneficial for certain patient groups. These findings point 
to the need for personalized treatment plans that take into 
account individual patient characteristics and preferences.

The ultimate objective of VRT research and clinical prac-
tice is to develop standardized, evidence-based protocols 
that can be widely implemented across diverse healthcare 
settings. Achieving this goal will require a concerted effort 
to address the challenges identified in this meta-analysis, 
including the need for longer follow-up periods, the stan-
dardization of intervention protocols and the inclusion 
of diverse patient populations. Additionally, the develop-
ment of new technologies and methodologies, such as vir-
tual reality and telerehabilitation, has the potential to fur-
ther enhance the effectiveness and accessibility of VRT. 
By incorporating these innovations into clinical practice, 
healthcare providers can provide more comprehensive and 
individualized care to patients with vestibular disorders.

The significance of this line of research cannot be over-
stated. Vestibular disorders are common and debilitating 
conditions that affect millions of people worldwide, leading 
to significant morbidity and reduced quality of life. By ad-
vancing our understanding of the most effective treatment 
strategies for these conditions, we can improve patient out-
comes and reduce the burden on healthcare systems. Fur-
thermore, the insights gained from this research can inform 
the development of new therapeutic approaches for other 
balance-related disorders, such as those associated with 
aging, neurological conditions or traumatic brain injuries.

This meta-analysis has several merits. It provided a com-
prehensive synthesis of the available evidence on the effec-
tiveness of VRT, highlighting valuable insights into the factors 
that influence treatment outcomes. The inclusion of a wide 
range of studies, covering diverse patient populations and 
intervention protocols, could enhance the generalizability 
of the findings and provide a solid foundation for future 
research. Moreover, the identification of key factors contrib-
uting to heterogeneity provides a roadmap for researchers 
to design more targeted and effective VRT interventions.

The potential clinical applications of VRT are vast. In ad-
dition to its use in managing vestibular disorders, VRT can 
be adapted for other patient populations who experience 
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balance and mobility issues, such as those recovering from 
stroke or traumatic brain59,60 injury, or older adults at risk 
of  falls.60–62 By  integrating VRT into multidisciplinary 
treatment plans, healthcare providers can offer a more ho-
listic approach to patient care, addressing both the physical 
and psychological aspects of balance disorders.63–65 Fur-
thermore, the development of telerehabilitation platforms 
for VRT delivery can enhance access to care, particularly 
for patients in remote or underserved areas.

Limitations

However, it  is  essential to  acknowledge the  limita
tions of this meta-analysis when interpreting the results. 
The high heterogeneity observed in both the DHI and BBS 
outcomes suggests significant variability in study designs, 
patient populations and intervention protocols.

This variability complicates the interpretation of the find
ings and underscores the need for more rigorous study de-
signs in future research. Additionally, the relatively short 
follow-up periods in many of the included studies limit 
our ability to assess the long-term effectiveness of VRT. 
Future research should prioritize longitudinal studies with 
extended follow-up periods to better understand the sus
tainability of the observed treatment effects. 

Conclusions

Collectively, this meta-analysis provided strong evi
dence, supporting the effectiveness of VRT in improving 
balance and reducing dizziness in patients with vestibular 
disorders. While the findings are consistent with previous 
studies,66–70 the high heterogeneity observed highlights 
the need for standardization in  intervention protocols 
and study designs. Future research should concentrate 
on addressing these challenges, with an emphasis on long-
term follow-up, personalized treatment approaches and 
the integration of new technologies. By advancing our un
derstanding of VRT and its clinical applications, we can 
improve patient outcomes and contribute to the broader 
field of rehabilitation science. 
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Abstract
Background. Glycated hemoglobin A1c (HbA1c) is a well-established marker for glycemic control; recent 
studies suggest its potential role in cancer prognosis. Understanding the relationship between preoperative 
HbA1c levels and lymph node metastasis (LNM) in diabetic women with endometrial cancer (EC) can enhance 
prognostic assessments and treatment strategies.

Objectives. This study aimed to evaluate the predictive value of preoperative HbA1c levels for LNM in diabetic 
women with EC.

Materials and methods. A retrospective analysis was conducted on 233 diabetic women who underwent 
surgery for endometrioid-type EC at a tertiary referral hospital between 2010 and 2021. Data collected 
included demographic information, fasting plasma glucose, HbA1c levels, ultrasound findings, and tumor 
characteristics. Receiver operating characteristic (ROC) analysis was used to assess the predictive power 
of HbA1c levels for LNM. Univariate and multivariate regression analyses were performed to identify inde-
pendent risk factors for LNM.

Results. The mean preoperative HbA1c level was 7.03 ±1.37%. A cutoff HbA1c level ≥7.26% demonstrated 
a sensitivity of 73.7%, a specificity of 72.3% and an area under the curve (AUC) of 0.781 for predicting 
LNM (p < 0.001). Significant correlations were found between HbA1c levels and endometrial thickness 
(r = 0.231, p < 0.001), primary tumor diameter (PTD) (r = 0.173, p = 0.008) and duration of diabetes 
(r = 0.203, p = 0.002). Multivariate analysis identified HbA1c level (odds ratio (OR) = 2.621, 95% confi-
dence interval (95% CI): 1.722–3.987, p < 0.001), lymphovascular space involvement (LVSI) (OR = 19.193, 
95% CI: 5.805–63.458, p < 0.001), body mass index (BMI) (OR = 1.095, 95% CI: 1.010–1.188, p = 0.029), 
and duration of diabetes (OR = 1.019, 95% CI: 1.001–1.301, p = 0.039) as independent risk factors for LNM.

Conclusions. Preoperative HbA1c levels serve as a significant predictor for LNM in diabetic women with 
EC. A cutoff HbA1c level ≥7.26% indicates higher risk of LNM. These findings underscore the importance 
of glycemic control in reducing cancer progression risks and improving the prognosis of diabetic patients 
with EC. Integrating HbA1c monitoring into preoperative assessments can help tailor personalized treatment 
strategies for better outcomes.
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Background

Diabetes mellitus is a significant global health prob-
lem, closely linked to the development and progression 
of various cancers.1 Among these, endometrial cancer (EC) 
stands out as the most common gynecological malignancy 
in industrialized countries.2 Epidemiological studies con-
sistently report an increased risk of developing EC in dia-
betic women.3 The interplay between diabetes and cancer 
is complex, with hyperinsulinemia, hyperglycemia and 
chronic inflammation believed to be common pathways 
that may contribute to both conditions.4–8 Hyperinsu-
linemia, in particular, is thought to promote tumor growth 
through increased insulin-like growth factor (IGF) signal-
ing, which can enhance cell proliferation and inhibit apop-
tosis.9,10 Additionally, elevated blood glucose levels may 
lead to the formation of advanced glycation end-products 
(AGEs), which can trigger inflammatory pathways that 
promote carcinogenesis.11

Glycated hemoglobin A1c (HbA1c) is a well-established 
marker used to assess long-term glycemic control.12 Be-
yond its role in diabetes management, elevated HbA1c 
levels have gained attention in the context of cancer prog-
nosis. Recent studies suggest that high HbA1c levels are 
associated with poorer outcomes in a variety of cancers, 
including breast, colorectal and pancreatic cancers.13–16 
In EC, studies have shown that elevated HbA1c levels 
may be associated with an increased risk of lymphovas-
cular space invasion (LVSI) and a more advanced cancer 
stage at the time of diagnosis.5,17–19 Additionally, HbA1c 
levels can be used in patients with endometrial intraepi-
thelial neoplasia (EIN) to help diagnose concurrent EC, 
as higher HbA1c may indicate the presence of malignancy 
or a higher likelihood of progression to invasive cancer.20

Due to the shared pathophysiological mechanisms be-
tween diabetes and EC, it is crucial to explore how HbA1c 
levels might influence cancer prognosis. Higher HbA1c 
levels could be indicative of more aggressive disease and 
a  higher likelihood of  lymph node metastasis (LNM), 
a critical factor in determining disease stage and guiding 
treatment decisions.10,12–14

Objectives

This study aimed to investigate the potential role of pre-
operative HbA1c levels as a predictor of LNM in diabetic 
women with EC. Given the established link between dia-
betes and the increased risk of EC, understanding how 
HbA1c levels correlate with tumor progression and metas-
tasis could provide valuable insights into patient prognosis.

Clinically, this research aims to enhance risk assess-
ment and treatment planning for diabetic women with EC. 
By identifying elevated HbA1c as a predictive marker for 
more aggressive disease and a higher likelihood of LNM, 
clinicians could better stratify patients, allowing for tai-
lored treatment approaches. This could lead to more inten-
sive monitoring and earlier interventions, ultimately im-
proving survival rates and reducing the risk of recurrence.

Materials and methods

Study design

A retrospective analysis was conducted on 1,163 EC pa-
tients who received primary treatment at the Gynecologic 
Oncology Clinic of Ankara Etlik City Hospital, Turkey, 
between March 2011 and August 2023.

Participants

From this cohort, 233  patients were selected based 
on  specific criteria, focusing on  diabetic individuals 
with endometrioid-type EC according to final pathologi-
cal results who had their HbA1c levels measured within 
3 months before surgery. Patients with non-diabetic, non-
endometrioid histology, irregular follow-up or incomplete 
data were excluded from the study.

Setting

Diabetes was diagnosed according to the American Dia-
betes Association (ADA) criteria: fasting plasma glucose 
level ≥126 mg/dL, HbA1c level ≥6.5% or a plasma glucose 
level ≥200 mg/dL 2 h post-glucose load.21

Highlights
	• Preoperative HbA1c levels were evaluated as a predictor of lymph node metastasis in diabetic women with endo-
metrial carcinoma.

	• Higher HbA1c levels were associated with an increased risk of lymph node metastasis.
	• The study highlights the potential role of glycemic control in endometrial cancer progression.
	• HbA1c may serve as a useful biomarker for risk stratification in diabetic women with endometrial carcinoma.
	• Findings suggest integrating HbA1c assessment into preoperative evaluations for better clinical decision-making.
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Cancer staging was classified based on the 2009 FIGO 
(Fédération Internationale de Gynécologie et d’Obstétrique) 
staging system.22 Surgical procedures for early-stage EC 
included: hysterectomy, bilateral salpingo-oophorectomy 
(adjusted for patient age), infracolic omental biopsy, and 
peritoneal washings tailored to specific histological sub-
types. During the study period, lymphadenectomy cases 
in our clinic were determined using a  frozen-section-
based approach, and no sentinel lymph node procedures 
were performed on any EC cases. The decision to perform 
lymph node dissection was guided by the criteria described 
by Mariani et al.23 Specifically, patients with a greatest 
surface dimension ≤2 cm, myometrial invasion ≤50% and 
no intraoperative evidence of macroscopic disease were 
classified as low risk and treated with hysterectomy only, 
without lymph node dissection. For cases that did not 
meet these criteria, lymph node dissection was performed. 
All operations were performed by gynecologic oncologists.

All EC patients underwent intraoperative frozen section 
evaluation to assess histopathologic type, grade and depth 
of myometrial invasion. Surgical specimens were exam-
ined by gynecologic pathologists. Lymphovascular space 
invasion was characterized by the presence of tumor cells 
or clusters within the vessel walls, as identified through 
hematoxylin and eosin (H&E) staining.24

Adjuvant treatment followed the guidelines of the Euro-
pean Society for Medical Oncology (ESMO), the European 
Society of Gynecological Oncology (ESGO) and the Euro-
pean Society for Radiotherapy and Oncology (ESTRO).25 
Disease-free survival (DFS) was calculated from the start 
of treatment to recurrence or last follow-up for non-recur-
rent cases, or to the date of death. Overall survival (OS) 
was measured from the time of diagnosis until either death 
or the most recent hospital admission.

Data sources

Patient follow-up records included: age, body mass in-
dex (BMI), menopausal status, fasting plasma glucose and 
HbA1c levels, ultrasound findings, surgery dates, LVSI 
status (based on postoperative pathology), cancer stage 
and grade, myometrial invasion, risk group classification, 
lymph node involvement, adjuvant therapy details, recur-
rence (location and timing), and deaths during follow-up.

Patients were monitored every 3  months during 
the 1st year and every 6 months during the 2nd year. Each 
visit included a physical examination, ultrasonography 
and review of laboratory parameters. Data were extracted 
from medical records.

Statistical analyses

All statistical analyses were conducted using IBM SPSS 
v. 23.0 (IBM Corp., Armonk, USA). Normality of the data 
was assessed using histograms and the  skewness and 
kurtosis values (see Supplementary data). Normally 

distributed quantitative data presented as mean ± standard 
deviation (±SD)  and qualitative data as frequency (percent-
age). Given the relatively large sample size of our study, 
we proceeded with t-tests for group comparisons. The use 
of t-tests was further justified by the central limit theorem 
(CLT), which supports the robustness of parametric tests 
under these conditions even with minor deviations from 
normality. To ensure reliability, we conducted sensitiv-
ity analyses to evaluate the potential impact of non-nor-
mality, confirming the appropriateness of the approach. 
Pearson’s χ2 test of independence was used for comparing 
categorical variables. Pearson correlation analysis was 
employed to  examine relationships between normally 
distributed variables with linear relationships. Receiver 
operating characteristic (ROC) analysis was performed 
to assess the predictivity of HbA1c levels for LNM, calcu-
lating sensitivity, specificity and cutoff values. According 
to the literature, increased age, BMI, lymphovascular space 
involvement, myometrial invasion, and primary tumor 
diameter (PTD) are recognized risk factors for lymph node 
metastasis in EC patients. Based on this, we included these 
variables, along with HbA1c, in our multivariate logistic 
regression analysis. This selection aimed to address po-
tential confounding factors and enhance the explanatory 
strength of the model. All data were analyzed with 95% 
confidence intervals (95% CIs), and statistical significance 
was assumed at p < 0.05.

Results

The median age at diagnosis was 57 years (range: 26–80 
years), with a majority of women being postmenopausal 
(68.2%). Among these women, 195 (83.6%) exhibited high 
fasting glucose levels, while 213 (93.5%) were classified 
as overweight and obese based on their BMI. Table 1 pro-
vides a comprehensive summary of demographic char-
acteristics, laboratory results and clinical outcomes 
of the study population. Additionally, the overview of tu-
mor characteristics is presented in Table 1. Figure 1 shows 
the comparison of HbA1c levels according to LNM.

Fig. 1. Comparison of glycated hemoglobin A1c (HbA1c) levels according 
to lymph node metastasis
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Table 2 compares patients based on preoperative HbA1c 
levels. Two groups were created according to ADA dia-
betes criteria of HbA1c (≥6.5%). There were no signifi-
cant differences in age, BMI and fasting glucose values 
between the groups (p > 0.05). However, the group with 
HbA1c ≥ 6.5% showed a higher prevalence of LVSI and 
MMI ≥ 50% (44 vs 7, 57 vs 19; p < 0.001, p = 0.004, respec-
tively) (Table 2). Notably, all patients with lymph node 
involvement and recurrence were in the HbA1c ≥ 6.5% 
group.

To evaluate the predictive value of preoperative HbA1c 
levels for LNM, a ROC analysis was performed. It revealed 

a sensitivity of 73.7% and a specificity of 72.3% at an opti-
mal cutoff HbA1c value of 7.26%. The area under the curve 
(AUC) was 0.781 (p < 0.001), indicating good discrimina-
tory power. These results suggest that preoperative HbA1c 
levels can reliably differentiate between patients with and 
without LNM (Fig. 2). 

Table 3 illustrates the correlation between HbA1c lev-
els and various variables. Significant positive correlations 
were observed between HbA1c and endometrial thickness, 
PTD, tumor stage and grade, number of pelvic and para-
aortic lymph nodes, and duration of diabetes (Table 3).

In multivariate logistic regression analysis, variables in-
cluding age, BMI, PTD, HbA1c level, LVSI, and myometrial 
invasion were assessed as potential risk factors for LNM. 
The  findings of  the  study indicated that HbA1c level, 
LVSI, and BMI were independent risk factors for LNM 
(odds ratio (OR) = 2.215, 95% CI: 1.657–3.539, p < 0.001; 

Table 2. Comparison of patient characteristics based on HbA1c levels 
according to American Diabetes Association (ADA) criteria (HbA1c ≥ 6.5%)

Variables HbA1c <6.5 %
(n = 90)

HbA1c ≥6.5 %
(n = 143) p-value

Age [years]*, mean ±SD 56.07 ±8.88 58.13 ±8.76 0.068

BMI [kg/m2]*, mean ±SD 34.19 ±6.46 33.62 ±6 0.471

Fasting glucose [mg/dL]*, 
mean ±SD

150.71 ±55.75 162.06 ±58.25 0.142

LVSI**, n (%)
(+) 7 (7.8) 44 (30.8)

<0.001
(–) 83 (92.2) 99 (69.2)

MMI**, n (%)
<50% 71 (78.9) 86 (60.1)

0.004
≥50% 19 (21.1) 57 (39.9)

LNM**, n (%)
(+) 0 38 (25.9)

<0.001
(–) 90 (100) 105 (74.1)

Recurrence**, 
n (%)

(+) 0 10 (7)
0.008

(–) 90 (100) 133 (93)

Stage**, n (%)
I 75 (83.3) 91 (63.6)

0.001
≥II 15 (16.7) 52 (36.4)

Grade**, n (%)

1 67 (74.4) 76 (53.1)

<0.0012 19 (21.1) 43 (30.1)

3 4 (4.4) 24 (16.8)

SD – standard deviation; HbA1c – glycated hemoglobin A1c; BMI – body 
mass index; LVSI – lymphovascular space involvement; MMI – myometrial 
invasion; LNM – lymph node metastasis; *Student’s t-test was used 
for the comparisons. **Pearson χ2 test was used for the comparisons. 
Values in bold are statistically significant.

Table 3. Correlations between HbA1c and clinical variables in endometrial cancer patients

Variable Glucose [mg/dL]
(n = 233)

BMI [kg/m2]
(n = 233)

Duration 
of diabetes [years]

(n = 233)

PTD [mm]
(n = 233)

Endometrial 
thickness [mm]

(n = 233)

Stage 
of tumor

Grade 
of tumor

HbA1c (%)
r = 0.067 r = –0.007 r = 0.203** r = 0.173** r = 0.231** r = 0.350** r = 0.367**

p = 0.308 p = 0.920 p < 0.002 p = 0.008 p < 0.001 p < 0.001 p < 0.001

**Correlation is significant at the 0.01 level (2-tailed); HbA1c – glycated hemoglobin A1c; BMI – body mass index; PTD – primary tumor diameter; 
r – Pearson’s correlation coefficient.

Table 1. Baseline demographic and clinical characteristics of endometrial 
cancer patients

Variables Mean ±SD

Age [years], mean ±SD 57.33 ±8.85 

BMI [kg/m2], mean ±SD 33.84 ±6.18

Fasting glucose [mg/dL], mean ±SD 157.68 ±57.44

HbA1c [%], mean ±SD 7.03 ±1.37

Endometrial thickness [mm], mean ±SD 13.59 ±8.98

Tumor diameter [mm], mean ±SD 31.67 ±23.06

Menopause, n (%) 159 (68.2)

Stage, n (%)

IA 131 (56.2)

IB 35 (15)

II 28 (12.1)

IIIC1 24 (10.3)

IIIC2 13 (5.5)

Grade, n (%)

1 143 (61.4)

2 62 (28)

3 28 (12)

LVSI, n (%)
(+) 51 (21.9)

(–) 182 (78.1)

MMI, n (%)
<50% 157 (67.4)

≥50% 76 (32.6)

LNM, n (%)
(+) 37 (15.9)

(–) 196 (84.1)

Recurrence, n (%) 10 (4.3)

DFS [months], n (%) 64 (6–118)

HbA1c – glycated hemoglobin A1c; BMI – body mass index; LVSI – lympho
vascular space involvement; MMI – myometrial invasion; LNM – lymph 
node metastasis; DFS – disease free survival; SD – standard deviation.
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χ2 = 19.373, 95% CI: 5.892–63.699, p < 0.001; χ2 = 1.085, 
95% CI: 1.006–1.171, p = 0.036; respectively). The results 
are summarized in Table 4.

Discussion

Our analysis of 233 cases of endometrioid EC revealed 
a significant association between elevated preoperative 
HbA1c levels and the risk of LNM, as well as between LVSI 
and the risk of LNM. Although the relationship between 
LVSI and LNM has been emphasized in numerous previous 
studies,23,25–28 our study suggests that diabetic EC patients 
with poor glycemic control, as reflected by higher preop-
erative HbA1c levels, are at an increased risk for LNM.

Several studies have shown that elevated HbA1c levels 
may increase the risk of various cancers, including EC.18,29–31 
A study by Senkaya et al. analyzed HbA1c levels and fasting 
glucose in 138 diabetic EC patients and found a significant 

association between HbA1c and LVSI, but no correlation 
with endometrial thickness. However, a low positive cor-
relation between fasting glucose and endometrial thick-
ness was noted.32 In contrast, our study identified sig-
nificant correlations between HbA1c and several clinical 
parameters, including endometrial thickness, PTD, tumor 
stage and grade, lymph node involvement, and duration 
of diabetes, further supporting the role of glycemic control 
in influencing the invasive potential of EC.

Other studies have examined the impact of elevated HbA1c 
levels on the prognosis of various cancers. For instance, Cheon 
et al. demonstrated that elevated HbA1c levels were associ-
ated with worse survival in patients with advanced pancreatic 
cancer and diabetes.33 Similarly, HbA1c has been identified 
as a potential preoperative predictor of aggressive tumor 
profiles in diabetic patients with clinically localized prostate 
cancer.34 Siddiqi et al. found that elevated HbA1c is an inde-
pendent predictor of aggressive colorectal cancer patterns.18 
In contrast, Nief et al. found that in diabetic patients with en-
dometrioid EC, glycemic control markers such as HbA1c, BMI 
and antihyperglycemic medications did not correlate with 
progression-free survival (PFS), while diabetic neuropathy was 
associated with an increased risk of recurrence.35 In a review 
of 55,475 EC patients, diabetes was linked to worse cancer-
specific and OS, reinforcing the notion that poor glycemic 
control may influence EC prognosis.36 However, discrepancies 
in findings, such as those observed by Nief et al., highlight 
the need for further exploration of the role of HbA1c in cancer 
progression, particularly in EC.

Despite these findings, the relationship between HbA1c 
and cancer stage, grade and histological type in diabetic 
patients remains underexplored. Karaman et al. reported 
significantly higher HbA1c levels in EC patients compared 
to controls, but no significant correlation with tumor stage, 
grade or histological type.19 Similarly, Stevens et al. observed 
a trend of more advanced stages in patients with elevated 
HbA1c; however, HbA1c was not a strong predictor of EC 
prognosis.5 Folsom et al. showed that diabetes mellitus is as-
sociated with worse survival after EC, independent of tumor 
stage and grade.37 However, their study did not examine 
HbA1c or glucose levels. In contrast, our study identified 
a clear correlation between elevated preoperative HbA1c 
levels and both tumor stage and grade, as well as lymph node 

Fig. 2. Receiver operating characteristic (ROC) analysis of glycated 
hemoglobin A1c (HbA1c) in predicting lymph node metastasis (area 
under the curve (AUC): 78.1, p < 0.001, 95% confidence interval (95% CI): 
0.696–0.866,  cutoff: 7.26, sensitivity: 73.7%, specificity: 72.3%)

Table 4. Multivariate logistic regression analysis of predictors for lymph node metastasis in endometrial cancer

Variable B ß Lower 95% CI Upper 95% CI p-value

Age [years] –0.018 0.982 .926 1.041 0.537

BMI [kg/m2] 0.082 1.085 1.006 1.171 0.036

HbA1c 0.884 2.215 1.657 3.539 <0.001

LVSI 2.964 19.373 5.892 63.699 <0.001

Myometrial invasion 0.295 1.343 0.413 4.364 0.624

Primary tumor diameter [mm] –0.102 0.903 0.724 1.127 0.367

95% CI – 95% confidence interval; HbA1c – glycated hemoglobin A1c; BMI – body mass index; LVSI – lymphovascular space invasion; B – unstandardized 
regression coefficient; ß – standardized regression coefficient. Values in bold are statistically significant.
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involvement, suggesting that HbA1c may serve as a valuable 
prognostic biomarker in diabetic EC patients.

The potential mechanisms linking diabetes, poor gly-
cemic control and cancer progression are multifactorial.3 
Hyperglycemia has been shown to create a favorable mi-
croenvironment for tumor growth by  inducing oxida-
tive stress, inflammation and angiogenesis.4–8 Glycolysis 
enhances glucose metabolism in cancer cells, supplying 
substrates essential for rapid proliferation.11 Han et al. sug-
gested that glucose stimulates cell proliferation through 
several complex signaling pathways, supporting the hy-
pothesis that elevated glucose levels may increase cancer 
risk.8 Furthermore, chronic hyperglycemia can elevate pro-
inflammatory cytokine levels, facilitating tumor cell inva-
sion and metastasis.6–9 Hyperinsulinemia and insulin re-
sistance, both hallmarks of diabetes, may also play pivotal 
roles by activating the insulin/IGF-1 pathway, which pro-
motes cell growth and survival.9,10 These mechanisms have 
been implicated in other malignancies, including breast, 
genitourinary and gastrointestinal cancers, and may also 
contribute to the aggressive behavior of EC in diabetic 
patients.38 Mitsuhashi et al. reported common impaired 
glucose metabolism and insulin resistance (IR) in patients 
with endometrial intraepithelial neoplasia (EIN) and EC.39

Limitations

The retrospective design and reliance on medical records 
for data collection are the main limitations of our study. 
As a result, the assessment of preoperative HbA1c’s im-
pact on long-term survival was not feasible. Additionally, 
the follow-up of patients has not been completed yet, pre-
venting the evaluation of HbA1c’s prognostic significance 
on survival. Future investigations are planned to address 
these limitations and provide a more comprehensive under-
standing of the relationship between preoperative HbA1c 
levels and long-term outcomes in diabetic EC patients.

Conclusions

The findings indicate that inadequate glycemic control, 
as demonstrated by elevated HbA1c levels, could be a sig-
nificant prognostic factor, impacting tumor behavior and 
metastasis. This highlights the potential clinical applica-
tion of HbA1c as a biomarker to guide treatment decisions, 
such as identifying patients at higher risk for aggressive 
disease who may benefit from more intensive surgical 
or adjuvant therapies. Additionally, the study contributes 
to the growing body of literature on the role of diabetes 
and glycemic control in cancer prognosis.
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Abstract
Background. Pyroptosis has been implicated in the progression of chronic prostatitis (CP)/chronic pelvic 
pain syndrome (CPPS).

Objectives. The present study was performed to explore the diagnostic value of the levels of the pyroptosis-
related protein nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 3 
(NLRP3) inflammasome in the expressed prostatic secretions (EPS) of patients with CP.

Materials and methods. A total of 167 CP patients, including 85 National Institutes of Health (NIH)-IIIA CP 
patients and 82 NIH-IIIB CP patients, as well as 80 benign prostatic hyperplasia (BPH) patients and 80 healthy 
controls, were enrolled. The levels of NLRP3, interleukin 1 beta (IL-1β), and interleukin 18 (IL-18) in EPS 
were detected using an enzyme-linked immunosorbent assay (ELISA). Disease severity was assessed using 
the Bergman CP scale. Differences in EPS NLRP3 inflammasome levels between the groups were analyzed, 
and receiver operating characteristic (ROC) curves were used to investigate the clinical value of the NLRP3 
inflammasome in the diagnosis of CP. The numerical rating scale (NRS), the National Institutes of Health 
Chronic Prostatitis Symptom Index (NIH-CPSI) and the Danish Prostatic Symptom Score (DAN-PSS-1) were 
applied to evaluate symptom severity. The cutoff value of NLRP3 expression was calculated using R language.

Results. NLRP3 inflammasome levels in EPS were significantly higher in CP patients of NIH-IIIA and NIH-IIIB 
compared to the BPH patients and controls. NLRP3 levels in EPS were positively associated with Bergman 
grade. In addition, NRS levels were in a positive relationship with NIH-CPSI and DAN-PSS-1. The ROC curve 
analysis demonstrated that NLRP3 in EPS may act as a decent indicator for the diagnosis of CP/CPPS. The cutoff 
value of EPS NLRP3 expression was ≥55.25 ng/mL.

Conclusions. NLRP3 levels in EPS were significantly higher in NIH-IIIA and NIH-IIIB patients compared to BPH 
patients and healthy controls. NLRP3 inflammasome levels in EPS may be valuable as diagnostic indicators, 
and targeting chemokines may present a promising approach to treatment for those suffering from CPPS.

Key words: chronic prostatitis, chronic pelvic pain syndrome, NLRP3 inflammasome, pyroptosis
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Background

Chronic prostatitis (CP) has a  prevalence of  nearly 
5–10% among young and middle-aged individuals, sig-
nificantly affecting their daily lives.1 Chronic prostati-
tis is categorized into 3 types by National Institutes of 
Health (NIH): NIH-II (chronic bacterial prostatitis), 
NIH-III (chronic prostatitis/chronic pelvic pain syndrome 
(CPPS)) and NIH-IV (asymptomatic prostatitis).2 Chronic 
prostatitis can manifest with a variety of symptoms that 
significantly impact quality of  life, such as pelvic pain, 
lower urinary tract symptoms, psychological distress, and 
sexual dysfunction.3

The NIH-III, also referred to as CP/CPPS, is charac-
terized by pelvic pain without any detectable bacterial 
infection. It  is  further classified into 2  subcategories: 
category IIIA, which is the inflammatory type, indicated 
by the presence of white blood cells in the expressed pros-
tatic secretion (EPS), and category IIIB, the non-inflam-
matory type, where leukocytes are not present in the EPS 
or seminal fluid.4 Chronic prostatitis/CPPS, falling under 
NIH category III, is frequently encountered in clinical set-
tings, with its prevalence in the general population esti-
mated to be between 5% and 14.2%.5 Therefore, CP/CPPS 
accounts for approx. 60–80% of all prostatitis cases.

Cytokines and chemokines, which are inflammatory 
mediators, have been linked to the development of CPPS.6 
Cytokines are signaling proteins that are secreted by dif-
ferent types of cells to facilitate intercellular communica-
tion and regulate immune responses.

In  recent years, pyroptosis has been implicated 
in  the  progression of  CP/CPPS.7 The  NLRP3 inflam-
masome, a multi-component protein complex, is com-
posed of  the NOD-like receptor family, pyrin domain 
containing 3 (NLRP3), the adaptor protein ASC, and 
the precursor enzyme pro-caspase-1.8 The NLRP3 pro-
tein is composed of 3 homologous domains: The C-ter-
minal features a leucine-rich repeat, the central region 
houses a nucleotide-binding oligomerization domain, 
and the N-terminal is characterized by a pyrin domain.9 
Intracellular NLRP3 levels are markedly low under rest-
ing conditions. Upon activation, NLRP3 inflammasomes 
serve as scaffolds that initiate the activation of caspase-1, 
promote the secretion of cytokines and lead to the induc-
tion of pyroptosis.10

The initiation of pyroptosis, a form of cell death, is pri-
marily driven by the activation of the NLRP3 inflamma-
some. Research by Lu et al. on a rat model with hormone 
imbalance-induced chronic non-bacterial prostatitis 
revealed that the  activation of  the  NLRP3 inflamma-
some sets off a cascade of inflammatory reactions within 
the prostate glands of these rats.11 Another study indicated 
that the regulation of cell autophagy in central neuropathic 
pain (CNP) might be governed by the NLRP3 inflamma-
some, which exerts its effects through the IL-6/STAT3 
signaling pathway.12

Objectives

The collective findings from the aforementioned research 
suggest that pyroptosis, mediated by the NLRP3 inflamma-
some, could play a significant role in the development of CP/
CPPS. However, no studies have investigated the presence 
of the NLRP3 inflammasome and its correlation with CP se-
verity. Therefore, this research is the initial investigation into 
the expression of the NLRP3 inflammasome within the EPS 
of patients categorized under both CPPS IIIA and IIIB.

Methods

Study participsnts

From May 2022 to February 2024, we selected 167 patients 
with NIH-III CP, who exhibited pronounced symptoms 
of CP syndrome and fulfilled the NIH criteria for CP diag-
nosis, as participants.13 Based on the NIH classification sys-
tem,13 85 cases were NIH-IIIA while the other 82 cases were 
NIH-IIIB. In addition, 80 benign prostatic hyperplasia (BPH) 
patients were also enrolled, and 80 healthy men receiving 
physical examinations without any clinical symptoms served 
as the control group. Within the healthy control group, no 
abnormalities were found during physical examinations, nor 
were any irregularities detected in the examination of EPS, 
urine routine tests, or in the bacterial cultures of urine sam-
ples taken before and after prostatic massage.

Each patient submitted a comprehensive medical pro-
file that encompassed their history of medication use and 
aspects of their sexual health. Individuals with conditions 
similar to the presenting symptoms, such as diabetes, ure-
thritis, epididymitis, varicocele, and diseases of the rectum 
and perianal area, were excluded from the study.

This study was approved by  the  ethical committee 
of Tianjin Medical University Baodi Hospital (Tianjin, 
China; approval No. 20220015). All patients signed writ-
ten consent forms.

Sample collection and ELISA

Participants were instructed to refrain from sexual ac-
tivity for a period of 3 to 5 days and to thoroughly cleanse 
and disinfect the glans penis and external urethral area 
prior to sample collection. Urine samples were collected 
both before and after prostate massage to conduct standard 
urinalysis and to assess urinary bacterial cultures.

The EPS was extracted by massaging the prostate gland 
through digital rectal examination. The patient adopted 
a knee-chest position and a bent position. The doctor wore 
gloves and applied paraffin oil, then slowly extended his 
fingers into the anus, touched the prostate, and then gen-
tly massaged the prostate. When EPS was secreted into 
the urethral opening, sterile slides were used to collect 
prostate fluid. The sample was placed into a cryovial and 
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initially stored at –20°C for about 2 h. Subsequently, it was 
moved to a –70°C environment for long-term preservation 
until it was time to thaw it for examination.

Double-blinded quantitative measurements of  EPS 
NLRP3 levels were assessed using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (cat. No. ab274401; 
Abcam, Cambridge, UK). Following the manufacturer’s 
protocol, standard samples of recombinant human NOD-
like receptor family, pyrin domain containing 3 (NLRP3) 
were pipetted into each well of a microplate that had been 
precoated with an antibody specific to NLRP3. The wells 
were left to incubate at room temperature for 2 h before 
being washed 3 times with the washing reagent. Following 
this, each well received a pipetted amount of NLRP3 conju-
gate and was then incubated for an additional 2 h at room 
temperature. Following 3 wash cycles, the substrate solu-
tion was dispensed into every well. The microplate was 
subsequently incubated for 20 min at room temperature 
and shielded from light. To halt the reactions, stop solution 
was added, and the optical density (OD) of the contents 
was measured at 450 nm using a microplate reader (Infi-
nite M200 PRO; Tecan, Männedorf, Switzerland).

The coefficient of variation (CV) within the assay for 
NLRP3 was 2.5%, while the variation between assays was 
less than 5.1%. The sensitivity of the ELISA kit for detecting 
NLRP3 is 1.63 ng/mL. Additionally, the detection range for 
the kit is between 4.38 ng/mL and 280 ng/mL. An optical 
density–concentration standard curve was created to as-
certain the value of NLRP3. Expressed prostatic secretions 
interleukin (IL)-1β (cat. No. DLB50; R&D Systems, Min-
neapolis, USA) and IL-18 (cat. No. DL180; R&D Systems) 
concentrations were also examined. The CV within the as-
say was 5.5% for IL-1β and 5.9% for IL-18, while the CV 
between assays was 7.5% for IL-1β and 8.8% for IL-18.

Evaluation of disease severity

The disease severity of CP was evaluated using the Berg-
man scale as follows14: grade 0: No symptoms, normal sex-
ual function; grade 1: Occasional lower abdominal pain, 
frequent urination at night or when feeling cold, frequent 
ejaculation after waking up or defecating, relief of symptoms 
after ejaculation, and normal sexual desire; grade 2: Persis-
tent bloating in the lower abdomen, accompanied by abnor-
mal urination and decreased libido, can induce ejaculation 
due to sexual intercourse, and symptoms may worsen after 
ejaculation; grade 3: Severe urination disorder, even acute 
urinary retention, accompanied by obvious decline in sexual 
desire, unable to conduct normal sexual behavior. Only pa-
tients with grade 1 or above were included in the study.

Evaluation of symptom severity

NLRP3 inflammasome levels were linked to clinical se-
verity, as measured using 3 different scales: The numeri-
cal rating scale (NRS), the National Institutes of Health 

Chronic Prostatitis Symptom Index (NIH-CPSI) and 
the Danish Prostatic Symptom Score (DAN-PSS-1).

The NRS is a numerical rating standard. It  is a com-
mon method of using numbers to represent pain inten-
sity that is used in pain assessment and clinical research. 
The NRS typically ranges from 0 to 10, with 0 indicating 
the absence of pain and 10 signifying the most intense 
pain imaginable.15 When using the NRS, patients are usu-
ally asked to select a number to reflect their current level 
of pain. This can be achieved by verbally asking the patient 
or asking them to choose a number on their own. Typically, 
the definition of pain score may be as follows: 0: no pain; 
1–3: mild pain; 4–6: moderate pain; 7–10: severe pain.

The NIH-CPSI is a dependable and user-friendly self-
reporting tool extensively utilized in both scientific re-
search and clinical trials. It evaluates pain symptoms (sum 
of items 1–4), urinary symptoms (sum of items 5 and 6) 
and impact on quality of life (QOL) (sum of items 7–9).16

The  DAN-PSS-1 is  derived from the  patient’s self-
reported data regarding the  existence and intensity 
of 12 symptoms associated with the functions of blad-
der storage and emptying, known as the symptom score. 
In addition, the extent to which these symptoms are trou-
blesome to the patient is also documented. The degree 
of bother and severity of each symptom are rated on a scale 
ranging from 0 to 3. A weighted score is derived by tak-
ing the product of the symptom score and bother score, 
resulting in an overall score for each symptom that could 
vary between 0 and 9. Therefore, a symptom is considered 
irrelevant if it does not cause the patient any distress. This 
occurs when the patient rates a symptom with a score of 0 
(absent) or assigns a bother score of 0 (not bothersome).17

Statistical analyses

Data were expressed as  mean  ±  standard deviation 
(SD) for normally distributed variables and as median 
with interquartile range (IQR) for variables not normally 
distributed. Variance homogeneity was examined using 
the F-test. The distribution data were tested using the Kol-
mogorov–Smirnov test. Student’s t-test or  the Mann–
Whitney U test was carried out between 2 groups, where 
appropriate. One-way analysis of  variance (ANOVA) 
or the Kruskal–Wallis test was applied to statistically test 
the differences among ≥3 groups. Spearman’s correlation 
analysis was used to examine the association between 
NLRP3 expression and Bergman grade, NRS, NIH-CPSI, 
and DAN-PSS-1 scores, as well as IL-1β and IL-18 levels. 
Receiver operating characteristic (ROC) curve analysis was 
conducted to test the potential diagnostic value of NLRP3 
expression with regard to Bergman grade. All statistical 
evaluations were carried out using GraphPad Prism v. 9.0 
(GraphPad Software, San Diego, USA). The cutoff value 
of NLRP3 expression was calculated using the R language 
(R Foundation for Statistical Computing, Vienna, Austria). 
A p-value < 0.05 was regarded to be statistically significant.
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Results

Demographic statistics

Table 1 displays the demographic data for the study co-
horts. The distribution of age and body mass index (BMI) 
and showed no significant differences between the CP 
group and the controls. However, NLRP3 levels were signifi-
cantly elevated in the CP subgroup (NIH-IIIA: 52.1 ±7.1 ng/
mL; NIH-IIIB: 51.7 ±8.0 ng/mL) when compared to both 
the control group (15.4 ±2.9 ng/mL) and the BPH group 
(15.7 ±2.8 ng/mL) (one-way ANOVA, F = 69.35, degrees of 
freedom (df) = 326, p < 0.001 vs control, p < 0.001 vs BPH), 
as shown in Table 1 and Fig. 1.

EPS NLRP3 levels with disease severity

The EPS NLRP3 levels of the 167 NIH-III CP patients 
with different Bergman grades are shown in  Table 1. 
NIH-III CP patients were divided into 3 groups based 

on Bergman grade. NIH-III CP patients included 56 pa-
tients with Bergman grade 1, 60 with Bergman grade 2 
and 51 with Bergman grade 3. NIH-III CP patients with 
Bergman grade 3 showed significantly higher EPS NLRP3 
concentrations compared to those with Bergman grade 2 
(55.8 ±6.5 ng/mL vs 53.0 ±7.3 ng/mL, Mann–Whitney 
U test, U = 827.5, df = 109, p = 0.033) (Fig. 2A). NIH-III CP 
patients with Bergman grade 2 demonstrated significantly 
higher EPS NLRP3 levels compared with Bergman grade 1 
(53.0 ±7.3 ng/mL vs.46.8 ±5.9 ng/mL, Mann–Whitney 
U test, U = 1,168, df = 114, p < 0.001) (Fig. 2A). The analysis 
using Spearman’s correlation revealed a positive relation-
ship between NLRP3 levels in EPS and Bergman grade, 
with a correlation coefficient of 0.485, indicating a sta-
tistically significant association (Spearman’s correlation, 
r = 0.485, T(N-2) = 165, p < 0.001) (Fig. 2B).

ROC curve analysis

The  ROC curve analysis was conducted to  evaluate 
the diagnostic potential of NLRP3 in EPS as a possible bio-
marker for CP/CPPS. As shown in Fig. 3, elevated NLRP3 
levels showed a significant AUC in discriminating between 
Bergman grade 1 and Bergman grade 2 (AUC = 0.753, 
p ≤ 0.001) (Fig. 3A) as well as Bergman grade 2 compared 
to Bergman grade 3 (AUC = 0.619, p = 0.032) (Fig. 3B). 
These findings suggest that elevated EPS NLRP3 level may 
serve as a potential diagnostic marker to evaluate disease 
severity in CP/CPPS. The cutoff value of EPS NLRP3 ex-
pression was ≥55.25 ng/mL.

NLRP3 levels with symptom severity

The association between NLRP3 levels in EPS and clini-
cal outcomes was examined, as measured with NRS, NIH-
CPSI and DAN-PSS-1 scores. We found EPS NLRP3 levels 
were positively associated with NRS scores (Spearman’s 
correlation, r = 0.513, T(N-2) = 165, p < 0.001) (Fig. 4A), 
NIH-CPSI scores (Spearman’s correlation, r  =  0.443, 
T(N-2) = 65, p < 0.001) (Fig. 4B) and DAN-PSS-1 scores 

Fig. 1. Comparison of EPS NLRP3 levels among CP National Institutes 
of Health (NIH)-IIIA (n = 85), CP NIH-IIIB (n = 82), control (n = 80), and BPH 
(n = 80). One-way analysis of variance (ANOVA) was applied to statistically 
test the differences

EPS – expressed prostatic secretions; NLRP3 – nucleotide-binding 
oligomerization domain, leucine-rich repeat and pyrin domain-
containing 3; CP – chronic prostatitis; BPH – benign prostatic hyperplasia.

Table 1. Demographic data for CP and BPH patients and healthy controls

Items  NIH-IIIA CP patients 
(n = 85) 

NIH-IIIB CP patients 
(n = 82) BPH patients (n = 80) Healthy controls 

(n = 80) p-value

Age [years] 36.3 ±7.9 38.1 ±8.1 37.4 ±7.4 37.9 ±7.8 0.318

BMI [kg/m2] 23.2 ±2.1 23.3 ±2.0 22.9 ±2.3 23.0 ±2.2 0.411

NRS scores 4.6 ±1.5 – – –

NIH-CPSI 20.7 ±4.8 – – –

DAN-PSS-1 5.5 ±2.2 – – –

Bergman grade (1/2/3) 56/60/51

EPS 51.9 ±7.1 51.6 ±8.0 15.7 ±2.8 15.4 ±2.9 <0.001

All data are given as mean value ±SD or median. One-way analysis of variance (ANOVA) was applied. NRS scores, NIH-CPSI, DAN-PSS-1, and Bergman grade 
(1/2/3) are designated scores for CP patients; CP – chronic prostatitis; BPH – benign prostatic hyperplasia; NIH – National Institutes of Health; BMI – body 
mass index; NRS – numerical rating scale; NIH-CPSI – National Institutes of Health Chronic Prostatitis Symptom Index; DAN-PSS-1 – Danish Prostatic 
Symptom Score; EPS – expressed prostatic secretions; SD – standard deviation.
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(Spearman’s correlation, r = 0.483, T(N-2) = 165, p < 0.001) 
(Fig. 4C). These findings imply that CP/CPPS patients with 
higher EPS NLRP3 levels may suffer more severe clinical 
symptoms.

Interleukin 1 beta and IL-18 have been shown to be 
important markers in CP/CPPS. Interleukin 1 beta18 and 
IL-1819 have been implicated as potential triggers of CP 
progression. In this study, EPS NLRP3 levels were positively 

Fig. 2. A. Comparison of EPS NLRP3 
levels among different Bergman grades; 
B. Correlation of EPS NLRP3 levels with 
Bergman grade. The Mann–Whitney U test 
was used to compare NLRP3 expression 
between Bergman grade 1 (n = 56) 
compared to grade 2 (n = 60), as well 
as Bergman grade 2 (n = 60) compared 
to grade 3 (n = 51)

EPS – expressed prostatic secretions; 
NLRP3 – nucleotide-binding 
oligomerization domain, leucine-rich 
repeat and pyrin domain-containing 3.

Fig. 3. A. ROC curve analysis of NLRP3 levels between 
Bergman grade 1 (n = 56) vs Bergman grade 2 (n = 60). 
B. ROC curve analysis of NLRP3 levels between Bergman 
grade 2 (n = 60) vs Bergman grade 3 (n = 51)

ROC – receiver operating characteristic; 
NLRP3 – nucleotide-binding oligomerization domain, 
leucine-rich repeat and pyrin domain-containing 3.

Fig. 4. A. Spearman’s correlation 
analysis of EPS NLRP3 levels 
with the NRS in CP/CPPS 
patients (n = 168); B. Spearman’s 
correlation analysis of EPS 
NLRP3 levels with the NIH-CPSI 
in CP/CPPS patients (n = 168); 
C. Spearman’s correlation 
analysis of EPS NLRP3 levels 
with the DAN-PSS-1 in CP/CPPS 
patients (n = 168)

EPS – expressed prostatic 
secretions; NLRP3 – nucleotide-
binding oligomerization 
domain, leucine-rich repeat 
and pyrin domain-containing 3; 
NRS – numerical rating scale; 
NIH-CPSI – National Institutes 
of Health Chronic Prostatitis 
Symptom Index; CP  – chronic 
prostatitis; CPPS – chronic 
pelvic pain syndrome; 
DAN-PSS-1 – Danish Prostatic 
Symptom Score.
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correlated with EPS IL-1β levels (Spearman’s correlation, 
r = 0.345, T(N-2) = 165, p < 0.001) (Fig. 5A) and IL-18 
levels (Spearman’s correlation, r = 0.326, T(N-2) = 165, 
p < 0.001) (Fig. 5B).

Discussion

Our research examined the correlation between the ex-
pression of NLRP3 in EPS and the severity of CP/CPPS. For 
the first time, we have shown that NLRP3 levels in EPS are 
markedly higher in patients with CP/CPPS than in those 
with BPH or in healthy individuals. In addition, elevated 
NLRP3 levels in EPS exhibited a positive correlation with 
Bergman grade. The ROC curve analysis showed that an el-
evated EPS NLRP3 level may act as a potential indicator 
of CP/CPPS disease severity. In addition, EPS NLRP3 con-
centrations were positively correlated with NRS, NIH-
CPSI and DAN-PSS-1. Finally, we found a positive asso-
ciation between the concentrations of NLRP3 in EPS and 
the levels of IL-1β and IL-18 in EPS. These results suggest 
that an increase in NLRP3 levels in EPS could indicate 
the severity of CP/CPPS.

Prostatitis is the 3rd most common disease of the prostate 
gland after BPH and prostate cancer.20 Though not a direct 
threat to life, prostatitis manifests through symptoms like 
erectile dysfunction, issues with the lower urinary tract 
and localized discomfort in the perineal or testicular re-
gions, all of which can greatly influence a patient’s quality 
of life.21

The primary methods for diagnosing prostatitis include 
evaluating clinical signs, performing a thorough physical 
examination, assessing the white blood cell count (WBC), 
and conducting bacterial cultures of expressed prostatic 
secretions.22 However, the value of routinely analyzing 
leukocytes is a matter of debate, chiefly due to the lack 
of correlation between leukocyte count and symptom se-
verity. Consequently, there is a pressing need to pinpoint 
specific biomarkers for the diagnosis of CP/CPPS.

Research in clinical settings has revealed that factors 
that modulate inflammation play a  role in  numerous 
pathological processes.23 Chronic inflammation typically 
correlates with intensified symptoms of the lower urinary 
tract in cases of prostate pathology.24

The NLRP3 inflammasome has been recognized as a cru-
cial mediator of pathogenic inflammation across a range 
of inflammatory disorders and is linked to persistent in-
flammatory responses. Imbalances in the NLRP3 inflam-
masome have been implicated in an array of  illnesses, 
such as multiple sclerosis,25 diabetes,26 atherosclerosis,27 
Alzheimer’s disease,28 inflammatory bowel disease,29 and 
numerous other autoimmune conditions.30 In this study, 
we found that EPS NLRP3 levels were significantly up-
regulated in CP/CPPS patients, indicating that NLRP3 may 
participate in CP progression.

Pain is  the main symptom of CP/CPPS. An  increas-
ing amount of  evidence indicates that dysregulation 
of the NLRP3 inflammasome is associated with chronic 
pain conditions and plays a  role in  the  development 
of chronic pain.31 Previous studies have demonstrated 

Fig. 5. A. Spearman’s correlation 
analysis of EPS NLRP3 levels 
with EPS IL-1β levels in CP/CPPS 
patients (n = 168); B. Spearman’s 
correlation analysis of EPS NLRP3 
levels with EPS IL-18 levels in CP/
CPPS patients (n = 168)

EPS – expressed prostatic 
secretions; NLRP3 – nucleotide-
binding oligomerization 
domain, leucine-rich repeat 
and pyrin domain-containing 
3; IL-1β – interleukin-1 beta; 
CP – chronic prostatitis; 
CPPS – chronic pelvic pain 
syndrome; IL-18 – interleukin 18.
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the involvement of the NLRP3 inflammasome in various 
pain conditions, such as complex regional pain syndrome 
type-I,32 CNP,33 inflammatory pain,34 cancer-related 
pain,35 and muscle pain,36 among others. Our findings 
also reveal a positive correlation between EPS NLRP3 lev-
els and the severity of pain and dysfunction in CP/CPPS 
patients, indicating that higher EPS NLRP3 levels may be 
associated with more severe symptoms.

Mature IL-1β acts as a strong proinflammatory agent 
in various immune responses, playing a key role in attract-
ing innate immune cells to infection sites and adjusting 
the activity of adaptive immune cells. On the other hand, 
mature IL-18 is crucial for stimulating interferon gamma 
(IFN-γ) production and enhancing the cell-killing func-
tions of natural killer cells and T cells.37 The NLRP3 in-
flammasome is recognized as a vital element of the innate 
immune system, responsible for the maturation process 
of IL-1β and IL-18.38 Additionally, we observed a correla-
tion between NLRP3 levels in EPS and the concentrations 
of IL-1β and IL-18 in the EPS of patients with CP/CPPS.

Limitations

There are some limitations that should be taken into ac-
count. First, this study was conducted at a single center and 
involved a relatively small cohort of patients, all of whom 
were of Han Chinese ethnicity. Therefore, multicenter 
studies with larger samples are needed in further research. 
Furthermore, the cross-sectional design of the study pre-
vented the  longitudinal tracking of NLRP3 inflamma-
some levels in correlation with disease progression, and 
as a result, the potential causal link between NLRP3 in-
flammasome activity and the severity of CP could not be 
comprehensively demonstrated. In addition, we evaluated 
only the NLRP3 inflammasome (pyroptosis classical path-
way) in this study; investigation of other pyroptosis-related 
proteins involved in CP/CPPS may reveal more valuable 
information. Additionally, we did not investigate the po-
tential mechanism that the NLRP3 inflammasome plays 
in CP/CPPS; other proteins that interact with the NLRP3 
inflammasome may provide additional insight for under-
standing the pathogenesis of CP/CPPS.

Conclusions

The study represented a pioneering effort in demonstrat-
ing that levels of the NLRP3 inflammasome in EPS were 
significantly elevated in patients with CP/CPPS when com-
pared to those with BPH and healthy controls. Moreover, 
the presence of NLRP3 in EPS showed a positive correlation 
with the onset of CP/CPPS. There was also a direct correla-
tion between the concentration of NLRP3 and the intensity 
of symptoms, as well as with the levels of the inflamma-
tory cytokines IL-1β and IL-18 in EPS. These findings 
support the hypothesis that elevated levels of NLRP3 could 

indicate the progression of CP/CPPS and suggest the po-
tential of NLRP3 to serve as a biomarker for diagnosing 
this condition. However, further research is needed to elu-
cidate the underlying mechanisms of NLRP3-mediated 
pyroptosis.
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Abstract
Background. Propofol and midazolam have been widely used in patients with sepsis. However, the effec-
tiveness of these drugs in reducing the duration of mechanical ventilation and the risk of mortality remains 
controversial.

Objectives. To investigate and compare effects of propofol and midazolam on 30-day mortality in patients 
with sepsis-associated encephalopathy (SAE).

Materials and methods. A retrospective cohort study was conducted on data from 952 adult patients with 
SAE extracted from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. Univariable and 
multivariable Cox proportional hazard models were utilized to investigate the associations of propofol and 
midazolam with 30-day mortality; and univariable and multivariable logistic regression analyses were used 
to explore the relationships of propofol and midazolam with ventilation duration. The outcome measures were 
hazard ratios (HRs), odds ratios (ORs), and 95% confidence intervals (95% CIs). In addition, subgroup analyses 
of age, simplified acute physiological score (SAPS)-II, Charlson Comorbidity Index (CCI), and ventilation dura-
tion were also performed to further assess the associations of propofol and midazolam with 30-day mortality.

Results. Among eligible patients, 265 (27.84%) died within 30 days. After adjusting for covariates, treatment 
with propofol was associated with both lower risk of 30-day mortality (HR = 0.67, 95% CI: 0.51–0.88) and 
lower odds of prolonged ventilation duration (OR = 0.71, 95% CI: 0.53–0.96) compared to treatment with 
midazolam. Moreover, the negative association between treatment with propofol and 30-day mortality was 
also significant in subgroups of age ≥65 years, SAPS-II score ≥47, CCI score ≥3, and ventilation duration 
≥5 days (all p < 0.05).

Conclusions. Among patients with SAE, treatment with propofol was relatively more effective than treat-
ment with midazolam in reducing the risk of 30-day mortality and the duration of mechanical ventilation. 
However, the causal relationships of propofol and midazolam with prognosis in patients with SAE need 
further clarification.

Key words: propofol, midazolam, 30-day mortality, SAE, ventilation duration
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Background

Sepsis-associated encephalopathy (SAE) is  a  severe 
neurologic syndrome, namely the brain dysfunction oc-
curring during the course of sepsis.1 Sepsis-associated en-
cephalopathy significantly increased the length of hospital 
stay as well as the risk of short-term mortality in patients.2 
Evidence has suggested that even mild changes in con-
sciousness can result in a significant increase in mortal-
ity risk in patients with sepsis.3 Hence, it  is  important 
to explore factors influencing the short-term mortality 
risk in patients with SAE, which may help improve SAE 
prognoses.

Propofol and midazolam are commonly used sedatives 
in the intensive care units (ICUs),4 and they have been 
also widely used among sepsis patients.5–7 A meta-analysis 
showed that compared to midazolam, propofol reduced 
the length of ICU stay, mechanical ventilation time and 
extubation time among the ICU patients.4 Also, treatment 
with propofol has a significant advantage in the incidence 
of short-term postoperative cognitive dysfunction,8 e.g., 
patients treated with propofol had lower rates of delirium 
compared to those treated with midazolam.9 In addition, 
a recent study in children indicated that the application 
of  midazolam could increase the  risk of  SAE.10 How-
ever, whether propofol or midazolam is more suitable 
for patients with sepsis remains controversial, especially 
in the presence of SAE. To date, no studies have been con-
ducted to directly compare the effects of propofol and 
midazolam on the prognosis of SAE.

Objectives

This study was designed to  investigate associations 
of propofol and midazolam with 30-day mortality in pa-
tients with SAE, comparing effects of these 2 sedatives 
on short-term prognosis in patients with SAE, and to pro-
vide some references for choice of sedatives for patients 
with SAE in clinical practice.

Methods

Study participants

This is a retrospective cohort study. Data of partici-
pants were obtained from the Medical Information Mart 
for Intensive Care (MIMIC)-IV database in 2008–2019. 
The MIMIC database is  jointly published by the com-
putational physiology laboratory of the Massachusetts 
Institute of Technology (MIT; Cambridge, USA), Beth 
Israel Deaconess Medical Center (BIDMC; Boston, USA) 
and Philips Medical (Amsterdam, the Netherlands) since 
2001, which collects and sorts out information on clini-
cal diagnosis and treatment of more than 40,000 ICU 

patients. More details about the MIMIC database can be 
found elsewhere: https://mimic.mit.edu/docs/iv.

For participants screening, the inclusion criteria were: 
1) age ≥18 years, 2) diagnosed with SAE at the ICU ad-
mission and 3) treated with midazolam or propofol exclu-
sively as sedative. The exclusion criteria were: 1) not using 
mechanical ventilation, 2) having traumatic brain injury 
(TBI),11,12 ischemic/hemorrhagic stroke, intracranial infec-
tion or epilepsy, 3) chronic alcohol or drug abuse, 4) pre-
existing liver or kidney diseases affecting consciousness,13 
and 5) missing information on survival. Finally, 952 pa-
tients met the necessary criteria for inclusion in the study. 
The MIMIC database has obtained ethical approval from 
the relevant Institutional Review Boards (IRBs) (https://
mimic.mit.edu). Since the database is publicly available, 
ethical approval has been waived by our hospital’s IRB. 
Informed consent was not required due to the retrospec-
tive nature of the study.

Diagnosis of SAE

According to a previous study, SAE was defined as sep-
sis accompanied by a Glasgow Coma Scale (GCS) ≤14 
in  the  first 24  h  of  ICU admission or  delirium based 
on the International Classification of Diseases v. 9. (ICD-9) 
code (2930, 2931) and ICD-10 code (F05).14

Assessment of propofol 
and midazolam use

Records of the use of propofol or midazolam in patients 
with SAE were extracted from the MIMIC input event 
tables, with item ID 222168 for propofol and 221668 for 
midazolam.

Variables selection

We also extracted variables as potential confounding 
factors from the database, including race, age, gender, con-
gestive heart failure (CHF), peripheral vascular disease 
(PVD), chronic obstructive pulmonary disease (COPD), 
renal failure (RF), liver disease, hypertension, diabetes mel-
litus (DM), heart rate (HR), weight, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), temperature, 
respiratory rate (RR), oxygen saturation (SpO2), inspiratory 
oxygen concentration (FIO2), simplified acute physiological 
score (SAPS)-II, GCS, Charlson Comorbidity Index (CCI), 
red cell distribution width (RDW), white blood cell (WBC) 
count, platelet count, hemoglobin (HB), hematocrit, cre-
atinine (Cr), blood urea nitrogen (BUN), glucose, lactate, 
sodium (Na), bicarbonate, potassium (K), pH, chloride, 
international normalized ratio (INR), ventilation dura-
tion, prothrombin time (PT), vasopressors use, opiates use, 
norepinephrine use, and antibiotics use. In addition, only 
information on these variables was extracted from patients 
when they were first admitted to the ICU.

https://mimic.mit.edu/docs/iv
https://mimic.mit.edu
https://mimic.mit.edu
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Study outcomes

Primary study outcome was 30-day mortality, and 
the secondary study outcome was ventilation duration. 
The ventilation duration was divided into 2 categories ac-
cording to the median value, including <5 days and ≥5 days. 
The MIMIC followed up through information recorded 
in electronic medical charts and hospital department, 
or contacting with the patients (including family mem-
bers, attending healthcare workers and family physicians) 
via phone calls. In our study, the follow-up ended when 
patients died or 30 days after the ICU admission.

Statistical analyses

Non-normal data were described in median and quartiles 
(Me (Q₁, Q₃)), and Wilcoxon ran-sum tests were used for 
inter-group comparisons. The enumeration data were de-
scribed in terms of number of cases and composition ratio 
(n (%)). The χ2 test was used for comparison between groups.

The covariates screening process included 2 steps. First, 
variables significantly associated with 30-day mortality 
in patients with SAE were selected via univariable Cox 
proportional hazard model. Then, the selected variables 
were test using the best subset method, and those with 
the lowest Bayesian information criterion (BIC) values were 
chosen as the final covariates. Finally, the selected covari-
ables were further included in the adjustment of multivari-
ate models.

The screening of covariates associated with ventilation 
duration was similar to that associated with 30-day mor-
tality except using the univariable logistic regression.

Univariate and multivariate Cox proportional hazard 
models were established to explore the associations of pro-
pofol and midazolam with 30-day mortality, with haz-
ard ratios (HRs) and 95% confidence intervals (95% CIs). 
Model 1 was unadjusted. Model 2 was adjusted for the se-
lected covariates, including age, race, RR, temperature, 
SpO2, SAPS-II score, CCI score, RDW, WBC, BUN, lactate, 
chloride, INR, PT, vasopressor use, opiates use, and nor-
epinephrine use. Additionally, subgroup analysis of age, 
SAPS-II score, CCI score and ventilation duration were 
also performed to further assess these associations.

Univariate and multivariate logistic regression analyses 
were used to investigate the associations of propofol and 
midazolam with duration of ventilation in patients with 
SAE, with odds ratios (ORs) and 95% CIs as assessment 
indices. Model 1 was unadjusted. Model 2 was adjusted for 
selected covariates, including SpO2, SAPS-II, vasopressor 
use, norepinephrine use, and antibiotics use.

Two-sided p  <  0.05 was considered statistically sig-
nificant. Variables with missing values were removed 
if  the  proportion was  >20%; otherwise, they were in-
terpolated using a random forest interpolation method 
(Supplementary Table 1).15 Sensitivity analyses of patients’ 

characteristics before and after interpolation of missing 
data are shown in Supplementary Table 2. The associations 
of midazolam and propofol with 30-day mortality (Supple-
mentary Table 3) and duration of mechanical ventilation 
(Supplementary Table 4) in patients with SAE were also 
assessed using the original unimplemented data. Statisti-
cal analyses were performed using Python 3.9.12 (Python 
Software Foundation, Wilmington, USA) and R v. 4.3.1 
(2023-06-16 ucrt; R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Characteristics of participants

Figure 1 shows inclusion and exclusion of research sub-
jects. There were 1,625 adult SAE patients who received 
treatment with propofol or midazolam in the database. 
Those who without mechanical ventilation use (n = 10), 
diagnosed as TBI (n = 118), ischemic/hemorrhagic stroke 
(n  =  343), epilepsy (n  =  78), or  intracranial infection 
(n = 12), with chronic alcohol or drug abuse (n = 34), with 
pre-existing liver/kidney disease affecting consciousness 
(n = 77), or lost to the follow-up (n = 1) were excluded. 
Finally, 952 were eligible.

Among the eligible participants, 265 (27.84%) died within 
30 days. The median age of total population was 70 years, 
and 546 (57.35%) were male. We compared the character-
istics of patients between the midazolam (n = 259) and 
propofol group (n = 693) (Table 1). Disease conditions (CHF 
and COPD), clinical indexes (HR, SBP, RR, SAPS-II, GCS, 
platelet, HB, hematocrit, Cr, BUN, glucose, pH, and PT) 
and treatments (ventilation duration, opiates use and nor-
epinephrine use) were all significantly different between 
the 2 groups (all p < 0.05).

Associations of midazolam and propofol 
with 30-day mortality

Before investigating relationships between different sed-
atives and 30-day mortality in patients with SAE, covari-
ates have been screened (Supplementary Table 3). As shown 
in Table 2, treatment with propofol was linked to lower 
30-day mortality risk (HR = 0.67, 95% CI: 0.51–0.88), com-
pared to treatment with midazolam after covariates adjust-
ment. Moreover, we assessed this relationship in subgroups 
of age, SAPS-II score, CCI, and ventilation duration (Fig. 2). 
The results showed that in aged ≥65 years (HR = 0.61, 
95% CI: 0.45–0.84), SAPS-II score ≥47 (HR = 0.55, 95% CI: 
0.40–0.75), CCI score ≥3 (HR = 0.63, 95% CI: 0.46–0.87) 
and ventilation duration ≥5 (HR = 0.58, 95% CI: 0.41–0.84) 
subgroups, treatment with propofol was also significantly 
linked to lower 30-day mortality risk comparing to treat-
ment with midazolam.
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Table 1. Characteristics of patients with SAE

Variables Total 
(n = 952)

Midazolam 
(n = 259)

Propofol 
(n = 693) Statistics p-value

Age [years], M (Q1, Q3) 70 (58, 79) 71 (57, 80) 69 (58, 78) W = 94,683.5 0.191

Gender, n (%)
female 406 (42.65) 120 (46.33) 286 (41.27)

χ² = 1.774 0.183
male 546 (57.35) 139 (53.67) 407 (58.73)

Race, n (%)

white 89 (9.35) 30 (11.58) 59 (8.51)

χ² = 4.116 0.249
black 110 (11.55) 27 (10.42) 83 (11.98)

others 119 (12.5) 26 (10.04) 93 (13.42)

unknown 634 (66.6) 176 (67.95) 458 (66.09)

CHF, n (%)
no 514 (53.99) 107 (41.31) 407 (58.73)

χ² = 22.329 <0.001
yes 438 (46.01) 152 (58.69) 286 (41.27)

Peripheral vascular disease, n (%)
no 788 (82.77) 220 (84.94) 568 (81.96)

χ² = 0.974 0.324
yes 164 (17.23) 39 (15.06) 125 (18.04)

COPD, n (%)
no 626 (65.76) 152 (58.69) 474 (68.4)

χ² = 7.471 0.006
yes 326 (34.24) 107 (41.31) 219 (31.6)

RF, n (%)
no 883 (92.75) 233 (89.96) 650 (93.8)

χ² = 3.571 0.059
yes 69 (7.25) 26 (10.04) 43 (6.2)

Liver disease, n (%)
no 775 (81.41) 213 (82.24) 562 (81.1)

χ² = 0.096 0.757
yes 177 (18.59) 46 (17.76) 131 (18.9)

Hypertension, n (%)
no 438 (46.01) 108 (41.7) 330 (47.62)

χ² = 2.427 0.119
yes 514 (53.99) 151 (58.3) 363 (52.38)

DM, n (%)
no 607 (63.76) 163 (62.93) 444 (64.07)

χ² = 0.062 0.804
yes 345 (36.24) 96 (37.07) 249 (35.93)

Weight [kg], M (Q1, Q3) 81.51 (69.85, 95.8) 81 (67.86, 94.8) 81.9 (70.51, 96.34) W = 86,539.5 0.396

HR [bpm], M (Q1, Q3) 92.5 (80, 109) 97 (83, 113) 90 (79, 107) W = 104,280.5 <0.001

SBP [mm Hg], M (Q1, Q3) 117.5 (102, 135) 115 (99.5, 132) 118 (103, 137) W = 82,825.5 0.067

DBP [mm Hg], M (Q1, Q3) 63 (52, 77) 63 (51, 77) 63 (52, 77) W = 86,520.5 0.393

RR [bpm], M (Q1, Q3) 20 (16, 24) 21 (18, 25.5) 19 (16, 24) W = 10,4311 <0.001

Temperature [°C], M (Q1, Q3) 36.72 (36.39, 37.11) 36.83 (36.33, 37.28) 36.7 (36.39, 37.06) W = 95,551.5 0.124

Adult patients with SAE were given midazolam
or propofol exclusively as sedative in the MIMIC-IV database

(n = 1,625) 

Eligible patients (n = 952)

Survival
(n = 687)

30-day mortality
(n = 265)

Excluded: 
1) Not using mechanical ventilation (n = 10),
2) Diagnosed as TBI (n = 118),
3) Diagnosed as ischemic/hemorrhagic stroke (n = 343),
4) Diagnosed as epilepsy (n = 78), 
5) Diagnosed as intracranial infection (n = 12),
6) Chronic alcohol or drug abuse (n = 34),
7) Pre-existing liver or kidney disease affecting consciousness (n = 77),
8) Lost to follow-up (n = 1)

Fig. 1. Process of participants selection

SAE – sepsis-associated encephalopathy; MIMIC – Medical 
Information Mart for Intensive Care; TBI – traumatic brain injury.
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Relationship between different sedatives 
and ventilation duration in SAE patients

In addition, we explored the associations of midazolam 
and propofol with ventilation duration in  patients with 
SAE. The  process of  covariates screening was shown 

in Supplementary Table 4. We found that treatment with pro-
pofol was associated with lower odds of long ventilation dura-
tion comparing to that with midazolam (OR = 0.71, 95% CI: 
0.53–0.96), indicating that treatment with propofol may be 
more effective than that with midazolam in improving ex-
cessive ventilation duration among SAE patients (Table 3).

Variables Total 
(n = 952)

Midazolam 
(n = 259)

Propofol 
(n = 693) Statistics p-value

SpO2 [%] M (Q1, Q3) 97 (94, 100) 97 (94.99, 100) 98 (94, 100) W = 88,773 0.794

FIO2 [%], M (Q1, Q3) 70 (50, 100) 70 (50, 100) 70 (50, 100) W = 88,510.5 0.737

SAPS-II score, M (Q1, Q3) 47 (37, 58) 51 (39.5, 67) 46 (36, 55) W = 107,765 <0.001

GCS score, M (Q1, Q3) 13 (9, 14) 13 (7, 14) 14 (10, 14) W = 74,421.5 <0.001

CCI score, M (Q1, Q3) 3 (2, 5) 3 (2, 5) 3 (2, 5) W = 92,261 0.501

RDW [%], M (Q1, Q3) 15.2 (14, 17) 15.3 (14, 17.1) 15.2 (14, 17) W = 89,004.5 0.845

Platelets [K/μL], M (Q1, Q3) 189 (127, 260.25) 217 (140, 286) 176 (124, 247) W = 106,038.5 <0.001

WBC [K/μL], M (Q₁, Q₃) 12.9 (8.78, 18.4) 13.4 (9, 20) 12.7 (8.7, 17.4) W = 96,670 0.067

HB [g/dL], M (Q1, Q3) 10 (8.4, 11.7) 10.2 (8.9, 11.9) 9.8 (8.2, 11.6) W = 100,815 0.003

Hematocrit [%], M (Q1, Q3) 30.7 (26, 35.92) 31.9 (27.55, 36.9) 30.1 (25.3, 35.6) W = 101,052.5 0.003

Cr [mg/dL], M (Q₁, Q₃) 1.2 (0.8, 1.9) 1.4 (0.9, 2.3) 1.2 (0.8, 1.8) W = 102,517 0.001

BUN [mg/dL], M (Q1, Q3) 27 (17–43) 32 (19.5–50) 24 (16–41) W = 105,882 <0.001

Glucose [mg/dL], M (Q₁, Q₃) 138 (108–174) 146 (109.5–194.5) 136 (108–170) W = 99,292 0.011

Lactate [mmol/L], M (Q1, Q3) 1.85 (1.4–3) 1.8 (1.32–2.89) 1.85 (1.4–3) W = 88,494.5 0.741

Bicarbonate [Eq/L], M (Q1, Q3) 22 (19–26) 22 (18–26) 22 (19–25) W = 86,390 0.374

Na [mEq/L], M (Q1, Q3) 138 (134–141) 138 (134–141) 138 (134–141) W = 90,778.5 0.784

K [mEq/L], M (Q1, Q3) 4.2 (3.7–4.8) 4.1 (3.6–4.8) 4.2 (3.8–4.8) W = 84,399.5 0.157

Chloride [mEq/L], M (Q1, Q3) 103 (99–108) 104 (98–108.5) 103 (99–107) W = 93,618 0.304

pH, M (Q1, Q3) 7.36 (7.29–7.42) 7.35 (7.26–7.41) 7.37 (7.29–7.42) W = 79,401 0.006

INR, M (Q₁, Q₃) 1.4 (1.2–1.8) 1.4 (1.2–1.9) 1.4 (1.2–1.7) W = 93,049 0.380

Pt [s], M (Q₁, Q₃) 15.4 (13.67–19.22) 15.52 (14.1–20.4) 15.34 (13.5–18.8) W = 98,135.5 0.026

Ventilation duration, n (%)
<5 468 (49.16) 110 (42.47) 358 (51.66)

χ² = 6.006 0.014
≥5 484 (50.84) 149 (57.53) 335 (48.34)

Vasopressor use, n (%)
no 215 (22.58) 57 (22.01) 158 (22.8)

χ² = 0.030 0.863
yes 737 (77.42) 202 (77.99) 535 (77.2)

Opiates use, n (%)
no 95 (9.98) 8 (3.09) 87 (12.55)

χ² = 17.764 <0.001
yes 857 (90.02) 251 (96.91) 606 (87.45)

Norepinephrine use, n (%)
no 393 (41.28) 84 (32.43) 309 (44.59)

χ² = 10.998 0.001
yes 559 (58.72) 175 (67.57) 384 (55.41)

Antibiotics use, n (%)
no 15 (1.58) 4 (1.54) 11 (1.59)

– 1.000
yes 937 (98.42) 255 (98.46) 682 (98.41)

Length of ICU stay [days], M (Q1, Q3) 9.25 (6.37–13.7) 9.26 (6.07–12.89) 9.25 (6.45–13.92) W = 87,244 0.508

Follow-up duration [days], M (Q1, Q3) 30 (22.51–30) 30 (14.55–30) 30 (30–30) W = 78,102 <0.001

30-day survival status, n (%)
survival 687 (72.16) 164 (63.32) 523 (75.47)

χ² = 13.254 <0.001
death 265 (27.84) 95 (36.68) 170 (24.53)

W – Wilcoxon rank sum test; Me – median; Q1 – 1st quartile; Q3 – 3rd quartile; SAE – sepsis-associated encephalopathy; SD – standard deviation; 
CHF – congestive heart failure; COPD – chronic obstructive pulmonary disease; RF – renal failure; DM – diabetes mellitus; HR – heart rate; SBP – systolic 
blood pressure; DBP – diastolic blood pressure; RR – respiratory rate; SAPS-II – Simplified Acute Physiological Score II; GCS – Glasgow Coma Scale; 
CCI – Charlson Comorbidity Index; RDW – red cell distribution width; WBC – white blood cell; HB – hemoglobin; Cr – creatinine; BUN – blood urea 
nitrogen; Na – sodium; K – potassium; INR – international normalized ratio; PT – prothrombin time; ICU – intensive care unit. SpO2 – oxygen saturation; 
FIO2 – inspiratory oxygen concentration.

Table 1. Characteristics of patients with SAE – cont.
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Discussion

The current study explored the associations of propofol 
and midazolam with 30-day mortality in patients with SAE. 
The results suggested that patients with SAE treated with 
propofol had a lower risk of 30-day mortality compared 
to those treated with midazolam. This association was also 
significant in the subgroups of adults aged ≥65 years, SAPS-II 
score ≥47, CCI score ≥3, and ventilation duration ≥5. In ad-
dition, treatment with propofol was significantly associated 
with lower odds of long duration of ventilation in patients 
with SAE compared to patients treated with midazolam.

We believe our study is the first to explore and compare 
associations of propofol and midazolam with short-term 

mortality and ventilation duration in patients with SAE. 
Previous studies have discussed the effects of propofol 
and midazolam on  outcomes in  ICU patients. For in-
stance, a post hoc analysis of the DESIRE trial conducted 
by Miyagawa et al.16 found that patients with sepsis required 
mechanical ventilation during the acute phase. That study 
also found that sedation with midazolam was associated 
with an increased risk of coma and delirium compared 
to propofol. Another study in adult ICU patients showed 
that propofol was associated with improved clinical out-
comes compared to midazolam sedation, reducing extuba-
tion time and mechanical ventilation time in acute surgical 
patients and extubation time in critically ill patients.4 Yet 
another observational, propensity-matched study suggested 

Fig. 2. Association of midazolam and propofol with 30-day mortality in age, SAPS-II, CCI, and ventilation duration subgroups

SAPS -II – Simplified Acute Physiological Score II; CCI – Charlson Comorbidity Index; HR – hazard ratio; 95% CI – 95% confidence interval.

Table 2. Associations of midazolam and propofol with 30-day mortality 
in SAE patients

Sedatives
Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Midazolam Ref – Ref –

Propofol 0.61 (0.47–0.78) <0.001 0.67 (0.51–0.88) 0.004

SAE – sepsis-associated encephalopathy; HR – hazard ratio; 
95% CI – 95% confidence interval; Ref – reference;  
Model 1 – crude model; The bold p-values are statistically significant.  
Model 2 – adjusted for age, race, respiratory rate, temperature, oxygen 
saturation, Simplified Acute Physiological Score II, Charlson Comorbidity 
Index, red cell distribution width, white blood cell, blood urea nitrogen, 
lactate, chloride, international normalized ratio, prothrombin time, 
vasopressor use, opiates use, and norepinephrine use.

Table 3. Associations of midazolam and propofol with ventilation 
duration in SAE patients

Sedatives
Model 1 Model 2

OR (95% CI) p-value OR (95% CI) p-value

Midazolam Ref – Ref –

Propofol 0.69 (0.52–0.92) 0.012 0.71 (0.53–0.96) 0.028

SAE – sepsis-associated encephalopathy; OR – odds ratio; 
95% CI – 95% confidence interval; Ref – reference;  
Model 1 – crude model; The bold p-values are statistically significant.  
Model 2 – adjusted for oxygen saturation, Simplified Acute Physiological 
Score II, vasopressor use, norepinephrine use, and antibiotics use.
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that, compared with midazolam, sedation with propofol 
reduced mortality and bleeding rates in patients with car-
diogenic shock.17 However, the associations of propofol and 
midazolam with short-term mortality in SAE have not been 
clarified. By observing negative associations of propofol 
treatment with 30-day mortality risk and prolonged dura-
tion of mechanical ventilation, our findings relatively filled 
a gap in the literature on patients with SAE. However, fur-
ther research is needed on the causal associations of mid-
azolam and propofol with ICU outcomes in this population.

The acute phase of SAE is characterized primarily by de-
lirium symptoms,18 which are associated with worse out-
comes.3 In ICU patients, maintaining light sedation was 
linked to increased survival and decreased delirium.19 Re-
searches suggested that midazolam could prolong the time 
to light sedation in comparison with propofol.20,21 Also, 
in the study by Miyagawa et al., midazolam produced sig-
nificantly deeper and more inappropriate sedation than pro-
pofol in the acute phase (day 3 of hospitalization), despite 
the use of light sedation protocols.16 Similarly, in our study 
population, the GCS score of patients in the midazolam 
group was significantly lower than that in the propofol group 
(10.61 vs 11.62). In fact, it has been reported that even mild 
alterations of the mental status (GCS of 13–14) have prog-
nostic potential towards a worse outcome in sepsis.3 Never-
theless, in the present study, we could not clarify the mech-
anism of the potential superior effect of propofol to that 
of midazolam on short-term mortality in SAE, and whether 
it was related to the mental status or delirium of the patients. 
In addition, neuroinflammation induced by microglial acti-
vation is closely linked to the development of SAE.22 Guan 
et al.23 suggested that propofol attenuated the inflammatory 
response by inhibiting metabolic reprogramming via down-
regulation of the ROS/PI3K/Akt/mTOR/HIF-1α signaling 
pathway. On the contrary, higher doses of midazolam may 
be an independent risk factor for sepsis-associated delirium 
among mechanically ventilated patients with sepsis.24 Ad-
ditionally, Sasabuchi et al.25 retrospectively analyzed 30-day 
mortality and intubation duration in children ventilated 
for ≥3 days and sedated with midazolam or propofol and 
showed that weaning from mechanical ventilation was 
slower in children sedated with midazolam than in those 
sedated with propofol. Further investigation is necessary 
to determine the specific mechanism that led to the selec-
tion of propofol sedation as the preferred option for patients 
with SAE over midazolam sedation.

Results of subgroup analysis showed that among patients 
with SAE aged ≥65 years, SAPS-II score ≥47, CCI score ≥3, 
or with ventilation duration ≥5, the association of pro-
pofol with lower 30-day mortality risk was also signifi-
cant. In fact, age (≥75 years) and SAPS-II score (≥23) were 
common risk factors for SAE.26 The progression of SAE 
and neurological deficits resulted from age-related recon-
struction of the brain tissue with senescence of astroglia.27 
In patients admitted to the ICU for sepsis, SAPS-II also 
showed good performance in predicting mortality. Our 

results suggest that in patients with SAE with older age 
or higher SAPS-II score, treatment with propofol may be 
a better choice to reduce short-term mortality than that 
with midazolam. The CCI seemed to be helpful for early 
identification of septic shock patients with poorer out-
comes.28 In our research, although the CCI score had no 
significant difference between the midazolam group and 
the propofol group (3.65 vs 3.56), it seemed that clinicians 
should consider propofol as the first choice of sedative. Me-
chanical ventilation is a cornerstone of sepsis treatment, 
and prolonged mechanical ventilation (exceeding 21 days) 
is associated with increased mortality rates of both in-
hospital and post-discharge.29 In the present study, 57.53% 
of patients in the midazolam group had a ventilation du-
ration ≥5 days, whereas the proportion in the propofol 
group was 48.34%. Duration of ventilation was not found 
to be significantly associated with 30-day mortality, but 
in the subgroup with duration of ventilation ≥5, the asso-
ciation between propofol and lower 30-day mortality risk 
was significant, suggesting that this potentially high-risk 
population should receive more attention.

Limitations

The current study was the first to explore effects of treat-
ment with 2 different sedatives on short-term mortality risk 
in patients with SAE. In statistical analyses, we have con-
sidered and evaluated important variables associated with 
sedation in SAE, including scores reflecting severity and 
prognosis of patients, comorbidities and multiple labora-
tory indicators. However, there were still some limitations. 
As a retrospective cohort study, it is difficult to avoid the in-
herent bias of this study design. Data in the MIMIC database 
were collected from a single medical center, which may limit 
the representativeness of the study sample, and therefore, 
large-scale multi-center studies are needed to further verify 
our findings. Besides, due to limitations of the MIMIC data-
base, we could not obtain the detailed sedation information, 
such as different drug dosages, treatment duration and daily 
sedation level data, which could cause some bias.

Conclusions

Sedation with propofol was a potentially better choice 
than midazolam for patients with SAE in clinical practice, 
which may reduce the risk of short-term mortality and 
prolonged duration of ventilation. However, the causal 
associations of propofol and midazolam with prognosis 
in SAE patients need to be further clarified.
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tilation duration in SAE patients.
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Abstract
Background. Sepsis is a life-threatening condition characterized by a dysregulated host immune response 
to infection. Currently, stress hyperglycemia is frequently associated with an unfavorable prognosis in car-
diovascular and cerebrovascular disease. During sepsis, the progression of the immune response and inflam-
mation often leads to aberrant metabolic indicators. However, the association between the stress-induced 
hyperglycemia ratio (SHR) and sepsis in patients admitted to the intensive care unit (ICU) remains uncertain.

Objectives. This study aimed to explore the potential correlation between SHR and sepsis.

Materials and methods. In this retrospective cohort study, data were obtained from the Medical Informa-
tion Mart for Intensive Care-IV (MIMIC-IV) database. Patients with recorded glucose and glycosylated HbA1c 
levels within 24-h ICU admission were identified. The endpoints of the follow-up period were the occurrence 
of sepsis during ICU stay or ICU discharge. After adjustment for factors including demographics, vital signs and 
biochemical indicators, the univariate and multivariate logistic regression model was employed to examine 
the relationship between SHR, baseline blood glucose levels and the risk of sepsis. The associations were 
further explored in subgroups based on age, gender and presence/absence of type 2 diabetes.

Results. Of the total 2,161 patients, with the average age of 64.96 ±16.84 years, 205 (9.49%) had sepsis. After 
adjustment or confounders, high SHR levels were associated with the risk of sepsis odds ratio (OR) = 1.53, 95% 
confidence interval (95% CI): 1.07–2.17). Similar results were found in patients aged ≥65 years (OR = 1.91, 
95% CI: 1.16–3.17), in men (OR = 1.64, 95% CI: 1.02–2.63) and patients without type 2 diabetes history 
(OR = 1.58, 95% CI: 1.01–2.48). The baseline blood glucose level did not exhibit a significant association 
with the risk of sepsis.

Conclusions. Elevated SHR levels were correlated with sepsis. Bedside monitoring of SHR may be a valu-
able tool for clinicians to identify patients at high risk of sepsis, and be beneficial to promptly implement 
clinical interventions.

Key words: sepsis, intensive care unit, glucose, stress-induced hyperglycemia ratio
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Background

Sepsis is  a  life-threatening condition characterized 
by a dysregulated host immune response to infection, lead-
ing to systemic inflammatory response syndrome (SIRS), 
septic shock and multi-organ dysfunction.1 The manifesta-
tion of acute respiratory and kidney failure, as well as mul-
tiple organ dysfunction syndrome resulting from sepsis, 
impose a substantial burden on patients in the intensive 
care unit (ICU).2,3 The estimated incidence of sepsis in ICU 
settings is approx. 58 cases per 100,000 person-years, with 
a pre-discharge mortality rate of 41.9%.4 Globally, the an-
nual incidence of hospital-treated sepsis cases is estimated 
to exceed 30 million, with 5.3 million patients succumbing 
to sepsis.5 Conversely, sepsis may also serve as a predispos-
ing factor for secondary atrial fibrillation and cardiogenic 
stroke.6 The early identification of high-risk patients prone 
to sepsis development is of paramount importance for sep-
sis prevention and reducing disease burden.

Previous reports indicate that patients with hyperglyce-
mia or diabetes are susceptible to infection and even sepsis, 
which may be attributed to chronic suboptimal glycemic 
control.7,8 The presence of inflammation and neurohor-
monal disorders during the disease can lead to a relative in-
crease in glucose levels, resulting in stress hyperglycemia.9 
This condition significantly impacts prognosis by induc-
ing mechanisms like endothelial dysfunction and oxida-
tive stress.9 However, the blood glucose levels only reflect 
the patient’s blood glucose status at a specific moment and 
do not indicate glycemic control.10 To minimize the po-
tential misinterpretation of stress-induced hyperglycemia 
prevalence, the stress-induced hyperglycemia ratio (SHR) 
has been proposed as a strategy to assess the influence 
of chronic glycemic factors on stress-induced glucose levels, 
incorporating admission blood glucose and glycosylated he-
moglobin A1c (HbA1c) measurements.11 The SHR is widely 
recognized as a more accurate indicator of long-term glyce-
mic control compared to glucose and HbA1c, as it consid-
ers chronic hyperglycemia levels.12 The pathophysiologi-
cal mechanisms of stress-induced hyperglycemia involve 
hormonal and metabolic responses to stress. During acute 
stress, the hypothalamic–pituitary–adrenal axis becomes 
active, releasing stress hormones like cortisol, epinephrine 
and glucagon.13 These hormones exert counter-regulatory 
effects on insulin action, stimulating hepatic gluconeogen-
esis and glycogenolysis, while concurrently inhibiting pe-
ripheral glucose uptake.14 Additionally, the stress-induced 
activation of the sympathetic nervous system and inflam-
matory mediators further exacerbates insulin resistance 
and hyperglycemia.14 Cumulatively, these pathophysi-
ological changes disrupt glucose homeostasis, resulting 
in sustained hyperglycemia in critically ill patients. Studies 
indicated that stress-induced hyperglycemia significantly 
increase the risk of postoperative infection among non-
diabetic orthopedic trauma patients in the ICU.15,16 Studies 
also reported an association of elevated SHR with higher 

mortality rates in ICU patients, regardless of their diabetes 
status.17–19 Moreover, it has been observed that high SHR 
significantly enhances the predictive value of the Global 
Registry of Acute Coronary Events (GRACE) score for 
mortality prediction.20 Currently, stress hyperglycemia 
is commonly associated with an adverse prognosis in car-
diovascular and cerebrovascular diseases.21,22 During sep-
sis, the progression of immune response and inflammation 
often leads to abnormal metabolic indicators. However, 
the relationship between SHR and sepsis in patients admit-
ted to the ICU remains unexplored.

Objectives

This study aimed to investigate the association between 
SHR, baseline blood glucose levels and sepsis risk in pa-
tients admitted to the ICU. Additionally, subgroup analysis 
was performed among individuals aged ≥65 years, in men 
and in patients without type 2 diabetes.

Methods

Study design

The data for this retrospective cohort study were ex-
tracted from the Medical Information Mart for Intensive 
Care-IV (MIMIC-IV) database, a comprehensive longitu-
dinal database encompassing data collected between 2008 
and 2019.23 The protocol of National Health and Nutrition 
Examination Survey (NHANES) was approved by the Na-
tional Center for Health Statistics ethics review board and 
all participants signed informed consent forms. In this 
study, data of the participants were de-identified and there 
is no need for approval from the hospital ethics committee.

Patients with recorded glucose and HbA1c levels 
within 24 h after admission to ICU were identified from 
the MIMIC-IV database. The SHR was determined using 
the following formula: SHR = [admission glucose (mg/dL)]/ 
[28.7 × HbA1c (%) – 46.7].11,18 The blood glucose levels 
measured within 24 h of admission to the ICU were consid-
ered as the baseline blood glucose. Both SHR and baseline 
glucose were classified according to the tertiles.

The inclusion criteria were patients with glucose and HbA1c 
examinations within 24 h after admission to ICU. The ex-
clusion criteria were as follows: patients who 1) were under 
18 years of age, 2) had a duration of ICU stay shorter than 24 h, 
3) were diagnosed with sepsis upon ICU admission, and 4) for 
whom requisite information for sepsis assessment was lacking.

Covariates

Demographic information was extracted, including age, 
gender and race. Additionally, quick sequential organ failure 
assessment (qSOFA), Charlson comorbidity index (CCI), 
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SIRS scores, white blood cell (WBC) count, red blood cell 
distribution width (RDW), creatinine, prothrombin time 
(PT), blood urea nitrogen (BUN), calcium and sodium lev-
els, as well as information on mechanical ventilation within 
24-h ICU admission were extracted for use as covariates 
in our study. The SIRS measurements were: 1) tachycardia 
(heart rate >90 bpm), 2) tachypnea or hyperventilation (re-
spiratory rate >20 breaths/min or partial pressure of car-
bon dioxide (PaCO2) <32 mm Hg), 3) fever or hypothermia 
(temperature >38 or <36°C) and 4) leukocytosis, leukopenia 
or bandemia (WBC >12×109/L, <4×109/L or bandemia ≥10%). 
The SIRS status was determined with the criteria (from 
0 (best) to 4 (worst)).23,24

Outcome and follow-up

Sepsis was the outcome of this study. The median follow-
up duration was 2.1 (1.6, 3.4) days. Sepsis was diagnosed 
based on  the  Sepsis-3 criteria.2 In  brief, patients with 
confirmed or suspected infection and a sudden increase 
in total qSOFA score of ≥2 points were classified as having 
sepsis. The identification of infection was determined us-
ing the International Classification of Diseases (ICD) code.

Statistical analyses

The data cleaning, imputation of missing values, covari-
ate screening, logistic regression analysis, and subgroup 
analysis were conducted using R v. 4.2.3 (The R Foundation 
for Statistical Computing, Vienna, Austria).

The variables with a missing rate ≤20% underwent mul-
tiple imputations. Subsequently, a sensitivity analysis was 
conducted to compare the variables before and after im-
putation. Assuming that the data is Missing Completely 
at  Random (MCAR), missing values can be predicted 
and interpolated from observed values. The  measure-
ment data with a  normal distribution were presented 
as the mean ± standard deviation (mean ±SD). The nor-
mality of continuous variables was tested by skewness and 
kurtosis, while homogeneity was detected using the Lev-
ene test. For data with homogeneity of variance, a t-test 
was employed to compare between 2 groups, while for 
data with non-homogeneity of variance, Satterthwaite’s t-
test was utilized. Measurement data that did not conform 
to a normal distribution were described using the median 
(Me) and quartile, and differences between any 2 groups 
were compared using the Wilcoxon rank sum tests. Count 
data were described as the number of cases and constituent 
ratio, and group differences were assessed using the χ2 test. 
The confounding factors were screened using univariate 
logistic regression models. After adjusting for confound-
ers including age, gender, race, qSOFA score, CCI, SIRS, 
calcium levels, sodium levels, and mechanical ventilation 
status, the multivariate logistic regression model was em-
ployed to examine the relationship between SHR, base-
line blood glucose levels and the risk of sepsis. Model 1 

represents a univariate logistic regression model. Model 2 
incorporates adjustments for qSOFA, CCI, SIRS, calcium, 
sodium, and mechanical ventilation. Model 3 further ad-
justs for age, gender, race, qSOFA, CCI, SIRS, calcium, 
sodium, and mechanical ventilation. The present study 
adopted the Box–Tidwell test to verify whether the pre-
dictors and the logit of the response variable were linear. 
The line test results show a linear relationship between all 
continuous predictor variables and sepsis. The generalized 
variance inflation factor (gVIF) test was adopted to de-
tect multicollinearity among the explanatory variables, 
with all gVIFs < 10 indicating that no multicollinearity 
was observed. Cook’s distances were conducted to detect 
the presence of extreme outliers. Subgroup analyses were 
conducted based on age, gender, and presence or absence 
of history of type 2 diabetes. A p-value of 0.05 was con-
sidered significant.

Results

Clinical characteristics of ICU patients

The data extraction and screening process were con-
ducted following the workflow depicted in Fig. 1. No sig-
nificant difference was observed before and after data 
interpolation (Supplementary Tables 1 and 2).

A total of 4,004 patients with documented blood glu-
cose and HbA1c levels within 24 h of admission to the ICU 
were included in this study. After excluding 1,105 patients 
diagnosed with sepsis upon ICU admission and 738 pa-
tients who stayed in the ICU for less than 24 h, the final 
cohort consisted of 2,161 patints, of which 205 (9.49%) 

Fig. 1. The screening process of patients included

ICU – intensive care unit; HbA – hemoglobin A; MIMIC-IV – Medical 
Information Mart for Intensive Care-IV.

Patients with recorded glucose
and HbA le levels within 24 h

after admission to ICU were identified
from the MIMIC-IV database 

(n = 4,004)

Total samples (n = 2,161)

Excluded (n = 1,843) 
1. Aged <18 years (n = 0)
2. Length stay in ICU <24 h 

(n = 738)
3. Diagnosed with sepsis 

upon ICU admission (n = 1,105) 
4. Lack of information for sepsis 

assessment (n = 0)

Sepsis (n = 205) No sepsis (n = 1,956)



Table 1. Characteristics of ICU patients

Variables Total (n = 2,161) Non-sepsis (n = 1,956) Sepsis (n = 205) Statistics p-value

Age [years], n (%)
<65 996 (46.09) 907 (46.37) 89 (43.41)

χ2 = 0.539 0.463
≥65 1,165 (53.91) 1,049 (53.63) 116 (56.59)

Gender, n (%)
female 939 (43.45) 855 (43.71) 84 (40.98)

χ2 = 0.459 0.498
male 1,222 (56.55) 1,101 (56.29) 121 (59.02)

Insurance status, n (%)
MedicAid/Medicare 1,025 (47.43) 923 (47.19) 102 (49.76)

χ2 = 0.393 0.531
others 1,136 (52.57) 1,033 (52.81) 103 (50.24)

24-h urine output [mL], mean ±SD 1,962.07 ±1,244.88 1,969.39 ±1250.42 1,892.19 ±1,191.42 t = 0.845 0.398

Type 2 diabetes, n (%)
no 1,484 (68.67) 1,348 (68.92) 136 (66.34)

χ2 = 0.458 0.498
yes 677 (31.33) 608 (31.08) 69 (33.66)

Trauma/injury, n (%)
no 2,018 (93.38) 1,830 (93.56) 188 (91.71)

χ2 = 0.751 0.386
yes 143 (6.62) 126 (6.44) 17 (8.29)

SAPS-II score, mean ±SD 28.53 ±10.60 28.07 ±10.47 32.98 ±10.84 t = –6.371 <0.001

SOFA score, mean ±SD 2.87 ±2.28 2.62 ±2.10 5.18 ±2.66 t’ = –13.339 <0.001

qSOFA score, mean ±SD 1.72 ±0.76 1.67 ±0.75 2.22 ±0.69 t’ = –10.895 <0.001

qSOFA score, n (%)
≤2 1,859 (86.02) 1,729 (88.39) 130 (63.41)

χ2 = 94.245 <0.001
>2 302 (13.98) 227 (11.61) 75 (36.59)

GCS score, mean ±SD 13.66 ±2.23 13.70 ±2.18 13.28 ±2.65 t’ = 2.196 0.029

CCI score, mean ±SD 3.04 ±2.06 2.96 ±2.03 3.85 ±2.13 t = –5.957 <0.001

SIRS score, mean ±SD 0.96 ±0.94 0.94 ±0.93 1.20 ±1.00 t = –3.753 <0.001

Heart rate [bpm], mean ±SD 82.70 ±18.22 82.45 ±18.09 85.07 ±19.24 t = –1.960 0.050

SBP [mm Hg], mean ±SD 138.14 ±24.43 138.40 ±24.28 135.65 ±25.71 t = 1.531 0.126

DBP [mm Hg], mean ±SD 77.61 ±17.33 77.71 ±17.33 76.63 ±17.36 t = 0.844 0.399

Respiratory rate [insp/min], mean ±SD 18.66 ±5.19 18.63 ±5.20 18.98 ±5.12 t = –0.919 0.358

Temperature [°C], Me (Q1, Q3) 36.72 (36.50–37.00) 36.72 (36.50–37.00) 36.83 (36.56–37.11) W = 172,865 0.001

WBC [K/μL], Me (Q1, Q3) 9.60 (7.50–12.50) 9.50 (7.40–12.20) 11.00 (8.60–14.50) W = 157,985 <0.001

Platelet count [K/μL], mean ±SD 224.11 ±78.51 224.13 ±77.86 223.91 ±84.66 t’ = 0.036 0.971

Hemoglobin [g/dL], mean ±SD 12.33 ±2.00 12.35 ±1.98 12.08 ±2.18 t’ = 1.717 0.087

RDW-CV [%], mean ±SD 13.99 ±1.66 13.95 ±1.61 14.33 ±2.04 t’ = –2.578 0.011

Hematocrit [%], mean ±SD 37.05 ±5.61 37.09 ±5.56 36.64 ±6.13 t’ = 1.011 0.313

Creatinine [mg/dL], Me (Q1, Q3) 0.90 (0.70–1.10) 0.90 (0.70–1.10) 1.00 (0.80–1.20) W = 181,827.5 0.027

PT [s], Me (Q1, Q3) 12.40 (11.50– 13.80) 12.40 (11.50–13.70) 12.60 (11.60–14.40) W = 182,827 0.038

PTT [s], Me (Q1, Q3) 29.30 (26.30–34.60) 29.30 (26.30–34.40) 29.40 (26.30–37.10) W = 197,235 0.702

BUN [mg/dL], Me (Q1, Q3) 16.00 (12.00–22.00) 16.00 (12.00–22.00) 18.00 (13.00–25.00) W = 179,846 0.015

Calcium [mg/dL], Me (Q1, Q3) 8.70 (8.30–9.10) 8.70 (8.30–9.10) 8.60 (8.00–9.00) W = 222,882 0.008

Sodium [mEq/L], mean ±SD 138.85 ±4.04 138.79 ±4.06 139.40 ±3.76 t = –2.057 0.040

Chloride [mEq/L], mean ±SD 103.57 ±4.91 103.52 ±4.94 104.05 ±4.58 t = –1.477 0.140

Bicarbonate [mEq/L], mean ±SD 23.04 ±4.40 23.08 ±4.45 22.60 ±3.86 t = 1.479 0.139

Mechanical ventilation, n (%)
no 1,077 (49.84) 1,015 (51.89) 62 (30.24)

χ2 = 33.922 <0.001
yes 1,084 (50.16) 941 (48.11) 143 (69.76)

Antibiotics, n (%)
no 1,965 (90.93) 1,787 (91.36) 178 (86.83)

χ2 = 4.085 0.043
yes 196 (9.07) 169 (8.64) 27 (13.17)

Insulin, n (%)
no 1,589 (73.53) 1,442 (73.72) 147 (71.71)

χ2 = 0.290 0.590
yes 572 (26.47) 514 (26.28) 58 (28.29)

HbA1c [%], mean ±SD 6.66 ±2.16 6.70 ±2.21 6.28 ±1.50 t’ = 3.566 <0.001

Blood glucose [mg/dL],  
n* (%)

<110 714 (33.04) 659 (33.69) 55 (26.83)
χ2 = 3.645 0.056

≥110 1,447 (66.96) 1,297 (66.31) 150 (73.17)

SHR, n (%)
<0.9 736 (34.06) 684 (34.97) 52 (25.37)

χ2 = 7.198 0.007
≥0.9 1,425 (65.94) 1,272 (65.03) 153 (74.63)

SD – standard deviation; Me – median; Q1 – 1st quartile; Q3 – 3st quartile; t – Student’s t-test; t’ – Satterthwaite t-test; W – Wilcoxon rank sum test; χ2 – χ2 test. 
The classification of both SHR and baseline blood glucose was performed based on 1/3 subsites. ICU – intensive care unit; SAPS-II score – Simplified 
Acute Physiology Score-II score; SOFA – Sequential Organ Failure Assessment; qSOFA – quick Sequential Organ Failure Assessment; GCS – Glasgow Coma 
Scale; CCI – Charlson Comorbidity Index; SIRS – systemic inflammatory response syndrome; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
WBC – white blood cell; RDW-CV – red blood cell distribution width-coefficient of variation; PT – prothrombin time; PTT – partial thromboplastin time; 
BUN – blood urea nitrogen; HbA1c – hemoglobin A1c; SHR – stress-induced hyperglycemia ratio. *Blood glucose level was categorized as <110 mg/dL 
and ≥110 mg/dL groups. The number of patients in these 2 groups is presented here separately.
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patients had sepsis during the ICU stay. The average age 
of all patients was 64.96 ±16.84 years, with men account-
ing for 56%. The characteristics of the included patients 
were presented in Table 1. In comparison to the non-
sepsis group, the  sepsis group exhibited higher levels 
of temperature (p = 0.001). Additionally, the sepsis group 
exhibited elevated SAPS-II score (p < 0.001), SOFA score 
(p < 0.001), qSOFA score (p < 0.001), GCS score (p = 0.029), 
CCI score (p < 0.001), and SIRS score (p < 0.001). More-
over, compared to  the  non-sepsis group, the  sepsis 
group showed significantly higher levels of WBC count 
(p < 0.001), red blood cell distribution width-coefficient 
of variation (RDW-CV) (p = 0.011), creatinine (p = 0.027), 
PT (p = 0.038), BUN (p = 0.015), and sodium (p = 0.040) 
concentration; whereas calcium (p = 0.008) and HbA1c 
levels (p < 0.001) were significantly lower in this group. 
The proportion of mechanical ventilation and antibiotic 
usage was higher among patients with sepsis. Addition-
ally, the  distribution of  elevated glucose levels (≥110, 
p < 0.001) and SHR (≥0.9, p = 0.007) were significantly 
higher in the sepsis group.

Association of SHR and baseline 
glucose levels with sepsis

Ultimately, the qSOFA score, CCI score, SIRS score, cal-
cium, and sodium were identified as confounding factors. 
Additionally, demographic factors such as age, gender and 
race were included in model 3 as covariates to account for 
their potential influence (Supplementary Table 3).

After adjustment for confounders (Table 2), SHR ≥0.9 
(odds ratio (OR): = 1.53, 95% confidence interval (95% CI): 
1.07–2.17, p = 0.020) was also associated with the risk 
of sepsis (model 3). Conversely, glucose levels ≥110 did not 
exhibit any significant association with the risk of sepsis 
(p = 0.588).

Association between SHR and sepsis 
in subgroups of ages, gender and type 2 
diabetes

In patients aged ≥65 years (OR: 1.91, 95% CI: 1.16–3.17, 
p = 0.011), among men (OR: 1.64, 95% CI: 1.02–2.63, p = 0.040) 

Table 2. Associations of SHR and blood glucose levels with sepsis

Variables
Model 1 Model 2 Model 3

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

SHR
<0.9 Ref – Ref – Ref –

≥0.9 1.58 (1.14–2.20) 0.006 1.48 (1.04–2.10) 0.028 1.53 (1.07–2.17) 0.019

Blood glucose
<110 mmol/L Ref – Ref – Ref –

≥110 mmol/L 1.39 (1.00–1.91) 0.048 1.12 (0.79–1.59) 0.519 1.10 (0.78–1.57) 0.588

Ref – reference; OR – odds ratio; 95% CI – 95% confidence interval; Model 1 – no adjusted; Model 2 – adjusted for qSOFA, CCI, SIRS, calcium, sodium, and 
mechanical ventilation; Model 3 – adjusted for age, gender; race, qSOFA, CCI, SIRS, calcium, sodium, and mechanical ventilation. SHR – stress-induced 
hyperglycemia ratio; qSOFA – quick Sequential Organ Failure Assessment; CCI – Charlson Comorbidity Index; SIRS – systemic inflammatory response syndrome. 
Blood glucose level was categorized as <110 mg/dL and ≥110 mg/dL groups. The number of patients in these 2 groups is presented here separately.

Table 3. Associations between glucose levels and sepsis in subgroups of age, gender and type 2 diabetes

Variables (sepsis/total) Glucose (sepsis/total) OR (95% CI) p-value

Age

<65 years (89/996)
<110 mmol/L (27/320) Ref –

≥110 mmol/L (62/676) 0.98 (0.58–1.67) 0.940

≥65 years (116/1165)
<110 mmol/L (28/394) Ref –

≥110 mmol/L (88/771) 1.25 (0.78–2.03) 0.355

Gender

female (84/939)
<110 mmol/L (28/333) Ref –

≥110 mmol/L (56/606) 0.72 (0.42–1.22) 0.225

male (121/1222)
<110 mmol/L (27/381) Ref –

≥110 mmol/L (94/841) 1.49 (0.92–2.43) 0.109

Type 2 diabetes

no (136/1484)
<110 mmol/L (45/632) Ref –

≥110 mmol/L (91/852) 1.22 (0.81–1.84) 0.346

yes (69/677)
<110 mmol/L (10/82) Ref –

≥110 mmol/L (59/595) 0.73 (0.34–1.58) 0.425

Age subgroup – adjusting gender, race, qSOFA, CCI, SIRS, calcium, sodium, and mechanical ventilation; Gender subgroup – adjusted for age, race, qSOFA, 
CCI, SIRS, calcium, sodium, and mechanical ventilation; Type 2 diabetes subgroup – adjusted for age, gender, race, qSOFA, CCI, SIRS, calcium, sodium, 
and mechanical ventilation. OR – odds ratio; 95% CI – 95% confidence interval; Ref – reference; qSOFA – quick Sequential Organ Failure Assessment; 
CCI – Charlson Comorbidity Index; SIRS – systemic inflammatory response syndrome. Blood glucose level was categorized as <110 mg/dL and ≥110 mg/dL 
groups. The number of patients in these 2 groups is presented here separately. 
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and in patients without history of type 2 diabetes (OR: 1.58, 
95% CI: 1.01–2.48, p = 0.047), elevated levels of SHR were 
associated with higher odds of sepsis (Fig. 2). The baseline 
blood glucose level did not exhibit a significant association 
with the risk of sepsis in these patients (p > 0.05) (Table 3).

Discussion

Our study aimed to explore the association between 
baseline blood glucose levels, SHR and the risk of sepsis 
in ICU patients. We found that elevated SHR levels were 
related to higher odds of sepsis. Moreover, our findings 
showed that elevated SHR levels were associated with 
sepsis among patients aged ≥65 years, who were men and 
in patients without a history of type 2 diabetes. The base-
line blood glucose level did not exhibit a significant as-
sociation with sepsis risk.

Sepsis represents a  significant global health chal-
lenge and is associated with substantial mortality rates.1 
The incidence of sepsis varies considerably across differ-
ent regions worldwide, ranging from 14% to 39%.25 Pa-
tients requiring intensive care demonstrate an elevated 

susceptibility to sepsis development compared to those 
admitted to general wards.26 Currently reported factors 
associated with sepsis occurrence include bone mineral 
density,27 qSOFA,28 PCT,28 and emergency surgery.29 How-
ever, in a study investigating risk factors for sepsis fol-
lowing geriatric surgery,29 blood glucose was found to be 
associated with sepsis in patients. In contrast to our find-
ings, we did not observe the association between glucose 
levels and sepsis risk, which may be attributed to differ-
ences in the study population. Generally, blood glucose 
fluctuations are controlled during early hospitalization 
in elderly surgical patients, reflecting the patient’s long-
term blood glucose status with some degree of stability. 
Given the high incidence of diabetes in the ICU, evaluating 
chronic hyperglycemia based solely on absolute glucose 
concentration is deemed ineffective.10 The measurement 
of HbA1c serves as an indicator of chronic hyperglycemia 
in patients with both overt and recessive diabetes. Con-
versely, the admission glucose concentration in critically 
ill patients indicates the severity of acute hyperglycemia.30 
Similarly, elevated glucose levels (≥110 mmol/L) and SHR 
(≥0.9) were more prevalent in the sepsis group in our study.

The calculation of SHR considers admission glucose and 
HbA1c concentrations, estimating stress-induced hyper-
glycemia while accounting for chronic hyperglycemia 
in patients with or without diabetes.11 Previous research 
suggests that SHR may be associated with more severe 
adverse outcomes compared to chronic hyperglycemia, 
particularly in severe conditions such as acute myocardial 
infarction, trauma and acute ischemic stroke.18,22,31 Simi-
larly, we also observed the relationship between SHR and 
sepsis in ICU patients.

Stress-induced hyperglycemia is characterized by in-
creased blood glucose levels due to the activation of stress 
hormones such as cortisol and catecholamines.14 This hy-
perglycemic state can lead to immune dysfunction through 
several interconnected pathways. First, hyperglycemia has 
been shown to impair various components of the immune 
response, including neutrophil function, macrophage ac-
tivity and lymphocyte proliferation.32 Neutrophils, key 
mediators of  the  innate immune response, exhibit re-
duced chemotaxis and phagocytic activity in hyperglyce-
mic conditions, compromising their ability to effectively 
clear pathogens.33 Additionally, hyperglycemia impairs 
the function of macrophages, inhibiting antigen presenta-
tion and cytokine production essential for coordinating 
the immune response.34 Second, hyperglycemia promotes 
a pro-inflammatory state characterized by increased pro-
duction of inflammatory cytokines such as interleukin 6 
(IL-6) and tumor necrosis factor alpha (TNF-α).35 These 
cytokines not only contribute to tissue damage but also 
disrupt the delicate balance between pro-inflammatory 
and anti-inflammatory responses, potentially exacerbat-
ing the systemic inflammatory response associated with 
sepsis. Furthermore, hyperglycemia-induced oxidative 
stress may play a role in immune dysregulation and tissue 

Fig. 2. Association between SHR and sepsis risk in subgroups of age, 
gender, and type 2 diabetes. The arrow indicates that an interval 
beyond the range. Age subgroup: adjusted for gender, race, qSOFA, CCI, 
SIRS, calcium, sodium, and mechanical ventilation. Gender subgroup: 
adjusted for age, race, qSOFA, CCI, SIRS, calcium, sodium, and mechanical 
ventilation. Type 2 diabetes subgroup: adjusted for age, se, race, qSOFA, 
CCI, SIRS, calcium, sodium, and mechanical ventilation.

OR – odds ratio; 95% CI – 95% confidence interval; SHR – stress-induced 
hyperglycemia ratio; qSOFA – quick Sequential Organ Failure Assessment; 
CCI – Charlson Comorbidity Index; SIRS – systemic inflammatory response 
syndrome.



Adv Clin Exp Med. 2025;34(9):1475–1483 1481

damage. Elevated glucose levels promote the production 
of reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), leading to oxidative damage to cells and 
tissues.36 Oxidative stress not only impairs immune cell 
function but also exacerbates endothelial dysfunction and 
microvascular damage, contributing to organ dysfunction 
commonly seen in sepsis.36

In the subgroup of individuals aged ≥65 years, among 
men and in individuals without type 2 diabetes, elevated 
levels of SHR were associated with sepsis in our study. 
The association can be ascribed to the diminished im-
mune function observed in  elderly patients compared 
to their younger counterparts, rendering them more sus-
ceptible to infections.37 Additionally, the delayed clearance 
of pathogens at local infection sites further exacerbates 
the likelihood of sepsis development among elderly indi-
viduals.38 Elevated SHR levels indicate an imminent surge 
in blood glucose levels, which can inflict additional harm 
on the immune system and escalate the progression of lo-
calized infections into septic conditions.17 Furthermore, 
it is worth noting that male patients demonstrate a higher 
propensity for sepsis development compared to women 
in similar circumstances. Numerous studies have substan-
tiated this observation by demonstrating that men display 
heightened susceptibility to bacterial, fungal and viral in-
fections, and other diseases owing to their robust physi-
ological constitution and infrequent occurrence of regular 
illnesses or systematic immune clearance processes.39,40 
Consequently, they tend to accumulate prolonged immu-
nological debt which amplifies their vulnerability to sepsis. 
In patients with elevated SHR levels but without a diag-
nosis of  type 2 diabetes, stress-induced hyperglycemia 
manifests as a consequence of traumatic events, infections 
and other acute precipitating factors.41 The elevated blood 
glucose levels exert varying degrees of deleterious effects 
on  the nervous, cardiovascular and immune systems.9 
The sudden increase in blood glucose levels compromises 
the immune system rapidly, allowing insufficient time for 
adaptation and resulting in exacerbation of pre-existing 
infections or direct progression to severe infection fol-
lowed by sepsis.8 In the subgroup analysis investigating 
the relationship between baseline glucose levels and sepsis, 
we did not observe a statistically significant correlation. 
This may be attributed to several confounding factors that 
can influence patients’ glucose levels within 24 h of ad-
mission to the ICU, such as concurrent administration 
of therapeutic medications, impaired renal function and 
hepatic failure.16 It appears that immediate glucose levels 
have limited prognostic relevance for patients.

The present study represents the potential effort to in-
vestigate the  correlation between SHR and sepsis risk 
in ICU, aiming to offer valuable insights for prognostic 
marker screening and identification of high-risk patients, 
as well as potential applications of SHR through subgroup 
analysis. The association between SHR and sepsis suggests 

that timely and regular monitoring of SHR in ICU patients 
by clinicians can readily identify high-risk groups for sepsis 
and enable promptly implementing clinical interventions 
to enhance patient prognosis.

Limitations

First, due to the retrospective design and single-center 
setting, there is  an  inherent selection bias. Moreover, 
the limited exposure to HbA1c further exacerbates this 
bias. Additionally, as it was an observational study, we can 
only establish associations rather than determine a causal 
relationship between SHR and sepsis risk in ICU patients. 
Future prospective studies are warranted to validate our 
findings.

Conclusions

The elevated level of SHR was identified to be signifi-
cantly correlated with sepsis. Bedside monitoring of SHR 
is a valuable tool for clinicians to identify patients at high 
risk of sepsis and promptly implement clinical interven-
tions, thereby improving patient outcomes.
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Abstract
Background. Most patients with chest wall deformities have a negative body image, which affects their 
self-esteem and quality of life (QoL).

Objectives. The aim of this study was to evaluate changes in patients’ QoL after minimally invasive repair 
of pectus excavatum (MIRPE).

Materials and methods. A prospective, single-center study was conducted between 2019 and 2023. 
We included 20 pediatric patients at a median age of 15 years and 9 months who underwent MIRPE. Two 
QoL questionnaires were used: the KIDSCREEN-52 and the EQ-5D-Y. The data were statistically analyzed with 
the Wilcoxon and Mann–Whitney tests. All patients and their parents were asked to complete questionnaires 
preoperatively and 12 months after surgical treatment.

Results. All patients were followed up during the 12-month study period. The study group was comprised 
of 65% male patients. The median Haller index was 5.0 standard deviation (SD) = 1.58). The assessment 
of general health condition was higher among the boys (with postoperative improvement), though this finding 
was not statistically significant. Routine daily activities were easier for all patients after MIRPE (p = 0.048). 
The patients showed improved physical activity (p = 0.038) and psychological wellbeing (p = 0.013) after 
elevation of the anterior chest wall. There was no impact on relations with parents, free time or school 
environment, but we found better patient contact with peers in the postoperative period. A high correlation 
was confirmed between the parents’ and the patients’ responses in each questionnaire.

Conclusions. Chest wall deformities can have a strong impact on the patient’s wellbeing, which is a very 
important part of psychological development in adolescents. Our study showed that improved QoL should 
be always considered as an indication for surgical treatment of chest wall deformities in children.

Key words: quality of life, pectus excavatum, thoracic wall, adolescent health, health-related quality of life
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Background

Pectus excavatum (PE) is a congenital chest wall anomaly 
characterized by an anterior depression of the sternum 
and ribs with an incidence of 1:1,000 in children.1 Pec-
tus excavatum can present at an early age, but commonly 
occurs during the rapid physiological growth associated 
with puberty.2

A negative body image is found in most patients with 
chest wall deformities, which affects their self-esteem and 
quality of  life (QoL).3 Many patients reduce their daily 
activities to avoid the embarrassment and fear of feeling 
abnormal compared to their peers. Cosmetic complaints 
are still the main indication for surgical treatment.4

The main goal of PE correction is to improve the pa-
tient’s self-esteem, body image and physical difficulties.5,6 
Currently, the “gold standard” surgical treatment for PE 
is the Nuss procedure. The aim of this surgery was to el-
evate the anterior chest wall and stabilize the sternum 
in  a  neutral position. This method uses the  elasticity 
of the chest wall in adolescents, allowing for successful 
remodeling over time.7 Patient satisfaction and good long-
term outcomes have been reported following minimally 
invasive repairs of PE (MIRPE) in children and adults.

Objectives

The aim of this study was to investigate whether MIRPE 
improves QoL and overall satisfaction in adolescents.

Material and methods

Study design

We conducted a prospective study between October 
2019 and August 2023. All patients were children and 
underwent MIRPE with titanium bars and titanium sta-
bilizers (ChM Sp. z o.o., Lewickie, Poland). All patients 
over the age of 16 years gave informed consent, as did their 
parents. In total, 20 patients were included in the study. 
The mean age was 15 years and 9 months (range: 13–17.8; 
SD = 1.48), with 65% of them being male. All patients un-
derwent a Nuss procedure for PE.

The responses to the EQ-5D-Y questionnaire were com-
pared between the male (n = 13) and female (n = 7) groups. 
Each patient and their parents completed the question-
naire before surgery and 12 months afterwards. Each di-
mension in the questionnaire was analyzed.

The study was approved by the Institutional Bioeth-
ics Board of Collegium Medicum UMK in Bydgoszcz, 
Poland (approval No. KB 710/2019). This study applied 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement.

Clinical information

The minimal age for inclusion was 12 years. Patients with 
coexisting chest wall anomalies, congenital heart disease, 
pulmonary disease, or a history of cardiac/thoracic surgery 
were excluded from the study.

All operations were performed by the same pediatric 
surgeon. The operative technique was similar in every 
patient. All MIRPE procedures were performed under 
general anesthesia. A bilateral oblique skin incision was 
made in an anterior axillary line on both sides of the chest 
wall after the points of deepest deformity were identified. 
Subcutaneous tunnels were created bilaterally. A 5-mm 
trocar was introduced into the right pleural cavity and 
the procedure was performed under thoracoscopic visual-
ization. A dedicated dissector was inserted from the right 
side of the chest, going across the anterior mediastinum 
to the left side. A titanium bar was fixed to the tip of the dis-
sector and inserted when the dissector was removed from 
the chest. Next, the bar was rotated 180 degrees and short 
stabilizers were implanted at each tip of each bar. Addi-
tional bars were placed in a similar approach as needed 
to ensure appropriate correction. The pneumothorax was 
evacuated with tube connected to the thoracoscopic port 
under a water seal. Lung expansion and bar position were 
always confirmed for about 6 h postoperatively. The bar 
removal was scheduled for 3 years after the Nuss proce-
dure. Postoperative pain management was based on a lo-
cal analgesia protocol. Each patient was discharged with 
a well-controlled oral pain medication.

Quality of life assessment

The patients were examined with 2 standardized QoL 
protocols –  preoperatively and 1  year postoperatively. 
The 1st instrument was the EQ-5D-Y questionnaire, which 
is a tool for measuring health-related QoL in the context 
of cost-effectiveness. It is designed to be completed by chil-
dren and adolescents. The EQ-5D-Y descriptive system 
consists of 5 dimensions: “mobility”, “looking after my-
self”, “doing usual activities”, “having pain or discomfort”, 
and “feeling worried, sad or unhappy”. Each dimension 
has 3  levels: “no problem”, “some problems” and “a lot 
of problems”.8,9

The 2nd QoL assessment tool was the KIDSCREEN-52 
questionnaire. This instrument is  intended to provide 
a multidimensional analysis of health-related QoL in chil-
dren. It is divided into 10 main domains: “physical well-
being”, “psychological well-being”, “mood and emotions”, 
“self-perception”, “autonomy”, “parental relations and home 
life”, “financial resources”, “peers and social support”, 
“school environment”, and “bullying”. We used 2 types 
of the KIDSCREEN-52 questionnaire designed for patients 
between 8 and 18 years old and for parents.10
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Statistical analyses

Statistical analysis was carried out using SPSS for Windows 
v. 12.0 (SPSS Inc., Chicago, USA). The Wilcoxon test was used 
to assess the significance of differences between preoperative 
and postoperative results and between parents’ and patients’ 
responses. The Mann–Whitney test was used to compare 
preoperative and postoperative results between the male and 
female groups. The distribution of the data was assessed using 
the Shapiro–Wilk test. Due to the non-normal distribution, 
the analysis was performed using nonparametric tests. A p-
value <0.05 was considered a significant result.

Results

The patients’ general characteristics are presented in Table 1.
Preoperative and postoperative evaluation using EQ-5D-Y 

was completed by parents and patients, divided into a male 
and a female group. The results of this analysis are pre-
sented in Table 2.

No male patients declared problems with mobility 
in either the preoperative or postoperative evaluation. 

Preoperative problems with mobility were more pro-
nounced in girls than boys (p = 0.048), with no differ-
ences after surgical treatment. Daily routine activities were 
easier for patients postoperatively, mainly among the boys 
(mean = 1.0 vs 1.29; p = 0.048). There were no differences 
in  the  dimension of  anxiety and “feeling sad” among 
the girls, but this indicator was higher in the postopera-
tive period than in the group of “boys” (mean = 1.71 vs 1.15; 
p = 0.048). We did not reveal any important differences 
in postoperative mobility, perioperative “looking after my-
self” or “feeling pain and discomfort”, and daily activities. 
The boys’ assessments of their general health condition 
were higher (with postoperative improvement), though this 
finding was not statistically significant (Fig. 1,2).

Table 1. Patient characteristics

Feature Mean SD

Age [years] 15.76 1.48

Weight [kg] 56.79 7.90

Height [cm] 173.72 8.28

BMI 18.82 2.17

Haller index 5.0 1.58

Length of stay [days] 6.6 1.35

SD – standard deviation; BMI – body mass index.

Table 2. Mann–Whitney test (comparing male and female groups 
in preoperative and postoperative evaluation) and multiple correction 
comparison

EQ-5DY Dimension Z  p-value Benjamini–
Hochberg

EQ-5DY Mobility I –1.980 0.048 0.192

EQ-5DY Mobility II –1.363 0.173 0.336

EQ-5DY “Looking after myself” I –1.216 0.224 0.336

EQ-5DY “Looking after myself” II 0.000 1.000 1

EQ-5DY Daily activities I –1.828 0.068 0.204

EQ-5DY Daily activities II –1.980 0.048 0.192

EQ-5DY Pain and discomfort I –1.287 0.198 0.336

EQ-5DY Pain and discomfort II –1.699 0.089 0.213

EQ-5DY Feeling sad I –0.715 0.474 0.632

EQ-5DY Feeling sad II –1.977 0.048 0.192

EQ-5DY General health condition I –0.476 0.634 0.760

EQ-5DY General health condition II –0.243 0.808 0.881

Statistically significant results are in bold.

Fig. 1. EQ-5-DY health assessment (time)

Fig. 2. EQ-5-DY Health assessment (sex)
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A comparative analysis of preoperative and postopera-
tive results in patients with PE using the KIDSCREEN-52 
questionnaire was performed. We also analyzed the post-
operative responses of children and parents. The results 
are presented in Table 3,4.

Following the MIRPE procedure, patients exhibited in-
creased levels of physical activity (Fig. 3) (18.65 vs 16.50; 
p = 0.038). Improvement in psychological wellbeing was 
also reported in the postoperative period (23.75 vs 21.05; 
p = 0.013). There were no differences in self-perception, free 
time, parental relations and home life, or financial problems. 

Also, there was no impact on school environment or bul-
lying, but the patients reported better contact with peers 
after the operation (22.15 vs 19.20; p = 0.02) (Fig. 4). Our 
study found worse general mood after correction of PE than 
before the operation (11.0 vs 13.65; p = 0.023). In the au-
thors’ opinion, this was probably caused by typical mood 
variability in adolescents, especially since the improvement 
in general psychological wellbeing during the postoperative 
period was revealed to be statistically significant (p = 0.013).

An increase in total points for the postoperative assess-
ment was observed for physical activity, patient wellbeing, 

Table 3. Results of Wilcoxon tests with multiple comparison correction

KIDSCREEN-52 Dimension Z p-value Benjamini–Hochberg

KIDSCREEN-52 PHYSICAL ACTIVITY II – KIDSCREEN-52 PHYSICAL ACTIVITY I –2.073 0.038 0.095

KIDSCREEN-52 WELL-BEING II – KIDSCREEN-52 WELL-BEING I –2.470 0.013 0.077

KIDSCREEN-52 GENERAL MOOD II – KIDSCREEN-52 GENERAL MOOD I –2.279 0.023 0.077

KIDSCREEN-52 SELF-PERCEPTION II – KIDSCREEN-52 SELF-PERCEPTION I –1.483 0.138 0.173

KIDSCREEN-52 FREE TIME II – KIDSCREEN-52 FREE TIME I –1.626 0.104 0.173

KIDSCREEN-52 PARENTAL RELATIONS AND HOME LIFE II – KIDSCREEN-52 PARENTAL RELATIONS 
AND HOME LIFE I

–1.257 0.209 0.232

KIDSCREEN-52 FINANCIAL PROBLEMS II – KIDSCREEN-52 FINANCIAL PROBLEMS I –1.940 0.052 0.104

KIDSCREEN-52 CONTACT WITH PEERS II – KIDSCREEN-52 CONTACT WITH PEERS I –2.333 0.020 0.077

KIDSCREEN-52 SCHOOL ENVIRONMENT II – KIDSCREEN-52 SCHOOL ENVIRONMENT I –1.529 0.126 0.173

KIDSCREEN-52 BULLYING II – KIDSCREEN-52 BULLYING I –0.574 0.566 0.566

Descriptive statistics (I – preoperative, II – postoperative). Statistically significant results are in bold.

Table 4. Patients descriptive statistic results

KIDSCREEN-52 Dimension n Mean Median IQR Lower 
quartile

Upper 
quartile

KIDSCREEN-52 PHYSICAL ACTIVITY I 20 16.50 17 4.5 14.5 19

KIDSCREEN-52 PHYSICAL ACTIVITY II 20 18.65 19 3 17 20

KIDSCREEN-52 WELL-BEING I 20 21.05 21 3.25 19.75 23

KIDSCREEN-52 WELL-BEING II 20 23.75 25 5 21 26

KIDSCREEN-52 GENERAL MOOD I 20 13.65 14 5.25 10.75 16

KIDSCREEN-52 GENERAL MOOD II 20 11.00 9.5 3.25 9 12.25

KIDSCREEN-52 SELF-PERCEPTION I 20 15.00 16 2 14 16

KIDSCREEN-52 SELF-PERCEPTION II 20 13.90 14 1.25 13 14.25

KIDSCREEN-52 FREE TIME I 20 18.55 19 3 17 20

KIDSCREEN-52 FREE TIME II 20 19.50 20 5 17 22

KIDSCREEN-52 PARENTAL RELATIONS AND HOME LIFE I 20 22.90 22 5.25 20 25.25

KIDSCREEN-52 PARENTAL RELATIONS AND HOME LIFE II 20 24.15 24 4.5 22 26.5

KIDSCREEN-52 FINANCIAL PROBLEMS I 20 11.85 11.5 5 10 15

KIDSCREEN-52 FINANCIAL PROBLEMS II 20 12.75 12 4 11 15

KIDSCREEN-52 CONTACT WITH PEERS I 20 19.20 20.5 7.5 15.5 23

KIDSCREEN-52 CONTACT WITH PEERS II 20 22.15 24 7 18 25

KIDSCREEN-52 SCHOOL ENVIRONMENT I 20 19.25 20.5 2.5 18.75 21.25

KIDSCREEN-52 SCHOOL ENVIRONMENT II 20 21.10 22 5.25 19 24.25

KIDSCREEN-52 BULLYING I 20 3.7 3 1.25 3 4.25

KIDSCREEN-52 BULLYING II 20 3.70 3 1.25 3 4.25

Descriptive statistics (I – preoperative, II – postoperative). IQR – interquartile range.
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contact with peers, and school environment (box-whisker 
plots in Fig. 3–7.

We found a high correlation between the patients’ and 
their parents’ responses in each dimension of the KID-
SCREEN-52 questionnaire. No statistically significant dif-
ferences were identified between these groups (Table 5,6).

Discussion

Quality of life was defined by the World Health Organi-
zation in 1994 as “an individual’s perception of their posi-
tion in life in the context of the culture and value systems 

in which they live and in relation to their goals, expectations, 
standards, and concerns.”11 Adolescence is a period of life 
where many physical, social and emotional changes take 
place. During this time, physical appearance is an important 
subject because of changes in the body during puberty.12

Frieson and Frieson and de Castro et al. described this 
transitional period as a strong impact point on an adult 
patient’s life. One important area is self-esteem, a per-
sonal evaluation of oneself that influences one’s behavior. 
It is well known that people with positive self-esteem are 
more capable of coping with life.13,14

The main factor for the importance of body appearance 
during adolescence was first reported by Elkind in 1967 

Fig. 5. School environment resultsFig. 3. Physical activity results

Fig. 4. Total points results Fig. 6. Self-perception results
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as “adolescent egocentrism.” It is a result of a typical social 
cognitive development process. Adolescents are unable 
to discriminate between other people’s thought and their 
own mental preoccupations. They are apprehensive about 
other people’s opinions, especially about body image and 
actions.15,16

Pectus excavatum is a deformity with a physiological and 
psychological impact on patients, decreasing their QoL. 
Patients with this condition can experience a disturbed 
body image and lower self-esteem. Chest wall congenital 
anomaly can cause embarrassment, which in turn may 
negatively affect social interactions.3,17 In 2008, Kelly et al. 
reported that PE has a significant impact on patients’ and 
their parents’ wellbeing. The main goal of surgical treat-
ment is to improve body image, self-esteem and QoL.18 
The  Nuss procedure (MIRPE) has become the  gold 

standard surgical treatment of pectus excavatum in the pe-
diatric population.

We compared QoL of our patients prior to the opera-
tion and 12 months afterwards. We found remarkable 
differences in the patients’ perception of specific dimen-
sions of their life. These findings are similar to other re-
ported results. Lawson et al. and Roberts et al. revealed 
that the Nuss procedure has a positive impact on physical 
and psychological wellbeing of children and their percep-
tion of QoL.19,20

Chest deformation decreases children’s daily activities 
in over 70% of cases (reported generally for PE and carina-
tum). Usually, patients withdraw from social activities like 
swimming or sunbathing because of fear of being judged 
by their peers. A higher incidence of depression was re-
ported in the PE patient group.1

Walsh et al. state that the perception of congenital chest 
wall deformity is  individual; for many patients, a mild 
defect is tolerated, but for some, it  is a source of severe 
psychological distress. It usually occurs during adoles-
cence – the time of social development and interaction 
with peers.

We  found better contact with peers after treatment 
in the study group. Patients who withdrew from social 
activities because of PE had reduced health-related QoL.21

In our study group, the patients’ assessment of  their 
general health condition was better postoperatively. This 
confirms lower health-related QoL in the pediatric popula-
tion with chest wall deformities.

Many authors have assessed QoL using health-related 
generic questionnaires. In 2016, Lomholt et al. studied 
a group of 107 patients evaluated with the Child Health 
Questionnaire and compared to 183 controls. The pa-
tients and their parents revealed improved self-esteem, 
emotional wellbeing and social activities when comparing 
preoperative and postoperative periods.22

An interesting fact of our study was that we did not 
find any important differences in the perioperative “look-
ing after myself” dimension. This probably is an effect 

Table 5. Results of Wilcoxon tests with multiple comparison correction – comparison of postoperative results between parents and children

KIDSCREEN-52 Dimension Z p-value Benjamini–
Hochberg

KIDSCREEN-52 (parents) PHYSICAL ACTIVITY II – KIDSCREEN-52 PHYSICAL ACTIVITY II 0.328 0.743 0.826

KIDSCREEN-52 (parents) WELL-BEING II – KIDSCREEN-52 WELL-BEING II 0.641 0.520 0.826

KIDSCREEN-52 (parents) GENERAL MOOD II – KIDSCREEN-52 GENERAL MOOD II 0.574 0.566 0.826

KIDSCREEN-52 (parents) ABOUT YOUR CHILD II – KIDSCREEN-52 SELF-PERCEPTION II 0.345 0.730 0.826

KIDSCREEN-52 (parents) FREE TIME II – KIDSCREEN-52 FREE TIME II 0.654 0.512 0.826

KIDSCREEN-52 (parents) PARENTAL RELATIONS AND HOME LIFE II – KIDSCREEN-52 PARENTAL 
RELATIONS AND HOME LIFE II

0.995 0.320 0.826

KIDSCREEN-52 (parents) FINANCIAL PROBLEMS II – KIDSCREEN-52 FINANCIAL PROBLEMS II 0.854 0.393 0.826

KIDSCREEN-52 (parents) CONTACT WITH CHILD PEERS II – KIDSCREEN-52 CONTACT WITH PEERS II 0.027 0.978 0.978

KIDSCREEN-52 (parents) SCHOOL ENVIRONMENT II – KIDSCREEN-52 SCHOOL ENVIRONMENT II 0.939 0.347 0.826

KIDSCREEN-52 (parents) BULLYING II – KIDSCREEN-52 BULLYING II 0.407 0.684 0.826

Descriptive statistics (I – preoperative, II – postoperative).

Fig. 7. Contact with peers results
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of the small sample size and their individual perception 
of their body image.

Kelly et al. reported a multicenter study on 264 chil-
dren and 291 parents. They used the Pectus Excavatum 
Evaluation Questionnaire (PEEQ). The children noted 
a significant improvement in body image and physical 
difficulties after surgery. The parents also noted an im-
provement in their children’s emotions, self-consciousness 
and physical problems.18

The patients in our study had no problems with mobility 
before or after operative treatment. This is probably due 
to good compliance: each of them was obliged to perform 
a set of exercises in the preoperative and postoperative 
periods. We assume that preoperative problems with mo-
bility and daily activities were higher in the group of girls 
because of their lower motivation to engage in physical 
activities during adolescence.

It  was also demonstrated that disease severity and 
symptoms varied and were patient-specific. Every case 
should be individualized because there is no correlation 
between the degree of anterior chest wall depression and 
the patient’s problems.18 The PEEQ has been used as a dis-
ease-specific tool in many studies. The PEEQ is centered 
on aspects strongly including questions about typical 
patients’ problems with chest wall deformity. In our study, 
we evaluated children after MIRPE to detect changes 
in general areas of patient life, not only treatment-related 
changes.

Our results are similar to those of Lawson et al., who 
found that patients’ assessment of QoL after a Nuss pro-
cedure correlates to their parents’ assessment.19

Limitations

Our study has several limitations, such as the small study 
group and the lack of long-term follow-up (e.g., after re-
moval of the titanium bar). The statistical analysis meth-
ods used in this research (Mann–Whitney and Wilcoxon 
tests) are only one-dimensional, so they give a simplified 
picture of the relationships between variables. More de-
tailed statistical analyses, such as a multifactorial model, 
could be used in larger groups of patients. Multi-center 
studies including all children who underwent MIRPE 
could evaluate multifactorial aspects which have an impact 
on general QoL (differences between culture, environment, 
family, preschool problems, etc.). Such a survey would be 
significantly more valuable.

Conclusions

This study shows that PE correction with the Nuss pro-
cedure has a good effect on patients’ wellbeing. Future 
studies should include multi-center studies using stan-
dardized questionnaires designed for children with chest 
wall deformities.

Table 6. Patients and parents descriptive statistic results

KIDSCREEN-52 Dimension n Mean Median IQR Lower 
quartile

Upper 
quartile

KIDSCREEN-52 PHYSICAL ACTIVITY II 20 18.65 19 3 17 20

KIDSCREEN-52 (parents) PHYSICAL ACTIVITY II 20 18.65 19 3 17 20

KIDSCREEN-52 WELL-BEING II 20 23.75 25 5 21 26

KIDSCREEN-52 (parents) WELL-BEING II 20 23.75 25 5 21 26

KIDSCREEN-52 GENERAL MOOD II 20 11.00 9.5 3.25 9 12.25

KIDSCREEN-52 (parents) GENERAL MOOD II 20 11.00 9.5 3.25 9 12.25

KIDSCREEN-52 SELF-PERCEPTION II 20 13.90 14 1.25 13 14.25

KIDSCREEN-52 (parents) ABOUT YOUR CHILD II 20 13.90 14 1.25 13 14.25

KIDSCREEN-52 FREE TIME II 20 19.50 20 5 17 22

KIDSCREEN-52 (parents) FREE TIME II 20 19.50 20 5 17 22

KIDSCREEN-52 PARENTAL RELATIONS AND HOME LIFE II 20 24.15 24 4.5 22 26.5

KIDSCREEN-52 (parents) PARENTAL RELATIONS AND HOME LIFE II 20 24.15 24 4.5 22 26.5

KIDSCREEN-52 FINANCIAL PROBLEMS II 20 12.75 12 4 11 15

KIDSCREEN-52 (parents) FINANCIAL PROBLEMS II 20 12.75 12 4 11 15

KIDSCREEN-52 CONTACT WITH PEERS II 20 22.15 24 7 18 25

KIDSCREEN-52 (parents) CONTACT WITH CHILD PEERS II 20 22.15 24 7 18 25

KIDSCREEN-52 SCHOOL ENVIRONMENT II 20 21.10 22 5.25 19 24.25

KIDSCREEN-52 (parents) SCHOOL ENVIRONMENT II 20 21.10 22 5.25 19 24.25

KIDSCREEN-52 BULLYING II 20 3.70 3 1.25 3 4.25

KIDSCREEN-52 (parents) BULLYING II 20 3.70 3 1.25 3 4.25

Descriptive statistics (I – preoperative, II – postoperative). IQR – interquartile range.
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In conclusion, the Nuss procedure for correcting PE 
in children has a positive impact on QoL. This fact should 
be always considered during the qualification process for 
operative treatment of congenital chest deformities.
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Abstract
Background. We still know little about the effective pharmacological treatment of heart failure (HF) associ-
ated with the Fontan circulation. One of the new options may be sodium glucose cotransporter-2 inhibitors 
(SGLT2i), which have been proven effective in classic forms of left ventricular HF.

Objectives. To evaluate the effect and safety of SGLT2i inclusion in adults with Fontan circulation. To this 
end, we conducted observation and complex diagnostics of adult Fontan patients in whom we started 
treatment with flozins.

Materials and methods. The study population consisted of 17 adult Fontan patients with average age 30.5 
(9.7) years, 59% in II New York Heart Association (NYHA) class, among whom 53% received dapagliflozin 
and rest empagliflozin.

Results. The average observation time was 11.0 (3.7) months. None of the patients have reported side effects 
or complications related to treatment. We observed a significant increase (20.1 mL/kg/min vs 24.2 mL/kg/min, 
p = 0.008) in the median of maximum oxygen uptake (VO2 max) among participants (9) who completed 
at least 2 reliable cardiopulmonary exercise tests. We did not notice any significant differences in N-terminal 
prohormone of brain natriuretic peptide concentration (641.35 (923.7) vs 741.47 (1,139.02), p = 0.12) after 
the inclusion. Interestingly, we observed a significant increase in erythrocytes (+6%, p = 0.003), hemoglobin 
(+7%, p = 0.03) and hematocrit (+7%, p = 0.02).

Conclusions. To the best of our knowledge, this is the first study to demonstrate that the implementation 
of SGLT2i may have a positive effect on exercise capacity among adults with Fontan circulation. Our experi-
ence confirms the high safety of using these drugs in Fontan adults.

Key words: heart failure, congenital heart disease, Fontan circulation, flozins
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Background

The  increasing number of  adult patients with Fon-
tan circulation (FC) is one of the greatest successes and 
at the same time challenges of modern cardiology of con-
genital heart disease (CHD). Recent studies indicate that 
in 2020, among 11 analyzed countries, the number of peo-
ple after Fontan procedure was 47,881, of which 55% were 
adults, and in 2030 it will increase to 59,777 (64% adults).1

Unfortunately, the number of multi-organ complications 
increases during follow-up, with heart failure (HF) being 
one of the most significant problems. In a single-center co-
hort study, clinical symptoms of HF were observed in 40% 
of FC patients over an average follow-up of 15.7 years.2 Fon-
tan circulation pathophysiology is not only complex but 
also poorly understood and includes, i.a., systolic and/or 
diastolic dysfunction of systemic ventricle, fibrosis and 
increased pulmonary resistance. The presence of HF symp-
toms in Fontan patients is associated with a very poor 
prognosis and reduced quality of life, and is the leading 
cause of death.3

Despite significant advances in care, there is still a lack 
of effective and guideline-directed options for managing 
FC failure, especially pharmacological ones.3 Previous at-
tempts have largely been adapted from the recommenda-
tions dedicated strictly to the classic forms of HF,4,5 but 
these have generally yielded unsatisfactory results. Never-
theless, there are also promising reports of attempts to in-
troduce new drugs, such as sacubitril/valsartan (ARNI) 
or sodium glucose cotransporter-2 inhibitors (SGLT2i), 
into the population of CHD. Fusco et al. in their study 
showed that the implementation of ARNI was associated 
with significant clinical improvement, including New York 
Heart Association (NYHA) class change and/or increased 
6-minute walking distance after 1 year of follow-up among 
50 adult patients with systemic right ventricle.6 There are 
also the first reports on the use of SGLT2i (commonly 
flozins) in  the population with CHD. Despite the  fact 
that SGLT2i are one of the newest additions to medical 
therapy in HF, their position is already well-established 
in HF guidelines and their update.4,5 According to these 
documents, SGLT2i (dapagliflozin or empagliflozin) are 
recommended for patients with HF with preserved ejec-
tion fraction, mildly reduced ejection fraction and with 
reduced ejection fraction to decrease the risk of HF hos-
pitalization and/or death.4,5 These recommendations are 
based on the reduction of the primary composite endpoint 
used, e.g., in DAPA-HF, EMPEROR-Reduced, EMPEROR-
Preserved and DELIVER trials.7–10 The above “universality” 
is even more important because patients with a single-
ventricle heart after the Fontan procedure present a very 
heterogeneous picture of HF, with diastolic dysfunction 
dominating.1–3

Objectives

Although SGLT2i are a cornerstone of HF pharmaco-
therapy, the literature on the use of flozins in the treatment 
of FC failure is still very limited.11 This encouraged us 
to share our experience with the use of SGLT2i in the treat-
ment of adult patients after Fontan surgery. The aim of this 
study was to evaluate the effect and safety of SGLT2i inclu-
sion in adults with Fontan circulation.

Materials and methods

Study design and participants

The  study was prepared in  accordance with the  ap-
propriate Strengthening the Reporting of Observational 
Studies in  Epidemiology (STROBE) checklist.12 It  was 
conducted from June 2022 to February 2024. The investi-
gation included adult patients with symptoms of Fontan 
failure, defined as at least NYHA class II and/or chronic 
organ complications related to FC without any other ob-
jective cause (liver stiffness assessed with elastography 
to at least Metavir F3 score or proteinlosing enteropathy), 
hospitalized in our center and receiving SGLT2i in addi-
tion to their previous treatment. Each participant under-
went detailed diagnostics to exclude potentially reversible 
or treatable causes of Fontan failure, including: tunnel 
stenosis, the presence of significant vascular anastomoses/
malformations, pulmonary artery stenosis, and signifi-
cant coarctation of the aorta, prior to initiation of SGLT2i. 
The exclusion criteria were: inability to give informed con-
sent, cancer, pregnancy, current urinary tract infection, 
or a history of severe urinary tract infection in the last 
12 months.

The investigation conforms with the principles outlined 
in  the Declaration of Helsinki. The Ethics Committee 
at the Jagiellonian University (Cracow, Poland) approved 
the study (approval No. 118.6120.57.2023), and each par-
ticipant provided written informed consent.

The following variables were collected from medical re-
cords: patient demographics, exact anatomy of CHD, medi-
cal therapy, past interventions and clinical complications, 
and hemodynamic data from the last invasive diagnostics. 
Before and after the initiation of SGLT2i treatment, each 
patient underwent a comprehensive diagnostic procedure 
used in our center for patients with FC.

The study was not blinded. Follow-up examinations were 
performed according to the clinical indications of the at-
tending physician, but at intervals of at least 12 months.

Each patient was instructed in detail about the mecha-
nism of action of SGLT2i, possible side effects, compli-
cations, and ways to reduce the risk of their occurrence. 
The above information was provided verbally and in writ-
ing in the discharge documentation.
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Data sources and measurements

Venous blood was drawn from an antecubital vein with 
minimal stasis after an overnight fast. Laboratory tests 
such as the N-terminal prohormone of brain natriuretic 
peptide (NT-proBNP), blood cell count, total protein, cre-
atinine, and aspartate aminotransferase (AST) levels were 
assayed using routine laboratory techniques.

The exercise tolerance was evaluated by the cardiopul-
monary exercise testing (CPET) on a treadmill in the modi-
fied Bruce protocol (Reynolds Medical System, ZAN-600; 
Lode BV, Groningen, the Netherlands). Maximum oxygen 
uptake (VO2 max) was defined as the highest value at peak 
workload in mL/kg/min and percentage of predicted value. 
The ventilatory equivalent for carbon dioxide (VE/VCO2) 
was defined as the amount of ventilation needed for elimi-
nation of a given amount of CO2. The respiratory exchange 
ratio (RER) was calculated by dividing the VO2 by VCO2. 
The test was considered reliable if the RER was at least 1.0. 
However, if the patient was unable to perform 2 reliable 
tests (initial and follow-up), their data were not included 
in the analysis of changes in exercise tolerance. Most of these 
cases involved musculoskeletal problems, both chronic and 
acute. Less frequently, the inability to perform this test was 
related to neurological disorders, fear of performing the test 
and, in only 1 case, poor clinical condition.

The NYHA functional class was estimated by an experi-
enced adult CHD specialist based on the patient’s self-reported 
symptoms and exercise tolerance. Abdominal ultrasound ex-
amination with elastography was conducted on all participants 
by a highly experienced researcher using Philips iU22 XMatrix 
Ultrasound System (Koninklijke Philips N.V., Amsterdam, 
the Netherlands). The transthoracic echocardiographic was 
performed (Philips CVx EPIQ model; Koninklijke Philips 
N.V.) by the same echocardiographer according to a uniform 
scheme. The following parameters were analyzed: ventricle 
morphology, peak velocity of blood flow through the domi-
nant atrioventricular valve from left ventricular relaxation 
in early diastole (E) to peak flow velocity in late diastole due 
to atrial contraction (A), E/A ratio, velocity of annulus tissue 
of the dominant atrioventricular valve in early diastole (E’), 
E/E’, annular plane systolic excursion of dominant atrioven-
tricular valve (TAPSE/MAPSE), and, in a similar way, also 
Doppler tissue imaging-derived annular systolic velocity (S’). 
In patients with FC, it is difficult to assess the ejection frac-
tion using echocardiography precisely and in accordance with 
classical terminology. However, various techniques were used 
to estimate systemic ventricular systolic function (primar-
ily visual assessment by an experienced investigator), trying 
to replicate the classic ejection fraction (as preserved ≥50%, 
mildly reduced 41–49% and reduced ≤40%).

Statistical analyses

IBM SPSS Statistics v. 29.0 (IBM Corp., Armonk, USA) soft-
ware was used for statistical analysis. Values of continuous 

data were presented as mean ± standard deviation (±SD) 
or median [interquartile range (IQR)], while the qualitative 
data were shown as the number and percentages. Con-
tinuous variables were first checked for normal distribu-
tion using the Shapiro–Wilk test. For repeated-measures 
analysis, a dedicated two-sided t-test for dependent groups 
or the Wilcoxon test was used. For all tests, p-value less 
than 0.05 was considered significant. Subgroup analysis 
was adjusted with Bonferroni’s method. Study power was 
estimated at 0.93 for VO2 max.

Results

To date, our study cohort includes 17 patients, whose clini-
cal data are summarized in Table 1. The mean age of the group 
and time since the Fontan procedure were 30.5 ±9.7 years and 
24.8 ±9.8 years, respectively. In a slight majority of cases, 
the systemic ventricle had the structure of the right ventricle 
9 (53%). The average height was 171.2 ±8.9 cm and the average 
body weight was 62.6 ±9.5 kg. Initially, most patients were 
in class II of the NYHA classification of HF symptoms (10 pa-
tients, 59%). The pharmacological treatment used before and 
during SGLT2i therapy is presented in Table 2.

Of the total number of participants, 9 (53%) received 
dapagliflozin, while the remaining participants were ad-
ministered empagliflozin. The mean time from the start 
of treatment to the last follow-up visit was 11.0 ±3.7 months. 
None of the patients reported any treatment-related ad-
verse events or complications.

In the analysis of the entire study group, we did not ob-
serve any significant differences in NT-proBNP concen-
tration before and after the inclusion of SGLT2i (Table 3, 
Fig. 1). The quantitatively analyzed echocardiographic pa-
rameters indirectly indicating systolic function, such as S’ 
(7.7 ±2.5) vs 7.5 ±2.1 cm/s), p = 0.78) and TAPSE/MAPSE 
13.6 ±3.3 vs 14.3 ±5.7 mm, p = 0.64), did not change sig-
nificantly during the observation. Importantly, the E/A 
(1.6 [1.1–1.8] vs 1.5 [1.1–1.8], p = 0.55) and E/E’ (8.3 [5.7–
10.2] vs 8.2 [5.9–11] ratios, which are parameters of diastolic 
function, also remained similar. At the same time, we did 
not note any significant changes in the function of kidneys, 
liver or other analyzed laboratory tests (Table 3). The clini-
cal condition of almost the entire group generally remained 
stable during follow-up. The analysis also showed no sig-
nificant changes in the NYHA class (p = 0.96).

Initial and follow-up ergospirometry was performed 
in only 9 cases, for the reasons mentioned above. Interest-
ingly, we observed a significant increase (20.1 [18.6–23.7] vs 
24.2 [22.5–25.9] mL/kg/min, p = 0.008) in VO2 max among 
those who underwent the test (Fig. 2). However, we did 
not observe any significant difference (42.4 [37.8–50.8] 
vs 40.9 [35.6–44.1], p = 0.51) in VE/VCO2. In additional 
analysis of this subgroup, there was also no significant 
difference in NT-proBNP levels before and after treatment 
(452.8 ±353.9 vs 467.4 ±389.4 pg/mL, p = 0.70).
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Table 1. Baseline characteristics of study population.

Patient 
ID Sex Age FO type Years 

from FO SV NYHA Liver 
stiffness

SpO2 
[%]

PE/
Ascites PLE Fontan Mp 

[mm Hg]
EDP in SV 
[mm Hg]

Cath time 
[months]

1 F 41 LT + Fen 26 R III F2/3 88 ++ – 15 11 +6

2 M 38 LT + Fen 32 L III F4 85 +++ – DA DA DA

3 M 32 LT + Fen 23 R III F4 92 +++ + 15 13 –45

4 F 20 LT 18 R II F2/3 94 – – 12 6 0

5 F 40 LT 35 R II F3/4 83 – – 15 9 –15

6 F 32 LT + Fen 29 L II/III F2/3 85 + – 9 7 14

7 M 20 TCPC + Fen 19 R II F2 80 – – 12 10 –3

8 M 19 LT + Fen 6 L III/IV F2/3 81 + + 15 8 +15

9 M 37 APC* 35 R II F2 93 – – 8 5 +1

10 M 25 LT 19 R II F2/3 84 – – 12 10 0

11 M 27 LT + Fen 25 L II F2/3 95 – – 12 5 –76

12 M 33 LT 33 L II F2 90 – + 10 6 –68

13 M 42 LT 40 L I/II F3/4 90 – + DA DA DA

14 F 51 APC** 37 L II F2 97 – + 10 6 +14

15 M 19 LT + Fen 14 L II F2 89 – + 14 13 +2

16 F 22 TCPC 12 R II F2/3 94 – – 13 9 –26

17 M 23 LT + Fen 21 R I/II F3/4 91 – – 12 9 –26

* – qualified for TCPC, the above observation was completed at the time of surgery due to the early perioperative period; ** – lack of patient consent 
to the proposed conversion to TCPC; APC – atriopulmonary connection; cath time – cardiac catheterization time in relation to the inclusion of flozins; DA – does 
not agree to invasive diagnostic; EDP in SV – end diastolic pressure in systemic ventricle; F – female; Fen – fenestration; Fontan Mp – Fontan connection mean 
pressure; FO – Fontan operation; FU – follow-up; L – left ventricle; LT – lateral tunnel; M – male; NYHA – New York Heart Association class; PE – peripheral 
edema; PLE – protein-losing enteropathy; R – right ventricle; SpO2 – oxygen saturation; SV – systemic ventricle; TCPC – total cavopulmonary connection.

Table 2. The pharmacological treatment

Patient 
ID

Systolic 
function 

of SV*

Care time 
before SGLT2 

[years]

FU time after 
add SGLT2 
[months]

SGLT2i 
Type

ACEI/
ARB ARNI MRA Loop 

diuretics BB Sildenafil ASA VKA NOAC

1 R 11 17.6 DAPA 0 1 1 1 1 0 0 1 0

2 P 17 9.8 DAPA 0 0 1 1 0 0 0 1 0

3 P 5 19.2 DAPA 0 0 1 1 1 1 0 1 0

4 P 0 12.6 DAPA 0 0 0 0 0 0 1 0 0

5 M 4 10.5 EMPA 0 0 1 1 1 1 0 0 1

6 P 12 12.7 DAPA 0 0 0 0 0 1 0 0 1

7 M 0 11.5 EMPA 0 0 1 0 1 0 1 0 0

8 P 0 8 DAPA 0 0 1 1 0 0 0 0 1

9 M 12 3.2 DAPA 0 0 0 0 1 1 0 1 0

10 P 0 13.6 EMPA 0 1 1 0 0 1 1 0 0

11 P 7 10.5 DAPA 0 0 1 0 0 0 0 0 1

12 P 14 12.7 EMPA 1 0 1 0 1 0 1 0 0

13 P 12 8.8 EMPA 0 0 1 0 1 0 0 1 0

14 P 10 10.6 EMPA 0 1 0 1 0 1 0 0 1

15 P 0 9.5 EMPA 1 0 1 1 0 0 0 1 0

16 P 2 11.7 EMPA 1 0 1 0 1 0 1 0 0

17 P 4 11.7 DAPA 0 0 1 0 1 0 0 0 1

Overall 6.5 ±5.8 11.0 ±3.7
9 DAPA
8 EMPA

3 
(18%)

3 
(18%)

13 
(76%)

7 
(41%)

9 
(53%)

6 
(35%)

5 
(29%)

6 
(35%)

6 
(35%)

*– Estimated using various techniques, trying to replicate the classic ejection fraction (as preserved ≥50%, mildly reduced for 41–49% and 
reduced ≤40%); ACEI – angiotensin-converting-enzyme inhibitors; ARB – angiotensin receptor blockers; ARNI – angiotensin receptor-neprilysin inhibitors; 
ASA – acetylosalicic acid; BB – beta-blockers; DAPA – dapagliflozin; EMPA – empagliflozin; FU – follow-up; M – mildly-reduced systolic function; 
MRA – mineralocorticoid receptor antagonists; NOAC – non-VKA oral anticoagulants; P – preserved systolic function; R – reduced systolic function; 
SGLT2i – sodium glucose cotransporter-2 inhibitors; SV – single ventricle; VKA – vitamin K antagonists.
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Interestingly, we observed a significant increase in red blood 
cell count (+6%, p = 0.003), hemoglobin level (+7%, p = 0.03) 
and hematocrit (+7%, p = 0.02) compared to baseline values 
in the entire cohort (Table 3). At the same time, the other 

analyzed erythrocytes parameters as well as the number 
of leukocytes and platelets did not differ significantly.

Additional subgroup analyzed in terms of systemic ven-
tricular morphology (left vs right) showed no significant 

Table 3. Laboratory data

Factor Initial Last FU p-value

SBP [mm Hg] 116 ±11 115 ±13 0.79

DBP [mm Hg] 67 [58–74] 62 [58–82] 0.78

SpO2 [%] 90 [84–93] 90 [86–93] 0.73

NT-proBNP [pg/mL] 641.35 ±923.7 741.47 ±1139.02 0.12

Hemoglobin [g/dL] 16.51 ±1.7 17.61 ±1.9 0.03

Hematocrit [%] 48.61 ±4.6 51.82 ±5.4 0.02

RBC [g/dL] 5.72 ±0.5 6.06 ±0.72 0.003

MCH [pg] 29.7 [27.75–31.15] 29.9 [28.25–31.3] 0.33

MCHC [g/dL] 34.1 [33.15–35.0] 34.2 [33.7–35.05] 0.96

MCV [fL] 85.8 [82.25–89.3] 87.7 [82.3–90.2] 0.48

RDW [%] 14.76 ±2.1 15.13 ±3.0 0.56

WBC [10^3/µL] 5.65 ±1.3 5.27 ±1.3 0.29

PLT [10^3/µL] 139.0 [98–170] 132.0 [94–168] 0.54

Creatinine [µmol/L] 84.06 ±13.5 82.0 ±14.9 0.40

eGFR-CKD-EPI creatinine [mL/min/1.73 m2] 99.53 ±21.1 100.65 ±21.7 0.71

Cystatin C [mg/L] 1.15 ±0.2 1.14 ±0.2 0.92

eGFR-CKD-EPI cystatin [mL/min/1.73 m2] 74.88 ±16.2 74.41 ±15.9 0.83

ALT [U/L] 27.59 ±13.9 29.41 ±12.7 0.39

AST [U/L] 29.29 ±8.2 29.11 ±7.4 0.10

GGT [U/L] 91.71 ±59.9 91.71 ±49.8 1.0

Glucose [mmol/L] 4.9 [4.4–5.25] 4.7 [4.3–5.5] 0.51

Total protein [g/L] 74.67 ±10.9 75.19 ±8.6 0.81

Albumin [g/L] 43.09 ±6.7 42.95 ±7.1 0.9

ALT – alanine aminotransferase; AST – aspartate aminotransferase; CKD-EPI – Chronic Kidney Disease Epidemiology Collaboration equation; DBP – diastolic 
blood pressure; eGFR – estimated glomerular filtration rate; FU – follow-up; GGT – γ-glutamyltransferase; HCT – hematocrit; MCH – mean corpuscular 
hemoglobin; MCHC – mean corpuscular hemoglobin concentration; MCV – mean corpuscular volume; NT-proBNP – N-terminal prohormone of brain 
natriuretic peptide; PLT – platelets; RBC – red blood cells; RDW – red cell distribution width; SBP – systolic blood pressure; SpO2 – peripheral oxygen 
saturation; WBC – white blood cells. Values are presented as mean ± standard deviation or median [interquartile range].

Fig. 1. Comparison of mean N-terminal prohormone of brain natriuretic 
peptide (NT-proBNP) values before treatment initiation and at the last 
follow-up. *NTproBNP levels in the observation number 1 (initial 
4,018 pg/mL, in the last follow-up 4,955 pg/mL)

Fig. 2. Changes in the median values of maximum oxygen uptake (VO2 
max) during follow up in ergospirometry. The “overall” bar presents 
the median value for the entire analyzed group
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differences in initial values of NT-proBNP (479.0 [257–608] 
vs 181.0 [152–917], p = 0.54) and VO2 max (19.5 [18.1–25.4] 
vs 20.7 [18.8–24.8], p = 0.66). The subgroups did not dif-
fer in the final values ​​of the above parameters (respec-
tively, 385.0 [331– 642] vs 207.0 [142–927], p = 0.74; 24.4 
[20.6–29.0] vs 24.0 [23.0–26.1], p = 0.84).

Discussion

This is one of  the  first reports on the use of SGLT2i 
in the treatment of adult patients with a single-ventricle 
heart after the Fontan procedure.11 Our experience con-
firms the high safety profile of using these drugs. We hope 
that our efforts to educate patients about the mechanism 
of action of SGLT2i have contributed to the lack of compli-
cations. However, our preliminary study also revealed inter-
esting and important effects of flozins in patients with FC.

First of all, the average VO2 max increased significantly 
during the observation period. This seems to be an impor-
tant finding, whereas improvement in functional capacity 
is a component (besides improvement in clinical status and 
quality of life) of the 3 major goals of treatment of patients 
with HF. Our observations are similar to those from a large 
randomized controlled trial (RCT) in heart failure with 
reduced ejection fraction (HFrEF) patients, where VO2 
max significantly improved in the empagliflozin-treated 
group compared to placebo-treated patients.13

Like  in many other studies, we used ergospirometry 
to assess the effectiveness of  the  therapeutic interven-
tion.14–19 As we mentioned earlier, many of the previous 
attempts to apply recommendations from classic forms 
of HF to Fontan population have unfortunately not brought 
the expected results. Therefore, in trials using enalapril 
or carvedilol, as typical groups of drugs in HF, no improve-
ment in exercise capacity was observed in the Fontan popu-
lation.14–16 The effect of treatment with pulmonary vaso-
dilators on changes in VO2 max among Fontan patients 
remains unclear and controversial.17 Thus, this encourages 
further research on SGLT2i, especially considering the re-
cently published positive results of using this drug group 
in adult patients with systemic right ventricle.18

The 2nd important finding from our study is a significant 
increase in erythrocytes, hemoglobin and hematocrit during 
follow-up. These changes are consistent with theories ex-
plaining many positive pleiotropic effects of flozins, not only 
due to reduced plasma volume secondary to increased diure-
sis.19–21 The organ primarily responsible for erythropoietin 
synthesis in adults is the kidney. The most basic hypotheses 
suggest a beneficial effect of SGLTi on renal hemodynamics 
(with rejuvenation and protection of erythropoietin-produc-
ing cells) and on local hypoxia triggered by increased tubular 
workload.19–21 However, the above theories also have limita-
tions, preventing a full explanation of this phenomenon.19 
Packer suggests that SGLT2i may increase the role of the liver 
in erythropoietin regulation. Hepatocytes are the main 

source of erythropoietin during fetal life, but they retain 
a latentability to synthesize it also in adulthood. SGLT2i may 
influence inflammatory and cellular stress pathways, as well 
aserythropoietin gene transcription, especially in the liver.19 
This is particularly interesting in Fontan population, as liver 
damage is an inherent part of long-term complications.22,23 
However, frequent central cyanosis and the presence of ad-
ditional vascular collaterals complicate the interpretation 
of these findings related to the red blood cell system in FC 
patients.The importance of the above processes in the car-
dioprotective effect remains unclear. Additionally, other 
pleiotropic effects associated with SGLT2i that may benefit 
FC and warrant further investigation.24

In our study, we did not find significant changes in ana-
lyzed echocardiographic parameters. Patients with a sin-
gle-ventricular heart after Fontan surgery constitute a very 
heterogeneous group of complex CHD. Echocardiographic 
examinations are very demanding, and the  high risk 
of measurement error makes analysis of these parameters 
particularly challenging. However, there are reports in pa-
tients with normal cardiac anatomy where empagliflozin 
significantly improved left ventricular filling pressure.25,26 

In our study, we did not observe a significant decrease 
NT-proBNP levels after treatment, as in study by Neijenhuis 
et al.18 It should be emphasized that our study group re-
flects a real-life population of Fontan patients. Patients with 
various complications related to Fontan physiology and 
comorbidities were taken into consideration. For example, 
the impact of protein-losing enteropathy on the SGLT2i 
effect is unknown.2 It was very common in our study popu-
lation and may significantly interfere with absorption and 
metabolic processes.2,3 The very complex impact of protein-
losing enteropathy on the body deserves to be taken into ac-
count in further studies of SGLT2i in patients with Fontan 
circulation. However, we did not notice that the inclusion 
of SGLT2i led to an intensification of symptoms, including 
protein-losing enteropathy. It is worth considering whether 
not only improvement but also the absence of deteriora-
tion is satisfactory, especially in such a demanding form 
of HF. So far, we have not analyzed the impact on the num-
ber of hospitalizations and HF exacerbations, which was 
the main focus of one of the largest studies on SGLT2i.4,5,7–10 
However, the observation of our patients will be continued 
and flozins will be introduced in subsequent participants.

Limitations

There are several limitations to this study. First, this 
is only an observational study in a small group of patients. 
Large, high-quality studies are needed to confirm our find-
ings. Second, there was no control group in our study. How-
ever, the high heterogeneity of patients with FC and their 
clinical condition makes it very difficult to select a suitable 
control group, and we decided that it would be best to ob-
serve the fate of specific patients. Third, the interpreta-
tion of the VO2 max increase should be done with caution, 
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while not all patients were able to perform this test. Finally, 
our cohort of Fontan patients is heterogeneous in terms 
of the medications used, but represents real patients.

Conclusions

This study showed for the first time that the use of SGLT2i 
can improve VO2 max in adult Fontan patients. We also 
observed significant changes that may support the hypoth-
esis of a significant effect of SGLT2i on erythropoiesis. Fi-
nally, our experience shows that the use of SGLT2i in adult 
patients with FC is safe. Multicenter collaborations and 
large, high-quality trials are needed to more reliably assess 
the clinical effects of flozins in the adult FC population.
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Abstract
Background. The most important part of orthodontic treatment (OT) is the pre-orthodontic examination 
(PE). Only a precise evaluation of clinical and radiological features can reduce the risk of complications.

Objectives. To develop practical guidelines for advanced clinical-radiological pre-orthodontic examinations 
and for qualifying patients for alveolar bone reconstructions.

Materials and methods. A retrospective assessment was performed on 49 out of 145 patients (aged 
22–55) referred for alveolar bone reconstructions over a 6-year observation period, with 77.6% of the patients 
being women. Patient examinations were conducted using the following parameters: clinical (e.g., gingival 
recession (GR), Miller and Angle classifications), radiological (using cone beam computed tomography (CBCT) 
to evaluate bone dehiscence, occlusal plane (OccP), atlanto-occipital joint position (O-C1), width of mentalis 
muscle (B:D), bone marrow steatosis (BMS), and various cephalometric parameters such as the position 
of the alveolar ridge (AR) relative to the mandible, labial width angle, and volumetry of AR, as well as vitamin D 
level. Statistical analyses were performed using Student’s t-test, Shapiro–Wilk test and Pearson’s χ2 test.

Results. In the group of patients before orthodontic treatment (OT), the average bone marrow steatosis 
(BMS) was significantly lower compared to that in patients after treatment (–12 HU vs –137 Hounsfield units 
(HU)). In patients with class C dehiscence, the B:D measurement was significantly greater than in those with 
class A dehiscence (15.0 mm vs 12.5 mm). Additionally, a lateral shift of the atlanto-occipital joint (Oc-1) had 
a significant negative impact on the angles describing lower teeth inclination. Overall, the odds of gingival 
recession (GR) were 6.5 times higher in women (OR = 6.55); GR odds increased by more than 3.5 times 
when B:D exceeded 14.1 mm, by 4 times when the occlusal plane (OccP) was flat, and by 8 times when 
bone density was 24.9 ng/mL.

Conclusions. Insufficient bone volume was observed in a similar proportion both before and during/after 
orthodontic treatment. The described pre-orthodontic examination allows for an accurate assessment of soft 
tissue and bone condition, thereby reducing the risk of further complications. CBCT should become a standard 
component of the pre-orthodontic examination.
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Background

Dentition and dental arch sizes have progressed signifi-
cantly in the last 100 years; however, orthodontic guide-
lines have not. Diet has been shown to have a major im-
pact on the dentition, the orthodontic area of interest also 
had to change.1,2 As teeth and alveolar processes become 
smaller, consequently, a reduction in the width of the al-
veolar ridge is observed.

Therefore, during orthodontic treatment, a thorough 
pre-orthodontic examination must be performed, in-
cluding evaluation of three-dimensional (3D) properties 
of the alveolar processes. For this purpose, cone beam 
computed tomography (CBCT) should be performed. Only 
this type of the X-ray examination allows to determine 
direction in which the orthodontic treatment should be 
carried out to avoid disturbing natural boundaries. Ignor-
ing these principles is associated with a higher risk of com-
plications such us gingival recessions, bone dehiscenses, 
teeth mobility, or even teeth loss.3–5

One of the most common complications are gingival reces-
sions. They are described as a progressive loss of the gingiva 
and the underlying bone.6,7 According to the above informa-
tion, when the tooth is translated through the vestibular 
cortical bone, bone dehiscence will occur. Taking into ac-
count the biological width, or supracrestal apparatus, which 
is the biologically determined distance between the alveolar 
crest and the top of the keratinized gingiva (typically around 
2.04 mm), apical migration of the gingiva can occur.8,9 Con-
sidering that gingival recession is a common condition af-
fecting much of the population, orthodontists face significant 
limitations in ridge expansion procedures to avoid violating 
the bony envelope and causing or exacerbating recession.10

Therefore, to avoid such complications, complete ex-
amination of the oral cavity should be carried out. Condi-
tions which need to be taken into account are: the patient’s 
gingival phenotype, palpable roots through the soft tissue, 
pre-existing recessions, or patient’s pericervical restora-
tions which may disturb biological width, and the depth 
of vestibule and frenula attachments. After (or even before) 
the intraoral examination, an extraoral examination should 
be done as well in which we should focus on the tension 
of the muscles surrounding the oral cavity, type of swallow-
ing and breathing. Tension of the muscles around and in-
side the oral cavity is a crucial factor for the future success 

of the planned treatment. Imbalance between internal and 
external muscles might be a reason for teeth inclination. 
However, strong tension of muscles, such as the mentalis 
or mylohyoid muscle, may reduce the volume of the dental 
arches. Additionally, if the lingual frenulum is stiff and 
short, it is called ankyloglossia. It is responsible for sev-
eral problems inside the oral cavity. It might be a reason 
for malocclusions, anterior and posterior crossbite, open 
bite, mouth breathing, and enlarged space between teeth 
called diastema. However, the organism should be consid-
ered as a whole and not as individual parts, so if one part 
is not working properly, it will affect the others. The influ-
ence of ankyloglossia can also be seen in a bad posture. 
This is caused by the anterior fascia which interconnects 
the whole body, from head to toe. A shorter and/or stiffer 
tongue frenulum will misalign the temporomandibular 
joints, which may also affect the occlusal plane and back 
problem of muscular origin.11–13

Leszczyszyn et al. reported a positive correlation be-
tween vitamin  D3 deficiency and problematic skeletal 
growth.14 As this vitamin controls bone metabolism, its 
levels should be checked prior to orthodontic treatment, 
with adequate supplementation. In general, the endog-
enous vitamin D3 deficiency has been reported in the Eu-
ropean population in several studies, so blood serum level 
should be assessed.15

However, vitamin D3 deficiency is not just a general prob-
lem in dentistry, since it can lead to poorer bone architec-
ture and volume. Worse bone quality, increased fragility 
and susceptibility to microdamge are the results of many 
autoimmune diseases as  well. For instance, in  the  case 
of the diabetes type I, it is caused by microangiopathy, in-
sulin resistance, and lack of insulin-like growth factor 1 
(IGF-1). In case of type II diabetes, the drugs lowering sugar 
concentration in the blood serum might influence in bone 
fragility too.16 Celiac disease might affect bones through 
malabsorption of minerals and vitamin D from intestines.17 
Even bleeding disorders, such as hemophilia, can reduce 
bone density, not to mention bone diseases such as Paget’s 
disease.18 Another concerning issue is a growing problem 
of obesity and high-fat diet, common in a modern society. 
It weakens the bone by the T-lymphocytes which induce os-
teoclastogenesis through production of interleukin 6 (IL-6), 
osteoclastogenic cytokines such as RANKL, tumor necrosis 
factor alpha (TNF-α), IL-1β, and interferon gamma (IFN-γ).19

Highlights
	• Modern orthodontic treatment faces problem of insufficient bone volume.
	• Identifying possible complications before active treatment allows reducing chances of incomplete treatments.
	• An analysis of patients conducted for augmentation of dehiscence in front of lower teeth demonstrate necessity 
of the CBCT examination

	• Severe dehiscences might be congenital or iatrogenic as well.
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Patients facing these challenges often seek treatment 
through individualized 3D allogeneic bone block grafting. 
This surgical method, described and patented by Domin-
iak and Gedrange, has shown promising results in resolv-
ing complications, completing problematic orthodontic 
treatments, and even initiating treatment in complex cases. 
The entire method and surgical procedure are described 
in previous publications.3–5,20

Objectives

The aim of  this study was twofold: first, to evaluate 
the characteristics of patients who require individualized 
3D allogenic bone block grafting – either prior to orth-
odontic treatment or following complications – and sec-
ond, to develop practical guidelines for advanced clini-
cal-radiological pre-orthodontic assessments and patient 
qualification for alveolar bone reconstructions.

Materials and methods

The study was conducted in accordance with the guide-
lines of the Declaration of Helsinki. Data were collected 
and analyzed with the approval of the Bioethics Committee 
of Wroclaw Medical University, Wrocław, Poland (approval 
No. KB-530/2021), and the study followed the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) checklist.21

Study group

Between 2018 and 2023, 145  patients were referred 
to a private dental clinic in Wrocław, Poland, for consul-
tation regarding soft or hard tissue prior to (group 1) and 
during or after (group 2) orthodontic treatment. Group 1 
consisted of 16 patients, of whom 10 were women (62.5%), 
with a mean age of 35 years. Group 2 comprised 33 pa-
tients, with 28 women (84.8%) and a mean age of 39 years. 
As a result, a group of 49 patients was identified. The anal-
ysis included adult Caucasian patients of both genders who 
were referred as follows:

•  Patients with pre-existing abnormalities of the dental 
arches prior to orthodontic treatment, such as visible re-
cessions, loss of keratinized gingiva, palpable roots through 
the soft tissue, and periodontitis.

•  Prolonged or complicated orthodontic treatment.
•  Patients after partially successful orthodontic treat-

ment, for whom procedures were postponed due to in-
sufficient tooth movement or discontinued by the or-
thodontist because of emerging soft and/or hard tissue 
issues.

•  Patients with full examination including CBCT scans 
prior to the start of a treatment with severe loss of teeth 
support.

Additional inclusion criteria for the study were generally 
healthy patients, with bone defect located in the anterior part 
of alveolar process and symphysis with remaining dentition.

All patients with any past systemic diseases and drug 
treatments that could affect bone tissue (e.g., Paget’s dis-
ease, osteoporosis, use of bisphosphonates, or denosumab), 
previous surgical or periodontal treatments in the anterior 
mandible, craniofacial anomalies, and previous trauma 
to the mandible were excluded from the study. All patients 
enrolled for study were qualified for the 3D allograft bone 
grafting procedure according to the method previously 
described.3,4

Data collection

Data were gathered retrospectively from patients’ records, 
which included complete examination notes, clinical intra- 
and extraoral photographs and radiological CBCT scans. 
This subchapter is structured to reflect the methodology 
of data collection. The assessment of extra- and intraoral 
soft and hard tissues, the relationship between the dento-
alveolar arches to  teeth, and the  relationship between 
the position of the upper maxilla with dentition as a part 
of craniofacial part of the skull with and O-C1 joint (atlanto-
occipital joint) position were made by 2 different doctors 
independently independently and merged into 1 dataset. 
These parameters were chosen because of their possible 
mutual influence of musculo-fascial system on the condi-
tion of craniofacial part of the cranium. The visual repre-
sentation of data collection is shown in Fig. 1.

Radiological examination

The CBCT scans were acquired using the Pax Flex3D 
Vatech computed tomography radiography system (Vat-
ech® Europe, Prague, Czech Republic). For the mandible 
center image, a field of view (FOV) of 80 mm in width and 
50 mm in height was used, with a voxel size of 0.2 mm³. All 
images were analyzed using EzDent-i software (Vatech). 
Only CBCT scans that displayed the entire mandible and 
maxilla were included in the analysis.

Angle between the long axis of the tooth 
and the long axis of mandible

The angle between the long axis of the tooth and the long 
axis of the mandible (1:Ml) was measured to assess tooth 
inclination; a  larger angle indicated a more protruded 
tooth. This angle was measured on  the  sagittal plane 
of  the  CBCT using software tools, with a  mean value 
ranging between 10° and 15°.13 The long axis of the tooth 
was defined as the line connecting the tip of the crown 
to the apical point of the most anterior mandibular central 
incisor (Iia). The long axis of the mandible was determined 
by identifying 2 points on the mandible and drawing a line 
between them: the 1st point was located at half the width 
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Fig. 1. Flowchart visualizing data collection

CBCT – cone beam computed tomography.

145 patients
2018–2023

BEFORE orthodontic treatment
1. soft or hard tissue deffects

DURING OR AFTER orthodontic treatment
1. soft or hard tissue deffects

2. lack of progress in orthodontic treatment 

CBCT
done by referral doctors

II

I

generally healthy patients
without any systemic diseases and drug treatmentsI

II bone defects on the anterior part of the mandible

71 patients

available full clinical and radiological data concerning bone and intra- and extraoral soft tissue
in patient’s card

level of vitamin D test included in patient’s card

I

II

49 patients

Fig. 2. Angle between long axis of the tooth and long axis 
of mandible (orange). Assessment of angle API-CEJ2-B 
(green)



Adv Clin Exp Med. 2025;34(9):1501–1520 1505

in the tooth’s apex region, and the 2nd was set 5 mm above 
the  inferior border of  the  mandible (Gnathion  (Gn)). 
The half-width point was also measured (Fig. 2).

API-CEJ2-B angle

The API-CEJ2-B angle was measured to assess the re-
maining labial bone in front of the teeth. Long lines were 
drawn connecting the following points: the deepest point 
on the anterior concavity of the mandibular symphysis 
(point B), the apical point of the most anterior mandibular 
central incisor (Iia), and the point located 2 mm apical 
to the cementoenamel junction (CEJ) of the incisor (Fig. 2), 
which reflects the sulcus depth.22

Classification of bone dehiscence

Examination of dehiscence was based on the sagittal plane 
of the CBCT, employing the classification system of Yang 
et al., as explained by Dominiak et al., to ensure accurate clas-
sification.5,23 The highest labial and lingual points of the al-
veolar wall were determined to select the appropriate class and 
then compared to the positions of the CEJ and the tooth apex. 
The classification stages were modified to provide a more 
detailed description of Class II, highlighting various stages 
of dehiscence on both sides of the dental arch. Additionally, 
a new class (Class X) was introduced to describe dehiscence 
occurring simultaneously on both the labial and lingual sides.

Interincisal angle (1:1 angle)

The interincisal angle is defined as the angle between 
the long axes of the lower and upper incisors. Its mean 

value is approx. 122°, and it is used to assess the relation-
ship between the lower and upper dental arches – particu-
larly the protrusion of the incisors, which may indicate 
an insufficient bony base for the teeth. A decrease in this 
angle may suggest the need for tooth extraction as part 
of pre-orthodontic treatment.24

1:GoGn angle

The GoGn angle is defined as the angle between the line 
connecting Gnathion (Gn) and Gonion (Go) and the long axis 
of the lower incisor. Its average value is approx. 90°. This angle 
provides information about the inclination of the alveolar 
process and teeth relative to the GoGn line.25 It was mea-
sured on the sagittal plane of the entire area, which mimics 
a cephalometric X-ray. For optimal precision, the angle was 
measured using a protractor on a fixed screen image (Fig. 3).26

OccP/GoGn angle

The  angle between the  occlusal plane (OccP) and 
the GoGn plane represents the inclination of the dental por-
tion of the mandible relative to its base. Like the previous 
angle, it was measured using a protractor. For retrospective 
measurement on CBCT scans, a line was drawn from the tip 
of the lower incisor to the distal cusp of the lower first molar, 
and this line was compared to the GoGn line.

Anterior and lateral Stafne bone defects

The commonly known lateral or posterior Stafne bone 
defect is classified as a pseudocyst, with its origin attrib-
uted to either a salivary gland extension into the mandible 

Fig. 3. Angle between the occlusal 
plane (OccP) and GoGn plane 
(orange). Angle set between lines 
set by Gnathion and Gonion points 
and long axis of the lower incisor 
(yellow). Assessment of the width 
of the mental muscle (purple)
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or calcification of Meckel’s cartilage.27 In contrast, the an-
terior Stafne bone defect is less documented in the litera-
ture. It is located in the anterior region of the mandible, be-
low the teeth and above the mylohyoid muscle.28 According 
to the 1993 classification, Stafne bone defects are divided 
into 4 types – the first 3 refer to posterior defects, while 
the 4th type represents the anterior Stafne bone defect 
(ASBD), which is explained as an insertion of the mylohy-
oid muscle.29 This deviation from normal bone structure 
should be considered during pre-orthodontic examina-
tions, as it may indicate high muscle tension that could be 
problematic due to the tongue’s pushing pattern. Figure 4 
illustrates both anterior and lateral Stafne bone defects.

Width of the mental muscle

The method for measuring the width of the mentalis 
muscle was proposed by Dominiak.22 Assessing this width 
helps estimate muscle tension and hyperactivity. In her 
method, a new landmark, point “D,” is defined on the soft 
tissue. To locate point D, a “GoGn” line is drawn between 
the  Gnathion and Gonion points. Additionally, point 
“B” is identified as the deepest point on the mandibular 
concavity. Next, a line parallel to the GoGn line is drawn 
through point B, and its intersection with the soft tissue 
border marks point D. The width of the mentalis muscle 
on the sagittal plane is then defined as the distance be-
tween points B and D (B:D) (Fig. 3).

Tongue position

Assessment of  tongue position on  CBCT scans was 
conducted on the midline sagittal plane. This approach 
allows for the visualization of the tongue, mylohyoid mus-
cle, tongue frenulum, and the tongue’s resting position, 
which may provide insights into the patient’s breathing 
and swallowing patterns. Three classes have been estab-
lished to categorize tongue positions: Class 0 – The tongue 
is positioned on the hard palate, with the entire dorsal 
surface in contact; Class 1 – The tongue is placed beneath 
the incisors; it may touch the palate, but not as extensively 
as in Class 0; Class 2 – The tongue rests at the bottom 
of the mouth.

Volume of the airways

Airway measurement has become accessible to den-
tists through the increased use of CBCT. Thanks to built-
in software, airway assessment is now one of the options 
available during routine X-ray examinations. It  is  re-
ported – and as shown in Fig. 5 below – that an airway 
capacity of approx. 200 mm² is considered satisfactory. 
To measure the airways, a CBCT scan with the full avail-
able field of view (80 mm in width and 50 mm in height) 
is required. Subsequently, the visible airway, extending 

from the nasopharynx to the sphincter, should be marked. 
It is known that airway narrowing is quite common in cases 
of malocclusion, especially in Class II malocclusion, where 
the  retruded mandible reduces the  space available for 
the tongue and decreases airway capacity.

Fig. 4. Upper panel – anterior Stafne bone defect; middle panel 
– lateral Stafne bone defect; lower panel – anterior Stafne bone defect 
in occlusal view
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Abnormality in the position of the O-C1 joint

In addition to airway volume, the study investigated 
the correlation between lower airway capacity, dental ab-
normalities, and postural problems at a vertebral level. 
The deviation of the O-C1 (atlanto-occipital) joint was 
measured by automatically drawing a sagittal midline-
using the  spina nasalis and the  sutura palatina media 
as reference points. Any displacement of the O-C1 spinous 

process relative to this midline was used to assess vertebral 
asymmetry. The methodology is illustrated in Fig. 6.

Occlusal plane

Abnormalities and changes in the occlusal plane are 
among the most common issues in dentistry. The oc-
clusal plane (OccP) can be altered over time due to wear, 
excessive biting force, bruxism, iatrogenic factors from 

Fig. 5. Measuring volume of airways and occlusal plane

Fig. 6. Rotation of the O-c1 vs 
spina nasalis anterior

Spina nasalis anterior

O-c1 joint
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dental procedures, or  even congenital malocclusions. 
The  occlusal plane is  described in  detail in  point  6. 
If the cusps of the lower teeth align with the line follow-
ing the curve of Spee, the occlusal plane is considered 
normal. If the curve of Spee is not maintained, the occlu-
sal plane is classified as flat. If the curve of Spee is more 
pronounced, the occlusal plane is considered deepened. 
Finally, if the cusps of the premolars reach or extend above 
the line, the occlusal plane is referred to as a reverse oc-
clusal plane (Fig. 3).

Bone marrow steatosis (BMS)

Measurement of this factor was enabled by the imag-
ing software tools (Fig. 7). It was quantified in Hounsfield 
units (HU), which are based on a calibrated grey-level scale 
of X-ray images. Originally, HU measurements were used 
to assess tissue density on CT scans; however, several 
authors have reported that CBCT images yield similar 
values.30–32 Nevertheless, it should be noted that these 
measurements are approximations that indicate the gen-
eral direction in which tissue characteristics are changing, 
and they cannot yet be used with the same precision as CT 
scans. For example, compact bone typically measures be-
tween 662 and 1988 HU, spongy bone between 148 and 
661 HU and fat between –205 and –51 HU. Measurements 
were consistently taken at the end of the retromolar tri-
angle, at the level of the beginning of the ascending ramus 
of the mandible, using a specialized sub-option of the Vat-
ech software.

Clinical intra- and extraoral photographs

Non-carious lesions

These lesions occur without bacterial interference and 
are classified as a loss of hard tissue around the CEJ with 
various morphologies.33 Their etiology is multifactorial; 
they can be caused by improper brushing techniques (par-
ticularly excessive force), erosive destruction or abfrac-
tion.34 In any case, understanding their origin is essential, 
as these lesions may affect orthodontic treatment.

Gingival recession

Gingival recession is characterized by the progressive 
loss of soft tissue, along with bone loss in the anterior 
region of the teeth. This condition was verified through 
clinical and radiological examinations in a retrospective 
study, which utilized clinical photographs and CBCT 
scans. Miller’s classification was employed to categorize 
the severity of the recession.6

Angle classification

To assess the presence of malocclusion, the classic An-
gle classification was used.35 When the Angle classifica-
tion was not applicable, e.g., when a tooth was missing, 
the canine classification was used instead. The position 
of the teeth was examined using clinical photographs.

Fig. 7. Steatosis of bone marrow
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Faces’ profile type

To assess facial profile types, we distinguished between 
straight, oblique forward and oblique backward profiles. 
On clinical photographs, a vertical line was drawn from 
the Nasion, along with another line from the center of the iris, 
to create a biometric field. Two key points – Pogonion and Sub-
nasale – were then evaluated in relation to this biometric field.

Examination notes

Orthodontic treatment

Patients were divided into 2 groups according to their 
treatment history: one group included patients before orth-
odontic treatment, and the other comprised those during 
or after orthodontic treatment.

Vitamin D3

Vitamin D3 levels and supplementation were assessed, 
as deficiency in vitamin D3 has been implicated in the de-
velopment of  malocclusion. The  vitamin  D3 level was 
determined using the VHC Vitamin-D-Test (Jungbrun-
nen–Fountain of  Youth® GmbH, Rostock, Germany), 
a quantitative assay that employs immunochromatography 
to detect anti-25-OH-vitamin D monoclonal antibodies. 
Vitamin D3 levels were measured from capillary blood 
samples obtained via a finger prick collection.36

Statistical analyses

For quantitative variables, basic descriptive statistics were 
calculated, i.e., means (M), standard deviations (SD), mini-
mum (Min), maximum (Max), medians (Me), and lower (Q1) 
and upper quartiles (Q3). In contingency tables, qualitative 
variables (nominal and ordinal) were presented as counts 
(n) and percentages (%). The Shapiro–Wilk test was used 
to confirm that the empirical distribution of quantitative 
variables fit the normal distribution. When quantitative 
data had a normal distribution, the t-test was used to check 
the statistical significance of differences in the mean values 
of quantitative variables between 2 independent groups, and 
when the data did not meet the assumptions of normality, 
the Mann–Whitney test was used. In the case of a larger 
number of groups, either analysis of variance and Tukey’s 
test were used as a post hoc test, or the Kruskal–Wallis 
(K–W) test and Dunn’s test were used as a post hoc test. 
The Pearson’s χ2 test with Yates’s correction or Fisher’s exact 
test were used to confirm the independence of 2 qualita-
tive factors. Univariate and multivariate logistic regres-
sion analysis was used to estimate the probability of reces-
sion. Odds ratios (ORs) and their 95% confidence intervals 
(95% CIs) were estimated for statistically significant predic-
tors of recession. For continuous variables, receiver operat-
ing characteristic (ROC) curve analysis and Youden index 

values ​were used to establish cutoff values. The strength 
and significance of correlations between 2 quantitative vari-
ables were assessed by calculating the Pearson’s r correlation 
coefficient or Spearman’s rho-rank correlation coefficient. 
All statistical analyses were performed at the significance 
level of 0.05 and presented in graphs as M and standard 
error (SE) or Me and interquartile range [Q1; Q3]. All sta-
tistical analyses were performed using STATISTICA v. 13.3 
(TIBCO Software Inc., Palo Alto, USA).

In  the comparisons of  “volume of  respiratory tract”, 
“API-CEJ2- B angle” and “B-D” 3 groups of patients dif-
fering in “position of the tongue in the resting position”, 

Fig. 8. Receiver operating characteristic (ROC) curve for estimating 
the probability of tongue position between incisors (group C) based 
on vitamin D3 concentration, concentration threshold value (≥33.8 ng/mL) 
and area under the curve (AUC = 0.738)

Fig. 9. Comparison of the width of the mentalis muscle (B:D) in groups 
of patients with different vitamin D3 concentrations and the results 
of significance tests
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“vitamin D3 deficiency” and “classification of dehiscence” 
were used. In the first 2 cases, the distributions of residuals 
(deviations) in all 3 groups did not deviate from the normal 
distribution (Shapiro–Wilk test), and the variances were 
similar (as verified by the Levene’s test). In the 3rd case, 
the assumption of normality was not met, so the K–W test 
was used for comparisons, and the Dunn’s test was used 
as a post hoc test.

The variationally independent were not closely corre-
lated with each other, which was checked using the vari-
ance inflation factor (VIF) index. No outliers were ob-
served on the quantile–quantile (Q–Q) plots and residual 
histograms. Checking whether the assumption of linearity 
in the logit function was met involved analyzing residual 
plots, performing the  Box–Tidwell test, and checking 
whether additional coefficients taking into account in-
teractions between variables were statistically significant.

For the K–W test, post hoc multiple comparisons were 
performed using the Dunn’s test with Bonferroni cor-
rection. Univariate and multivariate logistic regression 
analysis was used to estimate the probability of recession 
(binary variable). Model parameters were estimated us-
ing the maximum likelihood method. The goodness-of-
fit of the model to the observed data was verified using 
the Hosmer–Lemeshow test, and the statistical signifi-
cance of  individual independent variables was checked 
using the Wald test. Cutoff values for continuous variables 
were determined using ROC curve analysis and Youden 
index values. Odds ratios and their 95% CIs were calculated 
for statistically significant predictors.

Results of statistical analyses

Patients characteristic

This study included 49 patients who qualified for bone 
reconstruction using an individualized allogeneic bone 
graft. The participants’ ages ranged from 22 to 55 years, 
with a  median age of  36  years, and the  majority were 
women (77.6%). All variables are presented in Table 1.

Influence of orthodontic treatment

In the group of patients before orthodontic treatment, 
the average bone marrow steatosis was significantly lower 
compared to patients after treatment (–12 HU vs –137 HU, 
p = 0.010). A statistically significant relationship was ob-
served between the position of the tongue in the resting 
position and the patient’s status due to orthodontic treat-
ment (K–W test: p = 0.038). The tongue in the resting po-
sition between the incisors was significantly more com-
mon in the group of patients before orthodontic treatment 
(56.2% vs 21.2%, p = 0.014). The tongue stuck to the palate 
behind the upper incisors was more common among pa-
tients after orthodontic treatment, but this difference was 

borderline significant (36.4% vs 12.5%, p = 0.082). All in-
terconnections are shown in Table 2.

Influence of vitamin D3 concentration

No statistically significant differences were observed 
among patients with varying vitamin D3 concentrations 
across the analyzed parameters (p > 0.05). All intercon-
nections are detailed in Table 3.

In this study, a significant dependence of vitamin D3 
concentration on the position of the tongue in position 2 
was observed. The ROC curve analysis (Fig. 8) showed 
that the threshold value for the vitamin D3 concentration 
is 33.8 ng/mL, which means that when patients get this 
amount of the vitamin D3, they will put their tongues be-
tween the incisors.

Group A and group B patients were combined, and for 
this dichotomous division (A + B vs C), the optimal vita-
min D₃ concentration threshold was determined using 
ROC curve analysis (Fig. 8).

Table 4 contains calculations for the new division of pa-
tients according to vitamin D3 concentration. As a result, 
it turned out that there is a statistically significant relation-
ship between the level of vitamin D3 concentration and 
gender, the width of the mentalis muscle and, of course, 
the position of the tongue in the resting position. Since 
there was a  significant correlation between the width 
of the mentalis muscle and gender, a multivariate anal-
ysis was performed to determine independent predic-
tors of the position of the tongue between the incisors 
(group C). It was found that the only independent factor 
differentiating patients according to the level of vitamin D3 
concentration was the width of the mentalis muscle “B:D”.

The average width of the mentalis muscle in women was 
smaller compared to men (14.6 mm vs 15.2 mm, p = 0.164), 
but the difference was borderline significant (Fig. 9).

Fig. 10. Comparison of the width of the mentalis muscle (B:D) in groups 
of patients with different degrees of dehiscence and the results 
of the Kruskal–Wallis test and the post hoc test (Dunn)
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Correlation between width of mentalis muscle 
and dehiscence

A statistically significant relationship (Fig. 10) was ob-
served between the width of  the mentalis muscle and 
the dehiscence class. In patients with class C dehiscence, 
the mental width was significantly greater compared to 
class A patients (15.0 mm vs 12.5 mm, p = 0.036).

Correlation between tongue position 
and volume of respiratory tract

No statistically significant relationship was observed 
(p > 0.05). However, it was visible that around 2/3 of ex-
amined patients had some kind of an issue with muscular 
position of the tongue in the oral cavity (Table 5).

Table 1. Demographic, cephalometric and clinical characteristics of 49 patients

Feature (variable) Statistics

Sex
women, n (%) 38 (77.6)

men, n (%) 11 (22.4)

Age [years]

M ±SD 37.8 ±8.9

Me [Q1; Q3] 36 [30; 47]

Min–Max 22–55

1:Ml angle between 
long axis of the tooth 
to the long axis 
of mandible [°]

M ±SD 17.7 ±5.5

Me [Q1; Q3] 17 [14; 22]

Min–Max 10–49

API-CEJ2-B Angle [°]

M ±SD 18.1 ±5.7

Me [Q1; Q3] 18 [14; 22]

Min–Max 9–33

Classification 
of dehiscence

A – dehiscence 
of the vestibular plate up 
to 2/3 of its height, n (%)

3 (6.1)

B – complete loss 
of the vestibular lamina 

or with periapical defects 
and/or fenestrations, n (%)

7 (14.3)

C – dehiscence 
on the lingual and 

vestibular sides, n (%)
39 (79.6)

Angle between long 
axis of upper and lower 
incisor: 1:1 Angle [°]

M ±SD 124.2 ±15.1

Me [Q1; Q3] 121 [114; 136]

Min–Max 95–157

Angle between the long 
axis of the lower 
incisor and the base of 
the mandible 1:GoGn [°]

M ±SD 95.2 ±10.2

Me [Q1; Q3] 93 [88; 102]

Min–Max 78–125

Angle between occlusal 
plane and bottom of 
mandible Occl:GoGn [°]

M ±SD 19.6 ±5.6

Me [Q1; Q3] 19 [15; 24]

Min–Max 8–32

Stafne anterior bone defect, n (%) 11 (22.4)

Stafne lateral bone defect, n (%) 22 (44.9)

Feature (variable) Statistics

Width of the mentalis 
muscle B:D [mm]

M ±SD 15.0 ±2.4

Me [Q1; Q3] 15 [14; 16]

Min–Max 11–24

Position of the tongue 
in the resting position

glued to the palate 
behind the upper incisors, 

n (%)
14 (28.6)

between the incisors, 
n (%)

16 (32.6)

behind the lower incisors, 
it rests on the bottom, 

n (%)
19 (38.8)

Volume of respiratory 
tract [mm2]

M ±SD 226 ±93

Me [Q1; Q3] 208 [176; 269]

Min–Max 47–515

Spine O-c1

shift to the right, n (%) 18 (36.7)

shift to the left, n (%) 13 (26.6)

symmetry, n (%) 18 (36.7)

Flat, n [%]

normal, n (%) 20 (40.8)

deepened, n (%) 9 (18.4)

inverted (open bite), n (%) 1 (2.0)

flat, n (%) 19 (38.8)

Steatosis of bone marrow 
[HU]

M ±SD –85 ±207

Me [Q1; Q3] –100 [–224; 31]

Min–Max –507 – 325

Vitamin D3 concentration 
[ng/mL]

M ±SD 35.7 ±16.3

Me [Q1; Q3] 32.2 [24.7; 42.2]

Min–Max 13.6–91.4

Orthodontic treatment, n (%) 33 (67.3)

Recessions, n (%) 47 (95.9)

Miller’s recession class

I, n (%) 17 (34.7)

II, n (%) 20 (40.8)

III, n (%) 8 (16.3)

IV, n (%) 4 (8.2)

Location of the recession

maxilla and mandible, 
n (%)

29 (59.2)

maxilla, n (%) 1 (2.0)

mandible, n (%) 19 (38.8)

non-caries lesion, n (%) 10 (20.4)

Schwarz’s patient profile

straight, n (%) 15 (30.6)

oblique forward, n (%) 10 (20.4)

oblique backward, n (%) 24 (49.0)

Angle class

I, n (%) 15 (30.6)

II, n (%) 16 (32.7)

III, n (%) 18 (36.7)

M – arithmetic mean; SD – standard deviation; Me – median (50%); 
Q1 – lower quartile (25%); Q3 – upper quartile (75%); Min – smallest 
value; Max – highest value; n – number; % – fraction ; Occl – occlusal; 
GoGn – Gonion–Gnathion.
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Correlation between OC-1 joint position 
to malocclusion, bone parameters, 
volume of respiratory tract, and recessions

A statistically significant negative correlation was 
observed between the  O-c1 joint shift and the  1:Ml 

(rho = –0.330), API-CEJ2-B (rho = –0.319) and 1:GoGn 
(rho = –0.455) angles. An increase in the OccP:GoGn 
angle by 1° is accompanied by a decrease in the 1:GoGn 
angle by an average of 0.97°. The correlation between 
OccP:GoGn and volume of respiratory tract (mm2) was 
statistically insignificant (rho = 0.135, p = 0.262) (Table 6).

Table 2. Comparison of the analyzed parameters in the groups of patients treated and not treated orthodontically

Feature (variable)
Orthodontically treated

Test resultsno
n = 16

yes
n = 33

Women, n (%) 10 (62.5) 28 (84.8) p = 0.141a

Age [years], Me [Q1; Q3] 35 [30; 47] 39 [30; 49] p = 0.371b

1:Ml [°], M (SD) 25.8 (11.2) 28.5 (9.0) p = 0.280c

API-CEJ2B [°], M (SD) 16.5 (4.2) 18.4 (6.0) p = 0.151c

Dehiscence class

A, n (%) 2 (12.5) 1 (3.0) χ2 = 1.69
df = 2

p = 0.429d
B, n (%) 2 (12.5) 5 (15.2)

C, n (%) 12 (75.0) 27 (81.8)

1:1 Angle [°], M (SD) 127.9 (14.0) 124.4 (15.3) p = 0.321c

1:GoGn [°], M (SD) 93.8 (9.6) 94.3 (10.9) p = 0.853c

OccP: GoGn [°], M (SD) 19.8 (5.8) 19.2 (4.9) p = 0.671c

Stafne anterior bone defect, n (%) 4 (25.0) 7 (21.2) p = 1.000a

Stafne lateral bone defect, n (%) 8 (50.0) 14 (42.4) p = 0.761a

B:D [mm], M (SD) 14.9 (2.7) 15.4 (2.6) p = 0.382c

Volume of respiratory tract [mm2], M (SD) 245 (107) 220 (99) p = 0.320c

Steatosis of bone marrow [HU], M (SD) –12 (195) –137 (190) p = 0.010c

Vitamin D3 ≥35 ng/mL, n (%) 6 (37.5) 16 (48.5) p = 0.549a

Position of the tongue 
in the resting position

glued to the palate behind the upper incisors, n (%) 2 (12.5) 12 (36.4) χ2 = 6.55
df = 2

p = 0.038d
between the incisors, n (%) 9 (56.2) 7 (21.2)

behind the lower incisors, it rests on the bottom, n (%) 4 (31.3) 14 (42.4)

 O-c1 joint position

shift to the right, n (%) 5 (31.2) 13 (39.4) χ2 = 0.53
df = 2

p = 0.766d
shift to the left, n (%) 4 (25.0) 9 (27.3)

symmetry, n (%) 7 (43.8) 11 (33.3)

Occlusal plane

flat, n (%) 7 (43.8) 12 (36.4)
χ2 = 1.74

df = 3
p = 0.628d

normal, n (%) 5 (31.2) 15 (45.4)

deepened, n (%) 4 (25.0) 5 (15.2)

inverted (open bite), n (%) 0 (0.0) 1 (3.0)

Recessions, n (%) 14 (87.5) 33 (100.0) p = 0.102a

Miller’s recession class

I , n (%) 7 (43.8) 10 (30.3)
χ2 = 2.20

df = 3
p = 0.533d

II , n (%) 7 (43.8) 13 (39.4)

III , n (%) 1 (6.2) 7 (21.2)

IV , n (%) 1 (6.2) 3 (9.1)

Location of the recession

maxilla and mandible, n (%) 12 (75.0) 17 (51.5) χ2 = 2.65
df = 2

p = 0.266d
maxilla, n (%) 0 (0.0) 1 (3.0)

mandible, n (%) 4 (25.0) 15 (45.5)

M – arithmetic mean; SD – standard deviation; Me – median (50%); Q1 – lower quartile (25%); Q3 – upper quartile (75%); df – degrees of freedom; 
n – number; % – fraction. Significant differences at the level of p < 0.05; 1:GoGn – angle between lines set by points Gnathion (Gn) and Gonion (Go) and 
long axis of the lower incisor; 1:Ml – angle between long axis of the tooth to the long axis of mandible; API-CEJ2B – angle assessing remaining labial bone 
in front of the teeth; 1:1 angle- inter inicisal angle; OccP: GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width of the mental muscle; 
O-c1 joint- atlanto-occipital joint; a – Fisher’s exact test, b – Mann–Whitney U test, c – t-test, d – Pearson χ2 consistency test with Yates’s correction.
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Table 3. Comparison of the analyzed parameters in groups of patients differing in vitamin D3 concentration

Feature (variable)
Vitamin D3 concentration

Test results<35 ng/mL
n = 27

≥35 ng/mL
n = 22

Women, n (%) 18 (66.7) 20 (90.9) p = 0.083a

Age [year] Me [Q1; Q3] 33 [29; 42] 39 [32; 47] p = 0.099b

1:Ml [°], M (SD) 28.3 (8.4) 29.1 (11.6) p = 0.781c

API-CEJ2B [°], M (SD) 18.8 (6.2) 17.2 (5.0) p = 0.332d

Dehiscence class

A, n (%) 1 (3.7) 2 (9.1) χ2 = 1.24
df = 2

p = 0.539d
B, n (%) 3 (11.1) 4 (18.2)

C, n (%) 23 (85.2) 16 (72.7)

1:1 Angle [°], M (SD) 125 (14) 124 (17) p = 0.817c

1:GoGn [°], M (SD) 94 (9) 97 (12) p = 0.351c

OccP: GoGn [°], M (SD) 19.7 (5.7) 19.5 (5.5) p = 0.879c

Stafne anterior bone defect, n (%) 8 (29.6) 3 (13.6) p = 0.303a

Stafne lateral bone defect, n (%) 13 (48.2) 9 (40.9) p = 0.774a

B:D [mm], M (SD) 15.6 (2.4) 14.3 (2.3) p = 0.053c

Volume of respiratory tract [mm2], M (SD) 224 (106) 227 (77) p = 0.898c

Steatosis of bone marrow [HU], M (SD) –95 (203) –73 (216) p = 0.716c

Position of the tongue 
in the resting position

glued to the palate behind the upper incisors, n (%) 10 (37.1) 4 (18.2) χ2 = 5.69
df = 2

p = 0.058
between the incisors, n (%) 5 (18.5) 11 (50.0)

behind the lower incisors, it rests on the bottom, n (%) 12 (44.4) 7 (31.8)

Spine O-c1

shift to the right, n (%) 12 (44.4) 6 (27.3) χ2 = 3.10
df = 2

p = 0.212
shift to the left, n (%) 8 (29.6) 5 (22.7)

symmetry, n (%) 7 (25.9) 11 (50.0)

Occlusal plane

flat, n (%) 8 (29.6) 11 (50.0)
χ2 = 3.80

df = 3
p = 0.284

normal, n (%) 13 (48.2) 7 (31.8)

deepened, n (%) 6 (22.2) 3 (13.6)

inverted (open bite), n (%) 0 (0.0) 1 (4.6)

Orthodontic treatment, n (%) 17 (63.0) 16 (72.7) p = 0.549

Recessions, n (%) 25 (92.6) 22 (100.0) p = 0.495

Miller’s recession class

I , n (%) 9 (33.3) 8 (36.4)
χ2 = 0.76

df = 3
p = 0.860

II , n (%) 11 (40.8) 9 (40.9)

III , n (%) 4 (14.8) 4 (18.2)

IV , n (%) 3 (11.1) 1 (4.5)

Location of the recession

maxilla and mandible, n (%) 17 (63.0) 12 (54.6) χ2 = 1.42
df = 2

p = 0.492
maxilla, n (%) 1 (3.7) 0 (0.0)

mandible, n (%) 9 (33.3) 10 (45.4)

Non-caries lesion, n (%) 6 (22.2) 4 (18.2) p = 1.000

Schwarz’s patient profile

straight, n (%) 9 (33.3) 6 (27.3) χ2 = 2.91
df = 2

p = 0.200
oblique forward, n (%) 3 (11.1) 7 (31.8)

oblique backward, n (%) 15 (55.6) 9 (40.9)

Angle class

I, n (%) 8 (29.6) 7 (31.8) χ2 = 0.03
df = 2

p = 0.986
II, n (%) 9 (33.3) 7 (31.8)

III, n (%) 10 (37.1) 8 (36.4)

M – arithmetic mean; SD – standard deviation; Me – median (50%); Q1 – lower quartile (25%); Q3 – upper quartile (75%); Min – smallest value; df – degrees 
of freedom; n – number; % – fraction; 1:GoGn – angle between lines set by points Gnathion (Gn) and Gonion (Go) and long axis of the lower incisor; 
1:Ml – angle between long axis of the tooth to the long axis of mandible; API-CEJ2B – angle assessing remaining labial bone in front of the teeth; 
1:1 Angle – interinicisal angle; OccP: GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width of the mental muscle; O-c1 joint – atlanto-
occipital joint; a – Fisher’s exact test; b – Mann–Whitney U test; c – t-test; d – Pearson χ2 consistency test with Yates’s correction.
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Table 4. Comparison of the analyzed parameters in groups of patients differing in vitamin D3 concentration

Feature (variable)
Vitamin D3 concentration

Test results<33.8 ng/mL
n = 26

≥33.8 ng/mL
n = 23

Women, n (%) 17 (65.4) 21 (91.3) p = 0.042a

Age [years], M (SD) 36.4 (9.3) 39.3 (8.5) p = 0.252c

1:Ml [°], M (SD) 28.4 (8.6) 29.0 (11.4) p = 0.828c

API-CEJ2B [°], M (SD) 19.1 (6.1) 16.9 (5.1) p = 0.179c

Dehiscence class

A, n (%) 1 (3.9) 2 (8.7) χ2 = 0.94
df = 2

p = 0.626d
B, n (%) 3 (11.5) 4 (17.4)

C, n (%) 22 (84.6) 17 (73.9)

1:1 Angle [°], M (SD) 125 (14) 124 (17) p = 0.761c

1:GoGn [°], M (SD) 94.3 (8.7) 96.3 (11.8) p = 0.501c

OccP: GoGn [°], M (SD) 19.6 (5.8) 19.6 (5.5) p = 0.984c

Stafne anterior bone defect, n (%) 7 (26.9) 4 (17.4) p = 0.506a

Stafne lateral bone defect, n (%) 12 (46.2) 10 (43.5) p = 1.000a

B:D [mm], M (SD) 15.7 (2.5) 14.3 (2.2) p = 0.043c

Volume of respiratory tract [mm2], M (SD) 223 (108) 228 (75) p = 0.843c

Steatosis of bone marrow [HU], M (SD) –92 (206) –78 (212) p = 0.814c

Position of the tongue 
in the resting position

glued to the palate behind the upper incisors, n (%) 10 (38.5) 4 (17.4) χ2 = 7.73
df = 2

p = 0.021d
between the incisors, n (%) 4 (15.4) 12 (52.2)

behind the lower incisors, it rests on the bottom, n (%) 12 (46.1) 7 (30.4)

Spine O-c1

shift to the right, n (%) 11 (42.3) 7 (30.4) χ2 = 2.30
df = 2

p = 0.317d
shift to the left, n (%) 8 (30.8) 5 (21.7)

symmetry, n (%) 7 (26.9) 11 (47.8)

Occlusal plane

flat, n (%) 7 (26.9) 12 (52.2)
χ2 = 4.95

df = 3
p = 0.175d

normal, n (%) 13 (50.0) 7 (30.4)

deepened, n (%) 6 (23.1) 3 (13.0)

inverted (open bite), n (%) 0 (0.0) 1 (4.4)

Orthodontic treatment, n (%) 16 (61.5) 17 (73.9) p = 0.382a

Recessions, n (%) 24 (92.3) 23 (100.0) p = 0.492a

Miller’s recession class

I, n (%) 9 (34.6) 8 (34.8)
χ2 = 0.88

df = 3
p = 0.831d

II, n (%) 10 (38.5) 10 (43.5)

III, n (%) 4 (15.4) 4 (17.4)

IV, n (%) 3 (11.5) 1 (4.3)

Location of the recession

maxilla and mandible, n (%) 16 (61.5) 13 (56.5) χ2 = 1.18
df = 2

p = 0.553d
maxilla, n (%) 1 (3.9) 0 (0.0)

mandible, n (%) 9 (34.6) 10 (43.5)

Non-caries lesion, n (%) 6 (23.1) 4 (17.4) p = 0.731a

Schwarz’s patient profile

straight, n (%) 9 (34.6) 6 (26.1) χ2 = 2.69
df = 2

p = 0.260d
oblique forward, n (%) 3 (11,5) 7 (30.4)

oblique backward, n (%) 14 (53.9) 10 (43.5)

Angle class

I, n (%) 8 (30.8) 7 (30.4) χ2 = 0.11
df = 2

p = 0.949d
II, n (%) 8 (30.8) 8 (34.8)

III, n (%) 10 (38.4) 8 (34.8)

CBCT mouth closed, n (%) 8 (30.8) 10 (43.5) p = 0.390

M – arithmetic mean; SD – standard deviation; Me – median (50%); Q1 – lower quartile (25%); Q3 – upper quartile (75%); df – degrees of freedom; CBCT – cone 
beam computed tomography; n – number; % – fraction; significant differences at the level of p < 0.05; 1:GoGn – angle between lines set by points Gnathion 
(Gn) and Gonion (Go) and long axis of the lower incisor; 1:Ml – angle between long axis of the tooth to the long axis of mandible; API-CEJ2B – angle assessing 
remaining labial bone in front of the teeth; 1:1 angle – interincisal angle; OccP:GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width 
of the mental muscle; O-c1 joint – atlanto-occipital joint; a – Fisher’s exact test, b – Mann–Whitney U test, c – t-test, d – Pearson χ2 consistency test with Yates’s 
correction.
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Correlation between the occlusal plane and 
malocclusion, mentalis muscle, angles and airway, 
tongue position, and Stafne defect

A statistically significant relationship was observed be-
tween the occlusal plane and the 1:Ml angle (p = 0.013; 
Table 7).

Determining critical values when 
a recession occurs

Among the 49 patients qualified for jawbone reconstruc-
tion, gingival recession was observed in 46 individuals 
(93.6%). Specifically, 19 patients (38.8%) exhibited recession 
only in the mandible, while 27 patients (55.1%) exhibited 
recession in both the mandible and the maxilla.

Patients were divided into 2 groups: group 1, consist-
ing of  patients with no mandibular gingival recession 
(Miller classes 0 and I), and group 2, consisting of patients 
with mandibular gingival recession (Miller classes II and 
higher). Both groups had similar sample sizes. The fre-
quency of occurrence of the analyzed recession predictors 
in both groups was evaluated using Fisher’s exact test, 
and the results are presented in Table 8. Cutoff values for 
continuous quantitative variables were established based 
on ROC curve analysis.

In the univariate analysis, statistically significant predic-
tors (stimulants) of recession were: female gender (90.0% vs 
57.9%, p = 0.014), API-CEJ2-B angle ≤19.9° (76.7% vs 47.4%, 
p = 0.040), width of mental muscle ≥14.1 mm (76.7% vs 
47.4%, p = 0.040), dehiscence on the lingual and vestibular 
side (93.3% vs 57.9%, p = 0.008), flat occlusal plane (50.0% 
vs 21.1%, p = 0.049), steatosis of mandibular bone mar-
row score less than or equal to 139 HU (60.0% vs 15.8%, 
p = 0.003), and vitamin D3 concentration ≥24.9 ng/mL 
(80.0% vs 52.6%, p = 0.048).

The odds of gingival recession are 6.5 greater in women 
(OR = 6.55), more than 3.5 times greater among patients 
with an API-CEJ2-B angle ≤19.9° (OR = 3.65), also more 
than 3.5  times greater among patients with the width 
of the mentalis muscle ≥14.1 mm (OR = 3.65), more than 
10 times greater among patients with bone dehiscence 
on the lingual and vestibular sides (OR = 10.2), almost 
4 times greater among patients with a flat occlusal plane 
(OR = 3.75), 8 times higher among patients with steato-
sis of mandibular bone marrow score less than or equal 
to –139 HU (OR = 8.00), and 3.5  times higher among 
patients with vitamin  D3 concentration  ≥24.9  ng/mL 
(OR = 3.60).

Due to the significant correlations between some reces-
sion risk factors (e.g., female gender and width of mentalis 
muscle), a multivariate logistic regression analysis was per-
formed to determine independent predictors of recession.

In the logistic regression analysis, the recession variable 
was the dependent variable, where the value of 1 meant 
the occurrence of gingival recession at the level of at least 
Miller class II, and the value of 0 – no recession or class I 
recession. The remaining variables served as independent 
variables (predictors). The results are presented in Table 9, 
which highlights significant results at the p < 0.05 level.

Dichotomous independent variables were variables sig-
nificant in univariate analysis at the p < 0.1 level.

In multivariate logistic regression analysis, independent 
predictors of gingival recession were: female gender, API-
CEJ2-B angle ≤19.9°, dehiscence on both sides (DBS), flat 
occlusal plane, and steatosis of mandibular bone marrow 
score less than –139 HU.

The logistic regression equation used to predict the prob-
ability of gum recession takes the following logit form:

logit Pr{Recession = 1|X} = –6.96 + 2.62 × (Female) + 
3.34 × (DBS) + 2.49 × (OPF) + 2.06 × (API-CEJ2-B ≤ 19.9°) 
+ 2.00 × (SBM ≤ –139 HU)

Table 5. Relationship between tongue position and airway volume – result of analysis of variance (ANOVA)

Variable
Position of tongue in the resting position

ANOVAA
n = 14

B
n = 16

C
n = 19

Volume of respiratory tract, [mm2], mean (SD) 196 (88) 258 (104) 220 (82)
F = 1.79
df = 46

p = 0.178

A – glued to the palate behind the upper incisors; B – between the incisors; C – behind the lower incisors, it rests on the bottom; SD – standard deviation; 
F – test statistics; df – degree of freedom; p – test significance level.

Table 6. Values of the Spearman’s rank correlation coefficient (rho) between O-c1 joint shift and skeletal parameters in 49 patients

OccP:GoGn 1:ML API-CEJ2-B 1:1 Angle 1:GoGn B:D

rho = –0.330 –0.319 0.129 –0.455 0.127

t(N-2) = –2.399 –2.310 0.894 –3.502 0.880

p-value 0.020 0.025 0.376 0.001 0.383

1:GoGn – angle between lines set by points Gnathion (Gn) and Gonion (Go) and long axis of the lower incisor; API-CEJ2B – angle assessing remaining labial 
bone in front of the teeth; 1:1 angle – interinicisal angle; OccP:GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width of the mental 
muscle; O-c1 joint – atlanto-occipital joint; 1:ML – angle between long axis of the tooth to the long axis of mandible.



S. Dominiak et al. Patients before custom allogenic bone block1516

For the cutoff value of  the  logistic model: Pr = 0.61, 
the sensitivity is Sens. = 0.933, specificity Spec. = 0.842, 
accuracy Acc.  =  0.900, PPV  =  0.90, NPV  =  0.89 and 
LR(+) = 5.91.

Discussion

Bone density is not only crucial in implantology, but it can 
be also a significant factor in oral surgery and orthodon-
tics as well. Knowing patient’s bone density, proper meth-
odology might be implemented, which reduces chances 
of complications. Nowadays, the most common classifica-
tion of bone density is the one presented by Misch, which 
evaluated ratio between trabecular and spongious bone.37 
More common usage of CT allows to assess density of tis-
sues using HU. Patients with a history of an orthodontic 
treatment who were evaluated during our study usually 
presented some kind of complications, for example teeth 
excess mobility or gingival recessions and bone dehiscence. 
Most of orthodontic complications are somehow related 
to bone issues. In our study, the majority of the participants 
were women. In our opinion, it might be explained firstly 
with other studies’ findings that periodontal phenotype 

in women is generally thinner than in males, and conse-
quently the buccal cortical plate is more exposed and pre-
disposed to dehiscence in case of orthodontic treatment 
or malocclusion. Behavioral studies38 indicate that women 
are more likely to seek dental services, adhere to medical in-
structions and pay for dental visits, and they are also more 
inclined to undergo expensive surgical treatments.39 Com-
paring patients who visited the dental office before and af-
ter orthodontic treatment, the post-treatment group exhib-
ited statistically lower bone density (measured in HU) than 
the pre-treatment group (–12 ±195 to –137 ±190). These 
results are similar to those obtained by other research-
ers.40–42 On the contrary, some studies have demonstrated 
that bone density may increase after orthodontic treatment 
due to the remodeling effects associated with tooth move-
ment.43,44 However, only a limited number of factors have 
been shown to affect bone density, particularly in the lat-
eral part of the mandible. One such factor is bone steato-
sis. In the literature, early stages of steatosis are described 
as nonbacterial osteomyelitis of the mandible, which should 
be differentiated from conditions such as sarcoma, Ewing 
sarcoma and Langerhans cell histiocytosis. The etiology 
is considered an autoinflammatory disorder characterized 
by the hyperactivation of the immune system.45

Table 7. Influence of occlusal plane to variables

Variable
Occlusal plane

p-valueflat
n = 19

normal
n = 20

deepened
n = 9

inverted
n = 1

Angle class

I, n (%) 7 (36.8) 4 (20.0) 3 (33.3) 1 (100.0) χ2 = 3.84
df = 6
0.678d

II, n (%) 6 (31.6) 7 (35.0) 3 (33.3) 0 (0.0)

III, n (%) 6 (31.6) 9 (45.0) 3 (33.3) 0 (0.0)

B:D [mm], Me [Q1;Q3] 15 [13;16] 15 [14; 17] 14 [13; 16] 16 0.771b

1:Ml [°], Me [Q1;Q3] 38 [27; 42] 29 [24; 34] 23 [15; 25] 26 0.013b

API-CEJ2-B [°], Me [Q1;Q3] 19 [16; 22] 17 [12; 24] 16 [11; 20] 18 0.695b

Dehiscence 
class

A, n (%) 1 (5.3) 2 (10.0) 0 (0.0) 0 (0.0) χ2 = 2.01
df = 6
0.919d

B, n (%) 3 (15.8) 2 (10.0) 2 (22.2) 0 (0.0)

C, n (%) 15 (78.9) 16 (80.0) 7 (77.8) 1 (100.0)

1:1 Angle [°], Me [Q1;Q3] 118 [112; 133] 123[115; 134] 136 [119; 142] 119 0.354b

1:GoGn [°], Me [Q1;Q3] 95 [86; 109] 94 [91; 101] 89 [85; 93] 95 0.372b

OccP: GoGn [°], Me [Q1;Q3] 15 [14; 23] 21 [18; 25] 22 [18; 24] 22 0.125b

Stafne anterior bone defect, n (%) 3 (15.8) 6 (30.0) 2 (22.2) 0 (0.0) 0.699d

Stafne lateral bone defect, n (%) 7 (36.8) 8 (40.0) 6 (66.7) 1 (100.0) 0.303d

Volume of respiratory tract [mm2], Me [Q1;Q3] 208 [176; 249] 204 [164; 272] 237 [203; 341] 50 0.295b

Steatosis of bone marrow [HU], Me [Q1;Q3] –105 [–225; 71] –37 [–224; 36] –108 [–186; –48] –507 0.347b

Position 
of the tongue 
in the resting 
position

behind the upper incisors, n (%) 2 (10.5) 8 (40.0) 3 (33.3) 1 (100.0)
χ2 = 10.4

df = 6
0.110d

between the incisors, n (%) 10 (52.6) 5 (25.0) 1 (11.1) 0 (0.0)

behind the lower incisors, n (%) 7 (36.9) 7 (35.0) 5 (55.6) 0 (0.0)

M – arithmetic mean; SD – standard deviation; Me – median (50%); Q1 – lower quartile (25%); Q3 – upper quartile (75%); df – degrees of freedom; 
n – number; % – fraction; significant differences at the level of p < 0.05; 1:GoGn – angle between lines set by points Gnathion (Gn) and Gonion (Go) and 
long axis of the lower incisor; 1:Ml – angle between long axis of the tooth to the long axis of mandible; API-CEJ2B – angle assessing remaining labial bone 
in front of the teeth; 1:1 angle – interincisal angle; OccP:GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width of the mental muscle; 
O-c1 joint – atlanto-occipital joint; b – Kruskal–Wallis test, d – Pearson’s χ2.
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Lower density is also visible in the course of hemorrhagic 
cyst and all types of dysplasia. Another factor is the level 
of vitamin D. More and more studies show or confirm cor-
relation between its deficiency and tissue functioning. Vi-
tamin D3 influences bone remodeling and muscles activity, 
has an anti-inflammatory effect and influences autoimmune 
diseases. As vitamin D3 receptors are present in muscle tis-
sue, its higher amount will allow muscles to work with less 
contraction and more resilience. It is shown in our results 
as  a  better tongue position and slimer mentalis muscle 
in people with vitamin D3 concentration in  serum over 
33.8 ng/mL, which is similar level to the mean value – 30–
100 ng/mL.46–48 However, we found the tendency to lower-
ing of the API-CEJ2-B with lowering of vitamin D serum 

concentration (without statistically important significance). 
This may lead to the conclusion that with lower concentra-
tion of vitamin D, the lesser thickness of labial bone wil be 
present, as it is visible in the group C <20 ng/mL API-CEJ2-
B reach only 17.5°. These findings are comparable to those 
of Leszczyszyn et al.14, who suggested that low concentrations 
of vitamin D3 are associated with a significantly increased risk 
of recession. They also found that low vitamin D levels cor-
relate with crowding in the upper jaw, crossbite and narrow-
ing of the upper arch. Furthermore, in another publication, 
the constructed model of multiple regression for parameters 
which influence significantly gingival recession (API-CEJ2-B, 
CEJ2-ID, age) allowed to explain their potential recession-
causing influence in 72% chance of the recession occurence.49

Table 8. Number (percentage) of patients qualified for allogeneic bone block treatment in groups with different socio-demographic, clinical and 
radiological data and presence of gingival recession, results of Fisher exact test and values of ORs and their 95% CIs

Feature
(variable)

Gingival recession

p-value OR [95% CI]yes (n = 30) no (n = 19)

n % n %

Sex, female 27 90.0 11 57.9 0.014 6.55 [1.46–29.4]

Age ≥36 years 9 30.0 4 21.1 0.741 1.61 [0.42–6.21]

1:Ml ≥ 28.7° 18 60.0 7 36.8 0.148 2.57 [0.79–8.40]

API-CEJ2-B ≤ 19.9° 23 76.7 9 47.4 0.040 3.65 [1.06–12.6]

1:1 Angle ≥ 112.6° 27 90.0 13 68.4 0.072 4.15 [0.89–19.3]

1:GoGn ≤ 88° 11 36.7 2 10.5 0.053 4.92 [0.95–25.4]

OccP:GoGn ≥ 16.5° 22 73.3 11 57.9 0.351 2.00 [0.59–6.76]

B:D ≥ 14.1 mm 23 76.7 9 47.4 0.040 3.65 [1.06–12.6]

Dehiscence on both side 28 93.3 11 57.9 0.008 10.2 [1.86–55.7]

Stafne anterior bone defect 7 23.3 4 21.1 1.000 1.14 [0.28–4.58]

Stafne lateral bone defect 14 46.7 8 42.1 0.777 1.20 [0.38–3.84]

Occlusal plane flat 15 50.0 4 21.1 0.049 3.75 [1.01–14.0]

Orthodontic treatment 23 76.7 10 52.6 0.119 2.69 [0.86–10.2]

VRT ≥ 231.1 mm2 16 53.3 5 26.3 0.081 3.20 [0.92–11.1]

BMS ≤ –139 HU 18 60.0 3 15.8 0.003 8.00 [1.91–33.5]

Vitamin D3 ≥ 24.9 ng/mL 24 80.0 10 52.6 0.048 3.60 [1.01–12.8]

Significant differences at the level of p < 0.05; 1:GoGn – angle between lines set by points Gnathion (Gn) and Gonion (Go) and long axis of the lower 
incisor; 1:Ml – angle between long axis of the tooth to the long axis of mandible; API-CEJ2B – angle assessing remaining labial bone in front of the teeth; 
1:1 angle – inter inicisal angle; OccP:GoGn – angle between occlusal plane (OccP) and GoGn plane; B:D – width of the mental muscle; VRT – volume 
of respiratory tract; BMS – bone marrow steatosis; OR (95% CI) – odds ratio and 95% confidence interval.

Table 9. Results of univariate and multivariate logistic regression analysis of mandibular recession and values of ORs and their 95% CIs

Predictors
Univariate analysis Multivariate analysis

β p-value OR [95% CI] β p-value OR [95% CI]

Sex, female 1.879 0.014 6.55 [1.46; 29.4] 2.617 0.019 13.7 [1.52; 123]

API-CEJ2-B ≤ 19.9° 1.295 0.040 3.65 [1.06; 12.6] 2.058 0.037 7.83 [1.13; 54.2]

DBS 2.321 0.007 10.2 [1.86; 55.7] 3.343 0.016 28.3 [1.87; 429]

OccPF 1.322 0.049 3.75 [1.01; 14.0] 2.486 0.029 12.0 [1.28; 112]

BMS ≤ –139 HU 2.079 0.005 8.00 [1.91; 33.5] 1.998 0.043 7.38 [1.07; 50.9]

DBS – dehiscence on the lingual and vestibular sides; BMS – steatosis of bone marrow; OccPF – occlusal plane flat; b – regression coefficient in univariate 
analysis; beta – regression coefficient in multivariate analysis; p – test significance level; OR (95% CI) – odds ratio and 95% confidence interval; significant 
differences at the level of p < 0.05.
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Atypical tongue position may be a problem by  itself 
or it can be connected with malocclusion (e.g., open bite). 
It is known that during orthodontic therapy, tongue posi-
tion is crucial for the long-term results, so during or even 
before the treatment, patients are referred to the specialist 
or trained by the orthodontist. It is therefore not surprising 
that better tongue position is observed after orthodontic 
treatment.50,51 There is no significant correlation between 
tongue position and the capacity of the airways. It is a simi-
lar result to the one obtained by the Chauhan et al.,52 who 
did not find such correlation as well.

Although the anterior Stafne defect may be attributed 
to hyperactivity of the mylohyoid muscle, our study did not 
find a statistically significant association between this defect 
and tongue position in the oral cavity. Therefore, it can be 
concluded that myofunctional disorders do not have a major 
impact on this poorly documented abnormality. However, 
the results of correlation between position shift of first cervi-
cal vertebrae and shape of the body of mandible with teeth 
inclination should be discussed in more detail. It is well 
known that increased tension of head and neck muscles 
might lead to orofacial pain and muscular rehabilitation 
may decrease patient’s pain.53 Therefore, it should be possible 
to interconnect the incorrect position of Oc-1 joint, which 
is caused most likely with abnormal head position, with in-
creased tension of the muscle, larger teeth inclination and 
with larger posterioration of the mandible (which might lead 
to temporomandibular joints disorders). Important results 
were obtained by Olchowy et al.,54 who investigated masseter 
muscle stiffness and its rehabilitation by standard mastica-
tory muscle therapy involving manual therapy and splint 
occlusal stabilization. The masseter stiffness has been mea-
sured by shear wave elastography. They stated that the above 
treatment has significant impact in pain reduction. Those 
promising result are similar to ours – that manual therapy 
might be a key factor in therapy of craniofacial area.

The etiological factors of gingival recession are well docu-
mented. Common factors include gender, toothbrushing 
techniques, improper tooth positioning, as well as systemic 
disorders and lifestyle habits. In contrast to other publica-
tions, in our study, women had gingival recession 6 times 
more often than men.55–57 Similar to the study by Cortellini 
and Bissada, tooth position and width of the buccal plate 
is important factor during genesis of the recession. API-
CEJ2-B angle indicates remaining labial wall of alveolar part 
of mandible. With lower value of the angle, chances of the re-
cession increase, and when the value is lower than 19.9°, 
chances of the recession are higher by 3.5 times.58 An even 
more important aspect is the appearance of the bone de-
hiscence on both sides of the tooth, which induce chances 
of the gingival recession up to 10 times; this factor is not 
discussed enough in the literature A high frenulum is one 
factor that increases the risk of gingival recession.59 Our 
study confirms this association: a wider mental muscle, 
which is linked to the frenulum attachment position due 
to its effect on vestibular depth, transmits greater forces 

to the gingiva, leading to pull syndrome. In another paper, 
it was stated as well that width of mentalis muscle signifi-
cantly correlates with appearance of the dehiscences.22 Oc-
clusal plane and occlusal trauma is another important factor 
of the gingival migration and flat occlusal plane indicates 
more pathological contacts between dentitions. Our results 
are similar to findings presented in other studies.60,61

Systemic disorders are known to influence gingival reces-
sion, and their impact is increasingly being explored. It was 
presented by Jepsen et al. in the recent study.62 This associa-
tion is also evident in our study. As steatosis of the bone mar-
row increases the chances for the recession by 8 times, it has 
to be seen as inflammatory process showing deeper problems 
with the system. In contrast to other researchers’ results, 
in our study, data indicate 3.5 times higher chances of ginigval 
recession as the concetration of the vitamin D is higher than 
24.9 ng/mL63; however, it concerns a specific group of pa-
tients, because these patients are prepared to the regenera-
tive surgery with allogenic bone graft and supplementation 
of the vitamin D3 is a part of preoperative pharmacology.

The numerous findings obtained from CBCT image as-
sessments clearly demonstrate that a wealth of information 
– reflected in basic cephalometric measurements – should 
be analyzed before beginning orthodontic treatment. 
In today’s increasingly digital world, we should embrace 
the benefits that digitalization offers in dental examina-
tions. Other researchers have reached a similar conclu-
sion, noting that digitalization allows for the collection 
of more comprehensive treatment-related information 
– even in the early stages of potential disorders – than 
traditional standalone X-ray imaging.64

Limitations

One limitation of this study is that the retrospective selec-
tion process may have introduced selection bias. Additionally, 
no initial pre-orthodontic variables were analyzed; therefore, 
factors such as the amount, direction or speed of orthodontic 
tooth movement were not considered. Furthermore, assessing 
tongue position on a single CBCT scan may not accurately 
reflect its actual position. The study was conducted exclusively 
on a group of patients undergoing augmentation of the den-
tulous part of the mandible with an allogenic bone block, all 
of whom had a thin gingival biotype and existing recessions. 
There was no control group of “healthy patients,” and in some 
cases, patients without orthodontic treatment might have ge-
netically or functionally determined changes that influence 
the reduction of the mandibular bone base. Consequently, 
the obtained values may differ from those in the general pop-
ulation. Comparing these results with data from individuals 
with a thick or normal biotype might provide a better assess-
ment of the predisposition to these changes. Moreover, there 
is a limited number of studies on 3D bone allograft procedures 
performed in the mandible, and to the best of our knowledge, 
none have specifically focused on patient characteristics, which 
hampers meaningful comparisons with other findings.
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Conclusions

The main purpose of this article was to shed some light 
on the rather serious consequences that may result from 
ignorant orthodontic treatment or not starting the treat-
ment in a difficult situation without proper pre-orthodon-
tic treatment based on surgical grafting of soft and hard 
tissues. Patients referred for the regenerative treatment 
with allogenic bone block usually had already undergone 
long treatment, which could be much shorter if ortho-
dontists would make full examination, with CBCT vi-
sualization as well. More thorough results give the most 
important feedback, especially for the patients, who usually 
ask if their complications are less likely to have happened 
if they had not had the orthodontic treatment. The an-
swer is complex, but statistical analysis gives a hint that 
there is no significant difference between pre- and post-
treatment patients. Their problem might be congenital 
or caused by interconnection between many internal and 
external factors. Sometimes, it is impossible to avoid these 
factors. However if they are diagnosed early, it will be easier 
to solve these problems. The way of conducting pre-orth-
odontic examination presented in Materials and Methods 
section, added to classical cephalometric and dental arches 
models measurements, might be treated as guideline for 
avoiding complications. Orthodontic treatment should be 
considered as a complex one that often needs long prepara-
tion, and should include oral surgeon, restorative dentist, 
physiotherapist, and neuro-speech therapist.
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Abstract
Background. Liquid biopsy, including miRNA profiling, is a promising approach to identify breast cancer 
(BC) resistance. However, the effect of long-term storage on the quality of miRNA assessment in archival 
serum has not been fully addressed.

Objectives. We aimed to determine whether miRNAs were recoverable from long-stored serum samples 
to subsequently evaluate prognostic and predictive miRNA value in the archival collection of samples from 
patients treated with neoadjuvant chemotherapy at Maria Sklodowska-Curie National Research Institute 
of Oncology, Gliwice, Poland.

Material and methods. We have evaluated miRNA quantity in serum samples stored for up to 12 years. 
Additionally, we compared miRNA expression in archival samples to freshly collected samples derived from 
advanced BC patients.

Results. Forty BC patients were included in the study. Archival samples were derived from 20 BC patients 
treated with radical intent between 2011 and 2015. Freshly collected samples were collected from 20 advanced 
BC patients in 2022. miRNA was present in archived serum samples frozen at –80C° for at least 12 years. 
Additionally, we found significantly different expressions between the 2 analyzed groups. Expression of cir-
culating miR-16, -17, -18a, -20a, -21, -27a, -30b, -222, and -326 were significantly higher in archival samples, 
whereas expression of circulating miR-19a, -29b, -29c, -128, -145, -146a, -193b, -195, -200b, -210, -221, -424, 
and -451a were lower than in freshly collected samples. In 14 miRs, we observed expression in both groups; 
however, differences were statistically insignificant (miR-1, -7a, -10b, -19b, -34a, -99a, -106b, -122, -125b, 
-155, -200a, -205, -223, -340).

Conclusions. MiRNA can be identified from long-stored samples, making large prospectively collected 
serum repositories with long follow-up time an invaluable source for miRNA biomarker discovery.

Key words: breast cancer, biomarkers, liquid biopsy, miRNA, archival samples
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Background

Breast cancer (BC) is the most commonly diagnosed can-
cer globally.1 Early detection intensifies the effort toward 
discovering new biomarkers that can improve its prognosis 
and therapeutic outcomes. Numerous systemic treatment 
approaches for BC are still in their early phases of devel-
opment; thus, it  is essential to find precise biomarkers 
that may be used to guide therapeutic decisions regarding 
cytotoxic agents, targeted therapies and immunotherapy.2

Substantial advances in molecular signalling processes 
have lead to a discovery of a variability of biomarkers 
in tissues and blood (liquid biopsy) that may help pre-
dict the probability of cancer spread, treatment efficacy 
and tolerance.2 Tumor cells are heterogeneous; therefore, 
a single biomarker is not precise enough to effectively di-
agnose cancer progression and metastasis, and a combina-
tion of biomarkers is preferred. Prognostic and predictive 
biomarkers are 2 categories of biomarkers that indicate 
likely clinical outcomes and treatment efficacy. MicroRNA 
(miRNA) can be utilized in both of these applications.3

The miRNAs are short non-coding RNA molecules con-
taining about 22 nucleotides. To date, 48,860 have been 
identified, including 2,654 mature sequences in the human 
genome.4 More than half of human protein-coding genes are 
regulated by miRNAs.5 They act as tumor suppressors or on-
cogenes, and functional studies have proven that miRNA 
dysregulation is causal in numerous cancer cases.6 Expanded 
insights into the roles of miRNA dysregulation in develop-
ment and cancer progression have made miRNAs attractive 
tools and targets for new treatment approaches.6 They can 
be found both in tissue and blood, allowing the utilization 
of liquid biopsy, which is a useful clinical technique.7

Neoadjuvant chemotherapy has an essential role in the pre-
vention of BC recurrence. However, the primary obstacle 
is drug resistance. The miRNA profiling is the prominent 
approach to identifying BC resistance. Expression of several 
miRNAs was decreased in chemotherapy resistance. In cells 
derived from triple-negative breast cancer (TNBC) patients 
treated with neoadjuvant paclitaxel, elevated expression 
of miR-18a increased paclitaxel resistance.8 MiR-90b, -130a, 
-200b, and -452 may lead to chemoresistance by regulating 
drug-related cellular pathways.9 Responders to neoadjuvant 
chemotherapy had significantly lower levels of miR-21 and 
miR-195 than non-responders.10 Serum miR-125b also pre-
dicted poor chemotherapy outcomes and shorter disease-free 
survival (DFS).11 MiR-34a has recently emerged as a tumor 
suppressor of significant interest. Liu et al. found that changes 
in serum miR34a expression were associated with treatment 
response and DFS.12 In a small group of 27 patients, serum 
miR-451 was higher and showed a significant gradual decline 
during neoadjuvant chemotherapy, consisting of doxorubi-
cin/cyclophosphamide and taxane, in the patients stratified 
as clinical responders.13 The increase of serum expressions 
of both miR-19a and miR-205 during neoadjuvant chemo-
therapy consisting of doxorubicin and paclitaxel in patients 
with luminal A BC was more pronounced in the resistant 
group compared with the sensitive group. Furthermore, 
both were independent predictive factors for chemotherapy 
response.14 The downregulation of serum miR-99a expres-
sion in BC patients has been closely associated with a poor 
prognosis.15 The expression of miR-10b, -21, -34a, -125b, 
-145, -155, and -373 in patients before the start of treatment 
was significantly higher, and miR-210 was lower than levels 
in healthy controls.16 A summary of studies on circulating 
miRs in BC patients is presented in Table 1.11–41

Table 1. Summary of studies on circulating microRNAs in BC patients

miR Level Source Role Reference

miR-1 upregulation plasma
cardiotoxicity – increasing circulating levels during CHT containing DOX and 

PXL associated with a decrease in LVEF
17

miR-7a

downregulation plasma in comparison to HC (before CHT); increase after treatment 18

downregulation serum in comparison to HC and patients with benign lesions 19

upregulation serum in HER2-pos vs HER2-neg subtype 20

miR-7c
downregulation serum in comparison to HC 21

downregulation serum in comparison to HC; no difference between ER-pos and ER-neg BC 22

miR-9 upregulation serum in comparison to HC; in HER2-positive vs HER2-negative BC 23

miR-10b upregulation plasma in comparison to HC (before CHT); decrease after Tx 18

miR-16 downregulation serum in comparison to HC 24

miR-17 downregulation serum pCR after neoadjuvant CT 25

miR-18b upregulation serum predictive for tumor relapse and OS 26

miR-19a upregulation serum resistance to neoadjuvant CT in LUM A 14

miR-19b downregulation serum pCR after neoadjuvant CT 25

miR-21
upregulation plasma in comparison to HC (before CHT), decrease after Tx 18

upregulation serum in comparison to HC (before CHT) 21

miR-27a upregulation serum higher CS and histological grade, ER-neg, HER2-pos 27
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Objectives

We aimed to determine whether miRNAs were recov-
erable from long-stored serum samples. To achieve this, 
we assessed serum samples from 20 BC patients, drawn 
at various time points. Additionally, we compared them 
to miRNA expression from freshly collected samples de-
rived from the group of patients with advanced BC.

Materials and methods

Study population

Archival serum samples were taken from the patients 
with BC recruited into prospective observational clini-
cal trial concerning neoadjuvant chemotherapy. All pa-
tients had serial blood collection before the beginning 

miR Level Source Role Reference

miR-29b downregulation plasma In comparison to HC 28

miR-30b downregulation serum pCR after neoadjuvant CT 25

miR-34a downregulation serum Response to neoadjuvant CT, longer DFS 12

miR-99a downregulation serum Shorter OS, higher TNM stage 15

miR-106b upregulation plasma In comparison with benign breast lesions; Shorter DFS and OS 29

miR-122 upregulation plasma In comparison to HC 30

miR-125b

upregulation serum Response to neoadjuvant CT, longer DFS 11

upregulation serum Higher number of metastatic lymph nodes 20

upregulation serum In comparison to HC 16,24

upregulation serum Resistance to neoadjuvant CHT 31

miR-129 downregulation serum Shorter OS 32

miR-141 upregulation plasma Predictive for shorter PFS and OS 33

miR-145 upregulation serum In comparison to HC (before CHT) 16

miR-146a downregulation plasma In patients with sentinel lymph nodes metastases vs N0 34

miR-155

upregulation plasma In comparison to HC (before CHT) 18

upregulation plasma In comparison to HC; higher CS in BC (CS III vs II; II vs I) 18

downregulation serum In comparison to healthy controls 21,24

downregulation serum Response to Tx 35

downregulation plasma Response to Tx 18

miR-195

upregulation whole blood In comparison to HC; larger breast tumors; BC-specific 36

downregulation serum In comparison to HC and benign lesions 19

downregulation serum In comparison to HC; increase with response to neoadjuvant CT 37

downregulation plasma Metastatic LUM A BC in comparison to local BC 38

miR-200a
upregulation serum Higher number of metastatic lymph nodes 20

upregulation plasma Predictive for shorter PFS and OS 33

miR-200b upregulation plasma Predictive for shorter PFS and OS 33

miR-200c
upregulation plasma In metastatic BC vs locally advanced BC 39

upregulation plasma Predictive for shorter PFS and OS 33

miR-205 upregulation serum Resistance to neoadjuvant CT in LUM A 14

miR-210 downregulation serum In comparison to HC (before CHT) 16

miR-222 upregulation serum Shorter DFS and OS; lower rates of pCR; trastuzumab-resistance 40

miR-326 downregulation plasma In patients with sentinel lymph nodes metastases vs N0 34

miR-373 upregulation serum In comparison to HC (before CHT) 16

miR-451 downregulation serum During neoadjuvant CT in responders 13

miR-455 downregulation serum
In comparison with HC, In pts with LN metastases vs N0

Infiltrating carcinoma vs carcinoma in situ
41

miR – microRNA; CHT – chemotherapy; DOX – doxorubicin; PXL – paclitaxel; HC – healthy controls; pos – positive; neg – negative; ER – estrogen receptor; 
BC – breast cancer; HER2 – human epidermal growth factor receptor 2; Tx – treatment; pCR – pathologic complete response; OS – overall survival; LUM – luminal 
subtype; DFS – disease-free survival; CS – clinical stage; TNM – tumor-nodule-metastasis staging system; PFS – progression-free survival; pts – patients; LVEF – left 
ventricular ejection fraction; LN – lymph node; N0 – node negative.

Table 1. Summary of studies on circulating microRNAs in BC patients – cont.
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of  the  treatment and during systemic treatment. For 
the purpose of  this pilot study, only samples collected 
at the beginning of the treatment were used. These samples 
were taken between 2011 and 2015. A tumor biopsy at Ma-
ria Sklodowska-Curie National Research Institute of On-
cology (Gliwice, Poland) was performed for histopatho-
logical verification and the possibility of further molecular 
assessment. Moreover, patients underwent multimodality 
treatment (systemic treatment including chemotherapy, 
endocrine therapy, targeted therapy, surgery, and radiation 
therapy) at our institution and remained in follow-up. Fur-
thermore, extensive radiologic evaluation was performed, 
including baseline and serial breast magnetic resonance 
imaging (MRI) assessment, baseline 18fluorodeoxyglucose 
positron emission tomography (18F-FDG-PET/CT), and 
assessment of early metabolic response after the 1st cycle 
of chemotherapy. Freshly collected samples were taken 
from the group of patients with advanced BC.

Clinical samples

Blood processing and sample storage

All laboratory procedures were performed at  Maria 
Sklodowska-Curie National Research Institute of Oncol-
ogy in the Department of Clinical and Molecular Genetics. 
All clinical samples described here were obtained from 
subjects with informed consent. Freshly collected sam-
ples comprised plasma. Blood was processed for plasma 
isolation within 1 h of collection. Blood was centrifuged 
in cfRNA collection tubes (RNA Complete BCT® CE; 
Streck LLC, La Vista, USA) at 1,800 × g at room tempera-
ture in an Eppendorf 5810R (Eppendorf AG, Hamburg, 
Germany) for 15 min. Plasma was transferred to a fresh 
tube and centrifuged at  2,800  ×  g  for 15  min. Plasma 
was aliquoted, with inversion to mix between each ali-
quot, and stored at –80°C. Archival samples comprised 
serum samples. For serum collection, blood was col-
lected into BD Vacutainer® serum tubes (BD Biosciences, 
Franklin Lakes, USA) and allowed to clot for 30–60 min 
at room temperature. Clot was removed by centrifugation 
at 1,300 × g at room temperature for 10 min. Serum was 
aliquoted and stored at –80°C until miRNA isolation.

MiRNA isolation and measurement 
of miRNA expression

MiRNA isolation was performed with the TaqMan® 
miRNA ABC (Anti-miRNA Bead Capture) Purification 
Kit –  Human Panel A  (Thermo Fisher Scientific Inc., 
Waltham, USA). Complementary DNA (CDNA) template 
from miRNA was prepared with the TaqMan® Advanced 
miRNA cDNA Synthesis Kit (Thermo Fisher Scientific 
Inc.). Mature miRNAs from total RNA were modified 
by extending the 3’ end of the mature transcript through 
poly(A) addition, and then the  5’ end was lengthened 

by the 5’ end by adaptor ligation. The modified miRNAs 
were then subjected to universal reverse transcription fol-
lowed by amplification to increase uniformly the amount 
of cDNA for all miRNAs (miR-Amp reaction). Analysis 
of miRNA expression was performed with TaqMan® Ad-
vanced miRNA Assays. The assays can detect and quantify 
the mature form of the miRNA from 2 μL of total RNA 
from serum or plasma. TaqMan® Fast Advanced Master 
Mix was used to prepare PCR Reaction Mix. Customiz-
able TaqMan® Advanced MicroRNA Cards (ADV MIRNA 
CARD FRMT 48; Thermo Fisher Scientific Inc.) were used 
to measure expression. Quantitative real-time polymerase 
chain reaction (qPCR) was carried out on a QantStudio 
12K FLEX (Thermo Fisher Scientific Inc.) with a Taq-
Man® Array Micro Fluidic Thermal Cycling Block. Nucleic 
acid-free pipette tips were used to handle all reagents. All 
procedures were performed following the manufacturer’s 
protocol.

Based on published literature, 48 miRNAs were selected 
for expression measurement: miR-16, -17, -18a, -20a, -21, 
-27a, -30b, -222, and -326, -19a, -29b, -29c, 128, -145, -146a, 
-193b, -195, -200b, -210, -221, -424, -451a, -1, -7a, -10b, 19b, 
-34a, 99a, -106b, -122, -125b, -155, -200a, -205, -223, -340, 
-7c, -9, -18b, -33b, -124, -126, -129, -141, -196b, -200c, -373, 
and -455.

Response assessment

The early metabolic response to treatment in (18F-FDG-
PET/CT) was assessed based on the European Organisa-
tion for Research and Treatment of  Cancer (EORTC) 
guidelines.42 Specifically, complete metabolic response 
was defined as a complete resolution of fluorodeoxyglu-
cose (FDG) uptake in all sites, partial metabolic response 
referred to a reduction of at least 25% in maximum stan-
dardized uptake value (SUVmax), an increase or decrease 
of less than 25% in SUVmax indicated stable metabolic 
disease, whereas progressive metabolic disease was defined 
as either a >25% increase in SUVmax or the development 
of a new FDG-avid lesion.

Tumor response in MRI was assessed according to Re-
sponse Evaluation Criteria in Solid Tumours (RECIST) 
v. 1.1, categorizing outcomes as a complete response, par-
tial response, stable disease, or progressive disease.43

Statistical analyses

Continuous data were summarized as median values 
and presented with an interquartile range (IQR; Q1–Q3). 
Wilcoxon rank sum test evaluated differences between 
the  2  groups. The  Benjamini–Hochberg correction 
was used as an adjustment for multiple testing. To as-
sess the  normality of  the  data, the  Shapiro–Wilk test 
was employed. A  two-sided p-value <0.05 was consid-
ered statistically significant. All computational analy-
ses were performed in the R environment for statistical 
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computing v. 4.0.1, “See Things Now,” released on June 
6, 2020 (R Foundation for Statistical Computing, Vienna, 
Austria; http://www.r-project.org, accessed December 20, 
2022).

Results

Archival samples were derived from BC patients treated 
with radical intent between 2011 and 2015, including 6 
in 2011, 4 in 2012, 2 in 2014, and 8 in 2015. Half of the pa-
tients were premenopausal. Seventeen patients were diag-
nosed with early BC. In contrast, 3 patients were diagnosed 
with oligometastatic disease and were included in treat-
ment with radical intent by the multidisciplinary team. 
Five patients received the AC-P regimen (AC – doxorubicin 
plus cyclophosphamide, followed by paclitaxel), 2 patients 
AC regimen, 7 patients TAC regimen (docetaxel, AC), 3 pa-
tients TEC regimen (docetaxel, epirubicin and cyclophos-
phamide), 2 patients FEC regimen (fluorouracil, AC), and 
1 patient the AT regimen (doxorubicin plus docetaxel). All 
patients with archival samples underwent baseline posi-
tron emission tomography / computed tomography (PET/
CT) scanning and MRI imaging. The majority of patients 
(13, 65%) had early metabolic assessment after the 1st che-
motherapy cycle. For this subroup, the median decrease 
in SUVmax following the 1st chemotherapy cycle was 28% 
(IQR: 13.0–60.5). Specifically, a partial metabolic response 
was observed in 69% of patients (9 of 13), while 31% had 
stable metabolic disease (4 of 13 patients). Serial MRI as-
sessments were conducted for all patients except 1. Sev-
enteen patients (89%) achieved partial remission on MRI. 
Stable disease was observed in 2 patients (11%). Sixteen 
patients underwent subsequent surgery. In 2 patients, com-
plete histopathologic remission was observed (12.5%). All 
of the analyzed patients experienced disease recurrence. 
The median DFS was 31.2 months (5.8–72.3 months). Fresh 
samples were derived from advanced BC patients in 2022. 
Patients’ characteristics are presented in Table 2.

In all but 1 archival sample, miRNA expression was de-
tected. The expression of circulating miR-16, -17, -18a, 
-20a, -21, -27a, -30b, -222, and -326 was significantly higher 
in  archival samples than in  freshly collected samples. 
The results are depicted in Fig. 1. Specifically, miR-17 
exhibited higher expression in patients treated with radi-
cal intent. Among this group, the vast majority received 
taxane-containing chemotherapy regimens (16 patients, 
80%), including 11 patients treated with docetaxel and 
5 patients treated with paclitaxel.

The expression of circulating miR-19a, -29b, -29c, 128, 
-145, -146a, -193b, -195, -200b, -210, -221, -424, and -451a 
was lower in archival samples than in freshly collected 
samples. These results are depicted in Fig. 2.

In 14 miRs, we observed expression in archival samples 
and freshly collected samples; however, differences be-
tween the groups were statistically insignificant (miR-1, 

-7a, -10b, 19b, -34a, 99a, -106b, -122, -125b, -155, -200a, 
-205, -223, and -340). Finally, no expression of the remain-
ing 12 miRs was observed (miR-7c, -9, -18b, -33b, -124, -126, 
-129, -141, -196b, -200c, -373, and -455). Results of the nor-
mality tests are presented in Supplementary Tables 1 and 2.

Discussion

Levels of specific circulating microRNAs in BC patients 
are associated with tumor development and progression 
and may be involved in chemotherapy resistance. More-
over, the dynamics of circulating microRNAs might serve 
as a novel biomarker of clinical response to neoadjuvant 
chemotherapy.

Our study’s archival samples were derived mostly from 
early BC, except for 3 patients with the oligometastatic dis-
ease treated with radical intent. Freshly collected samples 
included those obtained from BC patients. That would be 
the primary explanation for different expressions of miR-
16, -17, -18a, -20a, -21, -27a, -30b, -222, -326, -19a, -29b, 
-29c, -128, -145, -146a, -193b, -195, -200b, -210, -221, -424, 
and -451a.

Serum miR-21 expression could predict response 
to neoadjuvant chemotherapy.11 In our study, the expres-
sion of miR-21 was higher in archival samples, compris-
ing mostly patients with early BC, compared to  fresh 
samples collected from patients with advanced disease. 
However, it is worth pointing out that not only baseline 
expression is important, but also the dynamic changes dur-
ing treatment. Lowering serum miR-21 expression could 
predict response to neoadjuvant chemotherapy as early 
as the end of the 2nd treatment cycle. Furthermore, patients 
with decreasing miR-21 expression during neoadjuvant 

Table 2. Patients characteristics 

Patient characteristics
Patients with 

archival samples
(n = 20)

Patients with 
freshly collected 
samples (n = 20)

Median age (Q1–Q3) [years] 41.2 [36.8–55.8] 58 [50.3–67.8]

Histologic 
subtype

NST 17 14

ILC 3 6

Grade 1 2 1

Grade 2 15 14

Grade 3 3 5

Biologic 
subtype

LUM A 2 6

LUM B HER2- 18 14

Clinical 
stage

IIA/B 7 0

IIIA/B/C 10 0

IV 3 20

PET SUVmax – median (Q1–Q3) 7.0 [3.8–10.6] 8.1 [4.5–13.2]

IQR – interquartile range; NST – invasive cancer of no special type; 
ILC – invasive lobular cancer; LUM – luminal; PET – positron emission 
tomography; SUVmax – maximum standardized uptake value.

http://www.r-project.org


M. Kubeczko et al. MiRNA in archival serum samples from breast cancer patients1526

chemotherapy had better DFS than those showing in-
creased ser-miR-21 expression. In another study, changes 
in ser-miR-21 levels during neoadjuvant chemotherapy 
were correlated with clinical response and survival; how-
ever, it was not associated with pathology response.16

In BC tissues and cells resistant to taxol, the increased 
expression of nuclear receptor co-activator 3 (NCOA3) 
results in downregulation of miR-17. Thus, NCOA3 and 
miR-17 may serve as a biomarkers and a therapeutic targets 
in BC resistance to taxol.44 By directly targeting NCOA3, 
miR-17 enhanced the sensitivity of BC cells to taxol, imply-
ing a potential tumor-suppressor role for miR-17 in BC.44

In our study, higher levels of miR-17 were observed 
in  a  population undergoing taxol-containing chemo-
therapy. Thus, further analysis of our group with miRNA 
assessment in serially collected samples would be inter-
esting to verify this hypothesis on a liquid biopsy level. 
Moreover, blood-derived data suggested a potential as-
sociation between miR‑17, ‑19b and ‑30b expression levels 
and complete clinical response after neoadjuvant che-
motherapy,25 and miR-30b was another overexpressed 
miRNA in our study.

Elevated circulating levels of miR-195, in contrast to other 
miRs (such as let-7a, miR-10b and miR-155), were found 

Fig. 1. MiRNAs with higher expression in archival samples (1) than freshly collected samples (2). In 1 archival sample, miRNA expression was not detected. 
All miRNA types were measurable in the remaining 39 samples (including 19 archival samples from patients treated with radical intent and 20 freshly 
collected samples from patients with advanced breast cancer)

z – Z-test statistic.
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to be specific for BC.36 Furthermore, systemic miR-195 
levels showed incremental increase with larger breast tu-
mors.36 In BC patients, circulating miR-195 was signifi-
cantly higher compared to control patients.36 In contrast, 
some studies showed lower levels of miR-195 in BC pa-
tients than in healthy control,37 or no significant differences 
in blood serum expression values of miR-195 between these 
2 groups.20 Interestingly, in luminal A BC, miR-195 was 
found to be underexpressed in patients with metastatic dis-
ease compared to patients with local disease.38 In our study, 
which predominantly included patients with luminal B BC, 
we observed higher miR-195 expression in patients with 
metastatic disease. To fully understand miR-195 dynam-
ics, further evaluation involving a larger cohort of patients 
is necessary. This assessment should explore differences 
in miR-195 expression between subtypes and investigate 
its predictive value during neoadjuvant treatment.37

Levels of circulating miR-373 were significantly higher 
in TNBC patients.45 In our study, which was comprised 
of only luminal cases, we did not observe miR-373 expres-
sion in archival or freshly collected samples.

Serum miR-222 predicted both efficacy and trastu-
zumab-induced cardiotoxicity.40 Furthermore, miR-222, 
-20a and -451 level changes were associated with chemo-
sensitivity, whereas a chemo-induced decrease in plasma 
miR-34a in the insensitive patients was found.46 We found 
higher levels of miR-222 and miR-20a in a population un-
dergoing neoadjuvant chemotherapy; levels of miR-451 
were lower, whereas miR-34a was comparable to those 
observed in advanced BC patients. Since we have toxicity 
data in our population, we would like to further evaluate 
the potential of miR-222 in cardiotoxicity prediction.

Few studies have been performed to verify the predic-
tive potential of circulating miRNAs in BC. MiR-125b was 

Fig. 2. MiRNAs with lower expression in archival samples (1) than in freshly collected samples (2). 
In 1 archival sample, miRNA expression was not detected. All miRNA types were measurable 
in the remaining 39 samples (including 19 archival samples from patients treated with radical intent and 
20 freshly collected samples from patients with advanced breast cancer)

z – Z-test statistic.
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correlated with resistance to  chemotherapy,31 whereas 
downregulation of miR-155 suggested treatment response.35 
Our study found similar serum expression of miR-125b and 
miR-155 in archival samples, derived mostly from early BC 
patients and freshly collected samples from advanced BC 
patients. The expression of plasma miR-122 was found to be 
significantly upregulated in BC patients compared to healthy 
controls.30 In our study, no significant differences were found 
between patients with early-stage and advanced-stage BC. 
Nonetheless, miR-122 dysregulation may be involved in re-
sponse to chemotherapy, radiotherapy and BC progression.47

Despite the advantages associated with miRNA evalu-
ation as potential blood-based biomarkers, reproducible 
and robust miRNA quantification is challenging, and at-
tention must be paid to the numerous technological parts 
of the measurements. Recently published reviews have 
comprehensively discussed the challenges and difficul-
ties in accurately quantifying miRNAs, comprising pre-
analytical, analytical and methodological issues contrib-
uting to result heterogeneity.48 During the preanalytical 
phase, meticulous attention to practical details is crucial. 
We emphasized the importance of collecting an adequate 
blood volume. This includes ensuring an appropriate ratio 
to anticoagulant. Ensuring timely processing of samples 
for subsequent steps was a priority. In order to minimize 
transport time, we prepared the sample for processing 
before blood sampling. During blood draw, we took great 
care to prevent hemolysis, which could affect sample integ-
rity. Our stored materials adhered strictly to appropriate 
conditions, avoiding any individual deviations.

Moving on to the analytic phase, we maintained a me-
ticulous approach. Two individuals independently verified 
probe identification numbers. We followed manufacturer 
guidelines meticulously throughout the  process. Our 
methodology was tailored to meet the expectations and 
requirements of the source material, which comprised 
both plasma and serum.

Heterogeneity may result from various situations. For 
instance, adequate probe rotation within the center, from 
the moment of blood draw to the time of analysis, plays 
a crucial role. While this procedure is not always feasible 
for every center, we were fortunate to perform all proce-
dures within 1 building. Additionally, using specialized 
probes and preparing experiments specifically for the ma-
terial contributed positively to our study.

Remarkably stable form is  an  essential prerequisite 
for utility as a biomarker.49 The miRNA molecules are 
robust and survive harsh treatment and storage condi-
tions.48 Incubation of plasma at room temperature for up 
to 24 h or subjecting it to 8 freeze–thaw cycles appears 
to have minimal impact on the levels of specific miRNAs.49

Another issue is the type of blood derivative. Serum has 
less baseline platelet contamination than plasma, while 
the differential release of confounding miRNAs by blood 
cells may be associated with clot formation.50 Measure-
ments of selected miRNAs obtained from the matched 

samples of plasma or serum collected from a given individ-
ual at the same blood draw were strongly correlated, show-
ing that both plasma and serum samples are suitable for 
miRNAs investigation as blood-based biomarkers.49 How-
ever, studies have yielded conflicting results as to which 
type of sample is superior to the other.51 MiRNA was found 
to be potentially recoverable from plasma samples stored 
for more than 12 years.52 It showed high stability and long 
frozen half-life in plasma samples stored for 14 years.53 
On the contrary, despite storage at –80°C, miRNA levels 
were significantly changed in whole blood samples in long-
term storage, defined as 9 months.54 Our repository, like 
many others, contains a greater number of clinical serum 
specimens than plasma samples. Thus, our results may 
enable further research of archival samples.

As  we  validated the  identification of  miRNAs from 
long-stored samples in our repository, we intend to assess 
miRNA expression in a large cohort of patient samples. 
This comprehensive evaluation will allow us to address 
the crucial question of miRNA utility as a prognostic and 
predictive biomarker.

Neoadjuvant treatment offers the chance to tailor ther-
apy based on the tumor’s observed response during therapy 
and allows for adjustments, such as escalating, de-escalat-
ing or switching to other systemic regimens. Biomarkers 
for predicting treatment response play a crucial role in all 
these scenarios. Combining both liquid biopsy and imag-
ing represents a promising approach for predicting and 
optimizing neoadjuvant systemic treatment in BC.55,56

Limitations

To our knowledge, there are no prior reports of recovery 
of miRNA from serum samples stored for this length of time 
compared to the expression of freshly collected samples. 
Nonetheless, we have to admit several drawbacks. MiRNA 
in  archival samples was derived from serum, whereas 
in freshly collected samples from plasma. In addition, we ac-
knowledged the difficulty of drawing conclusions from com-
parisons between early and advanced BC patients. However, 
in this pilot study, we primarily wanted to assess whether 
it is possible to measure miRNA levels in samples from our 
repository, and samples derived from advanced BC patients 
were chosen as anticipated to have measurable levels of most 
miRNAs. We have to emphasize that the utility of miRNA 
evaluation in long-stored samples was assessed specifically 
in samples derived from 20 patients. The potential corre-
lation between the expression levels of different miRNA 
types and treatment response, particularly early metabolic 
response, is an intriguing issue. However, data on early re-
sponse assessment using a combination of FDG-PET-CT and 
miRNA in BC patients undergoing neoadjuvant systemic 
therapy are lacking. Currently, due to the limited number 
of patients in this pilot study, drawing definitive conclusions 
is challenging. Further evaluation would be conducted after 
testing a larger sample size since the vast majority of patients 
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in our cohort underwent FDG-PET-CT scans with early 
metabolic assessment after the 1st chemotheraphy cycle.

For now, circulating miRNAs were not compared to tis-
sue expression. Nevertheless, due to the positive results 
of our study, our next step would be to proceed with genetic 
testing of tumor tissue and an extensive assessment of se-
rum samples in our repository. The timing seems optimal: 
on the one hand, our dataset is mature; patients were treated 
around a decade ago, and we have complete results concern-
ing DFS, overall survival and long-term treatment toxicity. 
On the other hand, patients were diagnosed and treated 
according to current guidelines with modern chemotherapy 
regimens and the addition of trastuzumab as needed.

Conclusions

MiRNA can be identified from long-stored samples, 
making large prospectively collected serum repositories 
with long follow-up time an invaluable source for miRNA 
biomarker discovery. Specifically, miR-16, -17, -18a, -20a, 
-21, -27a, -30b, -222, -326, -19a, -29b, -29c, 128, -145, -146a, 
-193b, -195, -200b, -210, -221, -424, -451a, -1, -7a, -10b, 19b, 
-34a, -99a, -106b, -122, -125b, -155, -200a, -205, -223, and 
-340 were identified.
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Supplementary Table 3. Testing the assumption of nor-
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with archival samples and patients with freshly collected 
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Abstract
Background. The search for early and minimally invasive diagnostic approaches to pancreatic cancer (PC) 
remains an important issue. One of the most promising directions is to find a sensitive key in the metabolic 
changes during widespread causes of PC, i.e., chronic pancreatitis (CP) and diabetes mellitus (DM).

Objectives. The main objective of this study was to analyze the peptide pools in the blood plasma and 
pancreas of rats with modeling of CP and/or without type 1 DM in association with pancreas histopathologi-
cal grading features.

Materials and methods. The study was conducted on white non-linear male rats, divided into 3 groups: 
1st group: control, 2nd group: rats with cerulein-stimulated CP, and 3rd group: rats with CP and streptozotocin-
inducible type 1 DM. Total protein and peptide content were determined in the pancreas and blood plasma. 
The peptide pools were fractionated using size-exclusion chromatography.

Results. Rats with CP showed a high degree of fibrosis in the pancreas and grade 1 ductal pancreatic 
intraepithelial neoplasia (PanIN), associated with decreased total peptides in the pancreas. In rats with 
CP and DM, 2nd and 3rd grade PanIN with pronounced acinar metaplasia was observed in association with 
decreasing total pancreatic protein and peptide pools. While there was a decrease in total protein and 
an increase in total peptide in blood serum, the changes were more pronounced in rats with CP and DM. 
A study revealed both qualitative and quantitative differences in the distribution of peptide pools in 2 groups 
with pathologies. Qualitatively, plasma samples from pathological groups exhibited an increased number 
of peaks. Quantitatively, there was a higher proportion of peptides with molecular weights exceeding 700 Da 
observed in both plasma and pancreas.

Conclusions. The analysis of peptide pools obtained from plasma and PanIN development demonstrated 
that the peptide pool can serve as an early and complementary indicator of PC emergence.

Key words: adenocarcinoma, fibrosis, pancreatic neoplasms, metaplasia, metabolome
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Background

Pancreatic cancer (PC) is a very aggressive disease, with 
rising incidence and poor clinical outcomes, despite recent 
innovations in diagnosis and treatment.1 Pancreatic cancer 
is one of the leading causes of cancer death worldwide, with 
an overall 5-year survival rate of  less than 6–7%.2 First 
of all, this is due to the difficulty of PC diagnosis in the early 
stages.3 The course of the disease in most patients is as-
ymptomatic before the development of complications and 
decompensation with the appearance of distant metas-
tases.4 Therefore, early detection or suspicion of the de-
velopment of PC is of great importance for the treatment 
of patients.5 Chronic pancreatitis (CP),6 diabetes mellitus 
(DM),7 obesity, smoking, alcohol, and cancer in the anam-
nesis are all known risk factors for the development of PC.8 
Coronavirus disease 2019 (COVID-19) is a global health 
threat, whose causative agent, severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2), is an enveloped 
positive single-stranded RNA virus, responsible for a pul-
monary and extrapulmonary infection, by simultaneously 
involving multiple organs, from the heart to the pancreas, 
as highlighted by recent histopathological evidence. Fur-
thermore, during the SARS-COV-2 pandemic, healthcare 
systems were impacted by the inflow of infected patients, 
with significant consequences on  the care trajectories 
of cancer patients worldwide.9

The latest data from the GLOBOCAN 2018 program, 
conducted by  the  International Agency for Research 
on Cancer (IARC), indicates an increase in the number 
of diagnosed patients with PC to 458,918 and an increase 
in  the number of deaths due to PC to 432,242 during 
the year.10 According to GLOBOCAN 2020, the number 
of newly diagnosed PC patients continues to grow and 
is 495,773, and the number of deaths is 466,003.11,12

In Ukraine in 2018, 6,246 new cases of PC were detected. 
At the same time, 5,923 people died from this pathology 
caused by complications of PC. This indicates a negative 
dynamic, because in 2012, 4,728 people of both sexes were 
registered and diagnosed with PC. In addition, 4,168 deaths 
caused by PC complications were registered.13 The findings 
corroborate the progression of this pathology, highlighting 
challenges in its diagnosis and therapeutic management.

Given that both diabetes mellitus (DM) and chronic 
pancreatitis (CP) are recognized risk factors for pancreatic 
ductal adenocarcinoma (PDAC), their co-presence may sig-
nificantly increase the risk and raise increased concerns 
about disease progression.14 Today, pancreatic intraepithe-
lial neoplasia (PanIN) and intraductal papillary mucinous 
neoplasm (IPMN) are the most necessary and prognosti-
cally important in suspected PC in patients with pancreati-
tis in the anamnesis.15,16 Pancreatic intraepithelial neoplasia 
is a noninvasive proliferation of the pancreatic epithelium, 
which, depending on the degree of its progression, is graded 
from PanIN-1 to PanIN-3, which in turn reflects the inten-
sity of architectural and cyto-nuclear abnormalities.17,18 

Several authors have analyzed the stages of PanIN progres-
sion to carcinoma in situ; however, at this stage, it is still im-
possible to accurately predict the percentage of malignancy 
and the development of adenocarcinoma.19,20 Currently, 
it is difficult to detect PanIN and its degree of progres-
sion using minimally invasive methods.21,22 Considering 
the above, the search for additional markers or the improve-
ment of existing approaches for the diagnosis of oncological 
and other diseases is crucial.23 The tissue peptide pool con-
sists of a set of molecules, in particular growth factors, hor-
mones, cytokines, and molecules that are formed as a result 
of protein processing.24 Consequently, peptide pools reflect 
the metabolic activity of an organ.25 As the composition 
and amount of individual peptides in pools are not static 
values, but change dynamically depending on the physi-
ological state or the development of a pathological process, 
the analysis of the tissue peptide pool can be an additional 
tool for assessing the severity of disease.26

Therefore, we consider the experimental investigation 
of this topic to be highly relevant. It necessitates a compre-
hensive approach that integrates diverse methodologies, 
including molecular analysis. Specifically, this involves 
examining variations in the peptide pool and comparing 
their composition across different stages of complication 
development in these pathologies.

Objectives

The main objective of this study was to analyze the for-
mation and accumulation of the peptide pools in blood 
serum and pancreas of rats with modeling of CP and/
or without type 1 DM in association with pancreas histo-
pathological grading features.

Materials and methods

Study design

Experiments were conducted on  male white Wistar 
rats weighing 200 ±10 g. When working with laboratory 
animals, we  followed generally accepted international 
recommendations regarding the conduct of medical and 
biological research using animals by the European Con-
vention for the Protection of Vertebrate Animals Used for 
Experimental and Other Scientific Purposes  (Strasbourg, 
France, 1986). The work with animals has been regulated 
by the Rules for the Conduct of Experimental Work with 
Laboratory Animals, which have been approved by the Bio-
ethics Committee of the Educational and Scientific Centre 
“Institute of Biology and Medicine” of Taras Shevchenko 
National University of Kyiv, Ukraine (protocol registration 
No. 4, issued May 25, 2020).

The following conditions were maintained in the room 
for keeping animals: temperature 20–24°C, humidity 
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43 ±2%, 12-h/12-h day/night cycle. The animals were fed 
standard chow (VІТА, Obukhiv, Ukraine). Rats had free 
access to water and food.

The CP was induced by intraperitoneal (ip.) injection 
of  cerulein (Sigma-Aldrich GmbH, Steinheim, Ger-
many) diluted in physiological solution (5 μg × kg–1 body 
weight), 5 times a day with an interval of 1 h.27 Control 
rats received equal volumes of 0.9% NaCl administered 
ip. Injections were carried out for 5 consecutive days. 
There were 25  injections in  total. After the  last day 
of cerulein injection, the rats were kept under standard 
conditions, with free access to water, for the following 
9 days. The development of pancreatitis was confirmed 
by a high level of amylase in the blood serum, as well 
as by the study of pathohistological changes in the pa-
renchyma of the pancreas of experimental rats, which 
confirmed the  above. On  the  14th day from the  start 
of the experiment, half of the animals from the CP group 
were randomly selected and used to model DM. Diabetes 
mellitus was induced in rats fasted for 16 h by a single 
ip. injection of streptozotocin (Sigma-Aldrich, St. Louis, 
USA) at a dose of 65 mg × kg–1 of body weight, dissolved 
in  0.5  mL of  freshly prepared 0.01  M citrate buffer, 
pH 4.5. Other animals in the CP group and all control 
rats received an equal amount of placebo. The validity 
of DM was confirmed by the high blood glucose concen-
tration (above 15 mM×l–1) and a high level of glycosyl-
ated hemoglobin. Blood glucose concentration was de-
termined using a glucometer Hlyukofot II (Norma, Kyiv, 
Ukraine) according to the manufacturer’s instructions. 
The glycosylated hemoglobin kit (Spectrum, El Ubour, 
Egypt) was used for the determination of glycosylated 
hemoglobin.

Finally, there were 3 experimental groups: 1) control 
(n = 10); 2) CP (n = 20); and 3) CP + DM (n = 20). On the last 
day of the experiment (44th day), the animals were killed 
by decapitation, and then blood samples and pancreatic 
tissue were collected.

Histopathological analysis

Histopathological examination was performed to char-
acterize the morphology and functional status of the pan-
creas. Pancreatic fragments were fixed in 4% neutral buff-
ered paraformaldehyde and embedded into the paraffin 
according to standard procedures. Slides were stained 
with Bemer’s hematoxylin and eosin (H&E). Even though 
there are other methods of staining pancreatic sections, 
mainly for fibrosis, Bemer’s method with H&E remains 
widespread, as evidenced in modern literature.28,29

All microphotographs were obtained using a light micro-
scope Axio Imager A2 (Carl Zeiss Microscopy GmbH, Jena, 
Germany) with a ×10, ×20 and ×40 objective lens. Micro-
photographs were taken using the Axiocam 105 color (Carl 
Zeiss Microscopy GmbH) digital camera and the Zen2 
(blue edition) software (Carl Zeiss Microscopy GmbH).

Obtaining peptide pools

The peptide pool was prepared according to the gener-
ally accepted methods.30 Blood plasma or tissue homog-
enate (10% homogenate in 50 mM Tris-HCl buffer (pH 7.4) 
containing 130 mM NaCl) was mixed with 1.2 M HClO4 
at a 1:1 (v/v) ratio to precipitate the proteins. After cen-
trifugation (10,000×g, 20 min, +4°C), the supernatant was 
neutralized with 5 M potassium hydroxide (KOH) to pH 
7.0, and the samples were centrifuged again. At the final 
stage, the oligopeptides were precipitated with ethyl alco-
hol at a final concentration of 67% and the supernatant was 
lyophilized. The peptide concentration was determined 
at 210 nm after dissolving of lyophilized samples in 50 mM 
Tris-HCl buffer (pH 7.4) containing 130 mM NaCl. Di-
peptide N-carboxy-glycyl-glycine was used to construct 
the calibration graph. The protein concentration was de-
termined according to the method described by Bradford,31 
using crystalline bovine serum albumin as a standard pro-
tein, and the absorbance was measured at 595 nm with 
a Smart SpecTMPlus spectrophotometer (BioRad Labo-
ratories Inc., Hercules, USA).

Fractionation of peptide pools by size-
exclusion chromatography

Size exclusion chromatography on Sephadex G 15 (Bio-
Rad Laboratories) was used to  fractionate the  peptide 
pool.32 To estimate the molecular weight of the peptides, 
the column was precalibrated with substances of known 
molecular weight – lysozyme (14.3 kDa); insulin (5.7 kDa); 
vitamin B12 (1.35 kDa).

Statistical analyses

The distribution of the data was assessed using the Sha-
piro–Wilk W-test for normality and the test for homo-
geneity of variance (Supplementary Table 1). Nonpara-
metric tests (Kruskal–Wallis as overall test and post hoc 
Dunn’s test with Bonferroni correction) were used to assess 
the significance of the observed changes. A statistically sig-
nificant difference was evaluated at p < 0.05 using Origin 
8 Pro (OriginLab, Northampton, USA). Histograms were 
created using Microsoft Excel 2010 software (Microsoft 
Corp., Redmond, USA) and Origin 8 Pro. The obtained 
results are presented as the median, 25% and 75% quartile 
and minimum and maximum.

Results

Histopathological analysis

Histopathological observation included both ductal and 
acinar parts of the pancreas. Changes in the ductal part 
were classified according to the PanIN grading system.33 
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In the control group, the ductal part (Fig. 1) was character-
ized by the typical structure of a simple cuboidal epithelium. 
In the CP group (Fig. 1), most ducts were surrounded by de-
veloped connective tissue stromal elements, which in some 
samples could be classified as an early stage of fibrosis (also 
around the vascular part). The presence of immune cell in-
filtration (the most common cells are neutrophils and mac-
rophages) in the expanded stromal part of the round ducts 
also indicated the intervention of a low degree of chronic 
inflammation. Ductal cells in the CP group (Fig. 2) in all 
samples changed their shape from cuboidal to prismatic; 
in some of them, active proliferation with a dysplastic pro-
cess was observed, which led to the appearance of glan-
dular epithelium in the thickened wall of the duct. These 
changes stimulated the epithelium for invagination. This 
type of pacreas lesion manifestation is classified as a PanIN-
1A - PanIN-1B according to the established grading system.

In  the  CP + DM group, in  some samples with pro-
nounced dysplasia, the ductal part exhibited the previ-
ously described features (Fig. 1). The ductal epithelium 
was frequently transformed into a pseudostratified type 
(Fig. 3) and pseudopapillary structures were formed within 
the wall (Fig. 3B). Additionally, villous-like structures were 
observed in the duct lumen (Fig. 3C), indicating a high-
grade PanIN-2 and PanIN-3.

The changes observed in the ductal part were accom-
panied by corresponding changes in the exocrine acinar 
part (Fig. 4). The CP group (Fig. 4B) exhibited significant 
morphological heterogeneity in the acini, including loss 
of polarization in  some acini and a notable difference 
between the eosinophilic apical part and the basophilic 
basal part. Conversely, the CP + DM group demonstrated 
acinar-ductal metaplasia through intermediate mucinous 
cells (Fig. 4C).

Fig. 1. Microphotographs of rat’s pancreas of experimental groups: control, chronic pancreatitis (CP) and CP + diabetes mellitus (DM). In the CP and CP + 
DM groups, a ductal part with a degree of changes in PanIN-1 and PanIN-3 was demonstrated. Hematoxylin & eosin (H&E) staining, scale bar 100 μm

Fig. 2. Microphotographs of rat’s pancreas 
of chronic pancreatitis (CP) group. Hematoxylin 
& eosin (H&E) staining, scale bar 100 μm

Fig. 3. Microphotographs of rat’s pancreas of chronic pancreatitis (CP) + diabetes mellitus (DM) group. Hematoxylin & eosin (H&E) staining, scale bar 100 μm
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The total protein and peptide 
concentration in plasma and pancreas

Biochemical analysis showed a significant decrease in to-
tal plasma protein of 26% and 20% in the CP and CP + DM 
groups, respectively, compared to the control level (Fig. 5). 
In the pancreas, the level of total proteins exhibited a more 
pronounced decrease under conditions of CP in the context 
of diabetes (by 40% compared to the control and by 45% 
compared to the CP group). In addition, the CP + DM group 

had a 30% increase in total peptides in blood plasma com-
pared to the control group (any significant changes were 
not fixed in the CP group). The alterations in total protein 
and peptide levels in blood plasma observed in the CP + 
DM group may serve as an early indicator of proteolysis 
in metabolic processes. The total peptide level in the pan-
creas was reduced by 46% and 70% in the CP and CP + DM 
groups, respectively, compared to the control level. In addi-
tion, the CP + DM group showed a significant 46% decrease 
in this parameter compared to CP.

Fig. 4. Microphotographs of rat’s pancreas of experimental groups: control, chronic pancreatitis (CP) and CP + diabetes mellitus (DM) groups. In the CP and 
CP + DM groups, acinar-ductal metaplasia is observed in the acini of the exocrine part. Hematoxylin & eosin (H&E) staining, scale bar 100 μm

Fig. 5. Results of biochemical determination of total protein and peptides in plasma and pancreas of experimental groups: control, chronic pancreatitis (CP) 
and CP + diabetes mellitus (DM) groups. Data were analyzed using nonparametric tests (Kruskal–Wallis as the overall test and post hoc Dunn’s test with 
Bonferroni correction) (see Supplementary Table 2). The obtained results are presented as the median, 25% and 75% quartile and minimum and maximum

* compared with control value; # compared with CP.
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Fractionation of peptide pools using 
size-exclusion chromatography

Chromatographic analysis of the peptide pools of pa-
tients in the CP and CP + DM groups revealed deviations 
in the quantitative and qualitative composition of peptides 
when compared to the control group (Fig. 6). The appear-
ance of peptides in a wider range of molecular weights, 
as well as changes in the concentration of some peptides 
in the blood plasma of patients were found. The peptide 
pool derived from the blood plasma of the study partici-
pants in the control group consisted of 4 main peptide 
fractions with a molecular weight of 1,017 Da, 689 Da, 
545  Da, and 444  Da. At  the  same time, the  number 

of peptide fractions in both pathologies increased to 6 
main peptide fractions.

The differences were noticeable in blood serum more 
prominently than in the pancreas, and for peptide pools 
with a molecular weight greater than 700 Da. Peptide pool 
peaks were detected in the blood plasma of CP and CP + 
DM, but not in the control samples.

Thus, it was shown that the degree of PanIN 1A–PanIN-
1B histopathologic changes was accompanied by decreased 
total plasma proteins and total pancreatic peptides, while 
total pancreatic proteins and total plasma peptides (with 
increased part of  peptides 1,100  Da) increased in  CP 
group. In the CP + DM group, we observed another pat-
tern of  changes. Specifically, high-grade PanIN-2 and 

Fig. 6. Results of biochemical distribution of the peptide pool in plasma and pancreas of experimental groups: control, chronic pancreatitis (CP)  and 
CP + diabetes mellitus (DM) groups
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PanIN-3 histopathological changes were followed by de-
creased total proteins in plasma and pancreas, and total 
peptides in the pancreas. Conversely, only total peptides 
in  plasma (with elevated levels of  peptides increased 
from 1,100 Da to 1,300 Da. The total amount of proteins 
in the pancreas and the peak distribution of the peptides 
in the serum changed differently in the CP and CP + GM 
groups.

Discussion

It is now widely accepted that the structural and func-
tional disorders of the pancreas that result in the develop-
ment of pancreatitis are caused by a cascade of molecular 
events initiated by the uncontrolled activation of pancre-
atic enzymes.34 Even though this factor is actively involved 
in the initial stages of the disease, the pathogenesis of CP 
is also closely associated with changes in the function-
ing of the proteolytic link,35 which is a prerequisite for 
the development of several accompanying manifestations 
of pancreatitis. These manifestations are associated with 
clinical and pathophysiological characteristics.36 One 
of the complications is the development of fibrosis and 
the subsequent exhaustion of the exocrine and endocrine 
functions of the pancreas, which leads to the further de-
velopment of diabetes, as well as maldigestion and malab-
sorption syndrome in patients.37,38

This study was the first to report the relationship be-
tween pancreatic histopathological features and peptide 
pool changes in a rat model of CP and CP combined with 
DM. The full mechanisms underlying and ensuring this 
connection remain unclear.39 Our previous study showed 
a significant increase in the content of interleukin 6 (IL-6), 
tumor necrosis factor alpha (TNF-α) and matrix metal-
loproteinase (MMP)-2 and -9  in blood serum, liver and 
pancreas of animals with CP separately and under DM 
conditions.40 We determined the levels of these factors 
in animals with CP and CP + DM because the main en-
zymes involved in maintaining the metabolism of extracel-
lular matrix (ECM) proteins are MMPs, which contribute 
to the appearance of changes in peptide levels.41 Therefore, 
the difference in the distribution of peptides on criteria 
such as molecular weight and amounts of individual pep-
tide fractions observed in the control and CP and CP + DM 
groups may represent the disorders of proteolytic homeo-
stasis and deregulation of protease activity under the de-
velopment of pathology. It is possible that these peptides 
may be among the first features involved in the develop-
ment of different grades of dysplasia (including PanIN).42 
On the other hand, changes in the peptide pools can be 
a signal of the severity of the disease, and in our study, 
a sign of pancreatic lesions. According to modern con-
cepts, tissue peptide pools are quite stable under physi-
ological conditions, based on criteria such as qualitative 
and quantitative composition, so they can be considered 

an important indicator characterizing the functional state 
of organs. One of the explanations for the significant de-
crease in the level of peptides in the pancreas in patients 
with CP and CP + DM is their release into the bloodstream 
due to cell damage.43 This assumption is partly confirmed 
by the increase in the concentration of blood plasma pep-
tides. Changes in peptide concentrations were more pro-
nounced in the CP + DM group, which may be a direct 
consequence of more severe cell metabolism disorders 
in patients suffering from both pathologies simultane-
ously. Additionally, increased plasma peptide levels may 
in part result from the proteolytic breakdown of plasma 
proteins mediated by enzymes that appear in the plasma 
as a result of disruption of proteolytic homeostasis. Our 
previous findings highlighted changes in proteolytic bal-
ance, namely a significant increase in the level of MMPs, 
particularly MMP-2 and MMP-9, in  the serum of  rats 
with CP.40 Analysis of the peptide pools using chroma-
tography confirmed the hypothesis that the accumulation 
of peptides of different molecular weights in the blood 
plasma of patients with CP and CP + DM may be associated 
with protein degradation due to the activation of proteo-
lytic reactions.

The pool of plasma peptides has the potential to serve 
as a valuable source of diagnostic information, as it repre-
sents a comprehensive record of cellular and extracellular 
enzymatic events characteristic of the pathological pro-
cess. Consequently, the pool of blood plasma peptides can 
be considered an integral indicator reflecting the general 
metabolic state of the body.44 To some extent, an increase 
in plasma peptide concentration may be a consequence 
of  a  decrease in  plasma detoxification potential. One 
mechanism for the elimination of low-molecular-weight 
substances involves their absorption into abundant blood 
proteins such as albumin and further excretion through 
the  liver and kidneys. Therefore, a decrease in protein 
concentration in the blood of patients in both the CP and 
the CP + DM groups may be an additional factor leading 
to the accumulation of peptides. Moreover, given the abil-
ity of the glomeruli to effectively remove low molecular 
weight substances, thereby reducing the concentration 
of potentially toxic molecules, the accumulation of pep-
tides that we detected in the plasma of patients may be 
an indirect evidence of renal dysfunction, especially in pa-
tients in the CP + DM group.

It should be noted that a violation of the composition 
of peptide pools, as well as an increase in the concentration 
of some peptides, not only indicates the severity of the path-
ological process, but may be an additional factor causing 
PC progression and provoking the development of a num-
ber of complications. It can be assumed that pathological 
peptide pools may contain molecules structurally similar 
to biologically active peptides, or molecules with activity 
atypical for “physiological” peptides. Such molecules can 
alter cellular metabolism by binding to the active and/
or regulatory sites of enzymes. In addition, pathological 
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peptides can occupy cellular receptors, thereby disrupting 
intracellular signaling pathways and affecting intercellular 
communication.

As shown above, in the pancreas of rats of the CP + 
DM group, we observed the development of changes (duc-
tal dysplasia, pronounced acinar metaplasia, formation 
of glands in the fibrotic tissue of the duct, proliferation 
of the epithelium of glands with severe dysplasia, appear-
ance of papillary and cribriform structures) correspond-
ing to high and moderate ductal dysplasia (PanIN-2 and 
PanIN-3). These changes are direct predictors of pancreas 
adenocarcinoma. The impairment of PanIN represents 
a pathway to the development of PC and directly to ductal 
adenocarcinoma. This conclusion has been corroborated 
in several studies.45,46

Diabetes mellitus is  another common comorbidity 
known to contribute to changes in the serum metabo-
lome.47 In ductal adenocarcinoma, DM may promote tu-
mor progression through changes in the transcriptome 
and metabolome.48 Its close association with chronic in-
flammation adds an additional risk for complicating and 
advancing PC.49,50

Limitations

The design of the study lacks a group of animals with only 
1 model of diabetes. The distribution of the peptide pool 
is a nonspecific parameter. In any case, it may vary with 
another type of pathology development. Therefore, an ad-
ditional specific test for pathology identity should always 
be performed. The cerulein-induced model of pancreatitis 
demonstrated significant regenerative capacity in the rat 
organism. In some cases, only mild morphological altera-
tions were observed in the pancreas. However, in the CP 
+ DM group, lesions ranged from PanIN-1 to PanIN-3, 
indicating a wide spectrum of pancreatic intraepithelial 
neoplasia. Also, the exact direct mechanism of the recip-
rocal relationship between the histophysiological changes 
of the pancreas and its peptide pool remains unclear.

Conclusions

Blood collection for plasma peptide pool analysis, in com-
parison to pancreatic biopsy, provides a less invasive alterna-
tive for diagnostic evaluation. In the case of cerulein-induced 
CP, alterations in the ductal region of the pancreas classified 
as PanIN-1A to PanIN-1B were observed, accompanied 
by increased total protein in the pancreas and low prevalence 
of peptide pool molecular weight of 450–770 Da in plasma 
compared to controls. In the presence of comorbidities such 
as DM (streptozotocin-induced) changes in the ductal part 
of the pancreas were classified as PanIN-2 and PanIN-3 
grade, accompanied by a decrease in total pancreatic pro-
tein and the appearance of 2 new fractions of the high mo-
lecular weight peptide pool (more than 1,000 Da) in plasma 

compared to controls. Overall, chronic pancreatitis (CP) 
with diabetes mellitus (DM) is marked by significant his-
topathological alterations in the pancreas, characterized 
by pronounced neoplastic changes. These changes are ac-
companied by a reduction in total pancreatic protein lev-
els and an increase in peptide fractions of 1,100 Da and 
1,300 Da compared to CP lesions without diabetes mellitus. 
These results suggest that combined plasma and pancreatic 
peptide pool analysis has great diagnostic potential for as-
sessing the severity of PC. It is a fundamental promise for 
finding possible associations, predicting the progression 
and early detection of the threat of PC development in pa-
tients with a difficult medical history, namely: surgery for 
CP, obesity, diabetes, coronavirus disease, alcohol consump-
tion, and smoking.
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Abstract
Background. The skin, with its robust structural integrity and advanced immune defense system, serves 
as a critical protective barrier against environmental toxins and carcinogenic compounds. Despite this, 
it remains vulnerable to the harmful effects of certain hazardous agents.

Objectives. This study aimed to investigate the chemopreventive potential of β-caryophyllene (BCP) in miti-
gating 7,12-dimethylbenz[a]anthracene (DMBA)-induced skin carcinogenesis, focusing on the modulation 
of apoptosis and PI3K/AKT signaling pathways.

Materials and methods. Swiss albino mice were utilized to assess the preventive effects of BCP in DMBA-
induced skin cancer. Skin carcinogenesis was initiated by topical DMBA application, followed by promotion 
using croton oil. To evaluate the chemopreventive efficacy of BCP, a 50 mg/kg oral dose was administered 
3 times a week for 16 weeks.

Results. The BCP treatment in DMBA-induced skin cancer mice significantly reduced tumor incidence, 
tumor burden and the total number of papillomas compared to untreated DMBA-exposed mice. Notably, 
BCP administration (p < 0.05) resulted in a marked increase in body weight and improvement in antioxidant 
enzyme activity. Additionally, BCP treatment led to significant reductions in lipid peroxidation and enhanced 
detoxification enzyme function. Histological examination of DMBA-induced skin tissues revealed the presence 
of keratin pearls, well-differentiated tumor cells and neutrophil infiltration. In contrast, BCP-treated mice 
showed only mild hyperplasia, dysplasia and moderate keratosis, suggesting a lower degree of tissue damage. 
Furthermore, BCP demonstrated a protective effect on liver histology, counteracting the toxic effects of DMBA 
exposure. Gene expression analysis revealed that BCP treatment significantly (p < 0.05) upregulated the pro-
apoptotic genes Bax, p53, caspase-3 and caspase-9, while downregulating the anti-apoptotic Bcl-2 expression. 
Additionally, BCP treatment led to a marked reduction in the expression of proliferating cell nuclear antigen 
(PCNA), cyclin D1 and PI3K/Akt signaling pathways, which are key regulators of cell proliferation and survival.

Conclusions. This study provides compelling evidence that the antioxidant and pro-apoptotic effects 
of β-caryophyllene contribute to its chemopreventive properties in DMBA-induced skin carcinogenesis in mice. 
The modulation of key apoptotic signaling pathways and the suppression of the PI3K/Akt pathway by BCP 
underscores its potential as a therapeutic agent for preventing skin cancer. These findings pave the way for 
further exploration of BCP as a promising candidate for skin cancer prevention and therapy.

Key words: chemoprevention, skin carcinogenesis, β-caryophyllene, oxidative stress, papilloma
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Introduction

Skin cancer is thought to be the most common disease 
affecting people.1 According to a literature review, 40% of all 
newly diagnosed cancer cases worldwide are skin cancer in-
stances.2 A survey conducted in India indicates that cutane-
ous neoplasms make up roughly 1–2% of all human cancers.3 
The prevalence of skin cancer has increased due to changes 
in lifestyle and environmental risks. The skin’s keratin layer 
and immune system provide an effective barrier against po-
tentially hazardous exposures, including those that may be 
carcinogenic.4 The chemical pollutant 7,12-dimethylbenz[a]
anthracene (DMBA) induces DNA damage and interferes 
with xenobiotic metabolism.5,6 It also breaks the bonds that 
bind proteins to DNA, leading to genomic instability and 
inflammation, which are 2 primary indicators of cancer.7 
DMBA, a polycyclic aromatic hydrocarbon, is frequently 
used in animal models to induce cancer.8

Humans are often exposed to a variety of chemical muta-
gens and carcinogens, either through unintended contact, 
occupational hazards or lifestyle choices. The skin, due 
to its direct exposure to a wide range of xenobiotics, is par-
ticularly vulnerable to cancer development.9 Polycyclic 
aromatic hydrocarbons (PAHs), such as benzo(a)pyrene, 
3-methylcholanthrene (MCA) and DMBA, are well-doc-
umented for their ability to induce skin cancer in animal 
models, particularly when used in one-step or two-step 
carcinogenic protocols (initiation and promotion).10 Re-
cent findings from our research group have also pointed 
to aflatoxin B1 (AFB1) as a precursor to skin cancer forma-
tion.7 These discoveries have prompted an increased focus 
on identifying compounds that can inhibit the enzymes 
responsible for activating xenobiotic metabolism, as such 
inhibitors could potentially lower cancer risk and offer 
a safer alternative in cancer prevention.

Uncontrolled cell proliferation and the evasion of apop-
tosis are key factors that drive tumor growth.11 Extensive 
research has shown that many natural chemopreventive 
agents exert their effects by promoting apoptosis.12–14 
The protein p53, recognized as a transcriptional activa-
tor for pro-apoptotic genes, is a crucial tumor suppressor. 
Mutations or inactivation of the p53 gene, which governs 
processes such as apoptosis, senescence and cell cycle reg-
ulation, are common in nearly all human cancers, includ-
ing skin cancer.15,16 Additionally, alterations in the Bcl-2 
family of proteins, which play a vital role in regulating 
apoptosis, have been implicated in various cancers. Stud-
ies have demonstrated that in several human cancers, 
including skin cancer, Bcl-2 is overexpressed while Bax, 
a pro-apoptotic protein, is downregulated.17,18 The inter-
action between Bcl-2 and Bax prevents Bax from dimeriz-
ing with Bad, thus impeding the apoptotic process.19 Upon 
Bax/Bad dimer formation, caspases-9 and -3 are activated, 
leading to mitochondrial membrane disruption, which 
allows cytochrome-c to leak from the mitochondria into 
the cytoplasm, triggering further apoptotic events.20–22

β-caryophyllene (BCP) is a prominent constituent of es-
sential oils derived from various food and spice plants.23 
Research in Wistar rats has highlighted the anti-inflam-
matory properties of BCP, particularly in the essential oil 
of Erymanthus erythropappus, which is rich in this com-
pound. Moreover, BCP has been found to inhibit the ex-
pression of pro-inflammatory markers such as inducible 
nitric oxide synthase (iNOS), interleukin (IL)-1, IL-6, and 
cyclooxygenase-2 (COX-2) in C6 microglia cells when ad-
ministered at a dose of 10 mg/kg.24 Additionally, BCP was 
shown to mitigate the neuroinflammatory response trig-
gered by hypoxia by blocking nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) activation, and 
by reducing nitric oxide and PGE2 production in the BV2 
mouse cell line. 

Objectives

The current study aimed to explore the potential che
mopreventive mechanisms of BCP against DMBA-induced 
skin carcinogenesis, focusing on identifying possible path
ways through which BCP may exert its protective effects. 
We  performed a  comprehensive histological analysis 
along with assessments of lipid peroxidation, antioxidant 
levels and detoxification enzyme activity. We also evalu-
ated tumor incidence, volume and burden. To investigate 
the molecular mechanisms, we utilized quantitative re-
verse transcription polymerase chain reaction (RT-qPCR), 
proliferating cell nuclear antigen (PCNA) and analysis 
of the PI3K/Akt signaling pathway to measure the mRNA 
expression of p53 and several key apoptotic proteins, in-
cluding Bcl-2, Bax, caspase-3, and caspase-9.

Materials and methods

Chemicals

Dimethylsulfoxide (DMSO), DMBA (95% purity, Chemi-
cal Abstracts Service (CAS) No. 57-97-6, soluble in mineral 
oil) and β-caryophyllene (BCP, 90% purity, CAS No. 87-44-
5) were purchased from Sigma-Aldrich Chemical Pvt. Ltd. 
(St. Louis, USA) Antibodies were obtained from BioGenex 
(Freemont, USA). All other analytical-grade chemicals 
used in the study were also supplied by Sigma-Aldrich.

Animals

Male Swiss albino mice, aged 5 to 6 weeks and weighing 
between 15 and 20 g, were randomly selected, transported 
and housed for the study. The animals were acclimated 
and maintained in accordance with the ethical guidelines 
set forth by the Animal Care Committee of Changchun 
University of Chinese Medicine, China. The experimental 
protocol was approved by the Institutional Animal Ethics 



Adv Clin Exp Med. 2025;34(9):1541–1552 1543

Committee of Changchun University of Chinese Medicine 
(registration No. 2023551).

Experimental design

Six experimental groups, each consisting of 6 animals, 
were established from the animal population. Group 1 
served as the normal control, while group 2 received a sin-
gle dose of 25 mg/kg DMBA dissolved in 100 µL of ac-
etone. In group 3, animals were administered a 1% DMSO 
solution containing both 50 mg/kg of BCP and 50 mg/kg 
of DMBA. Group 4 animals received a 50 mg/kg body 
weight dose of BCP, administered orally 3 times per week, 
starting 1 week prior to DMBA application and continuing 
through the 25th week. The study concluded after 25 weeks, 
at which point all animals were euthanized. The skin and 
liver tissues were promptly harvested, cleaned and weighed 
for further analysis.

Tumor induction and assessment

Over the course of 8 weeks, DMBA was applied topically, 
and tumor progression was closely monitored. Throughout 
the study, body weight of all animals was recorded weekly 
across all experimental groups. To prepare for treatment, 
the dorsal area of each mouse was shaved using a depilatory 
cream, and the skin was left undisturbed for 2 days. Mice 
with no hair regrowth during this period were selected for 
inclusion in the study. At the conclusion of the experiment, 
all animals were euthanized by cervical dislocation. Tumor 
burden was calculated by multiplying the number of tumors 
by the tumor volume per animal. Tumor volume was deter-
mined using the formula v = (4/3) [D1/2] [D2/2] [D3/2], where 
D1, D2 and D3 represent the 3 tumor diameters (in mm³).

Histopathological examinations

Skin and liver tissues containing tumors were promptly 
excised from the animals after the rats were sacrificed, 
and washed with saline solution. Following this, all ani-
mals were humanely euthanized by cervical dislocation.  
Tissue specimens, sectioned at 3–5 µm thickness using 
a rotating microtome, were stained with hematoxylin and 
eosin (H&E). The stained slides were then examined under 
a light microscope (Nikon Eclipse TS100; Nikon Corp., 
Tokyo, Japan), and photomicrographs were captured from 
both the experimental and control groups.

Biochemical analysis

The liver tissues of the same animals were further ana-
lyzed to assess the expression of xenobiotic-metabolizing 
enzymes (XMEs) involved in both phase I and phase II 
detoxification pathways. The skin and liver tissues were 
homogenized using an all-glass homogenizer equipped 
with a Teflon pestle (DuPont, Wilmington, USA) along 

with the appropriate buffer solution, following a  rinse 
with ice-cold saline.25 Protein content was quantified us-
ing the established method. To evaluate the enzymatic 
activities of cytochrome P450 (Cyt-P450), cytochrome b5 
(Cyt-b5), glutathione S-transferase (GST), and glutathi-
one reductase (GR) in the liver, we applied the procedure 
described by Esteves et al.26 The same methodology was 
used to measure the concentrations of thiobarbituric acid 
reactive substances (TBARS) in the skin tissue samples. 
Enzymatic activities for superoxide dismutase (SOD), glu-
tathione peroxidase (GPx), catalase (CAT), and glutathione 
peroxidase (GPx) were determined according to standard 
protocols.27 Additionally, the levels of glutathione (GSH), 
as well as oxidized GSH, were assessed in the skin tissues.27

mRNA expressions detected 
with quantitative reverse transcription 
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from skin tissues using TRIzol 
reagent (Thermo Fisher Scientific, Waltham, USA) accord-
ing to  the manufacturer’s protocol. The  isolated RNA 
was subsequently converted into complementary DNA 
(cDNA) using the cDNA Reverse Transcription Kit. For 
gene expression analysis, the cDNAs were evaluated us-
ing the Faststart SYBR Green Master Mix (Thermo Fisher 
Scientific), following the manufacturer’s instructions. Elec-
trophoresis was performed on 1.5% agarose gels to visual-
ize the RNA bands, and the band intensity was quantified 
using ImageJ v. 1.48 software (National Institutes of Health 
(NIH), Bethesda, USA).

Western blotting

To prepare cell lysates for western blot analysis, lysis 
buffer was stored at freezing temperatures. Protein con-
centration was determined using the BCA Protein Assay 
Kit (Thermo Fisher Scientific). The proteins were then 
separated by electrophoresis and transferred onto a poly-
vinylidene difluoride (PVDF) membrane. The membrane 
was blocked with bovine serum albumin (BSA) for ap-
prox. 1 h at room temperature. Next, primary antibodies 
were applied at a 1:1,000 dilution, and the membrane was 
incubated overnight at 4°C. Following this, secondary anti-
bodies were applied for 2 h. Enhanced chemiluminescence 
was used to visualize the protein bands. Quantification 
of the bands was performed through densitometric analy-
sis using ImageJ software.

Statistical analyses

The data from each group were statistically analyzed 
using GraphPad Prism v. 8.0.2 (GraphPad Software, San 
Diego, USA) and IBM SPSS software v. 25 (IBM Corp., 
Armonk, USA). The results are presented as the median 
with the interquartile range (Q1 and Q3). The normality 
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of  the  data distributions was assessed using the  Kol-
mogorov–Smirnov test. Since all distributions were nor-
mal, the Brown–Forsythe test was employed to assess 
the equality of variances. Significant differences between 
multiple groups were determined using the Kruskal–Wal-
lis test, followed by Dunn’s post hoc test for pairwise com-
parisons. A p-value of less than 0.05 was considered sta-
tistically significant. All statistical tests were two-tailed.

Results

The results of the Kruskal–Wallis test and Dunn’s post 
hoc test are presented in Table 1

Effect of BCP on body weight changes

To  evaluate the  chemopreventive potential of  BCP, 
a  DMBA-induced mouse skin carcinogenesis model 
was first established in vivo (Fig. 1A). The body weight 
of the mice in the DMBA group showed a significantly 
lower gain compared to the BCP-only group (p > 0.02). 
However, the DMBA group exhibited a marked reduction 
in body weight compared to the control group (p > 0.001). 
Experimental groups treated with DMBA + BCP showed 
a significantly greater reduction in body weight compared 
to the BCP-only group (p < 1.000). Moreover, the body 
weight of  the  DMBA + BCP group was significantly 
lower than the control group (p < 0.615). Kruskal–Wallis 

Table 2. Effect of BCP on tumor incidence, tumor volume and tumor burden of experimental mice

Groups/
treatments

Number 
of mice Tumor incidence Tumor number Tumor volume Tumor burden

Group I 6 – – – –

Group II 6 100% 14.70 ±1.14 505.10 ±39.48 7424.97 ±505.10

Group III 6 – – – –

Group IV 6 – – – –

Values are expressed as mean ±SD of 6 mice. Values not sharing a common superscript letter differ significantly at p < 0.05. BCP – β-caryophyllene; 
SD – standard deviation.

Table 1. Comparison of the studied groups

Variables Group 1 (n = 6) Group 2 (n = 6) Group 3 (n = 6) Group 4 (n = 6) Test value 
(H)*** p-value**

Body weight 37.92 (34.77–41.02) 26.06 (23.90–28.24) 33.28 (30.50–36.01) 35.63 (32.67–38.54) 15.62 <0.001*, #

TBARS 71.83 (65.88–77.72)
137.08 (125.70–

148.51)
89.34 (81.93–96.66) 73.75 (67.63–79.80) 19.68 <0.001*, #

SOD 8.60 (7.89–9.31) 4.71 (4.32–5.10) 7.11 (6.52–7.69) 8.31 (7.62–8.99) 18.52 <0.001*, #

CAT 51.82 (47.53–56.07) 40.04 (36.72–43.38) 44.27 (40.60–47.90) 49.98 (45.83–54.08) 16.05 <0.001*, #

GPx 38.03 (34.87–41.14) 15.47 (14.18–16.76) 29.31 (26.88–31.71) 37.01 (33.93–40.04) 19.68 <0.001*, #

GSH 55.83 (51.20–60.40) 35.28 (32.35–38.22) 41.78 (38.31–45.20) 50.66 (46.46–54.81) 20.08 <0.001*, #

Cyt-p450 0.58 (0.53–0.63) 1.46 (1.33–1.58) 0.85 (0.77–0.92) 0.56 (0.51–0.60) 19.73 <0.001*, #

Cyt-b5 1.21 (1.10–1.31) 2.99 (2.74–3.24) 1.75 (1.60–1.89) 1.10 (1.00–1.19) 20.62 <0.001*, #

GR 32.76 (30.04–5.45) 13.30 (12.20–14.41) 28.06 (25.74–30.37) 30.97 (28.40–33.51) 17.12 <0.001*, #

GST 96.35 (88.35–104.24) 25.75 (23.61–27.90) 76.17 (69.85–82.41) 94.86 (86.99–102.64) 19.68 <0.001*, #

p53 1.00 (0.91–1.08) 2.57 (2.35–2.78) 1.70 (1.56–1.84) 1.25 (1.14–1.35) 21.62 <0.001*, #

Bcl-2 1.00 (0.91–1.08) 2.34 (2.14–2.53) 1.53 (1.40–1.65) 1.09 (0.99–1.18) 20.22 <0.001*, #

Bax 1.00 (0.91–1.08) 0.66 (0.60–0.71) 0.75 (0.68–0.81) 0.94 (0.86–1.02) 18.87 <0.001*, #

Caspase-3 1.00 (0.91 to 1.08) 0.29 (0.26–0.31) 0.73 (0.66–0.79) 0.91 (0.83–0.98) 20.62 <0.001*, #

Caspase-9 1.00 (0.91–1.08) 0.42 (0.38–0.45) 0.65 (0.59–0.70) 0.81 (0.74–0.87) 21.63 <0.001*, #

PCNA 1.00 (0.91–1.08) 2.50 (2.29–2.71) 1.48 (1.35–1.60) 1.19 (1.08–1.29) 21.20 <0.001*, #

Cyclin-D1 1.00 (0.91–1.08) 2.19 (2.01–2.37) 1.50 (1.37–1.62) 1.09 (0.99–1.18) 20.18 <0.001*, #

PI3K 1.00 (0.91–1.08) 2.26 (2.07–2.45) 1.42 (1.30–1.53) 1.10 (1.00–1.19) 20.62 <0.001*, #

Data were presented as median (Q1 and Q3); **p-value generated from Kruskal–Wallis test with Dunn’s post hoc test (significance value adjusted 
by the Bonferroni correction for multiple tests); ***degrees of freedom (df) = 3; *p < 0.001 vs the DMBA + BCP; #p < 0.001 vs the control model. 
BCP – β-caryophyllene; DMBA – 7,12-dimethylbenz[a]anthracene; TBARS – thiobarbituric acid reactive substances; SOD – superoxide dismutase; CAT – catalase; 
GPx – glutathione peroxidase; GSH – glutathione; Cyt-P450 – cytochrome P450; Cyt-b5 – cytochrome b5; GST – glutathione S-transferase; GR – glutathione 
reductase; Bcl-2 – B-cell lymphoma 2; Bax – BCL2-associated agonist of cell death; PCNA – proliferating cell nuclear antigen; PI3K – phosphoinositide 3-kinase.



Adv Clin Exp Med. 2025;34(9):1541–1552 1545

statistical analysis revealed significant differences across 
the experimental groups (H = 15.62; degrees of freedom 
(df) = 3; p > 0.001) as shown in Table 1.

Effect of BCP on tumor incidence

DMBA-induced mice exhibited a significantly higher 
incidence of  papillomas, which was notably reduced 
in the BCP-treated group. Additionally, DMBA exposure 
resulted in a greater number of skin papillomas, which 
was significantly suppressed (p < 0.001) in the mice re-
ceiving BCP treatment, reflecting a reduction in the num-
ber of tumors per mouse. The suppressive effect of BCP 

on tumorigenesis was further corroborated by the size 
distribution of  the papillomas. Notably, while DMBA 
treatment increased tumor area, BCP administration 
significantly reduced the tumor area as the treatment 
progressed over time (Table 2) 

Levels of phase I and II 
detoxification enzymes

The levels of phase I detoxification enzymes, Cyt-P450 
and Cyt-b5, were significantly higher in the livers of mice 
treated with BCP alone compared to  those exposed 
to DMBA alone (Cyt-P450: p < 0.001; Cyt-b5: p = 0.000). 

Fig. 1. A. The body weight changes of control and experimental rats; 
B. Effect of BCP on levels of non-enzymatic antioxidants in the skin tissues 
of the experimental rats. Results were presented as median (min and max) 
of 6 observations and the significance was considered as *p < 0.001 vs 
the DMBA + BCP, #p < 0.001 vs the control model; **p-value generated 
from Kruskal–Wallis test with Dunn’s post hoc test (significance value 
adjusted with the Bonferroni correction for multiple tests)

BCP – β-caryophyllene; DMBA – 7,12-dimethylbenz[a]anthracene.
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In contrast, the phase I enzymes were significantly lower 
in the  livers of control mice than in the DMBA group 
(Cyt-P450: p < 0.004; Cyt-b5: p < 0.01). The Kruskal–
Wallis statistical test provided the following significance 
values: Cyt-P450 (H = 19.731, df = 3, p = 0.000) and Cyt-
b5 (H = 20.629, df = 3, p = 0.000), indicating significant 
differences among the experimental groups. Regarding 
phase II detoxifying enzymes, GSH, GST, and GR, their 
levels were significantly reduced in  the DMBA group 
compared to both the control group (GSH: p < 0.000; 
GST: p  <  0.001; GR: p  <  0.001) and the  BCP alone 
group (GSH: p < 0.017; GST: p < 0.004; GR: p < 0.007). 

The  Kruskal–Wallis test for these enzymes revealed 
the  following significance values: GSH (H  =  20.087, 
df = 3, p = 0.000), GST (H = 19.680, df = 3, p = 0.000) 
and GR (H = 17.120, df = 3, p = 0.001), highlighting sub-
stantial differences among the groups. The administra-
tion of BCP at 50 mg/kg bw in DMBA-treated animals 
effectively restored phase I  and phase II detoxifying 
agents to near normal levels. However, no significant 
changes were observed when 50 mg/kg of BCP was given 
alone. The BCP alone treatment resulted in reduced lev-
els of GSH, with no notable effect on phase II enzyme 
activities (Table 1, Fig. 1B).

Fig. 2. Effect of BCP on levels of TBARS and enzymatic antioxidants 
in the skin tissues of the experimental rats. Results were presented 
as median (min and max) of 6 observations and the significance 
was considered as *p < 0.001 vs the DMBA + BCP, #p < 0.001 vs the control 
model; **p-value generated from Kruskal–Wallis test with Dunn’s post 
hoc test (significance value adjusted with the Bonferroni correction for 
multiple tests)

TBARS – thiobarbituric acid reactive substances; BCP – β- caryophyllene; 
DMBA – 7,12-dimethylbenz[a]anthracene.
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Estimation of lipid peroxidation 
and antioxidants

The levels of antioxidant indicators — SOD, CAT and 
GPx — in the skin tissue of experimental and control rats 
are summarized in Table 1 and Fig. 2. In the skin tissues, 
the enzymatic antioxidant content was significantly lower 
in the rats treated with DMBA alone compared to those 
in the BCP alone group (SOD: p < 0.007; CAT: p < 0.012; 
GPx: p < 0.004) and the control group (SOD: p < 0.001; 
CAT: p < 0.002; GPx: p < 0.001). In contrast, administra-
tion of BCP (50 mg/kg bw) alongside DMBA notably im-
proved antioxidant levels (p < 0.001), outperforming both 
the DMBA group (SOD: p < 0.133; CAT: p < 0.203; GPx: 
p < 0.086) and the BCP alone group (SOD: p < 0.614; CAT: 
p < 0.615; GPx: p < 0.300). Moreover, the levels of lipid 
peroxidation (LPO) indicators, specifically TBARS, were 
significantly lower in the skin tissue of control rats com-
pared to the DMBA-only group (p < 0.001). Rats treated 
with BCP alone exhibited significantly higher LPO by-
products (p < 0.004) compared to controls. However, 
the oral administration of BCP at 50 mg/kg bw signifi-
cantly reduced the LPO by-product levels in the skin tis-
sue (p < 0.086) when compared to the DMBA-only group. 
No significant differences were observed between the rats 
in the control group (group 1) and the BCP-alone group 
(group 4). The statistical analysis, using the Kruskal–
Wallis test, revealed the  following significance values 
among the experimental groups: TBARS (H = 19.680, 
df = 3, p = 0.000), SOD (H = 18.523, df = 3, p = 0.000), 
CAT (H = 16.053, df = 3, p < 0.001), and GPx (H = 19.680, 
df = 3, p = 0.000).

BCP impact on the DMBA-induced 
in skin tissues

Hematoxylin and eosin (H&E) staining of skin tissue 
illustrates the progression of squamous cell carcinoma 
(SCC) in mice. In the normal control (NC) group, skin 
tissues exhibited a typical, intact epithelial layer. In con-
trast, the DMBA-treated mice showed significant epider-
mal thickening, hyperplasia and the development of well-
formed SCC with characteristic keratin pearls. Notably, 
oral administration of BCP at 50 mg/kg bw effectively 
suppressed these DMBA-induced skin alterations, in-
cluding hyperplasia, hyperkeratosis and the progression 
of SCC, in a dose-dependent manner. These findings col-
lectively demonstrate the potent inhibitory effect of BCP 
on DMBA-induced skin carcinogenesis in mice (Fig. 3).

BCP impact on the DMBA-induced 
in liver tissues

In the DMBA-induced model mice, hepatic tissue sec-
tions exhibited pronounced signs of inflammation, includ-
ing neutrophil infiltration, lymphocyte presence and liver 
cell damage. Liver cell injury was evident through necrotic 
changes, such as membrane collapse, cytoplasmic damage, 
alterations in nuclear pyknosis, and dilation of Bowman’s 
capsule. Remarkably, these pathological alterations were 
significantly alleviated with the administration of BCP 
at 50 mg/kg bw, in a dose-dependent manner (Fig. 4).

Analysis of apoptotic mRNA expressions 
in skin region tissue using RT-qPCR

Table 1 and Fig. 5 illustrate the analysis of apoptotic 
markers including p53, Bcl-2, Bax, caspase-3, and caspase-9 
in skin tissue samples from both experimental and control 

Fig. 3. Anti-tumor effects of BCP on DMBA-induced skin cancer rats. 
Histopathological profiles of representative skin tissues control and 
experimental rats (hematoxylin and eosin (H&E) staining). Scale 
bar = 50 μm

BCP – β-caryophyllene; DMBA – 7,12-dimethylbenz[a]anthracene.

Fig. 4. Histopathological changes in the liver tissue of the control and 
experimental rats (hematoxylin and eosin (H&E) staining). Scale bar = 50 μm
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groups. In mice from group 2 (tumor-bearing), the levels 
of Bax, caspase-3 and caspase-9 were significantly reduced 
compared to both the control (Bax: p > 0.001; caspase-3: 
p = 0.000; caspase-9: p = 0.000) and BCP-alone groups (Bax: 
p > 0.006; caspase-3: p > 0.010; caspase-9: p > 0.020). Treat-
ment with BCP in group 3 (DMBA-painted) effectively 
restored these markers to near-normal levels, significantly 
differing from group 1 (Bax: p > 0.053; caspase-3: p > 0.037; 
caspase-9: p > 0.020). There was no notable difference 
in the expression of these markers between mice treated 
with BCP (group 3) and those in groups 1 and 4. Statisti-
cal significance was confirmed with the Kruskal–Wallis 

test, with the following results: Bax: H = 18.876, df = 3, 
p = 0.000; caspase-3: H = 20.629, df = 3, p = 0.000; cas-
pase-9: H = 21.638, df = 3, p = 0.000.

In  contrast, p53 and Bcl-2 expressions were notably 
lower in group 1 than in both the DMBA-only group (p53: 
p = 0.000; Bcl-2: p = 0.000) and the DMBA + BCP group 
(p53: p > 0.020; Bcl-2: p > 0.005). When BCP was admin-
istered alone, its effect was also significant in reducing 
these markers compared to group 2 (p53: p > 0.020; Bcl-2: 
p > 0.007). There were no significant differences in p53 
and Bcl-2 levels between the group 3 (BCP) and groups 1 
and 4. Kruskal–Wallis analysis revealed strong statistical 

Fig. 5. The mRNA protein levels in the skin tissues of the experimental 
rats were analyzed using RT-qPCR technique. Results were presented 
as median (min and max) of 6 observations and the significance 
was considered as *p < 0.001 vs the DMBA + BCP, #p < 0.001 vs the control 
model; **p-value generated from Kruskal–Wallis test with Dunn’s post 
hoc test (significance value adjusted with the Bonferroni correction for 
multiple tests)

mRNA – messenger ribonucleic acid; RT-qPCR – quantitative reverse 
transcription polymerase chain reaction; BCP – β-caryophyllene; 
DMBA – 7,12-dimethylbenz[a]anthracene.
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significance: p53: H = 21.628, df = 3, p = 0.000; Bcl-2: 
H = 20.228, df = 3, p = 0.000.

Influence of BCP on P13K/Akt pathway

One of the key factors influencing cell proliferation path-
ways in skin cancer development is the expression of pro-
teins such as PCNA, cyclin-D1 and PI3K/Akt (Table 1, 
Fig. 6). In the normal control group, the expression of cy-
clin-D1, PI3K and Akt was significantly lower compared 
to the DMBA-only group (PCNA: p = 0.000; cyclin-D1: 
p = 0.000; PI3K: p = 0.000) and the DMBA + BCP group 
(PCNA: p > 0.025; cyclin-D1: p > 0.053; PI3K: p > 0.037). 
Mice treated with BCP alone showed expression levels 
of PCNA, cyclin-D1 and PI3K/Akt similar to normal, with 
minimal differences compared to the control group (PCNA: 
p > 0.015; cyclin-D1: p > 0.006; PI3K: p > 0.010). Based 
on these results, it is suggested that BCP may effectively 
inhibit tumor growth by modulating these key cell pro-
liferation proteins. Statistical significance was confirmed 
through Kruskal–Wallis testing, with the following results: 
PCNA: H = 21.202, df = 3, p = 0.000; cyclin-D1: H = 20.186, 
df = 3, p = 0.000; PI3K: H = 20.629, df = 3, p = 0.000.

Discussion

Skin cancer is widely regarded as one of the most preva-
lent diseases affecting humans. According to estimates, 
cutaneous neoplasms account for approx. 1–2% of  all 

human malignancies in India, based on a 2014 survey.1,3 
The increasing incidence of skin cancer has been associ-
ated with changes in lifestyle and environmental factors. 
The oral cavity, due to its direct exposure to phytochemi-
cals, presents a unique opportunity for studying the che-
mopreventive potential of diet.28 One of the key constitu-
ents of essential oils from culinary and spice plants is BCP, 
which has garnered attention for its potential anticancer 
properties.23 Animal models of cancer, particularly those 
induced by the polycyclic aromatic hydrocarbon DMBA, 
are commonly used to explore the disease’s development.7 
The most effective pharmaceutical strategies against car-
cinogenesis are thought to involve a combination of both 
natural and synthetic agents.29 In our study, oral adminis-
tration of BCP (50 mg/kg/bw) in DMBA-induced rats effec-
tively inhibited tumor growth. No significant differences 
in cancer incidence or other metrics were observed between 
the 2 doses tested. Based on these findings, we proceeded 
with further research using a BCP dose of 50 mg/kg/bw. 
Similarly, oral supplementation with 10 mg/kg bw of sang-
genol L in DMBA-painted hamsters effectively prevented 
tumor development, enhanced biochemical markers, sup-
pressed inflammatory markers, and promoted apoptosis.30

Dietary antioxidants play a crucial role in regulating 
the activity of cytochrome P450 enzymes, which are essen-
tial for the metabolic breakdown of xenobiotics (including 
carcinogens), while phase I enzymes initiate the activa-
tion of these substances. To assess the chemopreventive 
potential of test compounds, it is important to understand 
the levels of both phase I and phase II enzymes.31,32 In this 

Fig. 6. A. Effect of BCP on levels of signaling molecules and cell markers in the skin tissues of the experimental rats using western blot; B. Results were 
presented as median (min and max) of 6 observations and the significance was considered as *p < 0.001 vs the DMBA + BCP, #p < 0.001 vs the control 
model; **p-value generated from Kruskal–Wallis test with Dunn’s post hoc test (significance value adjusted with the Bonferroni correction for multiple 
tests)

BCP – β-caryophyllene; DMBA – 7,12-dimethylbenz[a]anthracene.
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study, the administration of BCP (50 mg/kg/bw) to DMBA-
induced rats effectively reversed the marked alterations 
in phase I enzyme activities. This suggests that BCP inhib-
its the metabolic activation of DMBA, thus offering poten-
tial protective effects against carcinogenesis. Furthermore, 
BCP has been found to exert cardioprotective benefits 
against doxorubicin-induced injury, attributed to its anti-
inflammatory and antioxidant properties. Sesquiterpenes, 
such as BCP, have demonstrated the ability to scavenge 
reactive oxygen species (ROS), including superoxide an-
ions and hydroxyl radicals. Additionally, BCP significantly 
reduces the levels of pro-inflammatory cytokines, COX-2 
and iNOS. Therefore, BCP is proposed as a potent chain-
breaking antioxidant, offering protection against oxidative 
stress-related damage.33

Glutathione reductase plays a crucial role in maintaining 
stable GSH levels by facilitating the NADPH-dependent 
reduction of glutathione disulfide (GSSG). Glutathione, 
a non-enzymatic tripeptide antioxidant containing a cyste-
ine residue, is vital for protecting cells against ROS and free 
radicals. In this study, we observed that DMBA-induced liver 
damage in mice led to reduced levels of GST, GR and GSH. 
However, administration of BCP (50 mg/kg/bw) effectively 
restored these levels to near-normal values, highlighting its 
potent antioxidant activity. The chemopreventive effects 
of BCP (50 mg/kg/bw) in counteracting DMBA-induced 
skin carcinogenesis were further confirmed by histopatho-
logical analysis. β-caryophyllene has also demonstrated its 
ability to mitigate toxicity from various harmful agents, 
including carbon tetrachloride, glutamate, 1-methyl-4-phe-
nylpyridinium, and d-galactose, in both in vitro and in vivo 
models.34 Additionally, Chang et al. demonstrated that BCP 
exhibits a stronger cytoprotective effect than the epoxide 
metabolite, reinforcing its potential therapeutic value.35

Mutant p53 accumulates in cells as a result of stress 
and DNA damage, disrupting normal cellular processes.36 
In fact, the inactivation of wild-type p53 is a hallmark 
of  several cancers, often leading to  poor clinical out-
comes.37 Alterations in  the  Bax/Bcl-2 ratio have been 
reported in various malignancies, including skin cancer. 
In this study, we observed that DMBA-induced rats exhib-
ited elevated levels of mutant p53 and Bcl-2, coupled with 
reduced levels of Bax. However, oral administration of BCP 
(50 mg/kg/bw) effectively induced apoptosis, as evidenced 
by an increase in Bax expression and a reduction in both 
mutant p53 and Bcl-2 levels.

Apoptotic caspases are generally classified into 2 cat-
egories: caspase-9, which acts as an upstream initiator, 
and caspase-3, a downstream effector. However, mito-
chondria can contribute to  the activation of both cas-
pases. Notably, significant oxidative stress is often linked 
to the activation of death receptors or the mitochondrial 
pathway. Bcl-2, a pro-apoptotic B-cell lymphoma protein, 
has been shown to mediate mitochondrial-driven apop-
tosis. Furthermore, when cellular stress becomes severe 
or prolonged, disruptions in the endoplasmic reticulum 

(ER) trigger the unfolded protein response (UPR), which 
can culminate in an apoptotic response.38 In the DMBA-
induced skin cancer model, downregulation of caspase-3 
and caspase-9 was observed.39 In this study, DMBA-in-
duced mice exhibited a compromised apoptotic response, 
but oral administration of BCP (50 mg/kg/bw) restored 
the expression of caspase-3 and -9, effectively preventing 
the development of skin cancer.

The expression levels of PCNA mRNA, cyclin-D1 protein, 
and other key markers can serve as valuable indicators for 
predicting malignant transformation. In the present study, 
we observed that DMBA-induced mice exhibited elevated 
levels of PI3K, Akt, PCNA, and cyclin-D1 in their skin 
tissues.39 Notably, the overexpression of PCNA has been 
associated with enhanced tumorigenesis and increased 
aggressiveness of tumors, especially during the progres-
sion from hyperplasia to dysplasia, and eventually to skin 
cancer. Assessing the tissue distribution of cyclin-D1 may 
prove instrumental in evaluating the extent of cancer pro-
gression, particularly in oral tumors. Furthermore, cyclin-
D1 plays a critical role as a sensor of extracellular signals, 
especially during the early to mid-G1 phase of cell divi-
sion.40 These findings are consistent with our research, 
which demonstrates that BCP effectively inhibits cell pro-
liferation and division by downregulating the expression 
of PI3K, Akt, cyclin-D1, and PCNA.

Limitations

Our study suggests that the BCP major role in prevent-
ing skin cancer, but the molecular mechanism of inflam-
matory markers and molecular modeling will be studied 
in future research. Detailed mechanisms of action still 
need to be clarified.

Conclusions

Altogether, the study suggested that BCP has garnered 
considerable pharmacological attention for its potential 
therapeutic benefits. When administered to mice, BCP 
effectively controls tumor progression by inducing apop-
totic signaling, as evidenced by the upregulation of Bax, 
Bcl-2 and caspase-3 and -9. Additionally, BCP inhibits cell 
proliferation by downregulating PCNA, cyclin-D1, p53, 
and the PI3K/Akt signaling pathway. These findings high-
light the potential of BCP and similar natural compounds 
as promising chemopreventive agents, warranting further 
pharmacological and pharmaceutical studies to fully ex-
plore their therapeutic applications.

Supplementary data

The supplementary materials are available at https://
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Supplementary Fig. 1. Results of Kruskal–Wallis test 
as presented in Fig. 1.

Supplementary Fig. 2. Results of Kruskal–Wallis test 
as presented in Fig. 2.

Supplementary Fig. 3. Results of Kruskal–Wallis test 
as presented in Fig. 5.

Supplementary Fig. 4. Results of Kruskal–Wallis test 
as presented in Fig. 6.
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Abstract
Background. Leukemia may form at any age, from newborns to the elderly, and accounts for considerable 
mortality worldwide.

Objectives. Nerolidol (NRD) is  isolated from the aromatic florae oils and was found to have anticancer 
activities. However, the role of NRD in antiproliferative and apoptosis actions in acute lymphoblastic leukemia 
(ALL) is unclear.

Materials and methods. Human ALL cell lines, MOLT-4, were used to examine the potential anticancer 
mechanisms of NRD on cellular proliferation, reactive oxygen species (ROS)-mediated apoptosis, oxida-
tive stress markers, caspases, PI3K/AKT, nuclear factor kappa B (NF-κB), and STAT-3/VEGF/Bcl-2 signaling 
pathways.

Results. The MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) assay demonstrated that 
NRD inhibited MOLT-4 cell proliferation in a concentration-dependent manner, with an IC50 value of 30 µM. 
It was found that NRD (20 and 30 µM/mL) resulted in accumulated intracellular ROS, reduced oxidative 
stress and loss of mitochondrial membrane potential (MMP) in MOLT-4 cells in a concentration-related 
way. Nerolidol was able to induce apoptosis, as evidenced by dual acridine orange/ethidium bromide (AO/
EB) staining. The levels of antioxidants, caspases-3, -8 and -9 were enhanced by NRD. This research proves 
that NRD instantaneously triggers ROS-mediated pro-apoptotic signaling and caspases and attenuates PI3K/
Akt/NF-κB and STAT3/VEGF/Bcl-2 anti-apoptotic signaling.

Conclusions. Our results suggest that NRD treatment stimulates apoptosis in MOLT-4 cells by causing 
the accumulation of intracellular ROS through PI3K/AKT/STAT-3 signaling pathways.

Key words: proliferation, apoptosis, blood cancer, nerolidol, PI3K/AKT/NF-κB signaling
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Background

Leukemia is the heterogeneous assembly of hematopoi-
etic cells that transform to form a malignant neoplasm,1 
which is the principal source of tumor-related death in pa-
tients under 20 years of age.2 According to the GLOBOCAN 
2018 statistics, 437,033 new leukemia cases and 309,006 
leukemia deaths were recorded.3 Contact with environ-
mental radiation and exposure to extreme radiation levels 
are recognized as  leukemia risk factors.4 Leukemia can 
develop at any age, from newborns to the elderly, and ac-
counts for considerable mortality worldwide. Among these, 
acute lymphoblastic leukemia (ALL) commonly affects 
infants.5 In the USA, nearly 6,000 newly diagnosed cases 
of ALL subtypes are detected annually,1 while the cura-
tive rate is almost ≥80%.6 Despite the high remedial rate, 
disease resistance and degeneration remain the foremost 
cause of tumor-related deaths in progenies. Additionally, 
the ALL cure ratio in adults is ~50%, which is relatively 
poor.7 Although current treatments such as stem cell trans-
plantation and chemotherapy are emerging quickly, deterio-
ration and medicine-associated obstacles are still endured 
by patients.8,9 Another major difficulty is the progression 
of multi-drug resistance in these patients.10 Thus, innova-
tive anti-leukemic medications and optimizing dominant 
chemotherapeutic usages are essential to rapid the diagno-
sis and enhancing patients’ quality of life in ALL.11 Hence, 
new therapeutic strategies are urgently required.

Epigenetics refers to the heritable changes in gene func-
tion with no alterations in DNA sequences, consisting 
of DNA methylation, histone modification and nucleo-
some remodeling, among others. Epigenetic modifications 
play a key role in regulating DNA-based processes. During 
the past few decades, epigenetic modifications were found 
to play a significant role in the occurrence and develop-
ment of leukemia and were considered a promising target 
for treating different types of leukemia and other hema-
tological malignancies, and sound clinical effects have 
been achieved.12

Several naturally occurring phytochemicals have been 
identified due to evidence of their anticancer properties, 
and they are considered possible therapeutics for regulat-
ing various malignant cells by inhibiting multiplication, in-
cursion and metastasis.13 Nerolidol (NRD) is isolated from 
the aromatic florae as essential oil and identified as a ses-
quiterpene alcohol.14 It has numerous pharmacological 
properties, including anticancer, apoptotic, anti-oxidative, 
and anti-inflammatory effects.15 Recently, NRD has been 
revealed to alleviate inflammation, oxidative stress and 
apoptosis in cyclophosphamide-induced cardiotoxicity.16 
It has also been documented that NRD blocked the inflam-
matory reaction in lipopolysaccharide (LPS)-stimulated 
acute lung injury by  the elevation of antioxidants and 
AMPK/Nrf-2/(HO)-1 signaling.17 Furthermore, NRD has 
been demonstrated to be valuable as an anticancer com-
plex, owing to its efficiency in suppressing proliferation 

and targeting cell survival18; it acts as a chemosensitizer 
in many malignancies.19,20 Nerolidol was shown to improve 
the efficacy of doxorubicin (DOX) in breast carcinogen-
esis19 and enhance its effectiveness in lymphoblast and 
ovarian carcinoma cells.21 Nevertheless, to the best of our 
knowledge, the anticancer and apoptotic activities of NRD 
in ALL cells MOLT-4 have not yet been reported.

Apoptosis is an active cell death program that occurs 
in normal physiological and pathological environments. 
It has been established that triggering apoptotic cell death 
is a highly beneficial approach by which anti-tumor com-
pounds can target malignant cells.22 Chemotherapeutic 
mediators may stimulate apoptotic signaling via 2 crucial 
pathways: an  intrinsic mitochondrial-facilitated path-
way and a death receptor-facilitated extrinsic pathway. 
An intrinsic cascade is activated by specific molecules, 
ultimately inducing downstream caspase-3 stimulation, 
which is one of the vital apoptotic mediators.23 Caspases 
are a series of cysteine proteases that play a critical part 
in the molecular pathways of cell death.24 A set of oxygen-
containing chemicals comprise reactive oxygen species 
(ROS), generally produced from the mitochondria.25,26 
Tumor cells usually accumulate more ROS than typi-
cal cells.27 Reactive oxygen species-stimulated apoptosis 
is greatly dependent on the triggering of pro-apoptotic 
signaling pathways such as PI3K/AKT, STAT-3, NF-κB, and 
MAPKs. The NF-κB is a well-known chemo-resistance-
related anti-apoptotic factor.28 Acute lymphoblastic leu-
kemia cells’ elevated constitutive NF-κB activity caused 
anti-apoptosis and inflammation.29 Therefore, regulation 
of NF-κB is a strong molecular target for therapeutics. Tri-
als have revealed cellular communications relating to ROS 
and NF-κB.28 While ROS might activate the tumor cell 
apoptosis, the ROS-prompted anti-apoptotic component, 
NF-κB, can reduce the apoptotic activity of ROS. PI3K/Akt 
is the most activated network, observed in 70–85% of ALL 
patients.30 Dysregulation of PI3K/Akt signaling is a major 
event occurring in both T-cell and B-cell ALL, resulting 
in increased proliferation, survival and drug resistance.31 
Due to the significant physiological communication be-
tween STAT-3, Bcl-2 and PI3K/Akt networks in  acute 
leukemia, these signaling networks are strong targets for 
collective inhibition.32,33 The vascular endothelial growth 
factor (VEGF) protein family has been implicated in vascu-
lar angiogenesis regulation.34 More importantly, increasing 
evidence has established that aberrant regulation of VEGF 
signaling triggering stimulation of the PI3K/Akt pathway 
is connected to the poor prognosis in ALL.35 Hence, identi-
fying medications that can concurrently trigger persistent 
ROS-facilitated pro-apoptotic signaling and inhibit PI3K/
Akt/NF-κB and STAT3/VEGF/Bcl-2 activities may advance 
cancer chemotherapy.

Even though NRD has been described as having anti-
tumorigenesis activities in numerous human malignant 
cell lines, its anticancer benefits on  blood cancer have 
barely been researched. However, the possible use of NRD 
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in anti-tumor therapy in ALL cells is relatively unexplored, 
especially in MOLT-4 cells. Therefore, the current work 
is focused on assessing NRD for inhibiting cell multiplica-
tion and stimulating apoptosis in the ALL cell line, MOLT-4.

Objectives

This research aimed to demonstrate that NRD instan-
taneously triggers ROS-mediated pro-apoptotic signaling 
and caspases and attenuates PI3K/Akt/NF-κB and STAT3/
VEGF/Bcl-2 anti-apoptotic signaling.

Materials and methods

Reagents and chemicals

Nerolidol (NRD), Dulbecco’s modified Eagle’s medium 
(DMEM), antibiotics, fetal bovine serum (FBS) , phosphate-
buffered saline (PBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), dimethyl sulfoxide 
(DMSO), Rhodamine-123 (Rh-123), sodium dodecyl sulfate 
(SDS), acridine orange/ethidium bromide (AO/EB), and 
2′−7′-dichlorodihydrofluorescein diacetate (DCFH-DA) 
were obtained from Ruicong Ltd (Shanghai, China). 
The primary and secondary antibodies were acquired from 
Elabscience Biotechnology (Wuhan, China).

Culturing of MOLT-4 cells

Human blood cancer MOLT-4 cells were procured 
from the German Collection of Microorganisms and Cell 
Cultures ((DSMZ); Braunschweig, Germany). They were 
matured and maintained in DMEM, with the addition 
of antibiotics (100 U/mL) and FBS (10%), at 37°C, 5% CO2 
atmosphere and less than 95% humidified air.

Cell cytotoxicity assay

Using the MTT test, the effect of NRD on MOLT-4 cells 
was measured36 and was used to determine cell prolifera-
tion. MOLT-4 cells were sown at 6 × 103 cells/well in 96-
well plates kept overnight in DMEM media. Treated cells 
were given various doses of NRD (5–50 μM/mL) at 37°C. 
A volume of 20 µl of MTT was administered to an indi-
vidual well and kept at 37°C for 4 h to permit the MTT 
conversion into formazan insoluble crystals through mito-
chondrial dehydrogenase. The subsequent formazan crys-
tals were softened by adding 150 μL DMSO to the culture 
media. Each experiment was repeated thrice, and cells 
grown in a culture medium containing DMSO were used 
as a control. To assess cell proliferation, the optical density 
(OD) was determined at 570 nm employing a microplate 
reader (Pope Scientific, Inc, Saukville, USA). Cell prolifera-
tion was determined as the ratio of cell viability against 

untreated MOLT-4 cells (100%). The IC50 (drug concen-
tration that caused a 50% reduction in MTT assay) was 
determined.

Measurement of intracellular level ROS

The level of ROS was determined with the DCFH-DA 
staining method.37 Blood cancer cells, MOLT-4, were 
seeded in 6 culture dishes each and maintained for 24 h, 
and various concentrations of NRD (control and 20 and 
30 μM/mL) were administered. Following this, all groups 
were stained with DCFH-DA (10 μM) and subsequently 
kept at 37°C. Treated cells were gathered and then cleaned 
twice with ice-cold PBS to remove extra dye. The fluores-
cence was measured by excitation at 485 ±10 and emission 
at 530 ±12.50 nm, compatible with a multimode reader 
(PerkinElmer EnVision; PerkinElmer, Waltham, USA).

Analysis of mitochondrial 
membrane potential

The mitochondrial membrane potential (MMP) was esti-
mated to understand early apoptotic phases by conducting 
Rh-123 staining.37 Human ALL adult cells, MOLT-4, were 
seeded in 6 wells and sustained with CO2 (5%) at 37°C in a hu-
midified CO2 incubator for 24 h. Subsequently, MOLT-4 cells 
were exposed to a control solution and 20 and 30 μM of NRD 
for 1 day, wet twice with cold PBS, fixed with paraformalde-
hyde (4%) for 20 min and swabbed. Successively, all groups 
were stained with Rh-123 (10 μg/mL) in darkness at 37°C for 
30 min. Following this, they were washed twice with wash-
ing buffer to remove any extra stain, and the MMP differ-
ence was determined using fluorescent microscopy (Nikon 
Eclipse TS100; Nikon Corp., Tokyo, Japan). The intensity 
of fluorescence in the captured images was examined using 
ImageJ v. 1.48 software (National Institutes of Health (NIH), 
Bethesda, USA).

Evaluation of apoptosis 
demonstrated by AO/EB staining

Morphological and nuclear changes were assessed 
in MOLT-4 human ALL cells, to which NRD was added, 
and were distinguished by staining with AO/EB.37 MOLT-4 
cells were supplemented with control and NRD (20 and 
30 µM/mL) conditions and sustained for 24 h. All groups 
were administered the dye mixture of AO/EB (100 µg/mL 
per each). Treated cells were maintained in the dark for 
20 min, ensuring unbound dye was eliminated by washing 
with PBS and viewing through a fluorescence microscope 
(Nikon Eclipse TS100; Nikon Corp.).

Analysis of oxidative stress markers

The oxidative stress markers assessed were glutathione 
(GSH), catalase (CAT), superoxide dismutase (SOD), and 
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thiobarbituric acid reactive substances (TBARS), using 
assay kits provided by Biomed (Badr City, Egypt).

Measurement of caspase -3, -9 and -8

The activity of the caspases caspase-3 (cat. No. 32203), 
caspase-9 (cat. No. 13915) and caspase-8 (cat. No. 13913) 
was determined with an enzyme-linked immunosorbent 
assay (ELISA) kit procured from Cayman Chemical (Ann 
Arbor, USA). These experiments were conducted accord-
ing to the manufacturer’s protocol, and 3  independent 
replicates were carried out.

Estimation of mRNA levels using 
quantitative reveserse transcription 
polymerase chain reaction

Total RNA was isolated from human ALL cells, MOLT-4, 
according to the procedures indicated for TRIzol® reagent 
(Bio-Rad, Hercules, USA). The isolated RNA was reverse 
transcribed into cDNA using the High-Capacity cDNA 
Reverse Transcription kit (Thermo Fisher Scientific, 
Waltham, USA) following the kit protocols. Next, the Fast 
Start SYBR Green master mix (Bio-Rad) was used to inves-
tigate the cDNAs according to the company’s protocols. 
The samples were subjected to electrophoresis, and the re-
sulting band intensities were measured using ImageJ v. 1.48 
software (National Institutes of Health (NIH), Bethesda, 
USA). Fold conversions for the individual gene expres-
sions were determined using a comparative threshold cycle 
(Ct) method, according to the formula 2−(ΔΔCt). The series 
of primers for using quantitative reveserse transcription 
polymerase chain reaction (RT-qPCR) were as follows:

TNF-α F: 5′-CTTCTGCCTGCTG CACTTTGGA-3′
R: 5′-TCCCAAAGTAGACCTGCCCAGA-3′
NF-κB F: 5′-GCAAAGGGAACATTCCGATAT-3′
R: 5′-GCGACATCACATGGAAATCTA-3′
COX-2 F: 5′-CCGGGTACAATCGCACTTAT-3′
R: 5′-GGCGCTCAGCCATACAG-3′
IL-6 F: 5′-GACTGATGTTGTTGACAGCCACTGC-3′
R: 5′-TAGCCACTCCTTCTGTGACTCTAACT-3′
GAPDH F: 5′-CTTCTTTTGCGTC GCCAGCCGA-3′
R:5′-ACCAGGCGCCCAATACGACCAA-3′

Western blot study

The human blood cancer cells, MOLT-4, were given 
NRD (control and 20 and 30 µM/mL) and grown for 

1 day. The cell lysates were prepared with ice-cold lysis 
buffer, including protease inhibitors, and a western blot 
experiment was carried out. The measurement of protein 
was performed using a Protein BCA Assay Kit (Pierce 
Chemical Co, Rockford, USA). Briefly, the proteins were 
electrophoretically dispersed and relocated to a poly-
vinylidene difluoride (PVDF) film. Then, the film was 
blocked using a probe overnight at 4°C, and primary anti-
bodies were administered in 1:1,000 dilutions, preserved 
overnight at 4°C; secondary antibodies (1:5,000) were 
subsequently added. Beta-actin was employed as an in-
ternal control. After introducing the specific antibodies, 
the proteins were visualized with an LI-COR Odessy 
imaging system (LI-COR, Belfast, UK).

Statistical analyses

The statistical analysis of data from each group was con-
ducted using GraphPad Prism v. 8.0.2 (GraphPad Soft-
ware, San Diego, USA) and IBM SPSS software v. 25 (IBM 
Corp., Armonk, USA). Data are presented as the median 
(min–max). As the sample size was too small to verify nor-
mal data distribution, the differences between the groups 
were analyzed using the nonparametric Kruskal–Wallis 
test with Dunn’s post hoc test. Subsequently, significant 
differences among multiple groups were examined using 
the Kruskal–Wallis test, and Dunn’s post hoc test was em-
ployed for multiple comparisons. Dunn’s post hoc test was 
employed for multiple comparisons to control for the false 
positive rate due to multiple testing. Dunn’s test adjusts 
the significance levels to account for multiple comparisons, 
ensuring the control of type I error rates across the 16 com-
parisons. A statistically notable data divergence was con-
sidered when p < 0.05. All tests in this study were bilateral.

Results

The results of the Kruskal–Wallis test and Dunn’s post 
hoc test are presented in Table 1–3.

Cytotoxicity effect of NRD on human 
ALL cells

The MTT test estimated human MOLT-4 cell prolif-
eration at various quantities (control, 5, 10, 20, 30, 40, 
and 50 μM/mL) of NRD (Table 1, Fig. 1A). It was revealed 
that NRD had antiproliferative effects on MOLT-4 cells 

Table 1. Comparison of the study groups

Variables Control 5 μM 10 μM 20 μM 30 μM 40 μM 50 μM test value 
(H)** p-value*

MTT
98.95 

(90.00–107.80)
89.99 

(81.85–98.05)
76.84 

(69.89–83.71)
63.75 

(57.99–69.45)
51.65 

(46.98–56.28)
38.42 

(34.94–41.86)
25.31 

(23.02–27.58)
39.51 <0.001

Data was presented as median (min–max); *p-value was generated using the Kruskal–Wallis test; **degrees of freedom (df) is equal to 5.
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in a concentration-dependent manner. Untreated control 
cells did not exhibit altered MOLT-4 cell proliferation and 
showed 100% viability. However, NRD at dosages of 10, 20 

and 30 μM/mL considerably (p < 0.05) inhibited the vi-
ability of MOLT-4 cells compared to control. Viability 
was extremely inhibited by the administration of a high 
dosage of NRD (40 and 50 μM/mL). From the MTT test, 
the IC50 value was determined to be 30 μM for MOLT-4 
cells. To avoid the destruction caused by high dosages 
of NRD in ALL cells, we added various dosages of NRD 
to the MOLT-4 cells, assessing their sensitivity to NRD 
administration. Based on data from the IC50 value of NRD 
(20 and 30 μM/mL), we opted for further experiments. 
The  MOLT-4  human ALL cells’ morphological varia-
tions were detected with a phase-contrast microscope 
(Nikon Eclipse TS100; Nikon Corp.) in the bright field. 
Administration of 20 μM NRD resulted in a substantial 
loss of cell viability and morphological modifications, and 
augmented morphological changes were observed with 
higher amounts of NRD. The IC50 value of 30 μM NRD 
reduced cell proliferation and additional morphological 
modifications of MOLT-4 cells (Fig. 1B).

Influence of NRD-induced intracellular 
ROS generation in MOLT-4 cells

The formation of ROS in cells is  related to different 
stimuli and can induce apoptosis and block the cell cycle 
(Fig. 2A). To assess ROS accumulation, DCFH-DA-labeled 
MOLT-4 cells were examined with a fluorescence micro-
scope (Nikon Eclipse TS100). High-intensity green fluo-
rescence correlated with the level of ROS. Administration 
of NRD (20 μM/mL) in MOLT-4 cells resulted in a weak 

Table 2. Comparison of the study groups

Variables Control (n = 6) 20 μM (n = 6) 25 μM (n = 6) test value (H)** p-value*

SOD 29.54 (26.87–32.19) 15.92 (14.48–17.34) 11.07 (10.07–12.07) 13.66 0.001

CAT 23.16 (21.07–25.23) 14.90 (13.56–16.24) 7.12 (6.48–7.76) 15.15 0.001

GSH 21.65 (19.69–23.59) 12.75 (11.60–13.90) 0.93 (0.85–1.01) 13.66 0.001

TBARS 6.10 (5.55–6.65) 29.38 (26.73–32.01) 45.12 (41.04–49.16) 15.20 <0.001

Caspase-9 100.05 (91.00–109.00) 135.79 (123.51–147.93) 152.87 (139.05–166.55) 15.26 <0.001

Caspase-8 100.05 (91.00–109.00) 141.32 (128.54–153.96) 169.45 (154.13–184.61) 15.20 <0.001

Caspase-3 100.05 (91.00–109.00) 150.17 (136.59–163.61) 175.30 (159.44–190.98) 15.20 <0.001

TNF-α 100.05 (91.00–109.00) 0.63 (0.57–0.69) 0.42 (0.38–0.46) 15.15 0.001

NF-κB 100.05 (91.00–109.00) 0.70 (0.64–0.76) 0.48 (0.44–0.52) 15.15 0.001

COX-2 100.05 (91.00–109.00) 0.68 (0.62–0.74) 0.39 (0.35–0.43) 15.17 0.001

IL-6 100.05 (91.00–109.00) 0.75 (0.68–0.82) 0.53 (0.48–0.58) 15.15 0.001

p-PI3K/PI3K 1.00 (0.91–1.09) 0.73 (0.66–0.80) 0.45 (0.41–0.49) 15.23 <0.001

p-AKT/AKT 1.00 (0.91–1.09) 0.80 (0.73–0.87) 0.52 (0.47–0.57) 15.22 <0.001

p-STAT3/STAT3 1.00 (0.91–1.09) 0.69 (0.63–0.75) 0.44 (0.40–0.48) 15.26 <0.001

VEGF 1.00 (0.91–1.09) 0.58 (0.53–0.63) 0.39 (0.35–0.43) 15.23 <0.001

Bcl-2 1.00 (0.91–1.09) 0.74 (0.67–0.81) 0.53 (0.48–0.58) 15.20 <0.001

Data were presented as median (min–max); *The p-value was generated using the Kruskal–Wallis test; **Degrees of freedom (df) is equal to 2. Dunn’s post 
hoc test was employed for multiple comparisons to control for the false-positive rate due to multiple testing. Dunn’s test adjusts the significance levels 
to account for multiple comparisons, ensuring the control of type I error rates across the 16 comparisons made.  
SOD – superoxide dismutase; CAT – catalase; GPx – glutathione peroxidase; TBARS – thiobarbituric acid reactive substances; TNF-α – tumor necrosis 
factor alpha; NF-kB – necrosis factor kappa B; COX-2 – cyclooxygenase; IL-6 – interleukin 6; PI3K – phosphoinositide 3-kinase; Akt – protein kinase B; 
VEGF – vascular endothelial growth factor; Bcl-2 – B-cell lymphoma 2.

Table 3. The results of the Dunn’s post hoc test

Explained 
variable C vs 20 μM C vs 25 μM 20 μM vs 

25 μM

SOD 0.155 p < 0.001 0.155

CAT 0.155 p < 0.001 0.155

GSH 0.154 p < 0.001 0.154

TBARS 0.155 p < 0.001 0.155

Caspase-9 0.092 p = 0.001 0.390

Caspase-8 0.155 p < 0.001 0.155

Caspase-3 0.092 p = 0.001 0.390

TNF-α 0.154 p < 0.001 0.154

NF-κB 0.152 p < 0.001 0.152

COX-2 0.154 p < 0.001 0.154

IL-6 0.154 p < 0.001 0.154

p-PI3K/PI3K 0.153 p < 0.001 0.153

p-AKT/AKT 0.153 p < 0.001 0.153

p-STAT3/STAT3 0.152 p < 0.001 0.152

VEGF 0.153 p < 0.001 0.153

Bcl-2 0.154 p < 0.001 0.154

SOD – superoxide dismutase; CAT – catalase; GPx – glutathione peroxidase; 
TBARS – thiobarbituric acid reactive substances; TNF-α – tumor necrosis 
factor alpha; NF-kB – necrosis factor kappa B; COX-2 – cyclooxygenase; 
IL-6 – interleukin 6; PI3K – phosphoinositide 3-kinase; Akt – protein kinase 
B; VEGF – vascular endothelial growth factor; Bcl-2 – B-cell lymphoma 2.
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f luorescent background, whereas NRD (30  μM/mL) 
treatment resulted in bright green fluorescence, which 
signified an elevated ROS level. The  formation of ROS 

in  the  MOLT-4  human ALL cells was very low, while 
the  level of  ROS increased in  the  NRD-supplemented 
(20 and 30 μM/mL) groups in a concentration-dependent 

Fig. 1. Nerolidol inhibits human ALL cell proliferation. A. MOLT-4 human ALL cells were added with various quantities (5–50 µM/mL) of NRD for 24 h. An MTT 
experiment measured cell viability. Results are presented as median (min–max) for triplicate assays. The significance is reflected as *p < 0.05 against control; 
B. Effect of NRD on MOLT-4 cell morphological variations analyzed using phase-contrast microscopy

ALL – acute lymphoblastic leukemia; NRD – nerolidol; MTT – 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Fig. 2. Nerolidol increases the accumulation of reactive oxygen species (ROS) and depolarization of mitochmodrial membrane potential (MMP) in MOLT-4 
cells. Human acute lymphoblastic leukemia (ALL) cells were administered nerolidol (NRD) (20 and 30 µM/mL) for 24 h. A. The accumulation of  2′− 7′- 
dichlorodihydrofluorescein diacetate (DCFH-DA) fluorescence is depicted using an inverted fluorescence microscope; B. Apoptotic action of NRD was 
assessed as MMP deviation using fluorescent microscopy employing a 485–530 nm blue filter
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manner. Treatment with 30 μM NRD significantly (p < 0.05) 
enhanced ROS generation in MOLT-4 cells compared to 
control and 20 μM NRD.

Nerolidol stimulated the loss of MMP 
in human ALL cells

The  MMP depolarization was assessed measur-
ing the  cell’s ability to  take up Rh-123 dye (Fig. 2B). 
MOLT-4 human acute lymphoblastic leukemia control 
cells presented high Rh-123 intensity, depicted as green 
fluorescence and almost 99% MMP. Rh-123 fluorescence 
accumulation was reduced to a weak green fluorescence 
signal in NRD-treated (20 and 30 µM/mL) MOLT-4 cells 
in a dosage-related manner. Nerolidol (30 μM) supple-
mented with MOLT-4 cells resulted in an extensive in-
crease (p < 0.05) in MMP loss due to strengthened mito-
chondrial depolarization.

Nerolidol-triggered apoptosis 
in human ALL cells as demonstrated 
with AO/EB staining

Apoptotic cells were revealed due to the unique mor-
phological changes identified using AO/EB dual staining 
(Fig. 3). Human MOLT-4 cells were visible as homoge-
neously dyed green live cells. Nerolidol (20 and 30 μM/mL) 
supplementation increased cell apoptosis dose-depend-
ently. When intercalated into dsDNA, AO is collected 
by both viable and non-viable cells and exhibits green 
fluorescence, whereas EB only accumulates in non-via-
ble cells, where it intercalates into DNA to produce red 
fluorescence. Therefore, early apoptotic cells have green-
fluorescent nucleus with dense green spots where chro-
matin is condensing, in contrast with the shorter or frag-
mented orange chromatin. Early apoptotic cells showed 
abridged chromatin and membrane blebbing with 20 μM 
NRD administration, which appeared as pale greenish-
yellow marks. Late apoptotic cells exhibited an orange 

color, indicating a decrease in their membrane integrity 
owing to the ethidium bromide co-stain in 30 μM NRD-
administered MOLT-4 cells.

Nerolidol enhances antioxidant status 
and reduces lipid peroxidation

To observe the influence of NRD on oxidative stress, 
we analyzed the antioxidant status and lipid peroxidation 
levels in MOLT-4 cells. Human MOLT-4 cells showed 
elevated levels of TBARS with decreased SOD, CAT and 
GSH compared to NRD-treated cells. However, the an-
tioxidant status and lipid peroxidation levels were re-
versed by the administration of NRD. Treatment with 
NRD (20 and 30 μM/mL) significantly reduced (p < 0.05) 
the intensity of TBARS, whereas SOD, CAT and GSH in-
creased compared to control dose-dependently (Table 2,3 
and Fig. 4).

Measurement of caspase -3, -8  
and -9 activities with ELISA

MOLT-4 cells administered NRD showed elevated ac-
tivity of caspase-3, -8 and -9 when compared to untreated 
control cells (Table 2,3 and Fig. 5). Nerolidol (30 μM) sig-
nificantly (p < 0.05) enhanced the caspase protein levels 
compared to 20 μM NRD-treated MOLT-4 cells. These re-
sults reveal that NRD stimulated the pro-apoptotic mark-
ers, such as caspase proteins, in MOLT-4 cells.

Influence of NRD on the mRNA expression 
of anti-apoptotic inflammatory cytokines

Figure 6 depicts the influence of NRD on the mRNA level 
of anti-apoptotic pro-inflammatory mediators in human 
ALL cells (Table 2,3). MOLT-4 cells exhibited upregu-
lated tumor necrosis factor alpha (TNF-α), nuclear factor 
kappa B (NF-κB), interleukin 6 (IL-6), and cyclooxygen-
ase-2 (COX-2) mRNA levels. Nerolidol (20 and 30 μM/mL) 

Fig. 3. Nerolidol triggered apoptosis in MOLT-4 cells demonstrated using AO/EB staining. MOLT-4 cells are shown treated under control and with NRD 
conditions at different concentrations (20–30 μM/mL) at 24 h, stained with AO/EB. The white arrow indicates green fluorescence, the orange arrow indicates 
apoptotic bodies, the blue arrow indicates apoptotic cells, and the yellow arrow indicates necrotic cells. Nerolidol induced apoptosis by generating ROS 
and disrupting MMP

AO/EB – acridine orange/ethidium bromide; NRD – nerolidol; MMP – mitochnodrial membrane potential; ROS – reactive oxygen species.
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Fig. 5. The influence of NRD on caspase-3, -8 and -9 levels. Human blood cancer cells were supplemented as control and NRD (20 and 30 µM/mL) groups. 
The levels of caspase-3, -8 and -9 were assessed using ELISA. The data are displayed as median (min–max) for triplicate tests. The significance is shown 
as *p < 0.05 vs control

NRD – nerolidol; ELISA – enzyme-linked immunosorbent assay.

Fig. 6. The effect of NRD on pro-inflammatory cytokine mRNA levels. 
MOLT-4 human ALL cells were supplemented with control and 
20 µM/mL and 30 µM/mL dosages of NRD. TNF-α, COX-2, NF-κB, and IL-6 
mRNA levels in MOLT-4 cells were assessed using qRT-PCR. The data are 
displayed as median (min–max) for triplicate tests. The significance level 
was *p < 0.05 vs control

NRD – nerolidol; ALL– acute lymphoblastic leukemia; TNF-α – tumor 
necrosis factor alpha; NF-kB – necrosis factor kappa B; 
COX-2 – cyclooxygenase-2; IL-6 – interleukin 6; RT-qPCR – quantitative 
reverse transcriptase polymerase chain reaction.

Fig. 4. The influence of NRD on oxidative stress markers. Human blood 
cancer cells were supplemented as control and NRD (20 and 30 µM/mL) 
groups. The levels of SOD, CAT, GSH, and TBARS were estimated in MOLT-4 
cells. The data are displayed as median (min–max) for triplicate tests. 
The significance level was *p < 0.05 vs control

NRD – nerolidol; SOD – superoxide dismutase; CAT – catalase; 
GSH – glutathione; TBARS – thiobarbituric acid reactive substances.
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treated-MOLT-4 cells significantly (p < 0.05) attenuated 
the levels of these cytokines dose-dependently. These re-
sults suggest that NF-κB inhibition is involved in NRD-
triggered MOLT-4 cell growth inhibition.

Effect of NRD on the PI3K/AKT pathway

Administration of NRD (20 and 30 μM/mL) resulted 
in  dose-dependent downregulation of  phosphorylated 
PI3K and AKT protein expression compared to untreated 
controls (Table 2,3 and Fig. 7). MOLT-4 human ALL cells 
treated with NRD showed reduced p-PI3K, PI3K, p-AKT, 
and AKT protein expression; thus, NRD induced apop-
tosis in MOLT-4 cells through inhibition of PI3K/AKT 
signaling.

Influence of NRD on STAT-3/VEGF/Bcl-2 
protein levels

Administration of NRD (20 and 30 μM/mL) resulted 
in  dose-dependent downregulation of  phosphorylated 
STAT-3 as well as VEGF and Bcl-2 protein expression lev-
els compared to untreated controls (Table 2,3 and Fig. 8). 
MOLT-4 human ALL cells treated with NRD attenuated 
p-STAT-3, VEGF and Bcl-2 protein expression, showing 
that NRD induced apoptosis and inhibited proliferation 
and angiogenesis in MOLT-4 cells through the suppression 
of STAT-3/VEGF/Bcl-2 signaling.

Fig. 7. The influence of NRD on PI3K/AKT pathway. MOLT-4 human ALL cells were administered NRD (20 and 30 µM/mL) for 24 h. p-PI3K, PI3K, p-AKT, and 
AKT protein expression levels were examined using western blot. The data are presented as median (min–max) for triplicate tests. The significance is shown 
as *p < 0.05 vs control

NRD – nerolidol; PI3K – phosphoinositide 3 kinase; Akt – protein kinase B.

Fig. 8. The influence of NRD on the STAT3/VEGF/Bcl-2 pathway. MOLT-
4 human ALL cells were administered NRD (20 and 30 µM/mL) for 24 h. 
The protein expression levels of STAT3, VEGF and Bcl-2 were examined 
using western blot. The data are presented as median (min–max) for 
triplicate tests. The significance is shown as *p < 0.05 vs control

STAT-3 – signal transducer and activator of transcription 3; VEGF – vascular 
endothelial growth factor; Bcl-2 – B-cell lymphoma.
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Discussion

While there are several remedies available for ALL, there 
is a need for more effective and less toxic treatments due 
to harmful effects and drug resistance. This objective has 
resulted in an increased focus on investigating and improv-
ing natural agents used for chemoprevention or in cases 
of tumor relapses. Recently, NRD has sparked interest due 
to its immense array of pharmacological actions, including 
anti-tumor and apoptotic activities.15 The anticancer ef-
ficacy of NRD has been widely examined in various types 
of cancer cells, including oral cancer,38,39 ovarian cancer,21 
osteosarcomas,40 breast cancer,19 and hepatocellular car-
cinomas,41 among others. There are no previous reports 
on the induction of apoptosis in MOLT-4 cells by NRD. 
The  current study demonstrates that NRD exhibited 
an antiproliferative and apoptotic effect on human ALL 
cell lines MOLT-4. Our results revealed that NRD (20 and 
30 µM/mL) efficiently inhibited MOLT-4 cellular prolif-
eration, elevated intracellular ROS accumulation, reduced 
MMP, and induced apoptosis dose-dependently. In this 
study, we have shown for the first time that NRD dose-de-
pendently induces significant cytotoxicity in MOLT-4 hu-
man ALL cells. Nerolidol reduced cell viability chiefly 
due to the induction of apoptosis. Numerous anti-tumor 
medications have been shown to cause death of susceptible 
cells by stimulating apoptosis. This type of cell death is re-
garded as a significant reaction to the best chemothera-
peutic drugs for leukemia.22,23 According to the data, this 
current research is the first description of the antiprolif-
erative and apoptotic actions of NRD on MOLT-4 human 
ALL cells.

Apoptosis is  a  highly controlled kind of  cell death, 
through which cells with substantial damage are eradi-
cated.22 Apoptotic cell death can be induced by either 
an  intrinsic mitochondria-facilitated or  an  extrinsic 
death receptor-facilitated pathway.23 Hence, medicines 
are needed that selectively prompt apoptosis in tumor cells 
by  inducing tumor-specific upstream activity. Tumors 
have recurrently utilized these pathways, and it may be 
promising to selectively stimulate apoptosis in malignant 
cells or sensitize them to well-known cytotoxic agents.22 
Our experiments prove that NRD stimulated apoptosis 
in ALL cells through the mitochondria-mediated intrin-
sic pathway and suggest it may translate as a potential 
drug candidate for a leukemia remedy. We noticed that 
NRD effectively induced ROS generation and subsequently 
reduced MMP, along with high levels of caspase-3, -8 
and -9 in ALL cells in a quantity-reliant mode. Reactive 
oxygen species are intermediaries of several intracellu-
lar signaling cascades; however, upon hyperproduction, 
they may promote MMP collapse, which activates a series 
of mitochondria-related events comprising apoptosis.25,26 
Related findings were previously reported that NRD ex-
erts antiproliferative and apoptotic activities in osteo-
sarcoma40 and hepatoprotective activities.16 Our study 

demonstrated that NRD supplementation enhanced ROS 
generation and MMP loss, correlating with high caspase 
activity in mitochondrial-mediated ALL cell apoptosis. 
Thus, NRD triggered ROS-mediated mitochondrial apop-
tosis in MOLT-4 cells.

Apart from inducing apoptotic features, ROS can also 
prompt anti-apoptotic elements. The influence of ROS 
on tumor cells depends on the balance between ROS-pro-
moted pro- and anti-apoptotic factors. Human ALL cells 
constitutively express enhanced levels of a vital anti-apop-
totic factor, nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κB).29 However, Nakano et al. es-
tablished that NF-κB-controlled genes exhibit a crucial 
action in the accumulation of ROS in the cells.28 It has been 
shown that ROS have diverse stimulatory or inhibitory 
actions in the NF-κB pathway.28,29 Our results point out 
that NRD significantly suppressed the mRNA expression 
of COX-2, TNF-α, NF-κB, and IL-6 in a concentration-
dependent manner. Therefore, NRD can inhibit NF-κB 
activation and may stimulate apoptosis in ALL cells. Prior 
research has established that NRD constrains the intensi-
ties of TNF-α and IL-1β in rats with LPS-prompted acute 
kidney injury and peritoneal macrophages.41,42 Another 
study revealed that NRD inhibited rotenone-promoted 
IL-6, COX-2, IL-1β, and TNF-α expression in rat brain.43 
Prior research reported that NRD sequestered from Lin-
dera erythrocarpa essential oil alleviated  IκB kinase (IκB) 
disintegration and NF-κB phosphorylation by MAPK phos-
phorylation in LPS-triggered macrophages.42 These studies 
showed that the protective actions of NRD were involved 
in the attenuation of pro-inflammatory mediators. Our 
current research found that NRD was able to suppress 
tumor growth and anti-proliferation by  the  induction 
of apoptosis through the inhibition of inflammatory me-
diators in MOLT-4 cells.

NF-κB, PI3K/AKT and STAT3/VEGF/Bcl-2 signaling 
pathways are involved in cell proliferation, differentiation, 
angiogenesis, metastasis, and apoptosis signal transduc-
tion, along with their regulatory role in human ALL.28,32,33 
Aberrant PI3K/AKT and STAT 3 protein expression leads 
to various aspects of malignant cell growth, differentia-
tion, survival, transformation, metabolism, and cell cycle 
regulation.32,33 In this study, NRD (20 and 30 µM/mL) was 
able to alter PI3K/AKT and STAT3/VEGF/Bcl-2 protein 
expression dose-dependently. Previously, similar results 
were reported that NRD induced apoptosis and cell cycle 
arrest in MG-63 osteosarcoma cells via PI3K/AKT/JNK 
regulation.40 Several molecular pathways are involved 
in malignant metastasis, including the VEGF signaling 
pathway.34 VEGF signaling regulates trans-endothelial 
leukemia cell migration, contributes to extramedullary 
infiltration of ALL cells, and is  implicated in vascular 
angiogenesis regulation.34 More importantly, increasing 
evidence has established that aberrant regulation of VEGF 
signaling triggering the stimulation through the PI3K/Akt 
pathway is connected to a poor prognosis in ALL.35 Based 
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on the physiological communication between the STAT-3, 
BCL-2 and PI3K/Akt signaling networks, which are signifi-
cant to acute leukemias, these pathways comprise strong 
targets for collective inhibition.32,33 Our current find-
ings showed that NRD inhibited PI3K/AKT/NF-κB and 
STAT-3/VEGF/Bcl-2 signaling and induced apoptotic, anti-
inflammatory, anti-oxidative, anti-angiogenic, and antip-
roliferative actions in MOLT-4 cells. This may be the first 
report that NRD inhibits the  PI3K/AKT/NF-κB and 
STAT3/VEGF/Bcl-2 signaling pathways in MOLT-4 hu-
man ALL cells and provides additional proof of the under-
lying anticancer mechanisms of NRD. Important to this 
study, the development of microscopic techniques has 
revolutionized the morphological sciences, progressively 
providing new levels of magnification and resolution for 
exploring biological and non-biological samples. Micros-
copy, in fact, provides an understanding of the structure 
and ultrastructure and of the organization of the main 
cellular components.44

Limitations

In vivo method could not be conducted in this study; 
however, it will be utilized in future research. PI3K, AKT, 
STAT3, VEGF, Bcl-2, caspase-3, caspase-9, and caspase-8 
were analyzed in protein levels, but need to be analyzed 
also in RNA levels in future research. Moreover, detailed 
mechanisms of action still need to be clarified.

Conclusions

Nerolidol was shown to effectively suppress the viability 
and inflammation and dose-dependently induce apoptosis 
in MOLT-4 human ALL cells. By increasing the antioxi-
dant status, NRD demonstrated its lethal effects by form-
ing intracellular ROS, which may be caused by  MMP 
collapse, caspase activation or the reduction of NF-κB-
associated inflammatory mediators. By blocking the PI3K/
AKT/NF-κB pathways, NRD caused ROS-mediated mito-
chondrial death. Moreover, by blocking STAT-3/VEGF/
Bcl-2 signaling, NRD decreased the viability of MOLT-4 
cells and angiogenesis. These results suggest that NRD 
may be developed as a potential preventative therapeutic 
for ALL in humans. Additional investigations should con-
firm the anticancer activity using in vivo animal models.
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Abstract
Background. The Lesbian, Gay, Bisexual, Transgender, and Queer individuals frequently encounter disparities 
in healthcare access, quality and inclusivity. Despite growing awareness of these challenges, Poland has lacked 
a psychometrically validated tool to assess the experiences of sexual and gender minorities in clinical settings.

Objectives. This study aimed to develop and validate the LGBTQ+ Healthcare Experiences Scale (LGBTQ+ 
HCES) tailored to the Polish context.

Materials and methods. A multi-phase cross-sectional study was conducted in 2025. The initial pool 
of items was developed through a narrative literature review and refined by 4 researchers with clinical and aca-
demic experience in LGBTQ+ health. Content validity was assessed using a 2-round Delphi process involving 
a multidisciplinary panel of experts (n = 12), who rated item clarity and relevance using Aiken’s V. A pilot test 
with 30 LGBTQ+ participants confirmed comprehension and technical usability. The final 15-item instrument, 
comprising 3 subscales (Respect and Inclusivity, Discrimination and Microaggressions, Trust and Comfort), 
was administered to 172 LGBTQ+ individuals recruited via social media. Psychometric evaluation included 
descriptive analysis, confirmatory factor analysis (CFA) and reliability testing (Cronbach’s α, McDonald’s ω).

Results. Confirmatory factor analysis supported a 3-factor model comprising Respect and Inclusivity, Discrim-
ination and Microaggressions, and Trust and Comfort. Model fit indices met recommended thresholds (root 
mean square error of approximation = 0.041, standardized root mean square residual = 0.057, comparative 
fit index = 0.998). All subscales demonstrated acceptable to strong internal consistency (α = 0.745–0.778; 
ω = 0.92). No significant floor or ceiling effects were found to compromise the scale’s performance. All items 
showed positive item-total correlations and contributed meaningfully to their respective subscales.

Conclusions. The LGBTQ+ HCES is a valid, reliable and culturally grounded instrument for assessing health-
care experiences among LGBTQ+ populations in Poland. It holds promise for research, public health surveil-
lance and health system quality improvement efforts to promote inclusive and equitable care.

Key words: health equity, LGBTQ+ health, healthcare experiences, inclusivity in healthcare
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Background

Sexual and gender minorities (SGM) – including lesbian, 
gay, bisexual, transgender, queer, and other non-heter-
onormative identities (LGBTQ+) – face disproportion-
ate barriers to accessing equitable, culturally competent 
and respectful healthcare globally.1 These disparities are 
not isolated incidents, but rather the result of entrenched 
systemic discrimination, institutional neglect and a lack 
of clinician preparedness to deliver inclusive care.1,2 Across 
health systems, LGBTQ+ individuals are more likely to re-
port experiences of microaggressions, heteronormative 
assumptions, diagnostic overshadowing, and outright mis-
treatment.3,4 These interactions contribute to widespread 
healthcare avoidance, psychological distress, and worse 
outcomes in both mental and physical health domains.5,6

In Central and Eastern Europe, and Poland in particular, 
these disparities are amplified by hostile sociopolitical 
climates that institutionalize stigma and marginalization.7 
International Lesbian, Gay, Bisexual, Trans and Intersex 
Association (ILGA)-Europe’s 2025 Rainbow Europe Index 
ranked Poland last among 49 countries regarding LGBTQ+ 
equality, highlighting a stark regression in legal protection, 
public policy and social acceptance.8 Over the past decade, 
Polish authorities have promoted exclusionary rhetoric, 
established so-called “LGBT-free zones,” and restricted 
public expressions of LGBTQ+ identity, including pride 
marches and education campaigns.7,9 These structural 
conditions cultivate fear, social invisibility and medical 
mistrust, particularly in healthcare settings that are often 
perceived as unsafe or overtly discriminatory.10

Evidence from high-income countries suggests that 
LGBTQ+ patients often internalize prior negative experi-
ences with clinicians, leading to chronic underutilization 
of services, delays in diagnosis and a reluctance to disclose 
identity in clinical contexts.11–13 In Poland, however, these 
patterns remain under-researched. Despite increasing in-
ternational recognition of LGBTQ+ health disparities, few 
tools exist to systematically assess the lived healthcare ex-
periences of LGBTQ+ individuals in culturally specific, non-
English-speaking settings. This gap limits the development 

of local data-driven interventions and the ability to monitor 
progress toward equity-based health system reform.

While several instruments assessing healthcare profes-
sionals’ competence in working with LGBTQ+ populations 
have been developed and validated in Poland, there remains 
a critical gap in tools that capture the patient perspective.14 
Specifically, no validated instrument currently exists to as-
sess how LGBTQ+ individuals themselves perceive respect, 
discrimination and emotional safety during clinical en-
counters. Internationally, only a few patient-centered in-
struments have been developed to assess LGBTQ+ indi-
viduals’ experiences in healthcare. For example, the Sexual 
Stigma in Health-Care Services Scale, recently validated 
in Taiwan, focuses on the experiences of gay and bisexual 
men.15 However, this tool remains population-specific and 
does not provide a comprehensive measure of healthcare 
experiences across the broader LGBTQ+ community. This 
patient-centered perspective is essential for understanding 
the full scope of healthcare (in)equity and informing inter-
ventions aimed at system-level change in the Polish context.

Objectives

This study aimed to develop and validate the Lesbian, 
Gay, Bisexual, Transgender, and Queer+ Healthcare Experi-
ences Scale (LGBTQ+ HCES), a self-report instrument de-
signed to assess the quality, inclusivity, and safety of health-
care experiences among LGBTQ+ individuals in Poland.

Materials and methods

Design

This study employed an  instrumental design, as de-
scribed by Montero and León,16 which focuses on develop-
ing measurement tools – including item construction and 
psychometric validation. The research aimed to create and 
validate a novel self-report instrument to assess the health-
care experiences of LGBTQ+ individuals in Poland.

Highlights
	• LGBTQ+ Healthcare Experiences Scale (LGBTQ+ HCES) validated in Poland, filling a critical gap in assessing 
LGBTQ+ patient experiences within healthcare.

	• Three-factor model established – Respect and Inclusivity, Discrimination and Microaggressions, Trust and Com-
fort – with excellent fit indices (comparative fit index [CFI] = 0.998, root mean square error of approximation 
(RMSEA) = 0.041).

	• Strong reliability across subscales (Cronbach’s α = 0.745–0.778; McDonald’s ω = 0.92) and no floor/ceiling effects 
confirm measurement robustness.

	• LGBTQ+ HCES provides a reliable tool for research and health system improvement, enabling progress toward 
inclusive, equitable healthcare delivery in Poland.



Adv Clin Exp Med. 2025;34(9):1565–1574 1567

Item development

The  initial development of  the LGBTQ+ HCES took 
place between January and February 2024. A narrative 
literature review was conducted to identify existing in-
struments and conceptual frameworks related to LGBTQ+ 
patient experiences. Although several tools exist to assess 
healthcare providers’ cultural competence, no validated, 
patient-centered instruments were available in the Polish 
context at the time of the study. The preliminary pool 
of items was generated through collaborative discussions 
among 4 researchers with expertise in LGBTQ+ health, 
health psychology and public health. These items were 
grounded in existing theoretical models, including the mi-
nority stress framework, structural stigma theory and prior 
empirical studies focusing on LGBTQ+ individuals’ inter-
actions with healthcare systems. Each author contributed 
to conceptualizing the scale domains, item drafting and 
the review process. A total of 15 items were developed 
to capture key dimensions such as respect and inclusivity, 
experiences of discrimination and microaggressions, and 
emotional safety and trust in clinical encounters. Items 
were designed to be brief, culturally relevant and linguisti-
cally appropriate for Polish-speaking respondents.

Selection of experts

A panel of 12 multidisciplinary experts was recruited 
to evaluate the content validity of  the LGBTQ+ HCES. 
Experts were defined as professionals with a minimum 
of 5 years of clinical or academic experience in health-related 
fields and documented engagement in LGBTQ+ health, hu-
man rights or public health practice. The panel included: 
a psychiatrist, psychologist, family physician, psychothera-
pist, paramedic, dietitian, nurse, public health specialist, 
pharmacist, physiotherapist, laboratory diagnostician, and 
a patient representative from the LGBTQ+ community.

Experts were invited via email, and the invitation in-
cluded a cover letter outlining the study’s goals, the ra-
tionale for developing the scale, the selection criteria for 
participation, and ethical assurances concerning confiden-
tiality, data protection and voluntary participation. Each 
expert received an information sheet describing the ques-
tionnaire structure and participation instructions.

The expert evaluation process was conducted through 
an online form hosted on Webankieta.pl, a secure Polish 
data collection platform. Before beginning their review, 
all participants provided informed consent electronically, 
which was in line with national data protection regulations. 
Participation was anonymous, confidential and voluntary.

Delphi method

A conventional Delphi method was employed to evalu-
ate the content validity of the LGBTQ+ HCES, involving 
2 structured rounds of expert consultation.17 This approach, 

widely used in instrument development, facilitates con-
sensus-building among experts while allowing for itera-
tive refinement of questionnaire items. Following the rec-
ommendations of Linstone and Turoff,18 2 rounds were 
deemed sufficient to ensure informed agreement among 
participants. The Delphi process was conducted in March 
2024, during the 1st month of the study. In Round 1, ex-
perts were asked to assess each item for content relevance 
and linguistic clarity using a 5-point Likert scale (1 = not 
at all; 5 = completely). Additionally, qualitative feedback 
was collected through open-ended comment boxes, where 
panelists could suggest modifying item structure, language 
or conceptual scope. This feedback was reviewed in detail, 
and items requiring revision were adjusted accordingly. 
In Round 2, experts re-evaluated the modified items us-
ing the same procedure. This round confirmed whether 
the revisions enhanced clarity and relevance, and whether 
consensus had improved. All items in the final version met 
the predefined inclusion thresholds (Aiken’s V ≥ 0.75), and 
no further changes were deemed necessary. Initially, in-
vitations were sent to 16 experts, covering all predefined 
disciplines. Four invitees either did not return the survey 
or provided incomplete responses, and were therefore ex-
cluded from the Delphi process. The final expert panel con-
sisted of 12 members. All 12 completed both Delphi rounds, 
yielding a 100% response rate in the qualified panel. Com-
munication with the panel was conducted via email, and 
both Delphi rounds were administered using a secure online 
survey platform (https://www.webankieta.pl/). No experts 
were lost between rounds; full participation was retained 
throughout the process.

Content validity analysis

The content validity of the questionnaire was assessed 
using Aiken’s V coefficient, a widely used index for evalu-
ating the relevance and clarity of individual items based 
on  expert ratings. Each expert rated every item using 
a 5-point Likert scale (1 = not at all relevant/clear; 5 = com-
pletely relevant/clear). Aiken’s V was calculated for each 
item using the standard formula:

V = (X − l)/k,

where X is the mean of expert ratings, l is the lowest possible 
rating (1), and k is the range of the scale (4, for a 1–5 scale). 
A threshold of Aiken’s V ≥ 0.75 was used to indicate ac-
ceptable content validity. Items scoring below this value 
in the first round were revised before re-evaluation. All 
calculations were conducted in Microsoft Excel 2013 (Mi-
crosoft Corp., Redmond, USA).

Comprehensibility analysis 
and linguistic validation

In both rounds of expert review, participants were asked 
to assess the content relevance and the linguistic clarity 

https://www.webankieta.pl/
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of each item. Ratings were provided on a 5-point Likert 
scale (1 = unclear, 5 = completely clear). Items receiving 
lower clarity scores in the 1st round – particularly those 
with Aiken’s V < 0.75 – were revised for improved wording. 
In the 2nd round, experts re-evaluated the revised items.19,20 
This 2-step process allowed for refinement of item phras-
ing based on expert feedback to ensure that all items were 
linguistically clear and culturally appropriate for the Pol-
ish context. No items required further revision after 
the 2nd round, as all reached acceptable clarity levels.

Instrument description

The LGBTQ+ HCES is a 15-item self-report question-
naire developed to assess the healthcare experiences of LG-
BTQ+ individuals within the Polish healthcare system. 
The tool was designed to evaluate how affirming, respect-
ful and safe these interactions were, particularly in terms 
of  inclusivity, perceived discrimination and emotional 
comfort when disclosing one’s sexual orientation and/or 
gender identity.

The items reflect 3 key dimensions: 1) Respect and Inclu-
sivity, which addresses whether patients felt acknowledged 
and valued regardless of their identity; 2) Discrimination 
and Microaggressions, which captures instances of subtle 
or overt exclusion, bias or inappropriate language from 
healthcare providers; and 3) Trust and Comfort, which 
assesses the extent to which respondents felt emotionally 
safe and supported in clinical encounters. Responses are 
rated on a 7-point Likert scale ranging from 1 (“strongly 
disagree”) to 7 (“strongly agree”), with 5 negatively worded 
items reverse-coded to ensure higher scores consistently 
represent more positive healthcare experiences. Subscale 
scores are computed by averaging the relevant items, and 
an overall mean score is derived to reflect general experi-
ences across domains.

The instrument used gender-inclusive and non-binary-
affirming language to promote psychological safety and 
accommodate diverse gender identities. Respondents are 
invited to reflect on direct and perceived experiences, re-
gardless of whether their LGBTQ+ identity was disclosed 
to medical personnel.

For transparency, all 15 questionnaire items are shown 
in their English translation in the Results section. The orig-
inal Polish version of  the  LGBTQ+ HCES is  provided 
in the raw data to support further validation and imple-
mentation efforts. The finalized version of the LGBTQ+ 
HCES was pilot-tested among 30 participants using an on-
line survey (https://www.webankieta.pl/). The aim was 
to evaluate the clarity of item wording and the technical 
functionality of the questionnaire. No comprehension is-
sues or technical difficulties were reported. The platform’s 
built-in IP filtering system was used to identify potential 
duplicate entries; none were detected. To further mini-
mize the risk of duplicate or invalid responses, the platform 
also applied completeness checks and time monitoring. 

Additionally, all responses were screened for internal con-
sistency, and no irregular patterns were detected.

Main study design and participants

A cross-sectional study was conducted between April 
and May 2024 using convenience sampling via social me-
dia platforms, including Instagram and a closed Facebook 
group for the LGBTQ+ community. Participants were 
eligible if they were aged 18 years or older, self-identified 
as LGBTQ+ and had accessed healthcare services in Poland 
within the past 24 months (including primary care, emer-
gency departments, hospitalizations, diagnostic testing, 
ambulance services, or private healthcare).

All participants provided informed consent before par-
ticipation. The survey was fully anonymous and voluntary, 
and participants were informed that they could withdraw 
anytime without giving a reason.

A total of 172 participants were enrolled. Sample size deter-
mination followed recommendations suggesting 5–10 partic-
ipants per item for psychometric validation. Given the 18-item 
structure, a minimum of 90–180 respondents was tar-
geted, which aligns with Argimon-Pallàs’s guidelines.21 
The study was conducted by the Declaration of Helsinki 
and approved by the Bioethics Committee of Wroclaw 
Medical University, Poland (approval No. KB 976/2022). 
This research is part of the Health Exclusion Research 
in Europe2 (HERE2) project.

Statistical analyses

Internal consistency of the questionnaire was checked 
with confirmatory factor analysis (CFA). Standardized 
root mean square residual (SRMR), root mean square 
error of approximation (RMSEA), comparative fit index 
(CFI), and Tucker–Lewis index (TLI) were used within 
the Hu–Bentler 2-index strategy to assess the goodness 
of fit of the CFA model (criteria: SRMR < 0.09 plus at least 1 
of the following: CFI > 0.96, TLI > 0.96, or RMSEA < 0.06). 
Cronbach’s α and discriminative power index were internal 
consistency measures. The following thresholds for inter-
nal consistency were used: 0.9 ≤ α – excellent; 0.8 ≤ α < 0.9 
– good; 0.7 ≤ α < 0.8 – acceptable; 0.6 ≤ α < 0.7 – ques-
tionable; 0.5 ≤ α < 0.6 – poor; and α < 0.5 – unacceptable. 
R 4.4.1 (R Foundation for Statistical Computing, Vienna, 
Austria) and RStudio (https://posit.co/products/open-
source/rstudio/?sid=1) GUI and psy,22 lavaan,23 psych,24 
and diagram packages25 were used.

Results

Sociodemographic characteristics

A total of  172  individuals participated in  the  study. 
The  mean age was 30.95  years (standard deviation 

https://www.webankieta.pl/
https://posit.co/products/open-source/rstudio/?sid=1
https://posit.co/products/open-source/rstudio/?sid=1
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(SD) = 8.69). Nearly half of the sample identified as cis-
gender men (47.67%) and almost 1/3 as cisgender women 
(29.65%), with a notable proportion identifying as non-
binary (11.63%). The majority reported a homosexual ori-
entation (69.77%). Most participants lived in large urban 
areas (>500,000 inhabitants) and held at least a second-
ary education, with over 30% having a master’s degree. 
Detailed sociodemographic characteristics are presented 
in Table 1.

Instrument outcomes

Mean scores across the LGBTQ+ HCES and its 3 sub-
scales suggest moderately positive healthcare experiences 
within the sample, though with considerable variability 
(Table 2). The highest mean was observed for Respect 
and Inclusiveness (mean (M) = 25.56, SD = 5.93), while 
Discrimination and Microaggressions showed the low-
est (M = 16.41, SD = 7.24), indicating unequal exposure 
to negative experiences.

Analysis of the individual questionnaire 
item

Descriptive item-level analysis revealed high ceiling ef-
fects for items 2 and 5, with 57.6% and 50.0% of respon-
dents selecting the maximum response (Table 3). This sug-
gests these items may have limited discriminative capacity 
in  this sample. While this could indicate redundancy, 
it is also possible that these items tap into universally posi-
tive experiences that are crucial to the construct and were 
designed to function as intentional “anchor” or “booster” 
items. In contrast, item 15 showed the highest floor ef-
fect (31.4%), potentially pointing to problematic or poorly 
experienced care domains.

Confirmatory factor analysis

The  HCES items are measured on  an  ordinal scale, 
and the  Diagonally Weighted Least Squares (DWLS) 
estimator was used for CFA. The initial 3-factor model 
(Model  I) showed suboptimal fit indices. Correlations 
between selected item pairs within the same factor were 
added to improve model fit based on modification indices. 
The revised model (Model II) showed improved fit and met 
recommended thresholds (SRMR < 0.08, RMSEA < 0.06, 
CFI > 0.95). These adjustments preserved the original fac-
tor structure of the HCES. Detailed results are presented 
in Table 4.

Internal consistency analysis 
of the LGBTQ+ HCES

All item loadings were statistically significant (p < 0.001), 
ranging from 0.329 to 0.863, indicating adequate association 
with their respective subscales. Cronbach’s α coefficients 

showed acceptable internal consistency across the 3 sub-
scales: Respect and Inclusiveness (α = 0.770), Discrimi-
nation and Microaggressions (α = 0.745) and Trust and 
Comfort (α = 0.778). McDonald’s ω index (ω = 0.92) further 
confirmed the strong internal consistency of the scale.

Item-level reliability analysis revealed no substantial 
gains in α values upon removal of any item. Although mi-
nor increases were observed for Item 5 and Item 15 within 
their respective subscales, these changes were insufficient 
to justify item deletion. All items demonstrated positive 
item-total correlations, supporting their contribution 
to internal consistency. Detailed results for item loadings 
and internal consistency are presented in Table 5, with 
additional reliability metrics shown in Table 6. The path 
diagram for the CFA of the LGBTQ+ HCES is illustrated 
in Fig. 1.

Table 1. Sociodemographic characteristics of the sample

Parameter Total (n = 172)

Age

mean (SD) 30.95 (8.69)

median (IQR) 29 (23.75–37)

range 18.5–56

n 172

Gender

cisgender woman 51 (29.65%)

transgender woman 7 (4.07%)

cisgender man 82 (47.67%)

transgender man 8 (4.65%)

non-binary person 20 (11.63%)

other 4 (2.33%)

Sexual 
orientation

heterosexual 5 (2.91%)

homosexual 120 (69.77%)

bisexual 25 (14.53%)

pansexual 10 (5.81%)

asexual 10 (5.81%)

queer 14 (8.14%)

other 1 (0.58%)

Current 
relationship 
status

yes, monogamous relationship 95 (55.23%)

yes, polyamorous relationship 11 (6.40%)

no 62 (36.05%)

other 4 (2.33%)

Place 
of residence

rural area 15 (8.72%)

city <100,000 inhabitants 23 (13.37%)

city 100,000–500,000 inhabitants 38 (22.09%)

city >500,000 inhabitants 96 (55.81%)

Education 
level

primary/elementary 2 (1.16%)

vocational 3 (1.74%)

secondary 61 (35.47%)

bachelor’s or engineering degree 40 (23.26%)

master’s degree 52 (30.23%)

doctoral or higher 14 (8.14%)

SD – standard deviation; IQR – interquartile range.
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Discussion

To our knowledge, this study presents the first validated, 
patient-centered instrument in Poland explicitly designed 
to capture the healthcare experiences of LGBTQ+ individu-
als. The LGBTQ+ HCES demonstrated strong psychometric 
properties, including acceptable internal consistency across 
all subscales and excellent model fit indices, supporting its 
use as a reliable tool in research and applied settings.

The final version of the scale, encompassing 3 dimensions 
– Respect and Inclusivity, Discrimination and Microaggres-
sions, and Trust and Comfort – closely reflects conceptual 

frameworks rooted in the minority stress model and struc-
tural stigma theory. These dimensions have also been iden-
tified in previous studies as key determinants of healthcare 
quality and access for SGM populations.2,26–28 Importantly, 
our findings indicate that even within a relatively young, 
urban and highly educated LGBTQ+ cohort, negative clini-
cal experiences remain common, with notably lower scores 
in perceived discrimination and provider competence.

The high internal consistency and robust factor struc-
ture suggest that the LGBTQ+ HCES successfully captures 
distinct but interrelated aspects of the patient experience. 
The Discrimination and Microaggressions subscale, which 

Table 2. Descriptive statistics for the LGBTQ+ HCES and its subscales

LGBTQ+ HCES Score (range) N Mean SD Median Min Max Q1 Q3

Total LGBTQ+ HCES Score 15–105 172 62.70 9.40 63 39 90 55.75 69

Respect and Inclusiveness 5–35 172 25.56 5.93 26 6 35 21.00 30

Discrimination and Microaggressions 5–35 172 16.41 7.24 16 5 35 11.00 21

Trust and Comfort 5–35 172 20.72 6.93 20 5 35 15.00 26

LGBTQ+ HCES – LGBTQ+ Healthcare Experiences Scale.

Table 3. Floor and ceiling effects per item of the LGBTQ+ HCES

Item* Floor effect Ceiling effect

1.	 My health needs as an LGBTQ+ person were taken seriously. 2.9% 27.9%

2.	 I have avoided seeking medical care at some point due to fear of how my gender identity and/
or sexual orientation might be received.

8.1% 57.6%

3.	 I have encountered stereotypical or offensive language from healthcare staff directed at me 
or at the LGBTQ+ community.

13.4% 43.0%

4.	 I trust healthcare providers to provide appropriate care for LGBTQ+ people. 9.3% 11.0%

5.	 Healthcare staff respected my gender identity (e.g., by using my correct name or pronouns), 
regardless of whether I had to explain it.

8.7% 50.0%

6.	 I felt safe discussing my gender identity and/or sexual orientation with healthcare professionals. 7.6% 20.3%

7.	 I have avoided disclosing my gender identity and/or sexual orientation due to fear of negative 
reactions from healthcare providers (e.g., bias, denial of care, or mistreatment).

29.7% 18.6%

8.	 I was treated with respect by healthcare staff. 1.7% 29.7%

9.	 I experienced prejudice or discrimination based on my gender identity and/or sexual orientation. 9.3% 30.8%

10.	 Healthcare staff demonstrated awareness and understanding of LGBTQ+ health needs. 8.1% 14.5%

11.	 I felt welcomed as an LGBTQ+ person in the healthcare setting. 9.3% 15.7%

12.	 I felt I was treated equally to other patients, regardless of my gender identity and/or sexual 
orientation.

4.1% 28.5%

13.	 I felt that my experiences as an LGBTQ+ person were acknowledged and taken into account 
in the care I received.

5.8% 18.6%

14.	 I felt judged or stereotyped by healthcare staff (e.g., through tone of voice, eye contact, or body 
language) due to my gender identity and/or sexual orientation.

5.8% 27.9%

15.	 I know where to find an LGBTQ+-affirming healthcare provider or facility. 31.4% 22.7%

*Items are shown in English translation for presentation purposes only. The original validation was conducted using the Polish version of the LGBTQ+ HCES. 

Table 4. Results of fit indices

Model χ2/df p-value RMSEA CFI SRMR

Model I 1.876 p < 0.001 0.072 0.992 0.069

Model II 1.284 p = 0.047 0.041 0.998 0.057

RMSEA – root mean square error of approximation; CFI – comparative fit index; SRMR – standardized root mean square residual; df – degrees of freedom.
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yielded the lowest mean score, underscores the persistence 
of subtle and overt biases in Polish healthcare settings. 
This finding aligns with international literature demon-
strating the pervasiveness of microaggressions – often 
invisible to cisgender and heterosexual providers – such 
as  inappropriate assumptions, invalidation of  identity 
or reluctance to use inclusive language.29,30

Conversely, the Respect and Inclusivity subscale had 
the  highest score, suggesting that some interpersonal 
aspects of care – particularly overt disrespect or denial 
of  identity – may be less prevalent. However, the rela-
tively high ceiling effects on items related to being treated 

respectfully may also reflect limited item sensitivity or so-
cial desirability bias.

The  Trust and Comfort subscale revealed moder-
ate scores, consistent with studies showing that even 
when overt discrimination is absent, LGBTQ+ patients 
frequently report discomfort disclosing their identities 
or anticipating poor treatment.2,12,15,26 This has critical 
implications for clinical care: nondisclosure is associated 
with reduced diagnostic accuracy, inappropriate treatment 
plans and poor health outcomes, particularly in mental 
health, sexual health and chronic disease management.31–33 
Item 15 within this subscale demonstrated the highest 

Table 5. Standardized factor loadings and internal consistency of the LGBTQ+ HCES subscales

Scale Item Loading p-value Cronbach’s α McDonald’s
ω index

Respect and Inclusiveness

HCES 1 0.700 p < 0.001

0.770

0.92

HCES 5 0.426 p < 0.001

HCES 8 0.724 p < 0.001

HCES 12 0.845 p < 0.001

HCES 13 0.863 p < 0.001

Discrimination and Microaggressions

HCES 2 0.673 p < 0.001

0.745

HCES 3 0.601 p < 0.001

HCES 7 0.787 p < 0.001

HCES 9 0.691 p < 0.001

HCES 14 0.685 p < 0.001

Trust and Comfort

HCES 4 0.723 p < 0.001

0.778

HCES 6 0.829 p < 0.001

HCES 10 0.809 p < 0.001

HCES 11 0.834 p < 0.001

HCES 15 0.329 p < 0.001

LGBTQ+ HCES – LGBTQ+ Healthcare Experiences Scale.

Table 6. Item-level reliability analysis for the LGBTQ+ HCES subscales

Scale Item Alpha when item omitted Item-total correlation

Respect and Inclusiveness

HCES 1 0.712 0.590

HCES 5 0.806 0.354

HCES 8 0.706 0.631

HCES 12 0.679 0.678

HCES 13 0.732 0.531

Discrimination and Microaggressions

HCES 2 0.720 0.453

HCES 3 0.693 0.529

HCES 7 0.697 0.518

HCES 9 0.704 0.496

HCES 14 0.685 0.561

Trust and Comfort

HCES 4 0.729 0.582

HCES 6 0.696 0.672

HCES 10 0.691 0.698

HCES 11 0.704 0.662

HCES 15 0.854 0.273

LGBTQ+ HCES – LGBTQ+ Healthcare Experiences Scale.
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floor effect (31.4%). This finding likely reflects structural 
barriers in the Polish healthcare system, where information 
about LGBTQ+-affirmative providers remains scarce and 
often inaccessible. Although the item showed lower fac-
tor loading and item–total correlation compared to other 
items, it was retained due to  its conceptual relevance: 
knowing where to find inclusive services is a critical di-
mension of comfort and trust in healthcare. Importantly, 
the overall reliability of the subscale remained acceptable, 
indicating that inclusion of this item did not compromise 
the psychometric integrity of the instrument.

While several instruments assess healthcare provider 
competencies toward LGBTQ+ patients (e.g., the LGBT-
DOCSS, the GAP), these tools do not capture the pa-
tients’ perspectives.2,34 The LGBTQ+ HCES fills this gap 

in Poland, where widespread institutional hostility and 
sociopolitical marginalization exacerbate mistrust toward 
healthcare services.7,8,35

Practical implications

The validated LGBTQ+ HCES provides a robust, cultur-
ally relevant instrument for assessing the healthcare experi-
ences of sexual and gender minorities in Poland. Its practical 
applications span clinical, administrative and policy levels. 
The scale enables routine monitoring of inclusivity and 
patient-centeredness in clinical settings, offering insight 
into perceived respect, safety and discrimination. Facilities 
may use subscale scores to identify specific domains – such 
as fear of disclosure or lack of cultural competence – that 

Fig. 1. Path diagram 
for confirmatory factor 
analysis (CFA) of the 
LGBTQ+ Healthcare 
Experiences Scale (HCES)
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require targeted interventions. At the healthcare system 
level, the tool can facilitate equity-focused audits and in-
form continuous quality improvement initiatives. Integra-
tion into national health reporting frameworks would allow 
for standardized benchmarking and longitudinal tracking 
of LGBTQ+ patient experiences across regions and care 
settings. The LGBTQ+ HCES may also serve as an out-
come measure in intervention studies, evaluating the impact 
of inclusivity training or structural reforms (e.g., removal 
of binary intake forms). Finally, it offers a means of am-
plifying community voice, enabling LGBTQ+ individuals 
to report health system performance based on lived ex-
perience. By translating subjective experiences into mea-
surable data, the LGBTQ+ HCES provides the empirical 
foundation needed to guide responsive, equity-driven health 
system reforms in settings where LGBTQ+ health remains 
politically contested and structurally neglected. Beyond 
Poland, the LGBTQ+ HCES also holds potential for cross-
cultural adaptation. Applying the scale in other healthcare 
systems would allow for standardized international com-
parisons of LGBTQ+ patients’ experiences, facilitating both 
the identification of universal barriers and the recognition 
of context-specific challenges. Such comparative research 
could strengthen the global evidence base needed to in-
form inclusive and equity-driven healthcare reforms. This 
makes the LGBTQ+ HCES particularly valuable for use 
in countries with sociopolitical contexts comparable to Po-
land, where LGBTQ+ health remains under-researched and 
marginalized.

Limitations

This study has several limitations. First, participants 
were recruited through convenience sampling on social 
media platforms, which may limit representativeness 
to LGBTQ+ individuals who are active online and engaged 
in digital communities. As a result, the findings may not 
fully reflect the experiences of those with limited inter-
net access or those less connected to LGBTQ+ networks. 
Second, self-report questionnaires introduce the potential 
for social desirability or recall bias. Lastly, while the scale 
demonstrated strong psychometric properties in the Polish 
context, future studies may explore its test–retest reli-
ability and sensitivity to change over time in intervention-
based research.

Conclusions

The LGBTQ+ HCES demonstrated strong psychometric 
properties, including robust content validity, high inter-
nal consistency, and good model fit. The tool captures 
3 core dimensions of LGBTQ+ individuals’ experiences 
in the healthcare system: Respect and Inclusivity, Dis-
crimination and Microaggressions, and Trust and Comfort 
in clinical settings.

The LGBTQ+ HCES provides a reliable and practical 
measure for evaluating healthcare experiences among 
sexual and gender minorities in Poland. It is suitable for 
academic research and public health applications, health 
system evaluation and equity-focused service improve-
ment. The scale is intended to inform efforts to identify 
and address healthcare inequities affecting LGBTQ+ 
populations and support interventions to enhance inclu-
sivity and responsiveness in clinical practice. Its adoption 
in health systems and research settings may contribute 
to more inclusive policy development and patient-centered 
care for LGBTQ+ populations.
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Abstract
Hematological malignancies encompass a diverse group of cancers affecting the blood, bone marrow and 
lymph nodes. The p16 gene, encoding the P16INK4A protein, plays a pivotal role in cell cycle regulation and 
tumor suppression. Understanding the involvement of p16 in the development and progression of hemato-
logical malignancies is crucial for advancing therapeutic strategies.
This systematic review aims to elucidate the multifaceted roles of the p16 gene and P16INK4A protein 
in hematological malignancies, focusing on their impact on disease pathogenesis, prognostic significance 
and therapeutic implications. A comprehensive search was conducted across electronic databases, including 
PubMed, Scopus and Google Scholar, using predefined search terms related to p16, P16INK4A, hematologi-
cal malignancies, and therapy. Studies published up to 2023 were included, encompassing clinical trials, 
observational studies, meta-analyses, and preclinical research.
The review synthesizes evidence highlighting the dysregulation of the p16 pathway in various hematological 
cancers. Alterations in p16 expression levels, genetic mutations and epigenetic modifications contribute to dis-
ease initiation and progression. Moreover, the prognostic significance of p16 status in predicting therapeutic 
outcomes and patient survival is explored. The p16 gene and P16INK4A protein emerge as promising biomark-
ers and therapeutic targets in hematological malignancies. Integrating knowledge of p16 dysregulation into 
clinical practice holds the potential to optimize treatment strategies, enhance patient outcomes and pave 
the way for personalized medicine approaches in the management of these challenging diseases.
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Introduction

Hematological malignancies account for 9.7% of all can-
cers, ranking them the 4th most common in the human 
population.1 The huge number of cases poses a signifi-
cant obstacle for the healthcare system. It is believed that 
a comprehensive understanding of cancer pathophysiology 
can serve as a basis for the discovery of new medications 
to optimize and maximize the outcomes of patients with 
hematological malignancies. Moreover, gaining further 
knowledge of the systems responsible for cancer forma-
tion and progression could potentially enable the early 
detection of susceptible patients and the implementation 
of preventive measures. Identification of predictive and 
prognostic indicators is crucial for tailoring preventive 
strategies, improving clinical practice and allocating re-
search resources.2

P16INK4a is  a  protein classified as  a  tumor suppres-
sor, mostly due to  the widespread genetic inactivation 
of the p16INK4a (or CDKN2A) gene in almost all forms of hu-
man malignancies. P16INK4a is a component in regulating 
the cell cycle and working in conjunction with the P53 pro-
tein; research has demonstrated that an increased amount 
of P16INK4a expression (upregulation) has a role in cellular 
senescence, aging and the advancement of cancer. This 
suggests that the control of P16INK4a is significant for its 
proper functioning.3

The  systematic review used PubMed, Scopus and 
Google Scholar search engines. The following key words 
were used: “p16INK4a”, “INK4a, P16INK4a”, “hematologic 
malignancies”, “acute myeloid leukemia”, “acute lympho-
blastic leukemia”, “myelodysplastic syndromes”, “chronic 
myeloid leukemia”, “mastocytosis”, “chronic lymphocytic 
leukemia”, “Hodgkin’s lymphoma”, “Hodgkin’s disease”, 
“non-Hodgkin’s lymphoma”, “plasma cell myeloma”, 
“multiple myeloma”, and “prognostic factors”, “p16INK4a 
expression”, “DNA methylation”, “chromosomal dele-
tions”. The search was limited to the period from 1993 
to 2023. Articles published more than 10 years ago were 
used only when necessary. The sources were last searched 
on July 24, 2024.

Objectives

The  primary objective of  this systematic review 
was to present an overview of  the existing knowledge 
on the function of the p16INK4a gene and P16INK4a protein 
in the development of hematological malignancies. Ad-
ditionally, the review aimed to investigate the p16 gene 
and P16INK4a protein potential roles as prognostic factors, 
and the  therapeutic implications of  targeting the  p16 
gene and P16INK4a protein in anticancer treatment. Fur-
thermore, the review attempted to familiarize the reader 
with the structure of these elements and the mechanisms 
of their interaction with the cell cycle.

Structure and function of the p16 gene 
and P16INK4a protein

Serrano et al. identified P16INK4a as a protein that binds 
to CDK4 and inhibits the catalytic activity of the CDK4/
cyclin D enzymes in 1993.4 The protein is also known as P16 
or MTS1 (multiple tumor suppressor 1) and is encoded 
by the CDKN2A gene located at the INK4b/ARF/INK4a 
locus on chromosome 9p21.3 (Fig. 1).5,6 CDKN2A also en-
codes for P14ARF (P19ARF in mice), while CDKN2B encodes for 
P15INK4b, CDKN2C for P18INK4d and CDKN2D for P19INK4d.7 
Additionally, the INK4b/ARF/INK4a locus encodes antisense 
non-coding RNA in the INK4/ARF locus (ANRIL).8

P16INK4a and P15INK4b bind and inhibit CDK4 and CDK6, 
which in turn are significant to relieve the cell cycle inhibi-
tory activity of the retinoblastoma (Rb) tumor suppressor, 
whereas P14ARF is an activator of tumor suppressor p53 
(Fig. 2).7,9,10

P16INK4a and P15INK4b, as well as P18 and P19, belong 
to the INK4 protein family.9 The common feature of these 
4 proteins is that they are built of ankyrin repeat (AR) 
motifs, each of which is composed of 31–34 amino acids.11 
Ankyrin repeat motifs are found in many proteins and are 
responsible for protein–protein interactions. The studies 
have shown that P16INK4a and P15INK4b proteins are com-
posed of 4 ankyrin repeat (AR) motifs, whereas P18 and 
P19 contain 5 AR motifs.12 In addition to their similar 
structure, all INK4 proteins bind to CDK4/6 and inhibit its 
activity. Unlike P16INK4a and P15INK4b, which are encoded 
by the same locus and most likely resulted from gene dupli-
cation,13 genes encoding P18 and P19 proteins are located 
within chromosomes 1p32 and 19p13.2, respectively.14

The  studies on  interactions between P16INK4a and 
CDK4/6 have shown that residues of P16INK4a that inter-
act with CDK4/6 are located in the 2nd and 3rd AR motif. 
Crystallographic studies revealed that AR motifs present 
in the P16INK4a protein form a helix bundle with a concave 
surface in which clusters of charged groups are present 
for target binding.15

P16INK4a inhibits CDK4/CDK6 proteins in 2 ways. First, 
the concave surface of the P16INK4a protein interacts with 
a catalytic site of CDK4/6 proteins, leading to a decrease 
in the kinase activity of CDK4/6 proteins. Second, the in-
teraction between P16INK4a and CDK4/6 induces changes 
in the tertiary structure of CDK4/6, which affects the bind-
ing between CDK4/6 and its activator, cyclin D.16

The studies conducted until now have revealed that 
the primary function of the P16INK4a protein is regulation 
of the cell cycle. P16INK4a involvement in the regulation 
of cell cycle progression occurs through at least 2 mecha-
nisms. The best description is the contribution of P16INK4a 
to the pRb/E2F pathway. P16INK4a binds and inhibits the ac-
tivity of CDK4 and CDK6 proteins, whose role is to phos-
phorylate Rb proteins. When P16INK4a inhibits the activity 
of the CDK4/6 protein, it results in hypophosphorylation 
of the Rb protein. Hypophosphorylated Rb protein inhibits 
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Fig. 1. Schematic structure 
of the INK4a/ARF locus

Fig. 2. The mechanism of cell 
cycle regulation
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association of E2F protein with promoters of proliferation-
associated genes (e.g., cyclin B1, dihydrofolate reductase, 
thymidine kinase, and JunB proto-oncogene), thus pre-
venting the entrance of cells into the S phase and prolifera-
tion. On the other hand, cell commitment to proliferation 
results in pRb hyperphosphorylation by CDK6/4 in late G1, 
resulting in the entry of the cell into the S phase (Fig. 2). 
The 2nd mechanism involves the interaction of P16INK4a 
with TFIIH in the pre-initiation complex, which prevents 
the CDK7 subunit of this transcription factor from phos-
phorylating the carboxy-terminal domain of the large sub-
unit of RNA polymerase II, a step required for the tran-
scription of RNAII polymerase-dependent genes.17,18

Regulation of P16INK4a expression

Traversing the  G1/S cell cycle checkpoint is  one 
of the critical events in cell life and is therefore tightly 
regulated by multiple pathways. In general, the main out-
come of this regulation should be to allow only fit and un-
stressed cells to proliferate and to inhibit the proliferation 
of cells exposed to stress and oncogenic stimuli. In general 
– because of the importance of the p16INK4a gene for cell 
cycle control – this gene is maintained in a repressed state 
in normal cells so they can proliferate. Expression of this 
gene requires: 1) a permissive state of chromatin surround-
ing the p16INK4a gene; and 2) stimulation of transcription 
by activator proteins. The induction of p16INK4a gene ex-
pression is usually observed during cellular senescence, 
a state of the cell during which the cell is metabolically 
active but cannot proliferate.12 The cellular senescence 
might be induced by a number of factors, including UV 
light, reactive oxygen species (ROS) and oncogenes.19

Epigenetic regulation

It has been reported that the p16INK4a gene undergoes 
in cells silencing by evolutionary conserved multiprotein 
complexes polycomb repressive complex 1 (PRC1) and 
polycomb repressive complex 2 (PRC2).5 The studies have 
shown that long non-coding (Inc) RNAs such as ANRIL and 
MOV10 are responsible for the recruitment of the PRC2 
complex to the p16INK4a gene.20 According to the well-es-
tablished model, the enzymatic subunits of this complex, 
Ezh1 and Ezh2, are responsible for the  trimethylation 
of lysine 27 of histone H3 (H3K27me2/3),21 which is next 
recognized by the subunit of the PRC1 complex, the CBX 
protein, and the entire PRC1 complex is recruited to target 
locus.22 A part of the PRC1 complex E3 ubiquitin ligase 
RING1A/B is  responsible for the  monoubiquitination 
of histone H2A at lysine 119 (H2AK119ub1), which, along 
with local chromatin compaction, leads to gene silenc-
ing. The studies also showed that histone deacetylases 
(HDAC) are involved in INK4 genes silencing. One mecha-
nism by which HDACs contribute to this phenomenon 
is that they promote dissociation of E2F1 from Rb, and 

the former induces transcription of C-MYC, which in turn 
is a positive regulator of BMI-1 expression. BMI-1 is a part 
of the PRC1 complex.23 Similarly, Ezh protein levels are in-
creased as a result of E2F dependent transcription, leading 
to increased activity of the PRC2 complex.5 This altogether 
results in long-term reversible suppression of the INK4 
genes: p19ARF and p16INK4a. The mechanism responsible for 
the removal of repressive histone marks from the p16INK4a 
gene is  less understood; however, the analyzed studies 
point to several possible mechanisms. First, they suggest 
the involvement of histone demethylases. In particular, 
levels of H3K27me3 demethylase Jmdjd3 were shown to be 
increased by oncogenic stressors, leading to the removal 
of repressive histone marks from the p16INK4a gene pro-
moter,24 resulting in dissociation of the PRC1 complex, 
and decondensation of p16INK4a gene promoter. Second, 
Jun dimerization protein 2 (JDP2) may bind and sequester 
H3K27 away from PRC2.19

In addition to this reversible repression of the p16INK4a 
gene locus, PRC1 and PRC2 complexes are responsible for 
irreversible p16INK4a gene silencing that occurs in many 
forms of cancer. Irreversible repression of the p16INK4a lo-
cus is characterized by trimethylation of H3 at lysine 9 
by the PRC2 complex, binding of the HP-1 adaptor mol-
ecule, and irreversible binding of the PRC1 complex.25

Regulation of p16INK4a gene transcription

The expression of the p16INK4a gene can be regulated 
by several transcription factors.23 It should be noted that 
there is complex interplay between positive and negative 
regulators of p16INK4a gene transcription that allows to fine-
tune p16INK4a gene expression in response to multiple sig-
nals to which cells are exposed – e.g., oncogenic signal-
ing leads to the activation of Ras/MEK/MAP kinase. This 
pathway may lead to increased activity of at least 3 tran-
scription factors that stimulate p16INK4a gene expression. 
One of them is an HMG box containing protein 1 (HBP1). 
It was shown that HBP1-induced expression of the p16INK4a 
gene may lead to cellular senescence.26

It  is  also well established that this signal stimulates 
increased activity of Ets1 or Ets2 transcription factors. 
These proteins recognize the  E-box element located 
in  the  p16INK4a gene and stimulate its transcription. 
It is worth noting that other signaling pathways may modu-
late Ets1/2 transcriptional activity. For example, inhibitor 
of DNA binding 1 (ID1) prevents the binding of Ets1/2 
to the p16INK4a gene promoter.27

Another example of fine-tuning p16INK4a gene expres-
sion is the interaction of AP1 transcription factors with 
the  p16INK4a gene promoter. AP-1 transcription fac-
tors are known to regulate gene expression in response 
to a variety of signals, including cytokines, growth fac-
tors, stress signals, bacterial and viral infections, and 
oncogenic stimuli.28 The overexpression of certain pro-
teins, e.g., Jun-B in cells, leads to increased P16INK4a levels 
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and the premature senescence in primary mouse fibro-
blast.26 In contrast, another AP1 protein, c-Jun, reduces 
the expression of p16INK4a, promoting cell proliferation.29 
It is worth noting that the P16INK4a protein inhibits c-Jun 
kinase, which is necessary for c-Jun activation and onco-
genic transformation induced by ultraviolet (UV) light.30

The role of the P16 gene and P16INK4a 
protein in hematological malignancies

In many human cancers, the INK4b/ARF/INK4a locus 
on chromosome 9p21 is completely deleted. Addition-
ally, inactivation of p16 at the gene level is observed and 
may include homozygous deletion, promoter hypermeth-
ylation, loss of heterozygosity (LOH), or point mutation. 
For example, 48% of pancreatic cancer samples contain 
homozygous deletions of the p16INK4a gene, and approx. 
73% of hepatocellular carcinoma samples have hypermeth-
ylation of the p16 promoter. While deletions of the p16 
gene and promoter hypermethylation lead to complete 
loss of the P16 protein, mutations can have variable effects 
on the activity and function of this protein.3

It has been hypothesized that p16INK4a serves as a backup 
tumor suppressor gene for p53. In normal cells where p53 
signaling is unaltered, oncogenic Ras stimulation triggers 
DNA damage, which in turn leads to activation of p53, 
induction of p21, and inhibition of cell proliferation. In nu-
merous cancerous cells, p53 is rendered nonfunctional, 
potentially resulting in DNA damage due to hyperprolif-
eration. In such cells, DNA damage may trigger the ex-
pression of the p16INK4a gene and the onset of cellular 
senescence. However, when both the p53 and p16INK4a 
genes are inoperative, this condition facilitates the un-
checked proliferation of cancer cells.31

Given the prevalence and mortality of hematological ma-
lignancies, especially among older individuals with multiple 
comorbidities, investigators continuously seek new predic-
tive and prognostic markers. A thorough evaluation of a pa-
tient’s health condition and prognosis before treatment 
can assist physicians in optimizing and tailoring therapy, 
ultimately leading to favorable treatment outcomes.32

In the following sections, we will examine existing data 
on the significance of the p16INK4a gene and the P16INK4a 
protein as prognostic factors in hematological malignan-
cies. We will explore their involvement in tailoring treat-
ments to individualize and personalize anticancer therapy. 
Additionally, we will assess the potential influence of de-
letions, mutations and other alterations of the p16 gene 
and P16INK4a protein on the prognosis of patients with 
hematological malignancies.

Acute myeloid leukemia

Acute myeloid leukemia (AML) is characterized by dis-
tinct biological and clinical pathways in patients of differ-
ent age groups, with older patients often exhibiting altered 

gene expression and karyotype abnormalities. The highest 
incidence of AML is observed in older indviduals, which 
may be related to  the  expression of  p16INK4a mRNA 
in bone marrow stromal cells.33 Although AML patients 
often experience remissions following therapy, overall 
survival (OS) rates remain unsatisfactory.34 The reduced 
long-term survival rate is primarily due to weaker cyto-
static tolerance and therapy resistance in older patients.33

Abdul-Aziz et al. showed that high levels of the p16INK4a 
gene in bone marrow stem cells are linked to the presence 
of pro-tumor factors related to senescence-associated se-
cretory phenotype (SASP) and the promotion of the sur-
vival of AML cancer cells. Removing p16INK4a mRNA stops 
its effect and slows the growth of the tumor.34

Tschan et al. quantitatively assessed the level of p16INK4a 
and p14ARF mRNA expression. Higher amounts of p16INK4a 
and p14ARF were found in myeloblasts compared to normal 
monocytes and granulocytes, according to their study. 
The obtained results may suggest that increased expression 
levels of both of these genes participate in the pathogenesis 
of AML.35 De Jonge et al. conducted a study of p16INK4a 
mRNA expression to identify molecular differences be-
tween older and younger AML patients. They concluded 
that the expression of p16INK4a mRNA in older individu-
als, belonging to the intermediate- and high-risk groups, 
is much lower than in the group of young patients, and 
the  p16INK4a gene may be an  independent prognostic 
factor.33

Faderl et al. analyzed the deletion of p16INK4a, p14ARF and 
p15INK4b in 74 patients with AML. Additionally, to deter-
mine the phosphorylation of Rb protein in patients with 
deletions of  p16INK4a, p14ARF and p15INK4b, the  western 
blot method was utilized. Deletions of p16INK4a, p14ARF 
and p15INK4b occurred in 5% of the patients in the studied 
group, indicating that such chromosomal aberrations oc-
cur at a low frequency in patients with AML. The study 
also compared the complete response (CR) rate of the dis-
ease, duration of CR and OS of patients without deletions 
of p16INK4a, p14ARF and p15INK4b with those with the afore-
mentioned abnormalities. The results suggest that patients 
with deletions of p16INK4a, p14ARF and p15INK4b have sig-
nificantly shorter duration of CR and OS rates compared 
to patients without deletions.36

Acute lymphoblastic leukemia

Radiotherapy, allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT), multidrug treatment, and a better 
understanding of chromosomal translocations and somatic 
mutations have improved OS in acute lymphoblastic leuke-
mia (ALL) patients.37,38 Young patients and children show 
significant progress. Prognosis for older patients is still 
unsatisfactory. This is because chromosomal, clinical and 
biochemical issues are more frequent. The poor prognosis 
of older patients is also due to treatment-related mortality 
and/or less toxic but less effective treatment regimens.39 
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Prognostic variables for adult ALL patients include age, 
leukocyte count and cytogenetic abnormalities. Disease 
risk assessment must be enhanced due to high treatment 
failures.40

Stock et al. examined lymphoblasts for abnormalities 
of the p16INK4a, Rb and p53 genes. Disorders of the p16INK4a 
gene were found in 17 patients. The mutation occurred 
in 7 patients: 6 with the Rb mutation and 3 with the p53 
mutation. All 3  changes occurred in  1  patient. Then, 
in 5 patients with a detected p16 gene mutation, CD34+ 
Lin- cells were isolated and immunohistochemical exami-
nation was performed. In 3 patients, there was a complete 
lack of p16INK4a expression; in the remaining 2 patients, 
the expression was reduced. This may indicate that muta-
tions leading to the loss of p16 expression may be a step 
in the leukemogenesis of ALL.40

Omura-Minamisawa et al. proposed that knocking down 
the p16INK4a gene at the RNA or protein level causes T-cell 
acute lymphoblastic leukemia (T-ALL). Previous investi-
gations showed DNA loss, mutation or hypermethylation 
inactivating p16INK4a. Authors observed that 93% of T-ALL 
patients had p16INK4a switched off at the DNA, RNA and 
protein levels. This shows that T-ALL pathogenesis re-
quires p16INK4a inactivation.41

Fizzotti et al. examined DNA samples from patients with 
hematological malignancies to determine the frequency 
of homozygous p16 gene deletion. In 10 of 58 samples (17%) 
of B-ALL and T-ALL patients, p16 homozygous deletions 
were found. Homozygous p16 deletion patients had more 
leukocytes and leukemic cells than those with the normal 
gene. The authors also examined 2 cases of ALL in which 
DNA samples were available, collected before the start 
of treatment and after disease progression. In both cases, 
the occurrence of the p16 deletion was confirmed during 
relapse. Therefore, the authors concluded that deletion 
of the p16 gene may help identify patients with features 
of aggressive disease and may be a negative prognostic 
factor.42

Soenena et al. studied adult ALL patients’ P16INK4a pro-
tein expression. Patients with negative immunocytochemi-
cal tests had significantly worse OS and event-free survival 
(EFS). This was only found in standard-risk karyotype 
patients.43

Wang et al. researched the prognostic and clinical ef-
fects of p16 gene deletion in ALL patients. P16 deletions 
were found in 33 of 86 cases. Higher leukocyte and de-
creased platelet counts were associated with the p16 dele-
tion. Treatment results for EFS and OS were significantly 
poorer with the p16 deletion. Allo-HSCT was performed 
on 22 of 33 p16 deletion patients. Patients with deletion 
had prolonged EFS and OS following allo-HSCT. The au-
thors concluded that p16 deletion is a significant, nega-
tive prognostic factor in adult ALL, while performing 
allo-HSCT in this group of patients markedly improves 
the prognosis.44

Myelodysplastic syndromes

Myelodysplastic syndromes (MDS) is a group of hemato-
poietic stem cell disorders characterized by inefficient he-
matopoiesis and frequent transformation to AML.45 This 
disease occurs mainly in older individuals.46 Accelerated 
cell aging, oxidative stress and aberrant DNA methylation 
may induce MDS.47 Currently, many different therapies 
are used in MDS. However, the only option that guaran-
tees a complete cure is allo-HSCT. Unfortunately, many 
patients cannot undergo this procedure due to advanced 
age or concomitant diseases. Therefore, the main goal 
in the treatment of patients with MDS who cannot un-
dergo allo-HSCT is to prolong and improve quality of life. 
This is possible thanks to the use of optimized treatment 
adapted to the patient’s opportunities and prognosis.48

Wang. et al. conducted a study aimed at determining 
the impact of cell aging on the development and progno-
sis of patients with MDS. The results showed increased 
expression of p16INK4a mRNA and P16INK4a protein in cells 
collected from MDS patients compared to  the control 
group. Interestingly, AML patients showed lower p16INK4a 
mRNA expression compared to samples collected from 
healthy volunteers and MDS patients. This may suggest 
that the increased expression of p16INK4a mRNA in the cells 
of MDS patients is associated with the occurrence of this 
disease.49

Other conclusions were presented by Papageorgiou et al., 
who examined p16 and p27 gene alterations in 51 untreated 
MDS patients. The Southern blot showed no homozygous 
p16 deletions. Except for 2 allelic polymorphisms, poly-
merase chain reaction-single-strand conformation poly-
morphism (PCR-SSCP) analysis and Sanger sequencing 
could not find p16 point mutations. The foregoing data 
imply that the p16 gene is not mutated during MDS patho-
genesis and that other mechanisms boost expression.50

Nakamaki et  al. studied CDK genes in  MDS to  see 
if genetic alterations in these genes affect MDS develop-
ment and progression. The results showed no alterations 
in  the  p16 gene coding areas, suggesting that genetic 
anomalies of the gene are rare in MDS and cannot be used 
as a prognostic factor.51

Chronic myeloid leukemia

Chronic myeloid leukemia (CML) originates from stem 
cells. A characteristic genetic abnormality in this disease 
entity is the chimeric fusion gene BCR/ABL1, which arises 
from the rearrangement of the Philadelphia chromosome 
t(9;22)(q34;q11). The introduction of molecularly targeted 
medicines, tyrosine kinase inhibitors (TKIs), has drasti-
cally changed the method of treatment and risk assess-
ment in CML. Currently, the most important prognostic 
factor in CML is  the early response to  treatment with 
TKIs.52 Every study on the p16 gene and P16INK4a protein 
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as a predictive factor was published before TKIs were ex-
tensively used.

Lee et al. tested samples collected from healthy do-
nors and patients with granulocytic reactions, and found 
barely detectable expression of p16INK4a mRNA. However, 
p16INK4a mRNA expression was abnormally increased 
in CML patient samples. P16INK4a overexpression in CML 
patients occurred much more often (80%) than in the con-
trol group.53

While studying CML patients’ p16INK4a suppressor gene 
expression, Cividin et al. noted other observations. In 11 un-
treated chronic CML patients, p16INK4a mRNA levels were 
low. Interferon alpha (IFN-α)-treated individuals, especially 
resistant ones, had significantly higher p16INK4a levels. This 
may show the p16INK4a gene’s predictive relevance in CML 
therapy.54 Güran et al. examined p53, p16INK4a, p15INK4b, 
and p57KIP2 gene mutations and homo/hemizygous dele-
tions in interferon alpha (IFN-α)-treated CML patients. 
The study examined molecular changes linked to disease 
progression. Blast crisis occurred in 4 of the 12 study par-
ticipants during therapy. All 4 instances had p53, p16INK4a 
and p15INK4b mutations. In the conclusions, the authors 
observed a correlation between the progression of CML 
and somatic mutations in p53, p16INK4a and p15INK4b, and 
suggested that detecting alterations in the genes p16INK4b 
and p15INK4b, as well as mutations in p53, may serve as prog-
nostic markers in patients with CML.55

Xu et al. examined CML blast crises and homozygous p16 
gene deletions. After conducting the analyses, no homo-
zygous deletion of the p16 gene was found in the chronic 
phase. Deletion was found in  samples collected from 
patients in myeloid blast crisis, in lymphoid blast crisis 
and in mixed blast crisis. The results suggest that there 
is  a  strong correlation between homozygous deletions 
of the p16 gene in lymphoid blast crisis, and conducting 
PCR testing may help in the early detection of CML pa-
tients at risk of blast crisis occurrence.56

Mastocytosis

Mastocytosis refers to a number of diseases defined 
by clonal mast cell proliferation in various organs. It can 
emerge at any age and take many forms. The somatic KIT 
D816V mutation affects 90% of adult patients.57

Tsujita et al. examined mastocytosis P16INK4a protein 
expression immunohistochemically. All 4 mastocytosis 
samples had P16INK4a protein overexpression. The scientists 
also reported decreased Ki-67 expression in cancer cells. 
The scientists found that overexpression of the P16INK4a 
protein ages cancer mast cells and suppresses their growth, 
reducing mastocytosis.58

A review of the currently available literature revealed that 
the role of the p16 gene and P16INK4a protein in the progno-
sis of mastocytosis has not been sufficiently investigated 
and described.

Chronic lymphocytic leukemia

In Western countries, the most common type of leuke-
mia is chronic lymphocytic leukemia (CLL).59 The patho-
genic molecular pathways of the disease are unknown.60 
Patients with active, symptomatic disease or advanced 
stages of  the disease require therapy. When treatment 
is necessary, there are several options, including targeted 
therapies. Clinical staging systems provide prognostic 
information based on physical examination results and 
blood counts. Early identification of patients who are likely 
to relapse appears to be the most effective way to avoid 
progression-related adverse events.61

According to Tsirigotis et al., CLL patients seldom have 
p16 gene mutations. In this study, a total of 34 samples from 
CLL patients were analyzed. The Southern blot analysis 
showed non-rearranged bands in 33 out of 34 cases. No ho-
mozygous deletions were detected in any of the cases.

The PCR-SSCP analysis of exons 1 and 3 showed a nor-
mal migration pattern in all examined cases.

In contrast, the analysis of exon 2 identified an abnormal 
migration pattern in 2 out of 34 cases.

The methylation analysis of the p16 gene promoter re-
vealed hypermethylation of CpG islands in 6 out of 34 
cases.60

Forsterová et al. examined 5  tumor suppressor gene 
promoter methylations. Abnormal p16 methylation was 
observed in 31% of patients. It suggests that the p16 gene 
is not important for determining the stage and prognosis 
of patients with CLL.62

Given the foregoing findings, p16 gene promoter meth-
ylation’s significance in CLL’s etiology requires conducting 
a larger number of studies.

Non-Hodgkin lymphoma

Non-Hodgkin lymphomas (NHLs) are lymphoid ma-
lignancies with distinct biochemical and clinical char-
acteristics.63 Despite significant advances in therapeutic 
modalities, the lack of etiological data continues to im-
pede the development of optimal treatment strategies for 
NHL. Several variables that may coexist in the incidence 
of these disorders have been explored, but the results were 
unclear.64

Pinyol et al. studied how p16INK4a gene alterations cause 
NHLs. The Southern blot was used to examine the p16 
gene in 95 genomically available lymphomas, including 
55  indolent and 40  aggressive cases. P16  homozygous 
deletions were found in 10 tumors. In 1 blastoid mantle 
cell lymphoma (MCL) without DNA, cytogenetic analy-
sis found a 9p21 locus hemizygous deletion. Ultimately, 
the results suggest that p16 gene mutations are not com-
mon in NHLs.65

Fresh tissues from patients with untreated NHLs were 
tested for homozygous deletions and point mutations 
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in the p16 coding areas by Gombart et al. One diffuse 
large B-cell lymphoma (DLBCL) cell line and 2 uncul-
tured lymphomas: 1 large B-cell and 1 mixed T-cell lym-
phoma showed homozygous deletions of either the p16 
gene or both the p15 and p16 genes. On the other hand, 
no point mutations were found in the lymphomas or cell 
lines. These results suggest that the rate of p15 and p16 
gene alterations in lymphomas is low, but some lymphomas 
may develop as a result of p16 and/or p15 loss.66

Liu et al. analyzed NHL patient’s tumor samples col-
lected before treatment. The samples were examined for 
p16 gene and P16INK4a protein expression abnormalities. 
Thirty-four of  64  samples had P16INK4a protein, while 
45 had p16 mRNA. Results suggest that post-transcrip-
tional abnormalities may contribute to  NHL etiology 
in some cases.67

Villuendas  et  al. analyzed the  expression of  P16INK4a 
in various types of NHLs. Loss of P16INK4a expression was ob-
served in 41 of the 112 samples tested. The loss of P16INK4a 
expression was observed in all samples that exhibited a high 
degree of malignancy. Loss of P16INK4a was found more fre-
quently in cases progressing from low-grade lymphomas 
(e.g., follicular lymphoma) compared to high-grade lym-
phomas (e.g. DLBCL). The authors suggested that the loss 
of P16INK4a protein expression contributes to the progression 
of lymphomas, and gene expression level (assessed before 
starting treatment) may be a prognostic factor.68

Martinez-Delgado et al. examined lymphoid nodes and 
bone marrow samples for p16INK4a and p15INK4b methyla-
tion. All patients were tested for monoclonal immuno-
globulin and T-cell receptor gene rearrangements. Six 
patients were diagnosed with gene methylation. Two pa-
tients showed methylation during therapy. Five instances 
were never methylated. Disease signs revealed methylation. 
This suggests that p16INK4a methylation may be a valuable 
disease marker and help detect recurrence.69

Hodgkin’s lymphoma

Hodgkin’s lymphoma (HL) is one of the most common 
lymphomas.70 A characteristic feature of HL and a factor 
necessary to make the diagnosis is the presence of Reed–
Sternberg cells. These cells have a large cell morphology, 
and cell enlargement is one of the hallmarks of aging.71 
Hodgkin’s lymphoma is considered a highly curable dis-
ease with first-line chemotherapy and/or radiotherapy. 
Unfortunately, some patients resist treatment or progress 
during or after the end of therapy. Numerous HL patients 
die prematurely due to the late toxic effects of intensive 
treatment.70

Although the same chemotherapy regimen (doxorubi-
cin, bleomycin, vinblastine, and dacarbazine) has been 
the mainstay of treatment over the past 30 years, risk-
adapted approaches have helped to de-escalate therapy 
in low-risk patients while intensifying treatment in high-
risk patients.72

Garcia et al. conducted a study involving immunohis-
tochemical staining of 40 samples collected from patients 
with HL to elucidate whether p16 inactivation is involved 
in  the  development of  this disease entity. Polymerase 
chain reaction was also utilized to assess exon 1 methyla-
tion of the p16INK4a gene. Thirty of 37 instances showed 
a p16INK4a loss. Only 7 samples had tumor cell nuclear ex-
pression. The PCR analysis found gene hypermethylation 
in 14 of 23 instances. The p16INK4a gene was hypermethyl-
ated in 25% of pre-treatment samples and 83% of relapse 
samples. Methylation may be relevant for HL recurrence. 
The data also demonstrate that Reed–Sternberg cells lose 
p16INK4a gene expression, which may support the hypoth-
esis that p16 is involved in HL.73

Calio  et. al. examined 147  patients to  investigate 
if the expression of the protein P16INK4a in HL may help 
clinicians predict EFS. Samples were tested for P16INK4a and 
P21CIP1/WAF protein levels. The findings revealed that both 
compounds may be independent EFS prognostic factors. 
The objective response rate (ORR) was 45% for patients 
with low P16INK4a expression and 89% for those with high 
expression.74

Plasma cell myeloma

Plasma cell myeloma (PCM) is characterized by infiltra-
tion of the bone marrow by malignant plasma cells, which 
synthesize and secrete monoclonal immunoglobulins (Ig) 
or their fragments75 Plasma cell myeloma mostly affects 
the elderly population.76 In the plasma cells of PCM, cy-
togenetic abnormalities are frequently detected, which 
serve as the basis for classifying patients into risk groups.77 
It is known that abnormalities in genes controlling the cell 
cycle, including p16, contribute to  the  carcinogenesis 
of PCM.78 The ever-increasing number of medications used 
to treat PCM has improved the response and OS rates 
in patients with PCM. However, biomarkers for intensify-
ing, de-escalating or completely changing treatment have 
not yet been established.79

According to Ng et al., up to 2/3 of studied PCM cells 
have hypermethylation that causes p16 gene function loss 
at diagnosis. Patients with plasmablastic transformation 
have 100% hypermethylated cells that silence the p16 
gene. The results of the studies conducted using cell lines 
and primary PCM confirm that hypermethylation of p16 
plays a significant role in PCM carcinogenesis.80

Wang et al. published a meta-analysis aiming to compre-
hensively assess the potential role of p16INK4a in the patho-
genesis of PCM. The research results showed that the fre-
quency of p16INK4a methylation was significantly higher 
in patients with PCM compared to healthy individuals.81

Chen et al. examined how often the p16 and p15 genes 
are methylated in PCM. In 10 of 22 instances, the p16 and 
p15 genes were methylated. According to the investiga-
tors, patients with p16 and p15 gene methylation experi-
enced delayed cell apoptosis, an insufficient therapeutic 
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response and a short OS. This suggests that methylation 
of the p16 and p15 genes is important for PCM apoptosis 
and prognosis.82

Mateos et al. examined the methylation status of the p16 
gene in samples collected from patients with PCM. Forty-
one samples showed methylation. Moreover, the percent-
age of S-phase plasma cells in these patients was almost 
3 times higher than in patients with unmethylated p16 
genes. The  authors observed a  correlation between 
the presence of p16 methylation, an increased level of B2-
microglobulin and high values of C-reactive protein (CRP). 
Patients with the methylated p16 gene also had shorter 
OS and progression-free survival (PFS) rates. In results, 
the authors suggested that methylation of the p16 gene 
is a common event in PCM patients at the time of diagno-
sis and is associated with an increased rate of plasma cell 
proliferation and a worse prognosis.83

The potential therapeutic implications 
of targeting p16 gene and P16INK4a protein 
in hematological malignancies

The  therapeutic potential of  targeting the  p16 gene 
and the  P16INK4a protein in  various cancers is  highly 
significant.84,85

Based on the data presented in the preceding sections 
of this review, it is plausible to hypothesize that therapies 
employed in the treatment of hematological malignancies 
(often characterized by disruptions in cell cycle regula-
tion) that focus on reactivating or enhancing the expres-
sion of the p16 gene may restore proper cell cycle con-
trol and thereby contribute to the  inhibition of cancer 
progression.86

The analyzed studies suggest that reactivating or in-
creasing the expression of the p16 gene can be achieved 
through gene therapy or  epigenetic modifications, 
such as  reducing DNA methylation.87 For example, 
the use of demethylating agents or histone deacetylase 
(HDAC) inhibitors has shown promise in reactivating 
the  expression of  tumor suppressor genes, including 
those involved in  key regulatory pathways disrupted 
in tumorigenesis.88–91

Li and Seto have shown that HDAC inhibitors, such 
as suberoylanilide hydroxamic acid (SAHA), can induce 
the re-expression of silenced genes, including p16, thereby 
promoting cell cycle arrest and apoptosis in cancer cells.92

Furthermore, the combination of these epigenetic thera-
pies with other treatment modalities has been explored. 
For instance, the integration of demethylating agents with 
traditional chemotherapy has shown enhanced efficacy 
in preclinical models of hematological malignancies.93,94 
Such combination therapies may potentiate the reactiva-
tion of P16INK4a, leading to improved therapeutic outcomes 
and offering a promising avenue for personalized cancer 
treatment strategies. Li et al. suggested that demethylation 
of the p16 gene may enhance the sensitivity of cancer cells 

to anti-cancer treatments, making cancer cells more sus-
ceptible to traditional chemotherapy and thereby render-
ing it a more effective treatment method.95

The P16INK4a protein plays a crucial role in cellular senes-
cence, a state characterized by the irreversible cessation 
of cell division in previously proliferative cells. This pro-
cess acts as a critical barrier to tumor progression by lim-
iting the replicative potential of cancer cells. Employing 
therapeutic strategies to increase P16INK4a levels could, 
therefore, promote cellular senescence in cancer cells, ef-
fectively halting their proliferation and inducing a state 
resistant to further malignant transformation.7,96

The potential of P16INK4a to induce senescence has been 
substantiated by several studies. For example, Alcorta et al. 
suggested that overexpression of P16INK4a in human fibro-
blasts leads to premature senescence, underscoring its role 
in cell cycle regulation and tumor suppression.97 Similarly, 
Collado et al., found that oncogene-induced senescence 
is often mediated by the upregulation of P16INK4a, high-
lighting its significance in tumor biology.98

Integrating therapies targeting the P16INK4a protein with 
other molecularly targeted drugs, such as TKIs or immune 
checkpoint inhibitors (CPIs), holds significant potential 
for achieving synergistic effects and thereby improving 
overall treatment efficacy. The P16INK4a protein, a critical 
tumor suppressor, inhibits cyclin-dependent kinases 4 
and 6 (CDK4/6), which play a pivotal role in regulating 
the cell cycle. By targeting these mechanisms, combi-
nation therapies can simultaneously disrupt multiple 
pathways essential for cancer cell survival, enhancing 
therapeutic outcomes. Preclinical and clinical studies 
have demonstrated that CDK4/6 inhibitors, such as palbo-
ciclib, ribociclib and abemaciclib, show promising results 
in treating various cancers, particularly those character-
ized by dysfunction of  the tumor suppressor P16INK4a. 
These inhibitors work by halting cell cycle progression, 
which is particularly effective in cancers with disrupted 
cell cycle regulation. Such cancers include not only solid 
tumors like breast cancer but also hematological malig-
nancies, where aberrations in cell cycle regulators are 
common.99,100–103

For instance, the combination of the CDK4/6 inhibitor 
palbociclib with endocrine therapy has shown improved 
outcomes in  hormone receptor-positive breast cancer. 
In a study by Finn et. al., patients receiving palbociclib 
in combination with letrozole exhibited significantly pro-
longed PFS compared to those receiving letrozole alone. This 
combination therapy exemplifies how targeting the cell cycle 
machinery can enhance therapeutic efficacy.104 This finding 
is supported by multiple studies, including the PALOMA-2 
and PALOMA-3 trials, which demonstrated that palboci-
clib combined with letrozole or fulvestrant significantly 
improved median PFS in hormone receptor-positive, HER2-
negative advanced breast cancer.105,106

Furthermore, CPIs such as  pembrolizumab and 
nivolumab, which target PD-1/PD-L1 pathways, have 
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revolutionized cancer therapy by enhancing the immune 
system’s ability to target tumors. Combining these CPIs 
with CDK4/6 inhibitors has shown potential in preclinical 
models to improve antitumor responses by modulating 
the tumor microenvironment and enhancing immune-
mediated tumor cell killing.107

Finally, analyzed studies have demonstrated that various 
cytogenetic and molecular genetic abnormalities in cancer 
cells contribute to resistance against standard anti-cancer 
treatments. The data previously discussed suggest that 
evaluating the status of the p16 gene and P16INK4a protein 
offers valuable prognostic information. This assessment 
can be instrumental in personalizing or targeting therapy 
plans, thereby improving treatment outcomes.

Limitations

This systematic review faces one main limitation. 
The key issue is study heterogeneity. The inclusion of stud-
ies with differences in population demographics, interven-
tion methods, study designs, and methodological quality 
presents a challenge to the consistency of the synthesized 
findings. This variation across the included studies makes 
it more difficult to combine and interpret the results.

Conclusions

The literature review elucidates the intricate interplay 
between the physiological functions and altered expression 
patterns of the p16 gene and its corresponding P16INK4a 
protein, discernibly linked to the etiology of select hemato-
logical malignancies. Noteworthy is the recognition by se-
lect authors, whose work is surveyed within the review, 
of the p16INK4a gene and its protein product as discern-
ing prognostic markers, underscored by their prognostic 
relevance concerning key clinical endpoints such as OS 
and EFS.

Furthermore, scholarly discourse extends to delibera-
tions on the potential role of the p16 gene and P16INK4a 
protein in facilitating the customization and refinement 
of anticancer therapeutic regimens, thereby accentuating 
the burgeoning scope for prospective inquiry and scholarly 
elucidation.

Nevertheless, it  is incumbent upon researchers to ac-
knowledge that our current comprehension of the involve-
ment of the p16 gene and P16INK4a protein in the pathogenic 
cascade of numerous cancers remains only partially elu-
cidated. This caveat is particularly salient within the con-
text of hematological malignancies, a notably diverse and 
expansive spectrum. Consequently, there exists a mani-
fold of disease entities yet to be scrutinized for putative 
correlations with the p16 gene and its protein counter-
part. Moreover, the presence of  incongruences in find-
ings across select investigations underscores the exigency 
for sustained scholarly engagement and methodological 

refinement, thereby underscoring the imperative for a me-
ticulous and iterative exploration of this intricate domain 
to furnish the scientific community with the most cogent 
and comprehensive insights.
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Introduction

Social prescribing (SP) represents an integrative approach 
within healthcare systems aimed at addressing social de-
terminants of health through non-clinical interventions. 
Primarily delivered through referrals in primary care, SP 
addresses social determinants of health that are often be-
yond the scope of traditional biomedical interventions. This 
is by integrating health and social care with community 
activities. Social prescribing facilitates patient engagement 
in health-related decision-making and self-management.1–5

Social prescribing involves directing individuals to ac-
tivities that align with their social, emotional and physical 
needs as well as providing social counseling to address 
social problems. These include, e.g., walking, gardening, 
cooking, crafting, fieldwork, beekeeping, group learning, 
and/or sports.6 While these activities have historically 
been integral to European community life, their health 
benefits are not always formally recognized. However, 
as SP gains traction across Europe, implementation varies 

significantly, shaped by country-specific healthcare sys-
tems and infrastructure.

England has pioneered SP, embedding it into its UK Na-
tional Health Service (NHS) Long Term Plan as a central 
component of personalized care.7 This model emphasizes 
the role of link workers,8 who collaborate with patients 
to co-design individualized plans connecting them to local 
initiatives.9–18 Similarly, Wales has integrated SP into its 
Well-being of Future Generations Act, promoting a holistic 
approach to health.19

Despite its potential, SP faces challenges across Europe. 
Variability in program design and funding, limited inte-
gration with healthcare systems and uneven European 
awareness hinder its widespread adaptation. Countries like 
Italy and Croatia, where SP remains underdeveloped, show 
the need for systemic support and standardized frame-
works.20 Moreover, while SP demonstrates potential in im-
proving mental health, reducing healthcare utilization and 
advancing community engagement, robust evidence on its 
long-term efficacy remains scarce.21 This lack of evidence 

Highlights
	• Social prescribing (SP) connects patients to community resources – an innovative non-clinical approach that boosts 
health outcomes and wellbeing.

	• Variation in SP definitions and roles across Europe – the absence of standardized personnel guidelines impedes 
consistent implementation within European healthcare systems.

	• It is crucial to clarify the social prescribing link worker (SPLW) role and training – defining educational require-
ments and competencies is essential for professionalizing SP delivery.

	• Targeted SP strategies require clear patient selection, methodologies and assessment tools – identifying who ben-
efits most and how to measure outcomes will maximize SP effectiveness.

Abstract
Introduction. Social prescribing (SP) is an innovative model that connects individuals to non-clinical community resources. However, its uptake and evaluation 
have been hindered by inconsistent role definitions for key stakeholders. Although recent studies have refined SP definitions, outside the UK, the responsibilities, 
educational backgrounds and training requirements of social prescribing link workers (SPLWs) remain poorly defined. Additionally, it is essential to identify which 
patient populations will benefit most from SP, establish specific methodologies, and standardize assessment tools and referral pathways.

Materials and methods. We will employ a 3-round Delphi protocol with an international expert panel to establish consensus on SP definitions. Approximately 
60 participants from diverse disciplines and regions will be recruited to complete multiple survey rounds, providing insights into the roles of SPLWs, beneficiary popula-
tions, methodologies, and assessment tools. Consensus will be defined as at least 80% agreement on a 5-point Likert scale. Data collection and analysis will follow 
rigorous protocols to ensure validity, reliability and transparency, in accordance with the Guidance on Conducting and REporting DElphi Studies (CREDES) guidelines.

Objectives. The aim of this research is to unify the fragmented understanding of SP and the role of SPLWs, thereby establishing a foundation for integrating SPLWs 
into healthcare systems where appropriate. The Delphi technique offers key strengths – namely, participant anonymity and structured iterative feedback – to enable 
robust consensus building. While we acknowledge limitations such as potential participant attrition and the resource-intensive nature of the methodology, these 
will be mitigated through targeted engagement strategies and strict adherence to established best practices.

Conclusions. This study addresses critical gaps in SP engagement, conceptual understanding and implementation. The anticipated outcomes will reinforce SP’s 
role in community-based, integrated care to reduce health inequalities and foster social cohesion across Europe and beyond. Ultimately, this work aims to enhance 
the uptake and adoption of SP in primary care.

Key words: primary health care, integrated care, social prescribing, link workers, community health services
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complicates efforts to quantify SP’s impact and optimize 
its implementation.

Many countries struggle to establish systematic connec-
tions between healthcare and social systems. In Romania, 
although governmental and non-governmental organiza-
tions provide support to vulnerable populations, a formal 
referral system, such as SP, has not yet been established.22

In Spain, Catalonia’s SP framework, rooted in primary 
care and the  Health Assets model, has demonstrated 
the potential to adapt SP to diverse healthcare contexts.23 
In Germany, Herrmann et al.24 have identified significant 
barriers to implementing SP within the German health-
care system.

The need to tackle these challenges has become more 
urgent due to the growing prevalence of chronic diseases, 
mental health issues and social isolation across Europe. 
The COVID-19 pandemic further highlighted the impor-
tance of community-centered approaches, as it worsened 
loneliness and disconnection. Social prescribing offers 
a structured approach to linking medical care with social 
and community-based services that prioritize comprehen-
sive, patient-centered solutions addressing the full spec-
trum of health determinants.25

The World Organization for Colleges, Academies and 
Associations for General Practitioners (WONCA) Europe 
Social Prescribing and Community Orientation Special 
Interest Group (SPCO SIG) recognizes the potential of SP 
in advancing integrated care.26 Leveraging their expertise 
in rural health and community engagement, the group 
seeks to clarify the SP concept and the role of social pre-
scribing link workers (SPLWs), map existing SP programs 
and identify best practices for implementation across di-
verse healthcare systems.

This study seeks to advance the understanding of SP 
by identifying key elements that support its development 
and integration into contemporary healthcare systems. 
By addressing health inequalities, improving patient out-
comes and strengthening community cohesion, SP has 
the  potential to  significantly contribute to  the  imple-
mentation of integrated and equitable models of primary 
care across Europe.26,27 The project is  led by members 
of the SPCO SIG under the auspices of WONCA Europe, 
with support from colleagues in the European General 
Practice Research Network (EGPRN). The initiative has 
been awarded a research grant from the EGPRN.

Objectives

This study aims to reach expert consensus on 3 key areas: 
1) the target populations most likely to benefit from SP; 
2) the methodologies and assessment tools used to evaluate 
SP outcomes; and 3) the role, qualifications and training 
requirements of SPLWs.

Materials and methods

Study design

A 3-round Delphi study will be conducted to identify 
the key elements contributing to the success of SP pro-
grams within European primary care settings, as recog-
nized by European experts.

The Delphi technique will be used as a structured method 
of achieving consensus among experts. This method in-
volves multiple rounds of surveys, where experts respond 
to questions anonymously. After each round, participants 
receive feedback summarizing the group responses, allow-
ing them to refine their input in subsequent rounds. This 
iterative process facilitates the convergence of opinions, 
enabling the development of agreed-upon definitions and 
frameworks.

Widely regarded as a  robust approach in health sci-
ence research, the Delphi method is particularly suited 
to addressing complex topics, such as SP, where diverse 
perspectives must be synthesized to establish consensus. 
This study design ensures systematic and comprehensive 
exploration of the critical factors underlying successful SP 
implementation in Europe.

This study will be conducted between April 2025 and 
August 2025. Given the importance of the online survey 
platform’s quality to  this study’s success, we  carefully 
reviewed and tested several different options before se-
lection. We will use Welphi (www.welphi.com), which 
is an online survey platform that is designed explicitly for 
Delphi studies. The Welphi team will make coding changes 
when necessary to ensure that the online survey platform 
meets the needs of this study.

Before the start of each round, we will complete the sur-
vey development and perform pilot testing. Participants 
will receive a notification email 10 days before the launch 
of each round. At the start of each round, participants 
will receive an email with a link to the survey and a link 
to a calendar with the details of the round.

Participants will have 2 weeks to complete each round. 
Each survey will begin with a welcome page, which pro-
vides an overview of the survey, describes the data analysis 
procedures, explains what kind of feedback will be pro-
vided at the start of the next round, highlights the aim 
of  the  study, and outlines essential information about 
conceptual and operational definitions to  ensure that 
there will be a common understanding of these terms. 
Participants will be able to return to the survey as often 
as they like until the round’s closure – their progress will 
be saved if they leave the study and return later. Even af-
ter completing the survey, they can change their submis-
sion until the round closes. Each survey will take approx. 
15 min to complete. Non-responders will be removed from 
the study.
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Participants

Delphi studies have no universally agreed-upon defini-
tion of what constitutes an expert, making participant 
selection a critical aspect of  the research.28–31 For this 
study, experts will be identified based on the following 
criteria: Individuals involved in the SP and Community 
Orientation Network, the Global Social Prescribing Al-
liance or the National Academies for Social Prescribing; 
authors of academic or grey literature related to SP, even 
if not explicitly labeled as such; researchers or healthcare 
providers engaged in SP activities; link workers facilitating 
SP, regardless of the terminology used to describe their 
role; patients with experience in SP; or healthcare ad-
ministrators or managers overseeing the implementation 
of SP initiatives. The study will be conducted in English. 
Regarding the panel size, the literature on Delphi studies 
in health sciences suggests an average of approx. 40 par-
ticipants, with typical ranges spanning 20–60 experts.28–31 
This study will recruit approx. 60 participants, ensuring 
adequate representation from across European countries 
to achieve a meaningful consensus.

Recruitment

The recruitment process for the study will commence 
in November 2024 with the opening of the registration 
survey for members of the SPCO SIG under WONCA Eu-
rope. The steering group will develop a comprehensive 
list of experts from each country based on their expertise 
in SP, and invitations will be sent to these individuals via 
email. Publicly available sources will be used to gather 
contact information.

An international, multidisciplinary panel of experts will 
be prioritized, ensuring diversity in country, job title, SP 
expertise, and years of experience. A monitoring system 
will track recruitment to identify and address underrepre-
sented groups. To this end, targeted invitations will be ex-
tended through relevant communication channels, includ-
ing the Social Prescribing Network newsletter, the Social 
Interventions Research and Evaluation Network listserv, 
and the Canadian Social Prescribing Community of Prac-
tice listserv. Invitations will also be advertised on social 
media platforms like X (Twitter) and LinkedIn. Following 
the principles of snowball sampling, experts will be en-
couraged to share the recruitment call with their contacts.

Experts invited to participate will receive an email con-
taining a link to the registration survey. The survey’s first 
page will feature an information letter outlining the study’s 
objectives and emphasizing that participation is voluntary. 
By proceeding beyond this page, experts will provide their 
informed consent. Consent will be ongoing and voluntary.

The registration survey will collect sociodemographic 
data, including the  participant’s name, email address, 
country, job title, organization, expertise in SP, and years 
of experience in the field. Once sufficient experts have 

registered, participants will be notified about the start 
of the study’s first round. The recruitment process will en-
sure a robust and representative panel of experts to achieve 
meaningful consensus on the topics of this study in Euro-
pean primary care settings.

Consensus

Without standardized guidelines for defining consen-
sus in Delphi studies, this study will adopt a widely ac-
cepted threshold of ≥80% agreement as the criterion for 
consensus. Participants will indicate their level of agree-
ment on a 5-point Likert scale: 1 = “Strongly disagree”, 
2 = “Disagree”, 3 = “Neutral”, 4 = “Agree”, and 5 = “Strongly 
agree”. An  item will achieve consensus if  at  least 80% 
of participants select “Agree” (4) or “Strongly agree” (5). 
This rigorous threshold aligns with best practices in health 
science research, where consensus is  typically defined 
at levels of ≥70%, ≥75% or ≥80%, with the latter represent-
ing the most stringent level of agreement.28–33

Rounds

The study will include 3 rounds, reflecting the struc-
ture commonly employed in Delphi studies. This format 
is based on prior research demonstrating that most Del-
phi studies to establish agreed definitions are conducted 
in 3–5 rounds.34–37 Each round will refine and build upon 
the findings of the previous one, progressively working 
towards consensus among participants.

Data collection

The Delphi surveys will span 7 months. To ensure con-
fidentiality and impartiality, participants will be assigned 
randomly generated participant codes by the online survey 
platform. These codes will not be shared with participants, 
nor will the research team have a key to link participants 
to their codes. This anonymization safeguards the integ-
rity of responses and mitigates potential bias.

The study’s online survey platform has been carefully 
selected to facilitate seamless data collection and manage-
ment while ensuring participant anonymity throughout 
the study. The anonymized approach will foster an en-
vironment conducive to candid and unbiased input, sup-
porting the study’s objective of achieving robust expert 
consensus on SP in European primary care settings.

Round 1 will be conducted in April 2025, involving an open-
ended survey designed to gather foundational insights from 
participants. They will be prompted to clarify 2 main as-
pects: identify the target populations of SP (i.e., those who 
are expected to benefit more from SP), the specific meth-
odologies used and tools to assess their effectiveness, and 
the role, qualifications, skills, and training required of SPLW. 
Participants will have 2 weeks to complete the survey, with 
an additional 3-day extension provided for non-responders. 
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Data collected during this round will be synthesized and used 
to structure the content of the subsequent round.

The research team leaders will conduct a qualitative 
content analysis to analyze participants’ responses. Two 
senior researchers, F.P. and D.K., will independently review 
and categorize the qualitative data to identify key themes. 
The analysis will be performed manually, following a sys-
tematic approach to ensure rigor and reliability.

The findings from this round will be used to develop 
a structured survey for the next round of the Delphi pro-
cess. At the start of the next round, participants will re-
ceive an anonymized summary of the responses from this 
round, ensuring transparency and allowing for informed 
consensus-building in the subsequent phase.

Round 2 will take place between May and June 2025. Par-
ticipants will evaluate the synthesized items from Round 1 
through a structured survey. Each item will be rated using 
a 5-point Likert scale ranging from “Strongly disagree” 
to “Strongly agree”. Items achieving 80% or greater agree-
ment will be accepted as consensus. A free-text box will 
allow participants to provide additional comments or sug-
gest refinements to the proposed items.

Round 3 is scheduled for July to August 2025 and will 
focus on finalizing the definitions of the role of SPLW, 
their education and training as well as the target popula-
tion who is expected to benefit more from SP and the tools 
used to assess the effectiveness. Participants will rate their 
agreement using the same 5-point Likert scale. A consen-
sus threshold of 80% agreement will be applied. Partici-
pants who rate definitions below the threshold will be en-
couraged to provide detailed feedback to inform potential 
refinement. Otherwise, if consensus is achieved, no further 
rounds will be necessary.

Data analysis

The data collected from the registration survey will be 
analyzed with IBM SPSS Statistics for Windows v. 29 (IBM 
Corp., Armonk, USA). Qualitative data will be presented 
for each survey item and analyzed through qualitative 
content analysis.38

Quality and transparency

This study will be conducted and reported by the Con-
ducting and REporting DElphi Studies (CREDES) 
guidelines.39

Ethics

At all time, the ethical principles of  the Declaration 
of Helsinki of 1964, revised by the World Medical Associa-
tion (WMA) in 2013 in Fortaleza (Brazil), will be followed. 
Compliance with the European Data Protection Regulation 
2016/679 of the European Parliament and of the Council, 

dated April 27, 2016, regarding the protection of individu-
als concerning the processing of personal data and the free 
movement of such data, will be always ensured.

All data included in the study will be anonymized and 
treated confidentially. In the database, participants will be 
identified only by a code, without including any informa-
tion that could allow for their identification.

The data obtained in the study will not be transferred 
to 3rd parties outside the members of the research team 
of this study at any time. All implemented security mea-
sures will be ensured to  be sufficient to  prevent any 
breaches of data confidentiality and privacy. Under no cir-
cumstances will the research team members have access 
to participant identification, either directly or indirectly.

Once the study is complete, the research team reserves 
the right to use the anonymized database solely for sci-
entific purposes (journal articles, scientific papers, book 
chapters, etc.). The research team will not be permitted 
to access, use, transfer, or publish the project’s database 
under any circumstances.

This study has been reviewed and approved for ethical 
compliance to the Research Ethics Committee of the ID-
IAP Jordi Gol Primary Care Research Institute in Catalo-
nia, Spain: V2, 08/03/2025 – 01/04/2025.

Data protection

The Principal Investigator, Ferdinando Petrazzuoli, will 
be responsible for the data storage and handling (ferdi-
nando.petrazzuoli@gmail.com). The anonymized raw data 
that will support the findings of this study will be available 
from the corresponding author, upon reasonable request.

Discussion

By engaging diverse stakeholders and utilizing a struc-
tured consensus methodology, this study addresses 
the variability and lack of clarity surrounding the SPLW 
role, education, skills, and training across Europe, provid-
ing a unified framework that can inform research, policy 
and practice. Clarification and agreement on the target 
populations of SP (i.e., those who are expected to benefit 
more from SP), along with the methods and tools used 
for outcome evaluation, are also among the  intended 
outcomes.

The findings of this Delphi study are expected to extend 
beyond conceptual clarification. By establishing consen-
sus on the role, education and training of SPLWs, as well 
as the target populations and assessment tools, the results 
will inform the development of practical guidelines for 
health policy, educational curricula and clinical proto-
cols. Specifically, they may inform national and regional 
policies on workforce development, serve as the basis for 
designing standardized educational curricula for SPLWs,4,7 
and support clinicians in making more targeted referrals.8 



F. Petrazzuoli et al. Link Worker: Delphi study protocol1594

Moreover, the recommendations developed through this 
process will be adaptable across diverse European health-
care systems24–26 – whether centralized, decentralized 
or in developmental stages – facilitating context-sensitive 
adoption. Finally, the consensus definitions and frame-
works may facilitate the design of future comparative and 
interventional studies evaluating the effectiveness of SP,2,3 
thereby strengthening its evidence base and promoting 
integration into holistic models of care.

The Delphi method has distinct strengths make it par-
ticularly suited for this endeavor.40 Its core features – par-
ticipant anonymity, iterative rounds of questioning and 
structured feedback between rounds – help minimize bias 
and encourage independent and thoughtful contributions 
from experts. The flexibility of this approach allows for 
the integration of diverse perspectives on complex topics, 
such as SP, where consensus must be built across varied 
healthcare systems and cultural context.29,34 Furthermore, 
using an online platform ensures geographic inclusivity 
and logistical feasibility, allowing experts from across Eu-
rope and beyond to participate without the constraints 
of physical meetings.

Limitations

Despite its strengths, the Delphi technique is not with-
out limitations. It is known to be resource-intensive and 
time-consuming, requiring careful management to en-
sure the process remains efficient and that panel attri-
tion is minimized. This study employs regular reminder 
emails, clearly defined timelines and engaging communi-
cation strategies to sustain participant engagement over 
all 3 rounds. Another challenge is the lack of standardized 
guidelines in literature regarding the Delphi process, par-
ticularly in determining what constitutes expert status and 
consensus thresholds. This protocol has addressed these 
concerns through adherence to the CREDES guidelines, 
which provide a structured approach to mitigate variability 
and ensure methodological rigor.39 We also acknowledge 
other potential limitations, which are common to all Del-
phi studies, such as the risk of participants dropping out 
in later rounds or the overrepresentation of certain oc-
cupational groups or countries.

Conclusions

This Delphi study constitutes an important step toward 
establishing a shared conceptual and operational framework 
for SP in European primary care. By achieving expert consen-
sus on the role, qualifications and training of SPLWs, as well 
as identifying appropriate target populations and tools for 
outcome assessment, the study will generate practical rec-
ommendations applicable across diverse healthcare systems. 
The findings are expected to support the systematic integra-
tion of SP into patient-centered and community-oriented 

models of care, enhance the coherence of future research, 
and inform educational and policy development. In doing 
so, this work addresses key gaps in the standardization and 
implementation of SP across Europe.

Use of AI and AI-assisted technologies

Not applicable.
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