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Highlights

ence for both clinicians and specialists.

« This editorial outlines the essential clinical steps for patient assessment, providing a practical and accessible refer-

+ A novel protocol — the Periodontal Assessment Protocol (GF-PAPro) — was developed and introduced to simplify
and standardize clinical periodontal assessments, offering clear guidance for practitioners.
« A practical diagnostic guide was provided to support the clinical identification of periodontitis and gingivitis.

Background

According to the World Health Organization (WHO),
severe periodontal disease, characterized by 6-mm pock-
ets and significant alveolar bone loss, is on the rise. With
more than 1 billion cases reported worldwide, periodontal
disease is considered a public health concern.! This trend
is attributed to an aging population and increased longev-
ity, along with socioeconomic factors. The global disease
burden is expected to continue rising.! Periodontal dis-
ease manifests in various forms, from gingivitis to severe
chronic periodontal disease. Early diagnosis and treatment
are essential for the successful management of periodontal
disease and for slowing its progression.

Thus, periodontal assessment is a cornerstone of com-
prehensive dental care, serving as the primary means
of detecting, diagnosing and monitoring periodontal dis-
eases. Given the high prevalence of periodontal diseases
around the world, severe periodontitis is estimated to af-
fect 5-15% of adults; routine periodontal evaluations are
essential.>3 These assessments typically involve a combi-
nation of visual examinations, probing measurements and
radiographic assessment to evaluate the periodontal status.
Tools such as Periodontal Screening and Recording (PSR),*
Basic Periodontal Examination (BPE)®> and GF-Periodontal
Diagnosis and Risk Assessment (GF-PeDRA)® are widely
recommended for screenings, enabling clinicians to iden-
tify patients who require more comprehensive periodontal
charting and intervention.

Beyond initial detection, periodontal assessments play
a critical role in informing treatment planning and long-
term maintenance strategies. Accurate diagnosis, incor-
porating clinical signs such as bleeding on probing (BoP),
pocket depths, clinical attachment loss (CAL), and radio-
graphic bone loss (RBL),” is fundamental to effective pa-
tient care. Furthermore, understanding patient-specific risk
factors, such as smoking and diabetes, enhances the abil-
ity to predict disease progression and tailor interventions
accordingly. As periodontal research continues to evolve,
integrating evidence-based guidelines and standardized
assessment protocols remains crucial for improving patient
outcomes and advancing oral healthcare practices.®

In a highly evolved and developed world, where profes-
sionals seek greater knowledge and understanding of ad-
vanced surgeries and high technologies, basic concepts

have become distant, posing challenges in achieving an ac-
curate periodontal diagnosis. Therefore, utilizing a step-
by-step clinical and radiographic periodontal assessment
protocol can facilitate precise diagnosis. Thus, this edito-
rial introduces the Periodontal Assessment Protocol (GF-
PAPro), developed based on the most substantial scientific
literature, to guide clinicians and experts in standardized
clinical periodontal assessments.

Step-by-step clinical
periodontal examination

Medical and dental history

The patient should be regularly evaluated, paying atten-
tion to both systemic and oral conditions. Systemic and
behavioral factors significantly influence disease progres-
sion and treatment outcomes. Next, document the sys-
temic conditions (e.g., diabetes, cardiovascular diseases,
smoking), note any medications that may affect the peri-
odontium (e.g., phenytoin), consider smoking history and
psychosocial factors, and provide a history of periodontal
treatment and maintenance.°

Extraoral examination

It is recommended to assess the lymph nodes, temporo-
mandibular joint and trigeminal nerve outlets (including
the supraorbital, infraorbital and mental foramina) for any
tenderness, asymmetry or abnormal sensitivity. A thor-
ough evaluation of the lips and cheeks should include in-
spection and palpation of both the cutaneous (external
skin) and vermillion (red) zones of the lips, noting color,
texture, hydration, presence of fissures, ulcers, or lesions.
The cheek mucosa should be examined bilaterally for signs
of trauma, leukoplakia, pigmentation, ulceration, or other
mucosal abnormalities.

Intraoral examination
Inspect and palpate the tongue (dorsal, ventral and lateral

surfaces) and other intraoral structures for any mucosal
lesions, swellings or deviations that may indicate systemic
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or local pathology. Periodontal symptoms can overlap
or mimic other conditions. A comprehensive intraoral exam
helps prevent misdiagnosis. If applicable, scaling of plaque
and calculus (debridement) before probing is strongly rec-
ommended. Then, 14 parameters are presented to achieve
a precise and accurate clinical evaluation.!! The number
of remnant teeth should be analyzed and registered, exclud-
ing periodontally hopeless teeth (extraction recommended).

Plaque and calculus detection

Use a disclosing agent to stain plaque or conduct a visual
inspection and score the plaque index (e.g., Silness and
Loe or O’Leary). This fact is significant because bacterial
biofilm is the primary etiologic factor in periodontal and
peri-implant diseases. Its presence and distribution inform
oral hygiene instructions and risk assessment. Bacterial
plaque is the main etiological factor of periodontal diseases
(plaque-induced disease). Therefore, an accurate appraisal
should link certain gingival inflammations to other con-
ditions affecting the periodontium, resulting in a non-
plaque-induced disease.

The most recommended exam is the O’Leary Plaque
Control Record (PCR),!? which measures the presence
or absence of plaque on tooth surfaces. It should record
the presence (1) or absence (0) of plaque on four surfaces per
tooth (buccal, lingual, mesial, distal) and must evaluate all
teeth. Then, calculate: PCR (%) = (number of surfaces with
plaque [max 4]/total number of surfaces examined) x 100.

Gingival assessment

Evaluate the color (healthy pink vs erythematous),
contour (knife-edged vs rolled), consistency (firm vs
edematous), and BoP (6 surfaces). Bleeding on probing
is recognized as a crucial clinical indicator for assessing
periodontal health and predicting disease progression,
highlighting its importance in monitoring patients’ post-
treatment outcomes.!>!* It serves as a sign of inflammation
in the periodontal tissues and is a valuable prognostic tool
during the maintenance phase of periodontal therapy.l®
Bleeding on probing is an early sign of gingival inflam-
mation and correlates with disease activity; its persistence
may be associated with future CAL. After probing the sul-
cus or periodontal pocket, it is recommended to observe
the site for 5-10 s to determine if any bleeding occurs.
It is essential to apply light, even pressure, ideally 15-25 g
(0.15-0.25 N-cm),' to prevent patient discomfort and en-
sure accurate readings.

Probing pocket depth or probing depth
measurement

As described by Fernandes and Muller,? periodontal
probing should be performed with precise technique:
The probe must be gently inserted to the base of the sulcus
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at the correct angulation, and advanced using the walking-
stroke method. Six sites per tooth — mesiobuccal, mid-
buccal, distobuccal, mesiolingual (or palatal), mid-lingual
(or palatal), and distolingual (or palatal) — should be mea-
sured with a calibrated periodontal probe (e.g., UNC-15).
Remember to apply slight pressure. Additionally, it is im-
portant to record pocket depths to the nearest millimeter:
measurements of 4.1-4.4 mm are rounded down to 4 mm
(with clinical discretion to round up at exactly 4.5 mm),
whereas readings of 4.6—4.9 mm should be rounded up
to 5 mm, always selecting the closest probe mark.>!” Prob-
ing depth (PD) provides insight into the depth of peri-
odontal pockets as well as the degree of inflammation and
detachment. It is crucial to assess gingival swelling or in-
flammation — conditions that can mimic a pseudopocket
— and to confirm these findings with radiographic evalu-
ation.'” Probing dental implants must be conducted care-
fully to prevent damage to the peri-implant tissues. Utilize
alight probing force with a plastic or titanium peri-implant
probe. Probing depths around dental implants should like-
wise be measured at 6 sites per implant. Unlike natural
teeth, peri-implant soft tissues do not possess a periodontal
ligament; consequently, PDs of 4—5 mm may fall within
normal limits, particularly around tissue-level implants.

However, a progressive increase in PDs over time
— particularly when accompanied by BoP, suppura-
tion or radiographic evidence of bone loss — may signal
peri-implant disease, such as peri-implant mucositis
or peri-implantitis.!8-20

Clinical attachment level

The CAL is the single most critical parameter in peri-
odontal assessment, reflecting the position of the gingi-
val margin (GM)relative to the cementoenamel junction
(CEJ); under normal conditions, the GM lies approx. 1 mm
coronal to the CEJ (though it may occasionally be 2 mm
or more above).

For greater accuracy, the position of the GM must be
clinically measured by detecting the CE]J and the actual
position of the GM ([+] when above CEJ; [-] when below
CEJ). As described by Fernandes and Fernandes,” clini-
cal attachment level (CAL) is calculated as the difference
between PD and the position of the GM:

CAL =PD - GM.

When there is no gingival recession, the GM is assumed
to lie 3 mm coronal to the CEJ, so CAL may be estimated
as PD minus 3 mm. It is important to recognize thata GM
positioned at the CEJ (0) often reflects minimal recession.
Clinically, PDs up to 3 mm are considered normal — oc-
casionally extending to 4 mm — and facilitate effective
oral hygiene and thorough debridement. Consequently,
a3 mm PD threshold is recommended as the pedagogical
and technical standard. In cases of gingival overgrowth
(pseudopockets), however, PD readings may be artificially
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increased.” Therefore, according to the 018 Classification,
periodontitis requires the confirmation of interdental CAL
at >2 non-adjacent teeth or buccal/facial CAL >3 mm
with pocketing >3 mm on >2 teeth, while excluding non-
periodontal causes (e.g., caries, trauma). Staging reflects
the severity and complexity, ranging from stage I to stage
IV, based on CAL, RBL, tooth loss, and other parameters
described below. Grading reflects the rate of progression,
where grade A indicates slow progression and grade C indi-
cates rapid progression, based on risk factors and evidence
of progression determined.

Bone loss pattern

The bone loss pattern is classified as horizontal (uniform
reduction in bone height in the arch) and vertical (angular,
oblique bone defects adjacent to the tooth). Horizontal
bone loss is the most common form, while vertical bone
loss is more complex and can lead to periodontal pockets
or infrabony defects. Precise evaluation of these diagnos-
tic patterns is essential to guide the selection, timing and
design of periodontal regenerative therapies.

Gingival recession

Gingival recession (Rec) is associated with root sensi-
tivity, aesthetic problems, and CAL. It is measured from
the CEJ to the GM. However, if the GM position is equal
to the CEJ (CAL = 0), a small Rec should be considered.
The most widely adopted recession classification systems
are those proposed by Miller?! and by Cairo et al.??

Miller’s classification is divided into 4 classes: class I
— marginal tissue recession does not extend to the muco-
gingival junction (MG]J); there is no loss of interproximal
bone or soft tissue, and it has an excellent prognosis for
root coverage; class II — recession extends to or beyond
the MG]J, but still with no loss of interproximal bone or soft
tissue, resulting in an excellent prognosis for treatment;
class III — recession extends beyond the MG]J with some
loss of interproximal bone or soft tissue, or malpositioning
of teeth, resulting in expected partial root coverage; and
class IV — recession extends beyond the MGJ with severe
loss of interproximal bone or soft tissue, or severe tooth
malposition, presenting a poor prognosis with no possible
root coverage.

The classification by Cairo et al. was developed to ad-
dress some of Miller’s limitations, making it more appli-
cable to both single and multiple recession-type defects.
It is divided into 3 types: recession type 1 (RT1) involves
recession with no interproximal CAL; the interproximal
CEJ is clinically not detectable at both the mesial and distal
aspects of the tooth, presenting facial CAL only. Within
Cairo’s 2011 classification, Recession type 2 (RT2) is de-
fined by the presence of gingival recession accompanied
by interproximal CAL that is less than or equal to the buc-
cal attachment loss (interproximal CAL < buccal CAL).?

G. Fernandes et al. Periodontal assessment protocol

In contrast, recession type 3 (RT3) is characterized by in-
terproximal attachment loss that exceeds the buccal at-
tachment loss (interproximal CAL > buccal CAL).?

Furcation involvement

Furcation involvement indicates whether the case in-
volves advanced periodontal destruction, significantly im-
pacting prognosis and treatment. As detailed by Romana
and Fernandes,?? furcation involvement may be assessed
horizontally with a Nabers probe — using Glickman’s?*
or Hamp, Nyman and Lindhe’s?® classification systems
— or evaluated vertically according to Tarnow and Fletch-
er’s criteria.?® Glickman'’s classification presents 4 different
grades: grade I: Furcation is felt with the probe, but the tip
does not enter the furcation more than 1 mm; grade II:
Probe tip penetrates the furcation more than 1 mm, ex-
tending to % of the buccal to lingual width, but does not
entirely go through to the other side; grade III: Furcation
is not clinically visible, but the probe completely passes
between the roots to the other side on mandibular molars
and the maxillary first premolar (through-and-through).
The probe passes between the roots and touches the palatal
root on the maxillary molars; and grade IV: Same as Grade
II1, except that the furcation is clinically visible. Hamp,
Nyman and Lindhe’s classification identifies 3 grades
of furcation involvement: grade I: The probe penetrates
horizontally into the furcation up to 3 mm; grade II: Probe
penetration into the furcation is more than 3 mm but does
not go through to the other side; and grade III: Penetration
from one side to the other, through-and-through.

Essentially, the steps for furcation assessment involve:
1) inserting the probe beneath the margin and rotat-
ing the instrument’s tip into the furcation; 2) observing
the horizontal extent of interradicular bone loss; 3) veri-
fying the vertical bone loss with a periodontal probe; and
4) using the number of millimeters of bone loss (both
horizontally and vertically) to determine the furcation
involvement grade based on our recommendation (above).

Tooth mobility

Tooth mobility reflects periodontal support and occlu-
sal trauma, influencing the decision to retain or extract
a tooth. For evaluation, it is recommended to use the ends
of 2 instrument handles to push the tooth in a buccolin-
gual direction gently, or to use the index finger along with
1 end of an instrument handle. Always compare the mo-
bility of a tooth with that of the adjacent or contralateral
teeth. In addition to manual evaluation, Periotest or elec-
tronic devices can also be utilized.

Mobility can be assessed using either static or dynamic
methods. Static mobility refers to the horizontal or verti-
cal displacement of a tooth when gentle pressure is ap-
plied, typically using the ends of 2 instrument handles
or a combination of an index finger and an instrument
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handle. The tooth is moved in a buccolingual direction,
and its mobility is compared to adjacent or contralateral
teeth. This traditional method provides a qualitative,
momentary evaluation of looseness. Dynamic mobility,
on the other hand, evaluates the tooth’s response to a rapid,
low-impact force, typically using electronic devices such
as the Periotest or the Tooth Mobility Measuring Device
(TMD). These devices measure the damping characteris-
tics of the periodontium and provide quantitative values
that can be tracked over time, allowing for more objective
and reproducible monitoring of changes in mobility, espe-
cially in cases involving splinted teeth, trauma or implants.

Miller’s Mobility Index (MMI) categorizes tooth mobil-
ity into 4 grades. Grade 0 — physiologic mobility — is de-
fined as horizontal movement under 0.2 mm. Grade
I denotes slight horizontal mobility in the buccolingual
direction between 0.2 mm and 1 mm. Grade II reflects
moderate horizontal mobility of 1 mm or more without
vertical (axial) displacement. Grade III combines severe
horizontal movement exceeding 1 mm with vertical de-
pressibility of the tooth into its socket.?”

Radiographs

Diagnostic radiographs are indispensable for accurate
periodontitis diagnosis. A series of full-mouth X-rays
(FMX) of 18 films —14 periapical images using the par-
alleling technique for precise bone-level assessment and
4 bitewings — provides comprehensive detail. Bitewing
radiographs offer high-resolution views of crestal bone,
whereas panoramic images serve as an adjunctive overview
but lack the detail necessary for definitive diagnosis. In se-
lect cases, cone beam computed tomography (CBCT) may
be employed to evaluate furcation involvement, implant
planning or complex osseous defects. These imaging mo-
dalities allow clinicians to confirm furcation lesions (evi-
denced by radiolucency in molar furcations), assess crestal
bone morphology (noting irregular contours, triangulation,
or “fuzziness”), identify periapical pathology (to rule out
endo-periodontal lesions), visualize interproximal calculus
deposits (as radiopaque spurs), and examine root anatomy
(including concavities, root length, and divergence).?8?°

The most recent guidelines emphasize the role of radio-
graphic images in the visual assessment of interproximal
alveolar bone levels and the determination of RBL. While
periapical radiographs are commonly used to evaluate
the periodontium around the roots and RBL, this type
of image can present undesirable angulations and distor-
tions. Bitewing X-rays, on the other hand, offer better di-
agnostic quality for determining the percentage of RBL
relative to root length, while also allowing for assessment
of the level and pattern of proximal bone loss.

When assessing radiographic bone levels, measure
the distance from the CEJ to the alveolar bone crest. Given
that the biological width (supracrestal tissue attachment)
typically averages around 2.0 mm (with some individual
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variation), any CEJ—bone distance up to 2 mm should be
considered within normal limits and not classified as RBL.

While variations can happen, it is essential to have
a standard measure for guidance and sound clinical judg-
ment. Thus, the calculation for the worst site with bone loss
is: RBL (%) = ((distance from CEJ to bone) — 2.0 mm) x 10%
(indicating that for each millimeter found in the result,
it is considered 10%). This CEJ-bone crest measurement
is essential for periodontal diagnosis: Values up to 2 mm
(within the supracrestal tissue attachment) indicate no
RBL whereas any distance exceeding 2 mm denotes
the presence of RBL. Given the emphasis on the quality
of radiographs (the best possible) for accurate periodontal
diagnosis, clinicians must employ meticulous techniques
when exposing radiographs, positioning the receptor
to capture the desired teeth and supporting structures
in the image. In order to develop diagnostically accept-
able radiographs, students and professionals should recall
the correct placement of the receptor, such as a digital
sensor or radiographic film. The guidelines for proper film
placement are summarized in Table 1 below.

To reduce distortion in the image of the teeth, the dental
professional has to be skilled in a radiographic technique
to produce the most accurate presentation of the denti-
tion.3* It is noteworthy that current radiation safety guide-
lines for the use of lead aprons and collars have undergone
changes. According to the American Dental Association
(ADA), lead shields are no longer required for exposure
to digital radiographs; however, clinicians must still follow
the “as low as reasonably achievable” (ALARA) principle.3-32

Extension and distribution

The extension and distribution of periodontitis re-
fer to the extent to which the condition is present
in the mouth. Proper classification is crucial for accurate
diagnosis, prognosis and treatment planning in both gin-
givitis and periodontitis. In gingivitis cases, it is necessary
to observe the number of sites with BoP; the condition will
be localized if there is involvement of up to 30% of the sites,
whereas a generalized condition involves more than 30%
of the sites. When classifying periodontitis, it is considered
localized if up to 30% of teeth are affected and general-
ized when more than 30% of teeth are involved. It is also
necessary to consider the molar—incisor pattern, as well
as former aggressive and juvenile periodontitis, which
primarily affect the first molars and incisors, resulting
in a significant vertical bone loss pattern.!!

Occlusal analysis

Traumatic occlusion can exacerbate periodontal break-
down in the presence of inflammation. Identifying signs
of occlusal trauma (wear facets, fremitus and mobility)
is highly relevant; use articulating paper and clinical judg-
ment to assess these signs.
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Table 1. Guide to film placement for areas of interest and minimal requirements for a diagnostic image

Must cover

Acceptable distortion

XCP RINN instrument

Area Type
. P Placement
of interest of image
Behind molars with mesial edge of receptor
Maxillary and at midline on second premolar. Set the bite
mandibular periapical block on the occlusal edge of the teeth.
molars Adjust the position of the receptor
to parallel as the patient closes
Behind premolars with mesial edge
) of receptor at midline on canine. Set
Maxillary and )
mandibular periapical the bite block on the occlusal edge
of the teeth. Adjust the position
premolars )
of the receptor to parallel as the patient
closes
Behind the canine with canine centered.
Maxillary and Set the bite block on the occlusal
mandibular periapical edge of the teeth. Adjust the position
canines of the receptor to parallel as the patient
closes
) Behind the central incisors with central
Maxillary and o .

) incisors centered. Set the bite block
mandibular o .
central periapical on the occlusal edge of the teeth. Adjust
S the position of the receptor to parallel
incisors )

as the patient closes
Behind molars with mesial edge of receptor
at midline on second premolar.
Molar bitewin Hold the bite block centered between
bitewing 9 maxilla and mandible as the patient closes
to distribute mandibular and maxillary
teeth evenly
Behind premolars with mesial edge
of receptor at midline of the canine. Hold
) the bite block centered between maxilla
Maxillary and : )
mandibular bitewing and mandible as the patient closes.
remolars Hold the bite block centered between
P maxilla and mandible as the patient closes
to distribute mandibular and maxillary
teeth evenly

Distal half
of the second
premolar and back.
At least 2 mm
of periapical bone

Distal half
of the canine and
back. At least 2 mm
of periapical bone

Distal half
of the lateral
incisor and mesial
half of the first
premolar. At least
2 mm of periapical
bone

Entire central
incisors and mesial
half of lateral
incisors. At least
2 mm of periapical
bone

Distal half
of the second
premolar and back.
At least 2 mm
of periapical bone

Distal half
of the canine and
back. At least 2 mm
of periapical bone

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

Less than 50% of proximal
overlap. Any more than
that, the contact must

be open on another
periapical in the FMX
series

setup

“L-shaped”rod, yellow
ring and yellow holder.
Once assembled,
the receptor should be
centered in the yellow
ring
"L-shaped”rod, yellow
ring and yellow holder.
Once assembled,
the receptor should be
centered in the yellow
ring

“Chair-shaped”rod, blue
ring and blue holder.
Once assembled,
the receptor should be
centered in the yellow
rng

“Chair-shaped”rod, blue
ring and blue holder.
Once assembled,
the receptor should be
centered in the yellow
ring

“L-shaped”rod, red ring
and red holder. Once
assembled, the receptor
should be centered
in the red ring

“L-shaped”rod, red ring
and red holder. Once
assembled, the receptor
should be centered
in the red ring

Receptor - X-ray film, digital sensor or phosphor plate; FMX — full-mouth X-rays; XCP — Extension Cone Paralleling system.

Peri-implant condition

Assessing the condition of peri-implants is critical for
classifying the health or disease status of dental implants,
ensuring accurate diagnosis and guiding treatment plan-
ning for preventive maintenance or therapeutic interven-
tions. The health condition of peri-implant tissues pres-
ents an absence of inflammation — no BoP or suppuration
— with stable, shallow PDs (generally <4 mm, occasion-
ally up to 5 mm) and no evidence of progressive bone loss
beyond normal physiologic remodeling. For peri-implant
mucositis, the clinical conditions include inflammation
of the soft tissues surrounding the implant, with the pres-
ence of BoP and/or suppuration, increased PDs (which
may be due to swelling), but with no bone loss beyond
initial remodeling. In the case of peri-implantitis, there
is inflammation of the peri-implant mucosa accompanied

by progressive bone loss, with BoP and/or suppuration
present, increased PDs compared to previous exams, and
RBL beyond initial remodeling. In summary, implant as-
sessment should include evaluation of PDs, BoP and suppu-
ration, RBL relative to baseline, and KMW (ideally >2 mm),
as well as consideration of occlusal loading and prosthetic
design aspects.!’

Need for complex rehabilitation

Need for complex rehabilitation is crucial for distin-
guishing between stage III and stage IV periodontitis,
which are typically associated with significant peri-
odontal destruction, tooth loss and impaired function.
In these stages, patients often require complex interdis-
ciplinary treatment to restore occlusal stability, esthet-
ics and masticatory function. It may involve advanced
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surgical and prosthetic procedures, such as bone regen-
eration, guided tissue regeneration (GTR) and the use
of dental implants to replace missing teeth. Stage IV peri-
odontitis, in particular, indicates a high level of complex-
ity in rehabilitation, as it involves severe alveolar bone
loss, bite collapse, tooth migration (flaring and drifting),
secondary occlusal trauma, and fewer than 10 opposing
tooth pairs, necessitating not only periodontal treat-
ment but also complex restorative approaches. Treat-
ment planning in such cases involves careful occlusal
analysis, evaluation of remaining periodontal support,
and management of both natural dentition and implant-
supported prostheses.!!

How to use the GF-PAPRo checklist

The GF-PAPro checklist streamlines the intraoral peri-
odontal examination by providing a structured framework
to assess key clinical parameters. Using this tool, clinicians
can systematically evaluate periodontal health and accu-
rately classify patients as periodontally healthy, presenting
with gingivitis or exhibiting periodontitis. In periodontitis
cases, itaids in staging and grading. Each row corresponds
to a specific clinical or diagnostic parameter (e.g., BoP,
CAL, RBL), and the rightmost column (“Sequence for
Periodontal Dx”) provides numbered steps aligned with
the diagnostic flow. Red numbers indicate sequential steps
used to diagnose gingivitis, whereas black numbers indi-
cate steps used to diagnose periodontitis.

To use the step-by-step (the rightmost column in Table 2),
it is necessary to complete the checklist row by row (se-
quentially from 1 to 20) for each patient. As you document
findings, follow the sequence numbers in the right col-
umn, which correspond to the proposed diagnostic deci-
sion tree from Fernandes and Fernandes.” After assessing
each parameter, note its coded numeral: if it is a red num-
ber, incorporate the finding into your gingivitis diagnostic
reasoning; if it is a black number, follow the periodontitis
algorithm, including staging and grading modifiers. Ex-
amples of application (right column — diagnosis):

1. Step 1 (red and black): Measure interdental CAL.
If CAL is present on at least 2 non-adjacent teeth, peri-
odontitis is suspected.

2. Step 2 (red and black): Calculate percentage bone loss
relative to patient age (RBL/age). Values above expected
norms support a diagnosis of periodontitis.

3. Step 3 (red and black): Count teeth lost to periodon-
titis (including those deemed hopeless and planned for
extraction).

4. Step 4:

— Black pathway: Re-measure PD to further charac-
terize periodontitis.

— Red pathway: If BoP exceeds 10% of sites without
any CAL or RBL, diagnose gingivitis; if BoP is <10%,
consider the periodontium healthy.
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5. Step 5:

— Red pathway: Note gingival phenotype (redness,
edema, recession) to complete the gingivitis assess-
ment or refine periodontitis staging.

— Black pathway: Review the pattern of bone loss
(horizontal vs vertical) for periodontitis staging.

6. Step 6:

— Red pathway: Record the plaque index to contex-
tualize gingival inflammation.

— Black pathway: Examine furcation involvement
as part of periodontitis grading.

7. Step 7:

— Red pathway: Determine the extent and distribu-
tion of BoP: <10% excludes gingivitis, 10-30% in-
dicates localized gingivitis, while >30% indicates
generalized gingivitis.

— Black pathway: Assess tooth mobility to inform
periodontitis severity.

8. Steps 8,9, 11-13 (black only): Apply the staging (I-I1V)
and grading (A—C) criteria for periodontitis based on cu-
mulative findings.

9. Step 10 (black only): Define distribution of dis-
ease — localized, generalized or molar—incisor pattern
— to complete the periodontitis diagnosis.

By following these red- and black-coded steps in se-
quence, clinicians can rapidly differentiate gingivitis from
periodontitis, stage and grade disease, and ensure a stan-
dardized, evidence-based diagnosis.

In summary, the red-coded steps rapidly identify gin-
givitis — relying on BoP in the absence of attachment
loss or bone loss — while the black-coded steps provide
a systematic pathway for diagnosing, staging and grading
periodontitis. By adhering to this structured sequence,
GF-PAPro ensures consistent, evidence-based diagno-
ses, enhances teaching and training, standardizes clini-
cal documentation, and supports clear interdisciplinary
communication.

Final considerations

Table 2 provides a summary checklist and sequence
of assessments, detailing the clinical steps for periodon-
tal evaluation and a recommended order for achieving
a periodontal diagnosis. They can be used daily and make
it easier to remember each clinical step. Furthermore, GE-
PAPro is presented for the first time in the literature, al-
lowing for the establishment of periodontal/peri-implant
diagnosis, classifying the disease by severity, complexity,
extent, and distribution (stage and grade), and analyzing
all parameters recommended by the latest periodontal
guidelines (2018), which include both clinical and radio-
graphic parameters.!!



Table 2. Checklist for GF-PAPro — Intraoral examination, presenting the logical sequence for clinical assessment and periodontal diagnosis (Dx)

GF-Periodontal Assessment Protocol (GF-PAPro)

Ptid: Pt age:

Sequence Sequence for
forqclinical Periodontal Dx*
assess- Parameters Guide Check Periodontitis

(black) / Gingivitis
ment
(red)
Number of remnant teeth
. (exclude periodontally N O B
hopeless tooth — extraction e
recommended)
) . No one
Tooth loss including ) .
2 periodontally hopeless None due to periodontitis O 3/3

Loss of up to 4 teeth due to periodontitis

()
()
) ()
teeth planned for extraction () Loss of > 5 teeth due to periodontitis
()
()
()
()

No diabetic () HbA1C >5.6% and <7.0% 12 (modifier

3 Diabetes HbA1C > 7.0% O for Grade)
. Non-smoker () < 10 cigarettes/day 13 (modifier
4 Smoker (cigarettes) > 10 cigarettes/day O for Grade)

Any other systemic ( )No( )1or2 butcontrolled ( )> 2, butcontrolled

5 condition O _
(besides diabetes) ()1 or2 butnotcontrolled () > 2, but not controlled
6 Plaque index (4 surfaces) PCR (%) = (n surfaces with plaque / n surfaces) x 100 O 6

() Healthy gingiva (firm and resilient, coral pink, stippled, uniform color,
Knife-edged margins, scalloped appearance following the CEJ, firm and
adapted)

() Inflamed gingiva (erythematous [red], possibly bluish-red or cyanotic
in chronic inflammation, enlargement, soft, spongy, loss of stippling/
smooth, shiny, pits easily under gentle pressure, rounded or rolled

7 Gingival assessment margins, loss of scalloping (verify drug-induced hyperplasia) | 5
() Melanin pigmentation (physiological pigmentation in darker-skinned

individuals [brown-black patches])

with Rec (typical)

V-shaped Rec defects Clefts (Stillman’s cleft)

Cratering of interdental papillae: necrotizing ulcerative

Desquamation or ulceration: desquamative gingivitis

)
)
)
)

Peri-implantitis over 50% of the implant

N/A () < 10 opposing pairs () Masticatory disfunction
Bite collapse, drifting, or flaring | 9
Secondary occlusal trauma (mobility > II)

Need for complex

20 rehabilitation

8 BoP (6 surfaces) BoP (%) = (n sites bleeding / (n teeth X 6)) x 100 O 4
9 PD (the worst site) mm | 4
CAL (the greatest
10 interdental) —mm O 7
11 Bone loss pattern ( )N/A( ) horizontal () vertical O 5
12 Rec (the greatest Rec) ( )No ( )Facial/Lingual ( ) Interdental mm O -
13 Furcation involvement (- )Classl( )Classll( )Classlll( )Class IV O 6
14 Tooth mobility ( )GradeO( )Gradel( )Gradell( )Gradelll O 7
RBL (%) = ((CEJ to bone) - 2.0 mm [STA/BW]) x 100 2/2
Radiographic Periodontal o - and
15 Assessment (RBL) Eer\aplcal - Observe periodontal structure around the root and O 11 (use [%RBL/
(bitewing — the worst site) in the cervical area °
( YN/Aor( )Yes. % age] to Grade)
(- )N/A( ) Localized (up to 30%) ( ) Generalized (> 30%)
16 Extension and distribution () Molar-Incisor Localized (up to 30%) | 10/7
() Molar-Incisor Generalized (> 30%)
() Notrauma
17 Occlusal analysis () With trauma/without periodontitis O 8
() With trauma and periodontitis
() Mucositis
18 Peri-implant condition () Peri-implantitis up to 50% of the implant D -
()
()
()
()

* Fernandes GVdO, Fernandes JCH. Revisiting and rethinking on staging (severity and complexity) periodontitis from the new classification system: A critical
review with suggestions for adjustments and a proposal of a new flowchart. Dent Med Probl. 2025;62(2):371-391. doi:10.17219/dmp/192121. BoP - bleeding
on probing; BW - biological width; CEJ — ce ment-enamel junction; mm — millimeters; N/A — not applied; PD — probing depth; RBL - radiographic bone loss;
STA - supracrestal tissue attachment.


https://www.doi.org/10.17219/dmp/192121;

Adv Clin Exp Med. 2025;34(7):1069-1077

Use of Al and Al-assisted technologies

Not applicable.

ORCID iDs

Gustavo Vicentis de Oliveira Fernandes

Grace Mosley
Ana Cristina Cafizares

https://orcid.org/0000-0003-3022-4390
https://orcid.org/0009-0000-9618-4323
https://orcid.org/0009-0003-3844-2509

Juliana Campos Hasse Fernandes

Romana Muller

https://orcid.org/0000-0001-7603-3544
https://orcid.org/0000-0002-0476-1136

References

1.

World Health Organization (WHO). Global Oral Health Status Report:
Towards Universal Health Coverage for Oral Health By 2030. Geneva,
Switzerland: World Health Organization (WHO); 2022. ISBN:978-92-
4-006148-4.

Fernandes GVO, Mueller R. Back to the basics: Mastering probing tech-
niques for comprehensive periodontal assessment. J Basic Clin Dent.
2024;1(1):1-8. https://j-bcd.com/index.php/j-bcd/article/view/18/6.
Accessed March 15, 2025.

Preshaw PM. Detection and diagnosis of periodontal conditions ame-
nable to prevention. BMC Oral Health. 2015;15(Suppl 1):S5. d0i:10.1186
/1472-6831-15-S1-S5

Khocht A, Zohn H, Deasy M, Chang KM. Assessment of periodon-
tal status with PSR and traditional clinical periodontal examination.
JAm Dent Assoc. 1995;126(12):1658-1665. doi:10.14219/jada.archive.
1995.0115

Dale CLT, Smorthit K, Storey M, Srinivasan V. The importance of
the Basic Periodontal Examination for paediatric orthodontic patients.
BrDent J. 2021;231(3):163-168. doi:10.1038/541415-021-3292-5
Fernandes GVO, Fernandes JCH. A new algorithm/tool used to
achieve the periodontal risk assessment, diagnosis and prognosis
(GF-PeDRA): A clinical study with 221 patients. Dent Med Probl. 2025
[in press].

Fernandes GVDO, Fernandes JCH. Revisiting and rethinking on stag-
ing (severity and complexity) periodontitis from the new classifica-
tion system: A critical review with suggestions for adjustments and
a proposal of a new flowchart. Dent Med Probl. 2025;(2):371-391.
doi:10.17219/dmp/192121

Salvi GE, Roccuzzo A, Imber J, Stahli A, Klinge B, Lang NP. Clinical
periodontal diagnosis [published online as ahead of print on July 14,
2023]. Periodontol 2000. 2023. doi:10.1111/prd.12487

Isola G, Santonocito S, Lupi SM, et al. Periodontal health and dis-
ease in the context of systemic diseases. Mediators Inflamm. 2023;
2023:9720947. doi:10.1155/2023/9720947

. TavaresLTR, Saavedra-Silva M, Lépez-Marcos JF, Veiga NJ, CastilhoRde M,

Fernandes GV de O.Blood and salivary inflammatory biomarkers pro-
file in patients with chronic kidney disease and periodontal disease:
A systematic review. Diseases. 2022;10(1):12. doi:10.3390/diseases
10010012

. Caton JG, Armitage G, Berglundh T, et al. A new classification scheme

for periodontal and peri-implant diseases and conditions: Introduc-
tion and key changes from the 1999 classification. J Clin Periodontol.
2018;45(Suppl 20):51-S8. d0i:10.1111/jcpe. 12935

. O'LearyTJ, Drake RB, Naylor JE. The Plaque Control Record. J Periodontol.

1972;43(1):38. doi:10.1902/jop.1972.43.1.38

. Lang NP, Joss A, Orsanic T, Gusberti FA, Siegrist BE. Bleeding on probing:

A predictor for the progression of periodontal disease? J Clin Periodontol.
1986;13(6):590-596. d0i:10.1111/j.1600-051X.1986.tb00852.x

. Badersten A, Nilvéus R, Egelberg J. Scores of plaque, bleeding, sup-

puration and probing depth to predict probing attachment loss
5 years of observation following nonsurgical periodontal therapy.
J Clin Periodontol. 1990;17(2):102-107. doi:10.1111/j.1600-051X.1990.
tb01070.x

. Joss A, Adler R, Lang NP. Bleeding on probing: A parameter for mon-

itoring periodontal conditions in clinical practice. J Clin Periodontol.
1994;21(6):402-408. doi:10.1111/j.1600-051X.1994.tb00737.x

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

1077

. Seki K, Nakabayashi S, Tanabe N, Kamimoto A, Hagiwara Y. Cor-

relations between clinical parameters in implant maintenance
patients: Analysis among healthy and history-of-periodontitis groups.
Int J Implant Dent. 2017;3(1):45. doi:10.1186/s40729-017-0108-0
Heitz-Mayfield LJA. Conventional diagnostic criteria for periodontal dis-
eases (plague-induced gingivitis and periodontitis). Periodontol 2000.
2024;95(1):10-19. d0i:10.1111/prd.12579

. Fernandes GVO, Mosley GA, Ross W, Dagher A, Martins BGDS, Fer-

nandes JCH. Revisiting Socransky’s complexes: A review suggest-
ing updated new bacterial clusters (GF-MoR complexes) for peri-
odontal and peri-implant diseases and conditions. Microorganisms.
2024;12(11):2214. d0i:10.3390/microorganisms12112214

. Fernandes GVDO, Martins BGDS, Fraile JF. Revisiting peri-implant diseas-

esinorder to rethink the future of compromised dental implants: Con-
siderations, perspectives, treatment, and prognosis. Dent Med Probl.
2024;61(5):637-640. doi:10.17219/dmp/187215

. Fernandes GVO, Fernandes JCH. Call to review how staging periodon-

titis using the 2017 Classification of Periodontal and Peri-Implant Dis-
eases and Conditions: Suggestions for modifications and improve-
ments to help clinicians in the decision-making diagnosis. Env Dent J.
2024;6(1):[no pages given]. https://dentaljournal.org/volVolumeno1/
call-to-review-how-staging-periodontitis-using-the-2017-classifica-
tion-of-periodontal-and-peri-implant-diseases-and-conditions-sug-
gestions-for-modifications-and-improvements-to-help-clinicians-
in-the-decision-making-diagnosis. Accessed March 15, 2025.

Miller PD. A classification of marginal tissue recession. Int J Periodontics
Restorative Dent. 1985;5(2):8-13. PMID:3858267.

Cairo F, Nieri M, Cincinelli S, Mervelt J, Pagliaro U. The interproxi-
mal clinical attachment level to classify gingival recessions and pre-
dict root coverage outcomes: An explorative and reliability study.
J Clin Periodontol. 2011;38(7):661-666. doi:10.1111/j.1600-051X.2011.
01732.x

Mueller R, Fernandes GVO. Navigating furcation: A guide for an accu-
rate assessment. J Basic Clin Dent. 2025;2(1):1-11. https:/j-bcd.com/
index.php/j-bcd/article/view/23/10. Accessed March 15, 2025.
Glickman I. Clinical Periodontology: Prevention, Diagnosis, and Treat-
ment of Periodontal Disease in the Practice of General Dentistry. 4" ed.
Philadelphia, USA: Saunders; 1972. 1SBN:978-0-7216-4137-9.

Hamp S, Nyman S, Lindhe J. Periodontal treatment of multi root-
ed teeth: Results after 5 years. J Clin Periodontol. 1975;2(3):126-135.
doi:10.1111/j.1600-051X.1975.tb01734.x

Tarnow D, Fletcher P. Classification of the vertical component of fur-
cation involvement. J Periodontol. 1984;55(5):283-284. doi:10.1902/
jop.1984.55.5.283

Wu CP, Tu YK, Lu SL, Chang JH, Lu HK. Quantitative analysis of Miller
mobility index for the diagnosis of moderate to severe periodontitis:
A cross-sectional study. J Dent Sci. 2018;13(1):43-47. d0i:10.1016/j.jds.
2017.11.001

Alasgah M, Alotaibi FD, Gufran K. The radiographic assessment of fur-
cation area in maxillary and mandibular first molars while consider-
ing the new classification of periodontal disease. Healthcare (Basel).
2022;10(8):1464. doi:10.3390/healthcare10081464

Kurt-Bayrakdar S, Bayrakdar S, Yavuz MB, et al. Detection of peri-
odontal bone loss patterns and furcation defects from panoramic
radiographs using deep learning algorithm: A retrospective study.
BMC Oral Health. 2024;24(1):155. doi:10.1186/512903-024-03896-5
Yen M, Yeung AWK. The performance of paralleling technique and
bisecting angle technique for taking periapical radiographs: A sys-
tematic review. Dent J. 2023;11(7):155. doi:10.3390/dj11070155
American Dental Association (ADA). ADA Releases Updated Rec-
ommendations to Enhance Radiography Safety in Dentistry (pub-
lished February 1,2024). Chicago, USA: American Dental Association
(ADA); 2024. https://www.ada.org/about/press-releases/ada-releas-
es-updated-recommendations-to-enhance-radiography-safety-in-
dentistry. Accessed March 15, 2025.

Benavides E, Krecioch JR, Connolly RT, et al. Optimizing radiation
safety in dentistry: Clinical recommendations and regulatory con-
siderations. J Am Dent Assoc. 2024;155(4):280-293.e4. doi:10.1016/j.
adaj.2023.12.002


https://j-bcd.com/index.php/j-bcd/article/view/18/6
https://www.doi.org/10.1186/1472-6831-15-S1-S5
https://www.doi.org/10.1186/1472-6831-15-S1-S5
https://www.doi.org/10.14219/jada.archive.1995.0115
https://www.doi.org/10.14219/jada.archive.1995.0115
https://www.doi.org/10.1038/s41415-021-3292-5
https://www.doi.org/10.17219/dmp/192121
https://www.doi.org/10.1111/prd.12487
https://www.doi.org/10.1155/2023/9720947
https://www.doi.org/10.3390/diseases10010012
https://www.doi.org/10.3390/diseases10010012
https://www.doi.org/10.1111/jcpe.12935
https://www.doi.org/10.1902/jop.1972.43.1.38
https://www.doi.org/10.1111/j.1600-051X.1986.tb00852.x
https://www.doi.org/10.1111/j.1600-051X.1990.tb01070.x
https://www.doi.org/10.1111/j.1600-051X.1990.tb01070.x
https://www.doi.org/10.1111/j.1600-051X.1994.tb00737.x
https://www.doi.org/10.1186/s40729-017-0108-0
https://www.doi.org/10.1111/prd.12579
https://www.doi.org/10.3390/microorganisms12112214
https://www.doi.org/10.17219/dmp/187215
https://dentaljournal.org/volVolumeno1/call-to-review-how-staging-periodontitis-using-the-2017-classification-of-periodontal-and-peri-implant-diseases-and-conditions-suggestions-for-modifications-and-improvements-to-help-clinicians-in-the-decision-making-diagnosis/
https://dentaljournal.org/volVolumeno1/call-to-review-how-staging-periodontitis-using-the-2017-classification-of-periodontal-and-peri-implant-diseases-and-conditions-suggestions-for-modifications-and-improvements-to-help-clinicians-in-the-decision-making-diagnosis/
https://dentaljournal.org/volVolumeno1/call-to-review-how-staging-periodontitis-using-the-2017-classification-of-periodontal-and-peri-implant-diseases-and-conditions-suggestions-for-modifications-and-improvements-to-help-clinicians-in-the-decision-making-diagnosis/
https://dentaljournal.org/volVolumeno1/call-to-review-how-staging-periodontitis-using-the-2017-classification-of-periodontal-and-peri-implant-diseases-and-conditions-suggestions-for-modifications-and-improvements-to-help-clinicians-in-the-decision-making-diagnosis/
https://dentaljournal.org/volVolumeno1/call-to-review-how-staging-periodontitis-using-the-2017-classification-of-periodontal-and-peri-implant-diseases-and-conditions-suggestions-for-modifications-and-improvements-to-help-clinicians-in-the-decision-making-diagnosis/
https://pubmed.ncbi.nlm.nih.gov/3858267
https://www.doi.org/10.1111/j.1600-051X.2011.01732.x
https://www.doi.org/10.1111/j.1600-051X.2011.01732.x
https://j-bcd.com/index.php/j-bcd/article/view/23/10
https://j-bcd.com/index.php/j-bcd/article/view/23/10
https://www.doi.org/10.1111/j.1600-051X.1975.tb01734.x
https://www.doi.org/10.1902/jop.1984.55.5.283
https://www.doi.org/10.1902/jop.1984.55.5.283
https://www.doi.org/10.1016/j.jds.2017.11.001
https://www.doi.org/10.1016/j.jds.2017.11.001
https://www.doi.org/10.3390/healthcare10081464
https://www.doi.org/10.1186/s12903-024-03896-5
https://www.doi.org/10.3390/dj11070155
https://www.ada.org/about/press-releases/ada-releases-updated-recommendations-to-enhance-radiography-safety-in-dentistry
https://www.ada.org/about/press-releases/ada-releases-updated-recommendations-to-enhance-radiography-safety-in-dentistry
https://www.ada.org/about/press-releases/ada-releases-updated-recommendations-to-enhance-radiography-safety-in-dentistry
https://www.doi.org/10.1016/j.adaj.2023.12.002
https://www.doi.org/10.1016/j.adaj.2023.12.002




Editorials

Suicidal behavior and substance dependence

Barbara Schneider'>*2F, Lars Meilander"£-, Tilman Wetterling>°-

' LVR Clinic Cologne Merheim, Germany

2 Department of Psychiatry, Psychosomatic Medicine and Psychotherapy, Goethe-University of Frankfurt, Germany
3 Department of Psychiatry and Neurosciences, Charité — Universitatsmedizin Berlin, Germany

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 18995276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2025;34(7):1079-1084

Address for correspondence
Barbara Schneider
E-mail: Barbara.Schneider@Ivr.de

Funding sources
None declared

Conflict of interest
None declared

Received on February 11, 2025
Reviewed on June 16, 2025
Accepted on June 18, 2025

Published online on July 25, 2025

Citeas

Schneider B, Meilander L, Wetterling T. Suicidal
behavior and substance dependence. Adv Clin Exp Med.
2025;34(7):1079-1084. d0i:10.17219/acem/207291

DOl
10.17219/acem/207291

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Abstract

Suicidal behavior is a common psychiatric emergency and poses a significant challenge in mental health care.
Substance use disorders are among the most frequently observed mental health conditions in individuals
who die by suicide.
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« Substance use disorders are strongly linked to suicide risk: Psychological autopsy studies reveal that 19-63%
of suicide cases involve substance dependence, with alcohol-related disorders contributing significantly to suicide

+ Alcohol and drug addiction elevate suicide risk across populations: Suicide rates are alarmingly high among those
with substance dependence — 8 in 100 alcoholics die by suicide, and risks rise with cannabis, heroin and nicotine use.
+ Comorbid depression and addictions sharpen suicide vulnerability: The presence of both substance use disorders and
depression drastically increases suicide risk, demanding integrated mental health and addiction treatment strategies.
» Comprehensive care is essential for suicide prevention in addicted individuals: Effective suicide prevention must
target acute suicidal behavior and address underlying substance use and co-occurring psychiatric disorders for

Introduction: Substance use
disorder and suicide

Substance use disorders (SUDs) and suicidal behavior
are both of great importance in medical and psychosocial
care.? In Western countries, the majority of suicides are
linked to mental disorders, with alcohol use disorders ac-
counting for approx. 22% of all suicide cases.?~¢ Consid-
ering important association between suicide and SUDs,
the following narrative review aims to provide a compre-
hensive overview of the current scientific knowledge cover-
ing the most important studies in this field. We conducted
a literature search across multiple databases (PubMed,
Embase, Web of Science, and PubPsych). Psychological
autopsy studies indicate that nearly 1/3 of male suicides
and approx. 15% of female suicides involved SUDs. Meta-
analyses of cohort studies, primarily involving inpatient
populations, and controlled studies using the psychologi-
cal autopsy method have demonstrated that SUDs are as-
sociated with a substantially increased risk of suicide.”1
Substance dependence has been shown to elevate suicide
risk by a factor of 3 to 17211

Among individuals with addiction who died by suicide,
women were significantly more likely than men to have
experienced sexual abuse, to be dependent on prescription
drugs and to have a history of previous suicide attempts.
Addicted women were also generally younger, more likely
to be intoxicated at the time of death, and tended to use less
violent methods compared to non-addicted women.!>13

Different psychotropic drugs
and suicide risk

The following list details the suicide risks associated
with different psychotropic substances.

— Between 15% and 61% of all suicides were alcohol-re-
lated.” The lifetime risk of suicide for alcohol-dependent peo-
ple is around 8% and remains constant over lifetime.'*1> Al-
coholism has repeatedly been identified as a significant risk

factor for all forms of suicidal behavior, despite differences
in diagnostic systems, age groups and proportion of men.”31
The risk of suicide in alcoholism is particularly high in mid-
dle age!”"; between the ages of 20 and 50, the risk rose
sharply, especially in the presence of a depressive disorder.?°
Worldwide, the prevalence of alcohol use disorders is higher
among men than among women.??2 However, women with
alcohol use disorders have a higher risk of suicide than men
(up to 10 times higher in men and up to 16 times higher
in women than in the general population).!®

— The following risk factors for suicide in alcoholism
have been identified”:

« heavy drinking (equivalent to at least 70 g alcohol/day);

« nicotine consumption of more than 20 cigarettes per
day;

« suicide “threats”;

« living alone;

« little social support;

« relationship problems and breakups;

« little schooling, previous suicide attempts;

» comorbidity with affective disorders.

After adjustment for other mental disorders, the risk
of suicide associated with alcohol dependence decreases.?3
The risk of suicide attempts was 27 times higher in alcohol-
ics than in the general population after 25 years.?*

— Smoking is associated with an about twofold increased
risk of suicide in both, men and women, even after ad-
justment (i.e., statistical correction) for mental illness and
other, mostly sociodemographic factors.”?> The risk of sui-
cide increased by an additional 24% for every 10 cigarettes
smoked.?® In contrast to current smokers, former smokers
do not have an increased risk of suicide.?® Nicotine depen-
dence increased the risk of attempted suicide by almost
a factor of 1, even after adjustment for sociodemographic
characteristics and other mental and physical illnesses.?

— Young men with cannabis use disorder had a 2.56-fold
higher risk of suicide compared to the general popula-
tion.2® After 30 years of follow-up, risk of suicide was not
increased after adjustment for confounding variables, in-
cluding psychiatric diagnosis, social relationships, parental
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use of psychotropic medication, alcohol consumption, cig-
arette smoking, and use of other drugs.? Chronic or heavy
cannabis use can increase the risk of suicidal ideation (odds
ratio (OR) = 2.5) and suicide attempts (OR = 3.2).28

— Opioid and opiate use were associated with a 14-fold
increase in the risk of suicide compared to the general
population.® Heroin users in a methadone substitution
program, although methadone reduces suicidal behav-
ior (compared to heroin users who are not in a substitu-
tion program),®® had an 18.4 times higher risk of suicide
than the general population.?! Particularly high risk was
observed for female users (standardized mortality ratio
(SMR) = 27.0).3! Female gender and psychopathology (de-
pressed mood, inadequate behavior, suicidal intent, fear
of psychological disintegration, insight into the psycho-
pathology, high self-expectations) were associated with
suicide among heroin users.3?

— Among all acute illicit drug use, cocaine use is most
frequently associated with suicide.?® Mixed drug use is as-
sociated with a 16- to 20-fold increase in suicide risk.®
The concurrent use of alcohol with illicit drugs further ele-
vates this risk.?* Furthermore, the data indicates that among
individuals who use drugs, 21.9% have attempted suicide,
a figure that rises to 42.2% for those who use heroin.*®

Comorbidity

Comorbidities of addictive disorders with other mental
disorders and with physical illnesses are very common.
It has been found that drug use increases the risk of sui-
cide among people with schizophrenia.3® The comorbidity
of psychotropic use disorders and affective disorders has
been associated with a particularly high risk of suicide,
even in adolescents.?”38 Conner et al.* found that the co-
morbidity of depressive disorders and alcohol dependence
increased the risk of suicide by a factor of 4.5 in 20-year-
olds and by a factor of 83 in those over 50.

Potential mechanisms linking
SUDs and suicidal behavior

Suicidal behavior is thought to be triggered by an inter-
play between genetic, psychological and environmental
factors.*® All psychotropic substances affect the body’s
neurotransmitter systems, and current evidence suggests
that neurobiological factors are likely to lead to suicidal
behavior, in particular, deficits in serotonin.*! There are
only a few models that have been developed to explain
the association between SUDs and suicidal behavior.!#2-%4
These models include predisposing and triggering factors,
such as impulsiveness, hopelessness, lack of social sup-
port, aggressivity, low self-worth, interpersonal conflicts,
and the experience of being offended. Sometimes, people
use psychotropic substances when feeling helpless and
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aggressive. However, substance use can increase aggression
and impair cognitive abilities, resulting in a lack of alterna-
tive coping strategies.*?

Therapeutic interventions

Treatment of suicidal behavior must include the treat-
ment of SUDs and that of comorbid mental disorders. Use
of medications for maintaining abstinence in alcohol de-
pendence and opioid dependence (naltrexone, acampro-
sate, buprenorphine, and methadone) should be offered.
A significant reduction of suicidal behavior has only been
found in the treatment with the opioid agonist methadone
in opioid dependent patients compared to patients without
opioid agonist treatment (hazard ratio (HR) = 0.60).3° Co-
morbidity of schizophrenia and affective disorders must
also be treated: Clozapine was found to significantly re-
duce suicides and suicide attempts in patients with schizo-
phrenia (OR = 0.23).* Long-term lithium treatment, when
compared to a placebo or other drugs, was associated with
areduction in death by suicide and suicide attempts, par-
ticularly in individuals with bipolar disorder.*®*” There
is currently no evidence that other psychotropic drugs,
such as serotonin reuptake inhibitors and other antidepres-
sants, reduce suicidal behavior.*® Preliminary evidence for
the short-term efficacy of ketamine in suicidal behavior
was noted by the majority of reviews; however, long-term
effects remained unknown and also effects in addicted
subjects must be reconsidered. Due to the low quality
of many studies and the limitations of core studies, further
research, in particular in SUDs, is required.*

Inpatient treatment, if necessary, under protected con-
ditions, is indicated for acute suicidal behavior. Accept-
ing suicidal behavior as a distress signal, understanding
the meaning and subjective necessity of this signal, and
dealing with failed coping attempts are the basic prerequi-
sites for treatment in a suicidal crisis.>® The most important
prerequisite for effective crisis intervention is the develop-
ment of a trusting and sustainable relationship that allows
patients to talk openly about their current complaints and
the situation that triggers suicidal behavior.>® Particular
attention must be paid to the increasing narrowing of per-
sonal options and the loss of interpersonal relationships
in the case of suicidal behavior of substance abusers.

Special challenges
in the treatment of suicidal
substance users

Special challenges arise due to the affective symptoms
that frequently occur during detoxification and withdrawal
treatment: These are particularly depression, cognitive
impairment, increased aggression, and impulsivity, which
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are often associated with suicidal behavior.*? A variety
of difficulties can occur throughout the whole treatment
of suicidal addicts.” The quality of the relationship be-
tween patient and therapist significantly impacts the rec-
ognition of suicidality, but it is often difficult to establish
a stable, trusting relationship. Overcoming a crisis takes
time. However, addicts often “flee” back into substance use
quickly and often use psychotropic substances as a form
of self-medication, in particular in comorbid mental health
conditions. Further medical treatment is frequently in-
separable from psychiatric treatment, including treatment
of suicidal behavior. Suicides of people with dependence
disorders often occur outside the system of medical and
psychosocial care. As a consequence of the circumstances
of abuse (e.g., intoxication),*? unstable living conditions
and a lack of social integration, suicidal addicts often can-
not be reached (in time) by the suicide prevention support
system. Further research on pharmacological and psycho-
social interventions is necessary.>®

Limitations

However, there are several limitations to epidemiological
research into the relationship between SUDs and suicidal
behavior. Although there is already extensive research
on SUDs and suicide in general, recent and high-quality
studies on this topic are lacking, especially in Europe. There
isalack of standardized measurement of suicidality across
studies, as well as a potential publication bias in suicide
research. Moreover, suicide risks for SUDs are estimated
in various study designs, in different countries with differ-
ent age structures and different socioeconomic conditions.
The studies reported adjusted risk ratios (often adjusted
for age and gender) and unadjusted risk ratios, especially
in studies that only calculated SMRs. Furthermore, relying
on self-reported data on substance use may result in con-
sumption levels being underestimated. Despite all these
limitations, there is a high level of evidence of risk factors
associated with suicide risk in SUDs. However, research
on potential protective factors for suicide, such as social
support, access to mental health services and harm reduc-
tion programs in SUDs is lacking. Furthermore, the im-
pact of different diagnostic systems or changes in patterns
of psychotropic substance use, in particular of multiple
substance use, on suicide risk estimates is still unclear.

Conclusions

Early recognition and, most importantly, effective
treatment of addiction could significantly reduce suicide
rates worldwide. In addition to targeted interventions for
suicidal behavior and SUDs, general suicide prevention
strategies — such as restricting access to common means
of suicide (e.g., firearms) — play a crucial role in reducing
suicidal behavior.

B. Schneider, L. Meilénder, T. Wetterling. Suicidal behavior and substance dependence

Numerous research questions remain open for future
investigation, including how suicide risk varies across age
groups in relation to specific psychotropic substances
used, gender identities and socioeconomic backgrounds.
Additionally, there is a need to examine how established
theoretical models of suicidality — such as:

— Joiner’s Interpersonal Theory of Suicide®;
the Cry of Pain Model®%;

O’Connor’s Integrated Motivational-Volitional Model*®;
the Fluid Vulnerability Theory of Suicide®’;

and the Cubic Model of Suicide,*®

relate to the link between suicidal behavior and substance
use. To date, these models have not adequately addressed
the impact of psychotropic substances on suicidality. This
gap highlights the need for new theoretical considerations
and integrations.

Although there is a broad array of literature for suicide
prevention measures,**>-%2 previous preventive measures
should be supplemented by innovative approaches. Ar-
tificial intelligence (AI) could play a role in this regard.
It promises new ways to reduce the effects of SUDs, re-
fine treatment standards and minimize the risk of relapse
through tailored treatment plans.®® Machine learning
models show promise in suicide prevention. However,
challenges like data limitations, bias and interpretability
issues need addressing. Integrating Al in clinical work-
flows, particularly in risk assessment and early interven-
tion, continued research and ethical scrutiny are crucial
to fully realize AT’s potential in suicide prevention.®*¢

Use of Al and Al-assisted technologies

Not applicable.
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Abstract

The updated statistical reporting quidelines for Advances in Clinical and Experimental Medicine (ACEM)
streamline the way in which authors describe their statistical analyses and results. In response to the rising
popularity of advanced techniques — such as Bayesian statistics and machine learning — the revisions balance
methodological rigor with article readability.

Key words: statistical analysis quidelines, test assumptions, machine learning, Bayesian statistics
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Highlights

unless they are critical for interpretation.

.

in research publications.

friendly formatting.

o Advances in Clinical and Experimental Medicine (ACEM) has introduced new statistical reporting guidelines
to enhance clarity, transparency and methodological rigor in scientific articles.
« Authors are no longer required to include certain statistical test details (e.g., test statistics, degrees of freedom),

For selected methods, authors may be asked to submit raw statistical output (e.g., auto-generated software reports)
to support peer review accuracy — these will not appear in the published article.

+ The updated guidelines now include clear instructions for using Bayesian analysis and machine learning methods

» These changes aim to improve the quality of statistical analysis in academic publishing while maintaining reader-

Introduction

With the growth of data in medical and other sciences
and the development of techniques for their analysis
(e.g. nonparametric tests and models, machine learning
and methods used in bioinformatics), the importance
of the correctness of statistical analysis of collected data
and the appropriateness of its description and obtained
results is also growing. Unfortunately, many studies show
numerous errors and deficiencies in this area.> Therefore,
various efforts are made with the ultimate goal of achiev-
ing a sufficiently high level of description of the statistical
analysis methods used and the presentation of their results.
A sufficiently high level means meeting 2 basic require-
ments: enabling each reader to verify the truthfulness
of the findings and to repeat the research in an identical
manner. Among the above-mentioned activities are:

— publishing articles evaluating scientific articles in terms
of the statistical analyses used therein,?~*

— publishing general recommendations and guides on sta-
tistical analysis addressed to all interested parties, in-
cluding authors, reviewers and editors of journals,>8

— formulating guidelines by individual editorial offices for
authors who intend to publish articles,*°

— integrating interested parties into organizations aimed
at coordinating activities in the field of setting standards
for the use of statistical analyses in scientific publications,
e.g., the World Association of Medical Editors (WAME)
(https://wame.org/index.php) and International Com-
mittee of Medical Journal Editors (ICMJE) (https://www.
icmje.org).

The Advances in Clinical and Experimental Medicine
(ACEM) statistical guidelines provide a set of clear in-
structions, supported by examples, to ensure the journal’s
requirements are as understandable as possible and aligned
with the recommendations outlined in the above sources.
Among other things, emphasis is placed on the presen-
tation of the results of verification of test or model as-
sumptions, which is the basis for assessing the reliability
of the results obtained using them. However, sometimes

aneed for changes is noticed, resulting from the develop-
ment of data analysis methods, as well as from critical
opinions regarding these requirements, including from
authors of publications and members of the editorial board.
This article presents new, slightly modified guidelines for
statistical analyses in articles published in ACEM.

The primary objective of the statistical analysis guide-
lines is to help authors prepare manuscripts that use
appropriate methods for the given research problem.
The changes to the guidelines were made to make it eas-
ier for authors to prepare manuscripts correctly in terms
of statistical analysis, and to enable editors to prepare
the final version of articles more quickly.

The primary objective of the statistical analysis guide-
lines is to assist authors in preparing articles that employ
suitable methods for the specific research issue. Therefore,
the requirement to publish test values has been removed.
In certain cases, rather than requiring the inclusion
of ‘technical’ details of a given analysis, authors may be
asked to submit unedited, raw reports that are automati-
cally generated by statistical analysis software. These re-
ports will not be included in the publication but will allow
statistical reviewers to assess the accuracy of the relevant
part of the statistical analysis.

The guidelines have also been supplemented with re-
quirements for the use of Bayesian statistics and machine
learning.

List of ACEM'’s requirements
concerning statistical analyses
Statistical analysis description

Introductory remarks

a) All of the information regarding statistical analyses should

be collected in the “Statistical analyses” section and enable
areader to repeat the analyses in exactly the same way.
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b) A set of the essential statistical analysis results (see Sta-
tistical analysis description and Introductory remarks
for details) should be presented in the main paper body.

¢) The authors may be requested to provide additional
detailed results of the analyses to assess the correctness
of the analysis. In such cases, raw reports from the sta-
tistical software are acceptable, as they are not intended
for publication.

d) Results of checking test or model assumptions must also
be included in the form of simplified supplementary
materials (point 1.3), which should present only essen-
tial information, such as a list of variables that meet
the given assumption and those that do not, along with
p-values or small-sized graphs (e.g., histograms, scatter-
plots, etc.). Other details may be requested by reviewers,
if necessary, solely for the purpose of verifying the ap-
propriateness of a given test, etc.

Providing a list of statistical analysis tools and
explaining how a given tool was used, e.g.:

a) x? test: specify which test type was used: a test of inde-
pendence or consistency, Pearson’s x> test or maximum
likelihood, and whether Yates’s correction was used.

b) Analysis of variance (ANOVA): explain which type was
used (e.g., one-way, two-way, repeated measures, nested)
and which correction was applied when the assumption
of sphericity/homogeneity of variance was not met.

¢) Student’s t-test: Determine whether the test was used for
matched pairs or for independent groups and whether
the correction for heterogeneity of variances (e.g.,
Welch’s) was applied.

d) Multivariate regression: Explain whether and how any
predictor selection was made, including the procedure
and threshold values used. If a selection mode was ap-
plied, also provide the initial set of predictors.

e) Meta-analysis should include the following items:

» a table with selected publications along with effects
size or other measures;

« the type of the model used (fixed or random) with
the criteria for making a choice (prior analysis);

+ the summary of the effect size integration (forest
plots);

+ heterogeneity analysis;

« sensitivity analysis;

« paper quality evaluation;

+ publication bias assessment using funnel plots (in each
case), standard Begg’s and Mazumdar’s test or Egger’s
test (when n > 10, in both cases).

f) Statistical analysis tools available in programming lan-
guages such as Python and R:

« provide complete list of the packages along with their
version number;

+ provide a key part of the script in a supplementary
file or list values of the given function’s parameters,
when a given analysis may be run in many ways.

1087

g) Bayesian statistics:

+ Clearly state the Bayesian approach — explicitly men-
tion that Bayesian inference was used and justify why
Bayesian methods were chosen over frequentist al-
ternatives. Explain whether a full or empirical Bayes
approach was used.

+ Define the prior distributions (gaussian/beta/gamma/
Dirichlet/Laplace etc.), declaring the type of priors
(informative/weakly-informative/non-informative)
for each parameter, referring to the literature/domain
knowledge based on which the a priori distribution was
assumed — in case of using informative or weakly-infor-
mative priors. State whether the results of the analysis
changed under different prior assumptions; the Statisti-
cal Editor can demand results from sensitivity analysis.

+ Specify the likelihood function used to generate data.

« Feature whole posterior distributions instead of show-
ing only point estimates. Use credible intervals in-
stead of confidence intervals (CIs).

+ Show key Bayesian metrics (posterior mean, median
or mode etc.). Use statements such as “the probability
of effect being >0 is X%” or “with probability of p, the pa-
rameter is between X1 and X2”. Abstain from using
frequentist language (“statistical significance”, etc.).

« Perform model diagnostics. Perform posterior predic-
tive checks. Simulate new data from posterior and
compare it with observed data. Check for model fit
with use of posterior predictive plots. In case of Mar-
kov Chain Monte Carlo (MCMC) methods, declare
the used software (Stan/JAGS/PyMC3 etc.), number
of chains, iterations, burn-in period. Report R-hat
(convergence), and effective sample size,

« For visualization, use appropriate types of plots (den-
sity plots, histograms, ridge plots, violin plots, trace
plots).

+ Compare the different models and select the most
suitable one for further description in the manuscript
(e.g., Bayes factor, Watanabe—Akaike information cri-
terion, leave-one-out cross-validation).

« Discuss the clinical implications of the model, refer-
ring to real-life situations

h) Machine learning methods:

+ Explicitly state the purpose of the model. Was it used
for visualization, prediction, feature engineering, mod-
elling of some phenomena? For methods used solely
for visualization or exploratory purposes (e.g., t-dis-
tributed stochastic neighbor embedding (t-SNE) and
similar techniques), the same level of methodological
rigor and detailed reporting is not required as for pre-
dictive or inferential models. However, the purpose
of the method must be explicitly stated, and overinter-
pretation of visualizations should be avoided.

+ Explain the rationale for choosing a particular ma-
chine learning model. In case of using the less-ex-
plainable (“black box”) models, use techniques to in-
terpret the results, such as Shapley (SHAP) values.
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If multiple models are available for the task, the opti-
mal one should be selected for further interpretation
based on the goodness of fit or performance metrics
(depending on the aim of the study).

+ Describe how was the data used: How was it split
into training/validation/test sets? Was stratification
or other kind of sampling used?

+ Specify the data transformations leading to the cre-
ation of the input vector. Provide information on how
each variable was scaled.

+ Check for potential data leakage or the “perfect sepa-
ration” problem, and address these issues if they arise.

+ Provide a list of hyperparameters for the models and
arationale for setting them on the chosen levels. De-
scribe calibration procedures if they were performed.

« Each model presented in the manuscript should be
evaluated using the appropriate performance metrics:
R-squared or mean absolute percentage error (MAPE)
for regression models; a confusion matrix for classifi-
cation models; and mutual information or the Calin-
ski—Harabasz (C—H) index for clustering models. Ad-
ditionally, the receiver operating characteristic (ROC)
curve should be used to describe the performance
of binary classifiers.

+ When presenting multiple models, compare them
using a common metric. Ideally, this metric should
be clinically relevant.

+ Upload the final model as a set of weights or as a sup-
plementary file. Alternatively, especially when com-
paring multiple models, provide the code (includ-
ing the random seed used) that was used to train
the models. If neither of these solutions is possible,
please provide an explanation.

+ Where possible (e.g., for decision trees, regression
trees and simple artificial neural networks), provide
a visualisation of the model architecture.

+ We do not accept manuscripts regarding automated
data mining, natural language processing, complex
agent systems or generative artificial intelligence.

Checking the assumptions of the models
or statistical tests used

The results of the tests used to verify whether assump-
tions are met should be included in the supplementary
materials. The list of test examples provided below con-
tains only the most commonly used methods and should
be expanded as appropriate to reflect any additional tests
employed.

a) Testing the normality of distributions: The choice of test

should be related to the sample size (N) (Table 1).

b) Student’s t-test, parametric ANOVA: Data normal dis-
tribution and variance homogeneity.

¢) ANOVA (parametric) for repeated measurements: Data
normal distribution, between-group variance and in-
group variance (sphericity).

K. Kujawa et al. ACEM's statistical guidelines

Table 1. Recommended method for testing the normality of a data
distribution according to sample size

N | Recommended way to test the normality of distribution

Testing the normality of the distribution is uncertain because
of low power of tests. In further analyses, use a non-
parametric one or justify its normality based on appropriate
publications

10-50 Shapiro-Wilk test

<10

Any other methods (Lilliefors test, skewness, histogram, box

>0 plot, quantile-quantile (Q-Q) plot

d) Pearson correlation: Normal data distribution, linear
relationships between the variables.
e) Linear regression:

« linear relationship between predictors and the re-
sponse variable (small-sized scatter plots);

» no multicollinearity, e.g., using variance inflation
factor (VIF);

» homoscedasticity, i.e., the residual constant variance
(Breusch—Pagan test);

» normal distribution of model residuals.

f) Logistic regression:

« alinear relationship between predictors and the logit
of the response variable (Box-Tidwell test or visual
assessment based on an appropriate plot);

» no multicollinearity among explanatory variables e.g., us-
ing VIF or generalized variance inflation factor (GVIF);

+ no extreme outliers.

g) Cox regression:

« proportional hazard assumption;

o linearity: the log-hazard function is linearly related
to all predictors;

« no multicollinearity among the predictors.

Family of hypotheses

When applicable, apply the appropriate correction to
the p-values.

Data presentation in tables or graphs

For a normal distribution, the correct measures of cen-
tral tendency are the mean and standard deviation (SD).
Otherwise, the median and the first and third quartiles
(Q1 and Q3) should be used. If n is greater than 8, use
the quartiles; otherwise, use the min—-max range.

Presentation of statistical analysis results
General rules

a) Presentation of a given test result should include (exclud-
ing post hoc test — see below):
+ test name,
+ degrees of freedom (df) or sample/group sizes (n)
when df is not applicable,
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« statistical significance (p) with an accuracy of 3 deci-
mal places; however, if p is less than 0.001, we use
the expression “p < 0.001”, and when p is greater than
0.999, we use the expression “p > 0.999”.

b) Post hoc test results:

« only p-values are required;

« present all p-values as 3 decimal places, both below
and above the alpha level;

+ when the table is large or the number of tables with
post hoc results is large, they can be included as sup-
plementary materials.

¢) Include effect size measures, always with their CIs, such
as odds ratio (OR), hazard ratio (HR), beta coefficients, etc.
If applicable, eplain the method of CI calculation.

d) Avoid using unreliable methods, such as stepwise
regression, selecting predictors for multiple regres-
sion based on the results of univariate regressions,
and post hoc least significant difference (LSD) tests
(which are too liberal). The use of such methods re-
quires justification.

The test results should be reported following
the examples below:

a) For Student’s t-test: “t-test: df = 26; p = 0.004”;
b) For analysis of variance test: “ANOVA: df = (2, 150);
p = 0.076%
¢) For Mann—Whitney test (Wilcoxon rank sum test):
“M-W test: n = (12, 15); p = 0.010%
d) For Kruskal-Wallis test: “K—W test: n = (14, 15, 18),
p = 0.211"
e) For x2 test: “x? test: df = 1, p = 0.032%
f) For Pearson’s correlation: “r = 0.62, n = 45, p = 0.004”;
g) For multivariate regression models:
+ Coefficients (B) and/or standardized coefficient (f),
their CIs, and p-values, e.g.: Table 2
+ Overall model statistics, including the model name and
specification, the p-value, and an appropriate good-
ness-of-fit measure (e.g., adjusted R?, Nagelkerke R?,
Concordance Index, etc.) An example: p = 0.005,
adj-R? = 0.23.

Tables concerning statistical analysis in the published
supplementary materials

a) Inaccordance with general guidelines, they should contain
only necessary content (i.e., variable names, df or n, and p).
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b) Raw reports produced automatically by statistical pro-
grams are unacceptable because they contain many un-
necessary elements.

Rules for preparing figures (graphs)

Figures should be titled and explained (preferably
in the footer) so that they are understandable without re-
ferring to other parts of the publication

Detailed rules

a) Each axis label should contain the units when applicable.

b) Bar plots can only be used to present frequency or count
data.

¢) If a sample size is less than 10, all data should be pre-
sented as dots along with the measure of central ten-
dency appropriate for a given test (usually median).

d) A line representing the relationship should be presented
alongside the CI.

e) If statistical significance is indicated in the chart by symbols
(e.g., * for p < 0.05), the tables containing all the elements
required for a given statistical analysis must be referenced.

Conclusions

As data analysis methods continue to evolve, so too
do the expectations for precision — both in the descrip-
tion of methods used and in the presentation of results.
The updated guidelines, informed by past experience with
submitted manuscripts, aim to strike a sensible balance.
The goal is to reconcile the demand for methodological
rigor with the need for clarity and readability — essential
for a fair and effective peer review process. This balance
involves limiting the scope of results presented in the main
text, while allowing draft versions of full results to be sub-
mitted to the editors at the reviewers’ request — without
requiring them to be fully polished for publication.

ORCID iDs

Krzysztof Kujawa @ https://orcid.org/0000-0003-2812-4702
Wojciech Bombata @ https://orcid.org/0009-0001-9989-8337
Anna Kopszak @ https://orcid.org/0009-0007-7674-7863

Jakub Wronowicz @ https://orcid.org/0000-0002-1454-2068
Maciej Wuczyniski @ https://orcid.org/0000-0001-7376-1933
tukasz Lewandowski @ https://orcid.org/0000-0002-7624-631X
Michat Czapla @ https://orcid.org/0000-0002-4245-5420

Table 2. An example of how to present the results of a multivariate regression model

Variable 95% Cl (B)
Intercept 75.19 35.19; 115.19
Varl -0.30 -1.25;0.66
Var2 -0.53 -0.94;-0.12
Var3 0.57 0.25;0.90

95% CI (B)
= = <0.001
-0.04 -0.15; 0.08 0.544
-0.16 -0.29; -0.04 0.012
0.21 0.09;0.33 0.001

B - coefficient; 8 — standardized coefficient; Var1, Var2, Var3 — predictors; 95% Cl - 95% confidence interval.
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Abstract

Background. Vitamin D supplementation could offer irritable bowel syndrome (IBS) patients significant
improvements in terms of symptom severity and overall quality of life (QoL). Yet, the potential benefits and
risks associated with vitamin D supplementation still require additional investigation.

Objectives. We aimed to evaluate the impact of vitamin D supplementation on IBS using a systematic
review and meta-analysis.

Materials and methods. A comprehensive search was carried out utilizing 4 electronic databases (PubMed,
Embase, Scopus, and Cochrane Library) to identify articles published in English-language peer-reviewed
journals. The odds ratios (ORs), risk ratios (RRs) and mean differences (MDs), along with their respective 95%
confidence intervals (95% Cls), were computed. Heterogeneity was evaluated using the appropriate p-value
and Cochrane Q and I statistics. For the analysis, RevMan 5.3 was utilized.

Results. Nine randomized controlled trials involving a total of 780 participants were included in this study.
Vitamin D supplementation, in adolescents and young adults with IBS, improves the [BS symptoms severity
score, QoL and serum 25(0H)D levels compared to controls. We obtained an OR of 2.34 (95% (I: 1.56-3.50)
for change in the IBS severity scoring system (IBS-SSS), OR = 2.51 (95% CI: 1.71-3.70) for change in QoL,
low risk of any adverse events (RR 0.49 (95% (l: 0.35—0.69)), and substantial changes in serum 25(0H)D
level (MD = 11.29 (95% (l: 7.13—15.45)). Results were statistically significant (p < 0.05).

Conclusions. Vitamin D supplementation could lead to better IBS management with a low risk of adverse
events.

Key words: irritable bowel syndrome, vitamin-D supplementation, IBS-specific QoL questionnaires, IBS
symptom severity, IBS severity score system
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Introduction

Irritable bowel syndrome (IBS) is a widespread and
intricate gastrointestinal illness characterized by persis-
tent abdominal pain and variations in bowel movements.!
It has a global prevalence of approx. 11%. Approximately
30% of those who exhibit symptoms of IBS suffer from
increased levels of stress and a diminished quality of life
(QoL).2 Individuals afflicted with IBS may have increased
absenteeism, with the degree of work impairment directly
correlated to the severity of symptoms.® Multiple primary
and secondary treatments for IBS have been established.*>

The majority of current medications target the most
prevalent symptoms. Nevertheless, an individualized and
meticulous approach to treating IBS should prioritize ad-
dressing the fundamental pathophysiological mechanisms
rather than the prevailing symptoms. Hence, it is impera-
tive to develop innovative approaches that specifically tar-
get the underlying mechanisms of IBS while mitigating any
potential adverse effects. Multiple observational studies
have indicated that individuals with IBS exhibit a greater
occurrence of vitamin D deficiencies compared to control
groups.®~8 Consequently, vitamin D deficiency is believed
to have a significant impact on the development of IBS,
as well as the severity of symptoms and overall QoL.>1°
The involvement of vitamin D in the pathogenesis of IBS
may be elucidated by its crucial role in the production of an-
timicrobial peptides, anti-inflammatory agents, immune
cell trafficking and differentiation, gut barrier function, and
the balance of calcium and phosphate levels.!"''? Moreover,
there is empirical evidence suggesting that vitamin D exerts
a substantial beneficial influence on gastrointestinal well-
being and augments the composition of the gut microbiota.
The presence of vitamin D receptors (VDR) in the gut has
been found to have an impact on gut function, motility and
the symptoms associated with IBS.!3

Numerous interventional studies have demonstrated
the efficacy of vitamin D administration in mitigating
the symptoms associated with depression and anxiety,
which are frequently observed as psychological comor-
bidities in individuals suffering from IBS.1*1> However,
whether vitamin D supplementation helps with IBS is still
debatable in randomized controlled trials (RCTs), and its
significance in the management of IBS is still an open
problem.

Objectives

Given the ongoing debate surrounding the efficacy of vi-
tamin D supplementation in the treatment of IBS, this
study performed a systematic review and meta-analysis
to determine its impact on the severity of symptoms,
change in the irritable bowel syndrome severity score (IBS-
SSS) and QoL in individuals with IBS using 9 RCTs selected
using pre-specified inclusion-exclusion criteria.!6=24

Qi et al. IBS, vitamin D and quality of life

Materials and methods

This research was carried out in accordance with the rec-
ommendations provided by Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)?® and
Assessing the Methodological Quality of Systematic Re-
views (AMSTAR).2¢

Eligibility criteria

The current investigation encompassed articles showing
data on the efficacy and safety of the impact of vitamin D
supplementation on the severity of symptoms and QoL
in individuals with IBS. Studies that satisfied the following
inclusion criteria were incorporated: 1) patients with IBS;
2) adolescents and adult individuals ranging in age from
15 to 50 years; 3) evaluating the comparative efficacy and
safety of either vitamin D supplementation on the severity
of symptoms or QoL in individuals with IBS; 4) imple-
mentation of a RCT as the chosen study design. The study
selection spanned from 2000 to 2023. We selected stud-
ies that contained full text and offered adequate data for
the creation of 2x2 table. This meta-analysis included
the following quantifiable outcomes as primary measures:
improvement in IBS-SSSs, serum 25(OH)D levels and QoL
in individuals of both the intervention and control groups.
Excluded from consideration were studies that were obso-
lete, anecdotal or relied exclusively on expert assessments.
Additionally, studies based on animal experiments or tri-
als, as well as those where the original data and crucial
information from the authors were unavailable, were also
excluded. In addition, studies that encompassed patients
with IBS alongside HIV, cancer and other systemic dis-
eases, non-research publications, qualitative studies, and
articles not published in English were also excluded.

Information sources

The current investigation was carried out after an exhaus-
tive search was conducted in 4 databases: Embase, PubMed,
Scopus, and the Cochrane Library. The search encompassed
the years 2000-2023, and it made use of particular key words,
such as “irritable bowel syndrome”, “IBS”, “vitamin D”, “vita-
min D supplementation”, “IBS-specific QoL questionnaires”,

” o«

“quality of life”, “ QoL,” “gastrointestinal tract disorder”,

» o« » o« » o«

“symbiotic”, “vitamin D deficiency”, “bloating”, “diarrhea”,
“IBS symptom severity”, “IBS severity score system”, “IBS-
SSS”, “placebo”, “meta-analysis”, “RCT”, and “randomized
controlled trial”. The key words were identified and verified
for consistency in both Embase and MEDLINE databases,

in accordance with the PICOS framework.?” (Table 116-24),
Search strategy

The aforementioned key words were entered into the Ti-
tle (ti)-Abstract (abs)-Keyword (key) field in the Scopus
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Table 1. Database search strategy

Database |
Scopus
#3 #1 AND #2
PUbMed [all fields]
“randomized controlled trial”
#3 #1 AND #2
Ermbase bloating"/expOR “diarrhea’/exp
OR "randomized controlled trial"/exp
#3 #1 AND #2
#1
Cochrane
#3 #1 AND #2

#1 ‘irritable bowel syndrome;” OR“IBS, OR “vitamin-D," OR “vitamin-D supplementation,” OR “IBS-specific QoL questionnaires," OR “quality
of life,” OR “Qol” OR “gastrointestinal tract disorder, OR “vitamin-D deficiency,’ OR “bloating,’ OR “diarrhea”
#2 "IBS symptom severity, OR"IBS severity score system,"OR “IBS-SSS;OR “placebo,” OR"meta-analysis, OR “RCT,"OR “randomized controlled trial”

#1 “irritable bowel syndrome” OR“IBS” OR “Vitamin-D" [MeSH terms] *OR "vitamin-D supplementation” OR “IBS-specific QoL questionnaires”
OR "Quiality of life" OR"Qol” [all fields]"OR “Gastrointestinal tract disorder” OR “vitamin-D deficiency” OR “bloating” [all fields]OR “diarrhea”

#2 "IBS symptom severity, OR"IBS severity score system,' [MeSH terms]OR"IBS-SSS," OR “placebo,’ OR"meta-analysis,” OR "RCT" [all fields] OR

#1 “irritable bowel syndrome’/exp® OR “IBS"/expOR “vitamin-D"/exp OR “vitamin-D supplementation”/exp OR “IBS-specific QoL
questionnaires”/exp OR “‘quality of life”/OR “QoL"/exp OR “gastrointestinal tract disorder”/exp OR “vitamin-D deficiency”/exp OR

#2 "“IBS symptom severity”/exp OR“IBS severity score system”/exp OR“IBS-SSS"/exp OR “Placebo’/exp OR “meta-analysis’/exp OR“RCT"/exp

(irritable bowel syndrome): ti, ab, kw® OR(IBS): ti, ab, kw OR(vitamin D): ti, ab, kw OR (vitamin-D supplementation): ti, ab, kw OR
(IBS-specific QoL questionnaires): ti, ab, kw OR (quality of life) OR (Qol): ti, ab, kw OR (Gastrointestinal tract disorder): ti, ab, kw OR
(vitamin-D deficiency): ti, ab, kw OR (Bloating): ti, ab, kw OR (diarrhea) (word variations have been searched)

Library #2 (IBS symptom severity): ti, ab, kw OR(IBS severity score system):ti, ab, kw OR (IBS-SSS): ti, ab, kw or (placebo): ti, ab, kw or (meta-
analysis):ti, ab, kw or (RCT): ti, ab, kw or (randomized controlled trial):ti, ab, kw (word variations have been searched)
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Search strategy

# MeSH terms — Medical Subject Headings; $ exp — explosion in Emtree (searching) of selected subject terms and related subjects); @ ti, ab, kw — either title

or abstract or keyword fields.

search. Cochrane search terms included “irritable bowel
syndrome” and “vitamin D supplementation.” The PICO
structure was used for establishing the specific criteria for
selection. “P” in this context represented patients diag-
nosed with irritable bowel syndrome; “I” denoted the sup-
plementation of vitamin D; “C” represented a control; and
“O” comprised the enhancement of clinical outcomes,
specifically the change in IBS-SSSs, serum 25(OH)D lev-
els, QoL, and risk of adverse events. The research design
incorporated in this study was limited to the implementa-
tion of RCTs.

Selection process

Relevant studies were identified through an independent,
comprehensive evaluation of the pertinent literature by 2 re-
searchers who independently collected the demographic
profiles of the patients and event data containing relevant
components from the studies that were included.

Assessment of risk of bias

To assess the possibility of bias in the research exam-
ined, a well-established and standardized questionnaire
was utilized. The evaluation of bias was performed utiliz-
ing a method from the Cochrane Collaboration as detailed
in the Cochrane Handbook (version 5.3).28 Randomization-
induced bias, bias arising from variations from intended
interventions, bias due to missing outcome data, bias in out-
come assessments, and bias in the selection of reported
outcomes were the 5 components taken into consideration
in this instrument.

Data collection process and data items

The evaluation of potential bias was carried out inde-
pendently by 2 reviewers. An additional reviewer acted
as an arbitrator to settle any outstanding disputes.
In the end, the potential bias was evaluated and classified
as either “high risk”, “low risk” or “unclear risk.” The ex-
istence of publication bias was evaluated by the utilization
of a funnel plot,?® while the statistical significance of this
bias was determined by conducting Begg’s test** using
MedCalc (MedCalc Software, Ostend, Belgium).3!

Statistical analyses

The effect of multiple dichotomous and continuous out-
comes was assessed and analyzed using the software applica-
tion Review Manager (RevMan) 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Den-
mark).3? The integration of RevMan software has facilitated
the optimization of the procedure for arranging, retrieving
and removing superfluous references. The researchers used
forest plots® to assess the impact of outcome factors across
all the investigations. The DerSimonian and Laird approach
was utilized to determine the odds ratio (OR), risk ratio
(RR) and mean difference (MD). This was accomplished
by adopting a 2x2 table3* that was constructed using event
data. The binary outcomes were evaluated using the OR3®
along with a 95% confidence interval (95% CI). Statistical ap-
proaches, including the y? test with a corresponding p-value
and the I? test,3® were employed to evaluate heterogeneity.
Given the varying settings under which the investigations
were performed, a random effect model®” was used.
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Results
Literature search results

Electronic scanning techniques were employed to con-
duct an extensive search in Embase, PubMed, Scopus,
and the Cochrane Library, yielding a total of 164 papers
that satisfied the inclusion criteria specified by the PI-
COS framework. However, 154 papers were eliminated
owing to being duplicates, and 42 papers were omitted
because their titles and abstracts were erroneous. Subse-
quently, a total of 112 records were subjected to further
screening, resulting in the exclusion of 37 records owing
to unrelated fields. The remaining 75 records were then
evaluated to determine their eligibility. Nevertheless, fol-
lowing the application of the inclusion-exclusion criteria,
cumulative counts of 66 studies were determined to be
ineligible and thus excluded. The main issues that led
to the exclusion of studies were a lack of enough data for
the construction of 2x2 tables and the absence of essential
outcome measures. This meta-analysis employed a total
of 9 RCTs that matched the planned inclusion criteria

Identification of studies via database

and covered the time period from 2000 to 2023, as seen
in Fig. 1.

The analysis includes a total of 780 adolescents and
young adults from different age groups. The demographic
features of the studies included in this meta-analysis are
presented in Table 2. The text presents a comprehensive
account of the authors’ identification, publication year,
journal of publication, country of publication, interven-
tion, study design, total participant count, participant
age, number of individuals in the intervention and control
groups, supplement dosages, study duration, and primary
outcomes assessed. Afterwards, the previously indicated
event data was used to carry out the meta-analysis.

Assessment of the risk of bias

Risk of bias evaluation results for the included stud-
ies, as evaluated with the preset questionnaire, are pre-
sented in Table 3. The graph depicting the risk of bias
and the description of the risk of bias in Fig. 2 indicates
that the present meta-analysis exhibits a minimum risk
of bias. Among the 9 RCTs used in the analysis, it was

Fig. 1. Preferred Reporting ltems
for Systematic reviews and Meta-
2/ Analyses (PRISMA) study flow

diagram

Relevant records selected from database search (n = 164)

Records after duplicates removed (n = 154)

~— Records excluded (n = 42) due to invalid titles and abstracts
Reports screened (n = 112)
— | Records excluded (n = 37) not in the field of interest
“—
Reports assessed for eligibility
n=175)
Reports excluded (n = 66)
— | Reason 1 (n=38): not reporting the primary outcome
Reason 2 (n = 28): insufficient data for 2x2 tables

Studies included (n = 9)

[

n = 9 studies: For effect of vitamin D supplementation on IBS
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Table 3. Risk of bias assessment of the included studies

Khalighi
Sikaroudi
et al.??

Williams | Zeid
etal.? | etal.?

Abbasnezhad | El Amrousy | Dehganian Jalili Naderpoor | Pappa

Study ID and year
udy Y etal'® etal” etal'® etal® etal.?° etal.?

Was a consecgtlve or random v N v v v y v v y
sample of patients enrolled?
Did thg study avoid inappropriate v N v y y y v v y
exclusions?
Did all patients receive the same y N v y y v y y y
reference standard?
Were all paqents included v N v v y y v v v
in the analysis?
Was the sample frame appropriate
to address the target population? i N i i i i i i i
Were study pgrt|C|pants sampled v N v y v v y y y
in an appropriate way?
Were the study subjects and
the setting described in detail? i N i i v i i v i
Were valid methods used for
the identification of the condition? i N i i i i i i v
Was the condition measured
in a standard, reliable way for all Y N Y Y Y Y Y Y Y
participants?
Was there appropriate statistical v N v v v y v v v
analysis?

Y —yes; N - no.

Fig. 2. Risk of bias assessment
of the included studies

Domains: Judgement
D1: Bias arising from the randomization process. *
gg: gﬁ gue to deviations from Ing;ndod intervention. @ Hioh
- ue to missing outcome data. -
D4 Bias in 1t of the o SO conicams
D5: Bias in selection of the reported result. . Low

Bias arising from the randomization process _

Bias due to deviations from intended interventions [T ]
Bias due to missing outcome data _

Bias in measurement of the outcome _

Bias in selection of the reported result —

Overall risk of bias [

observed that 7 studies had a low risk of bias, whilst was identified as the cause of the moderate risk. Never-
1 paper showed a moderate risk of bias. The bias result- theless, our research demonstrated a notably elevated
ing from the divergence from the targeted intervention risk as a result of bias in the assessment of the outcome.
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Statistical findings

Change in irritable bowel syndrome symptoms
severity score

To investigate the likelihood of a change in IBS-SSSs
in adolescents and young adults with IBS using vitamin D
supplementation, the OR was calculated from the event
data extracted from the included studies, as depicted
in Fig. 3. It was found that vitamin D supplementation
has a higher likelihood of improving IBS-SSS scores
than control, with an OR of 2.34 (95% CI: 1.56-3.50)
and a Tau? value of 0.220, x? = 20.331, degrees of freedom
(df) = 8, Z = 4.14, I? = 61%, and p < 0.001. Furthermore,
the funnel plots shown in Fig. 3 exhibit a symmetrical
structure, suggesting a low likelihood of publication bias.
Additionally, the p-value of Begg’s test (p = 0.182) was sta-
tistically insignificant, above the specified significance
level of 0.05.

1097

Change in quality-of-life in individuals with IBS

To determine the possible impact of vitamin D supple-
mentation on the QoL of adolescents and young adults
with IBS, we calculated the OR using event data from
the included trials, as shown in Fig. 4. The findings sug-
gest that vitamin D supplementation is more likely to im-
prove QoL compared to the control group. The OR was
2.51 (95% CI: 1.71-3.70; Tau? = 0.191, x*> = 18.77, df = 8,
7 =4.67,12=57%, p < 0.001]. Furthermore, the symmetrical
configuration of the funnel diagrams depicted in Fig. 4,
along with a statistically negligible p-value on Begg’s test
(p = 0.314), above the specified significance level of 0.05,
clearly suggest a minimal likelihood of publication bias.

Risk of adverse events
To assess the risk of any adverse events in adolescents

and young adults with IBS using a vitamin D supplement,
the RR was calculated from the event data extracted from

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
Study or Subgroup Weight M-H, Random, 95% CI
Abbasnezhad et al [16) 13.3% 1.05[0.57,1.93)
Dehganian etal [17] 10.8% 2.22(0.99, 4.98)
El Amrousy et al (18] 11.4% 2.51[1.18,5.33)
Jalilietal [19) 14.0% 1.62[0.92,2.82)
Naderpoor et al [20) 6.6% 5.44[1.55,19.18)
Pappa et al [21) 9.8% 6.25 [2.56, 15.24)
Sikaroudi et al [22] 12.9% 1.51 [0.80, 2.85)
Williams et al [23) 8.9% 6.50(2.42,17.45)
Zeid et al [24) 12.3% 1.81[0.92, 3.59]
Total (95% ClI) 100.0% 2.34 [1.56, 3.50]

Total events

Heterogeneity. Tau*= 0.22; Chi*= 20.33, df=8 (P=0.009); F=61% !

Test for overall effect: Z= 4.14 (P < 0.0001)

o

T SE(l0g[OR))

0.2+

04T

Standard Error

06+

08T

—_——
S —
—_——
— ——
———
—e—
—_——
——
-

0.01 0.1 1 10 100
Favours [Control] Favours [Intervention]

b 01 o1 1
Mean Difference

Fig. 3. Forest plot for changes in irritable bowel syndrome severity scores (IBS-SSS)
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Odds Ratio Odds Ratio
Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abhasnezhad et al [16) 13.5% 2.29(1.25,4.18] ———
Dehganian et al [17] 10.2% 3.55[1.52, 8.29] = s
El Amrousy et al (18] 11.4% 2.51[1.18,5.33) =
Jalilietal [19] 13.0% 3.69[1.95, 6.97) —_—
Naderpoor et al [20] 6.4% 5.44 [1.55,19.18] —
Pappa et al [21] 9.7% 5.16[2.11,12.60] e
Sikaroudi et al [22] 12.7% 214[1.11,4.13] T
Williams et al [23] 13.8% 0.88[0.49,1.57] —
Zeid et al [24) 9.3% 1.91 [0.75, 4.86] N
Total (95% Cl) 100.0% 2.51[1.71,3.70] >
Total events
Heterogeneity: Tau®*= 0.19; Chi*=18.77, df= 8 (P = 0.02); F=57% 01 o1 ] 10 100

Test for overall effect: Z= 4.67 (P < 0.00001)

o
I
1

SE(log[OR))

0.2+

Standard Error
o

o
o
3
T

Favours [Control] Favours [Intervention]

001 X 1
Mean Difference

Fig. 4. Forest plot for changes in quality of life (Qol)

the included studies, as depicted in Fig. 5. It was found
that vitamin D supplementation has a low risk of adverse
events, with an RR of 0.49 (95% CI: 0.35-0.69) and a Tau?
value of 0.16, x2 = 25.62, df = 8, Z = 4.11, I2 = 69%, and
p < 0.001. The symmetrical structure of the funnel plots
in Fig. 5 and the insignificant statistical p-value of 0.284
for the Begg’s test — which is higher than the preset signifi-
cance level of 0.05 — also suggest that there is little chance
of publication bias.

Change in serum 25-hydroxy vitamin D levels

To assess the effect of vitamin D supplementation
on the fluctuation of serum 25(OH)D levels in adolescents
and young adults with IBS, the MD was calculated using
the data collected from the studies included, as shown
in Fig. 6. The study found a significant increase in se-
rum 25(OH)D levels with vitamin D supplementation.
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The statistical analysis showed a MD = 11.29 (95% CI: 7.13—
15.45; Tau? = 37.60, x> = 170.29, df = 8, Z = 5.32, I* = 64%,
and p < 0.001). Similarly, the symmetrical configuration
of the funnel plots depicted in Fig. 6 and the statistically
insignificant p-value of Begg’s test (p = 0.244), surpassing
the predetermined significance level of 0.05, provide more
evidence for the unlikelihood of publication bias.

Discussion

Irritable bowel syndrome is a prevalent and persistent
illness that impacts the gastrointestinal tract. Common
symptoms include cramping, stomach pain, bloating, ex-
cessive gas, and alternating episodes of diarrhea and consti-
pation.3® Irritable bowel syndrome can manifest at any age
and may arise from either a bacterial or parasitic infection
of the intestines or as a result of stress.3>* Several effective
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Risk Ratio Risk Ratio
Study or Subgroup Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abbasnezhad et al [16] 15.3% 0.67 [0.47, 0.95] .
Dehganian etal [17) 9.4% 0.40[0.18,0.87) —_—
El Amrousy et al [18] 12.3% 0.68[0.39,1.19] e
Jalili et al [19] 121% 0.44 [0.25,0.78] =
Naderpoor et al [20] 8.9% 0.43[0.19,0.97] =S
Pappa et al [21] 16.5% 0.78[0.59,1.02) =
Sikaroudi et al [22) 11.9% 0.56 [0.31, 1.00] =
Williams et al [23] 4.5% 0.05[0.01, 0.21) ——
Zeid et al [24] 9.2% 0.33[0.15,0.74] ————
Total (95% Cl) 100.0% 0.49 [0.35, 0.69] L 2
Total events
Ty - - 3 = . s 12 - L 1 1 '
Heterogeneity. Tau*= 0.16; Chi*= 25.62, df= 8 (P = 0.001); F=69% .01 01 ] 10 100

Test for overall effect: Z=4.11 (P < 0.0001)

Favours [Intervention] Favours [Control]

0T SE(log[RR])

02+

Standard Error
o

o
o
3
1

08T

bo1 o i
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Fig. 5. Forest plot for risk of adverse events

treatments for IBS, targeting the most common symptoms,
have been developed. They include dietary changes, medi-
cation supplementation and psychological therapies.*42
These emergent treatments have demonstrated favorable
outcomes in many studies with regard to enhanced QoL
and IBS-SSS scores. The IBS-SSS scores were determined
using 5 visual analogue scales (VAS): pain severity, pain
duration, stomach bloating, bowel satisfaction, and inter-
ruption with daily activities. The severity scores of IBS were
measured on a scale ranging from 0 (indicating the least
severe) to 500 (indicating the most severe).*344

Several studies found that people with IBS experienced
less severe symptoms and an overall better QoL after
supplementing with fiber, microbiota and vitamin D since
deficiency of these factors is often linked to IBS.%>~%" For ex-
ample, Huang et al.*® reported in their study that vitamin D
supplementation was superior to placebo for IBS treatment
with greater improvement in IBS-SSS scores (weighted mean
difference (WMD): —84.21, 95% CI: —111.38 to —57.05).
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Similarly, in a study conducted by Chong et al.,** the im-
pact of the addition of vitamin D on IBS was examined.
Their study included a total of 685 patients from 8 different
studies. The findings of this analysis revealed a significant
improvement in IBS-SSS scores as a result of vitamin D ad-
dition. They reported a significant effect size (standardized
mean difference (SMD)) of —0.77 (95% CI: —1.47 to —0.07,
p = 0.04, 12 = 91%). Nevertheless, it was noticed that there
were improvements in IBS-QoL ratings, but these improve-
ments were not statistically significant (SMD: 0.54; 95% CI:
-0.34 to 141, p = 0.15, I = 87%). There are, however, a lot
of studies on different IBS treatment plans. In the same vein,
Abuelzam et al.>® concluded that vitamin D was ineffectual
in alleviating gastrointestinal symptoms in IBS, whereas Yan
etal.”! found that vitamin D supplementation may be linked
to a decrease in IBS-SSS scores but not an increase in IBS-
QoL scores. However, there is still debate about the number
of patients who may benefit from vitamin D supplementa-
tion and whether or not there are any adverse effects.
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Mean Difference Mean Difference
Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Abhasnezhad et al [16) 11.6% 2.00[-0.31, 4.31) o
Dehganianetal [17) 11.7% 7.00[5.03, 8.97) =
El Amrousy et al [18] 11.1% 12.00[8.55,15.45) o
Jalilietal [19] 11.4% 10.00[7.25,12.79) *
Naderpoor et al [20] 11.3% 10.00 [7.04, 12.96) *
Pappa etal [21) 11.5% 15.00[12.46,17.54) *
Sikaroudi et al [22) 11.6% 13.00[10.91,15.09) *
Williams et al [23] 8.5% 8.00 [0.36, 15.64) =
Zeid et al [24]) 11.4% 24.00(21.18, 26.82) -
Total (95% Cl) 100.0% 11.29 [7.13, 15.45] &
T 2 . - o 1R - } g { {
Heterogeneity: Tau®= 37.60; Chi*= 170.29, df= 8 (P < 0.00001); F=64% 00 20 0 50 100

Test for overall effect: Z=5.32 (P < 0.00001)
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Fig. 6. Forest plot for changes in serum 25 (OH)D levels

Consequently, the purpose of this study was to assess
the efficacy of vitamin D supplementation regimens for
IBS in terms of their influence on QoL and the degree
to which they improved the IBS-SSS score in patients who
suffer from IBS. The study included 10 RCTs with a total
of 831 participants. The primary findings of the included
RCTs are as follows:

The study conducted by Abbasnezhad et al.'® employed
a randomized, double-blind clinical design to investigate
the effects of vitamin D on gastric and intestinal symptoms
and health-related QoL in a sample of 90 persons diagnosed
with IBS. The research entailed the random allocation
of individuals who were designated to acquire either 50,000
IU of vitamin D3 or a placebo at biweekly intervals over
6 months. The IBS-SSS and IBS-specific QoL question-
naires were used for baseline and after-intervention assess-
ments. During the 6-month intervention period, the pa-
tients who were administered vitamin D demonstrated
a notable enhancement in symptoms associated with IBS,
such as pain in the abdomen and distention, bloating,

trembling, and overall symptoms of the gastrointestinal
tract (excluding discontentment with bowel habits), in com-
parison to the placebo group. Following the intervention,
the vitamin D group demonstrated notable enhancements
in both the IBS-SSS and IBS-QoL scores in comparison
to the placebo group. The average alterations in IBS-SSS
scores were —53.82 +23.3 and —16.85 +25.01, respectively
(p <0.001). In a similar vein, the average change in IBS-QoL
scores was 14.26 +3 compared to 11 +2.34, respectively
(p <0.001). The researchers have concluded that vitamin D
is a feasible and reliable option for improving the QoL and
mitigating symptoms associated with IBS.

El Amrousy et al.'” performed a RCT to examine the ef-
fectiveness of vitamin D supplementation in a group
of 112 adolescents diagnosed with IBS and vitamin D
deficiency. The individuals were allocated randomly
to 2 groups that were properly matched based on age and
gender. One cohort received oral vitamin D3 at a daily dos-
age of 2,000 IU for 6 months, whilst the 2" cohort received
a placebo for the same period. Prior to and 6 months after
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the intervention, the study evaluated the levels of vita-
min D and results of assessment using different IBS scoring
systems (IBS-SSS, IBS-QoL and total scores). The adminis-
tration of vitamin D supplements to individuals diagnosed
with IBS over 6 months resulted in significant improve-
ments in IBS-SSS (p < 0.001), IBS-QoL (p < 0.001) and
overall scores (p = 0.02) compared to the control group
receiving a placebo for IBS. A notable elevation in serum
vitamin D levels was observed in persons with IBS fol-
lowing the injection of vitamin D, with a twofold increase
from 17.2 +1.3 to 39 £3.3 ng/mL (p < 0.001). No significant
change in serum vitamin D levels was seen in the placebo
group (p = 0.66). No adverse effects were observed over
the trial period, suggesting that vitamin D was tolerated
well. The efficacy of vitamin D supplementation in con-
trolling IBS and vitamin D insufficiency in teenagers was
determined by those researchers.’”

Dehghanian et al.'® conducted a clinical experiment
with 66 patients to investigate the effects of vitamin D3
supplementation on the clinical signs in individuals with
IBS and lack of vitamin D. The study revealed that the ad-
ministration of vitamin D supplements to patients with IBS
led to a considerable elevation in serum 25(OH)D levels
(with a MD of less than 14 at the conclusion of the study:
—23/24 +14). Additionally, there was a noteworthy reduc-
tion in the intensity of clinical manifestations (p < 0.05).
The efficacy of the vitamin D dosage used in this trial
(50,000 IU per week) in alleviating symptoms of IBS was
determined by those researchers.!®

Jalili et al.’ conducted a study to examine the impact
of vitamin D supplementation on individuals diagnosed
with IBS. The study employed a randomized, double-
blind, placebo-controlled clinical trial design to examine
the impact of weekly administration of 50,000 IU of vita-
min D or a placebo comprising medium chain triglycerides
on a cohort of 116 patients diagnosed with IBS for 6 weeks.
The research findings indicated a significant increase
in the serum levels of 25-hydroxy vitamin D, with values
ranging from 21.10 +5.23 to 36.43 £12.34 in the group re-
ceiving vitamin D (p < 0.001). Nevertheless, the placebo
group did not exhibit any notable disparity in serum levels
prior to and following the experiment. At weeks 0 and 6,
the severity scores of symptoms related to IBS, the dis-
ease-specific QoL and the total score were evaluated.
The group administered vitamin D showed significantly
larger improvements in IBS-SSS, IBS-QoL and overall rat-
ings compared to the group receiving a placebo (p < 0.05).
The results of this study indicate that the administration
of vitamin D can potentially improve the severity of symp-
toms and overall QoL in patients diagnosed with IBS.

Naderpoor et al.?? conducted a randomized controlled
study to investigate the effects of vitamin D supplementa-
tion on intestinal microbiota. This research was comprised
of a sample of 26 individuals who exhibited either vita-
min D deficiency (together with a 25-hydroxyvitamin D
(25(OH)D) level below 50 nmol/L), overweight or obesity

1101

(with a body mass index (BMI) above 25 kg/m?), and were
otherwise in a state of physical wellbeing. The participants
provided fecal samples initially and after being adminis-
tered a loading dosage of 100,000 IU of cholecalciferol,
which was followed by a daily dose of 4,000 IU or a placebo
for 16 weeks. The analysis of the fecal microbiota was con-
ducted using 16S rRNA sequencing, with a specific focus
on the V6-8 region. There were no significant differences
observed in the microbiome diversity between the groups
treated with vitamin D or placebo at both the initial and
final stages of the research (all p > 0.05). Additionally, no
clustering was seen concerning the administration of vita-
min D throughout the time of follow-up (p = 0.3). However,
asignificant association was seen between the composition
of the community and the genus-level with the supple-
mentation of vitamin D (p = 0.04). According to a linear
discriminatory analysis with a threshold of 3.0, the vita-
min D group showed a higher occurrence of the genera
Lachnospira and a lower occurrence of the genus Blautia.
Additionally, it was noted that individuals with a 25(OH)D
level exceeding 75 nmol/L exhibited a higher percentage
of the Coprococcus genus and a lower percentage of the Ru-
minococcus species, as compared to those with a 25(0OH)D
level below 50 nmol/L. The findings of their research dem-
onstrate that the intake of vitamin D supplements has
significant effects on the type of fecal bacteria.

Pappa et al.?! undertook a randomized clinical trial
to compare 2 regimens designed to maintain sufficient
levels of vitamin D in children and adolescents with a di-
agnosis of IBS. The study comprised a cohort of 63 par-
ticipants, ranging in age from 8 to 18 years, who were
diagnosed with IBS and had a baseline 25(OH)D level over
20 ng/mL. Among the participants, 48 individuals suc-
cessfully concluded the trial, but 1 participant withdrew
from the study due to experiencing unfavorable effects.
A daily dosage of 400 IU of oral vitamin D2 was supplied
to the intervention Group A, consisting of 32 participants.
A daily dosage of 1000 IU was delivered to Group B during
the summer/fall period and 2,000 IU throughout the win-
ter/spring season (n = 31). The key outcome was the prob-
ability of consistently achieving a 25(OH)D level of 32 ng/
mL or higher during all regular checkups every 3 months
over 12 months. Three participants in Group A (9.4%) and
3 individuals in Group B (9.7%) achieved the main outcome
(p = 0.97). No significant disparities were seen in the in-
cidence of adverse reactions, all of which were of a minor
magnitude. Participants in Group A exhibited a greater
percentage of individuals with a C-reactive protein (CRP)
level of 1 mg/dL or above (31% vs 10%, p = 0.04) and in-
terleukin 6 (IL-6) levels exceeding 3 pg/mL (54% vs 27%,
p = 0.05). The researchers reached the determination that
daily oral administrations of vitamin D2 up to 2,000 IU
were inadequate for the maintenance of normal 25 (OH) D
levels, notwithstanding their demonstrated tolerability.

The efficacy of vitamin D3 supplementation on symp-
tom improvement, corticotrophin-releasing hormone
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levels in serum and IL-6 levels in a cohort of 88 patients
with diarrhea-predominant IBS (IBS-D) who exhibited
vitamin D deficiencies was investigated in a RCT con-
ducted by Khalighi Sikaroudi et al.?? Participants were
randomly allocated to 2 groups. In the experimental group,
a weekly dosage of 50,000 IU of vitamin D3 was admin-
istered, whereas the control group received a placebo for
9 weeks. Furthermore, all patients received mebeverine
at a dosage of 135 mg twice a day, in addition to receiving
supplementation. The IBS-SSS, blood 25(0OH)D3, serum
corticotrophin-releasing hormone (CRH) levels and IL-6
levels were assessed before and during treatments. A to-
tal of 74 patients participated in the completion of this
study. The experimental group demonstrated a statisti-
cally significant reduction in the severity of symptoms
associated with IBS (p < 0.01) and IL-6 levels (p = 0.02)
compared to the control group. Nevertheless, no statisti-
cally significant disparities were detected in the serum
concentration of CRH. In addition, it was observed that
the therapy group demonstrated a significant reduction
in IBS-SSS scores and IL-6 levels at the end of the study
compared to initial measurements (p < 0.01 and p < 0.03,
respectively). The findings of their research indicate that
the ingestion of vitamin D3 has the ability to modulate
the concentrations of CRH and IL-6 in the circulatory
system, hence potentially ameliorating symptoms in in-
dividuals diagnosed with IBS-D. Patients with IBS-D who
have deficiencies in vitamin D should consider taking vi-
tamin D3 supplements.

The study by Tazzyman et al.?® employed a random-
ized, double-blind, three-arm parallel strategy to examine
the effects of vitamin D on the QoL of persons diagnosed
with IBS. The study conducted a comparative analysis
of the impacts of vitamin D, placebo and a combination
with probiotics. Furthermore, the subjects were classi-
fied according to their level of vitamin D, namely, whether
levels were deficient or sufficient. The assessment of vita-
min D levels was performed using blood tests administered
at both the initial and final stages. The evaluation of IBS
symptoms was conducted utilizing a validated question-
naire. Furthermore, the assessment of dietary intake was
conducted by utilizing a food frequency questionnaire.
Insufficient recruitment of individuals from the replete
stratum was seen among a significant portion of the popu-
lation affected by IBS due to a deficit in vitamin D. A sig-
nificant association was identified in the initial dataset
between the concentration of vitamin D in the circulatory
system and general wellbeing. The prevalence of vitamin D
deficiency among individuals diagnosed with IBS was sig-
nificant, indicating the need for screening and possibly
supplementation to address this issue.

In a study conducted by Williams et al.,?® a randomized
clinical trial was carried out. The trial included 135 vol-
unteers who were randomly assigned to receive either
vitamin D (3,000 IU per day) or a placebo for 12 weeks.
The study revealed that the administration of vitamin D
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did not exert any influence on the severity of symptoms
and the overall wellbeing of persons suffering from IBS.
The primary variable of interest was the change in the se-
verity of symptoms related to IBS, whereas the secondary
variables comprised alterations in QoL associated with
IBS. An intent-to-treat strategy was employed to analyze
individuals. In the initial stages of the investigation, it was
observed that 60% of the participants exhibited a shortage
or inadequacy of vitamin D. In comparison to the placebo
group, the intervention group exhibited a statistically sig-
nificant elevation in vitamin D levels (45.1 + 32.88 nmol/L
vs 3.1 + 26.15 nmol/L; p < 0.001). There was no signifi-
cant difference in IBS severity of symptoms over time
between the active and placebo trial arms (-62.5 + 91.57
vs —75.2 + 84.35, p = 0.426). The trial arms did not ex-
hibit a statistically significant distinction in QoL changes
(=7.7 £25.36 vs —11.31 +£25.02, p = 0.427). There was a lack
of evidence to substantiate the efficacy of vitamin D
in the management of symptoms associated with IBS. Nev-
ertheless, the prevalence of vitamin D deficiency suggests
that it is necessary to implement frequent screening and
supplementation in this population to achieve comprehen-
sive health advantages.

The efficacy of vitamin D3 (cholecalciferol) supplemen-
tation on gastrointestinal symptoms in adults with IBS
was investigated by Zeid et al.?* through a randomized
clinical trial including 80 patients at El-Mahsama Family
Practice Center in Ismailia, Egypt. The study participants
were randomly allocated to 2 separate groups: An interven-
tion group and a control group. An oral dose of 4,000 [U
of vitamin D3 was administered to the experimental group,
whereas the control group received a placebo made up
of edible paraffin. The approved treatment was delivered
to both groups daily for 12 weeks. The IBS-SSSs were as-
sessed at the start of the trial and again after 12 weeks.
After 12 weeks, the intervention group showed a notable
decrease in IBS-SSS scores (114.36 +67.36) compared
to the control group (292.13 £74.77, p < 0.001). The study
found that there was a significant difference in IBS-SSS rat-
ings between persons receiving vitamin D (-164.72 +67.77)
and those receiving the placebo (-12.13 £50.78, p < 0.001).
The researchers concluded that individuals suffering from
IBS reported improved overall health and relief of their gas-
trointestinal symptoms after receiving vitamin D3 therapy.

According to the findings of our meta-analysis, the ad-
ministration of vitamin D supplements resulted in a sig-
nificant improvement in QoL and IBS-SSS scores in com-
parison to the utilization of a placebo. The results were
supported by ORs more than 1 (OR = 2.34; 95% CI: 1.56—
3.50) for changes in IBS-SSS scores, (OR = 2.51, 95% CI:
1.71-3.70) for changes in QoL, and statistically significant
p-values below 0.05. Furthermore, results have indicated
that the administration of vitamin D supplements is linked
to a decreased occurrence of negative outcomes (RR: 0.49;
95% CI: 0.35-0.69) and a notable alteration in serum
25(OH)D concentrations (MD = 11.29; 95% CI: 7.13-15.45).
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Limitations

One notable component of this research is the utiliza-
tion of extensive search phrases that encompass the in-
vestigation of “irritable bowel syndrome” and “vitamin D
supplementation” across many databases. Nevertheless,
it is important to elucidate specific constraints. This
study excluded research in languages other than English.
Second, it is essential to recognize the potential presence
of selection bias in this research, as a significant number
of the studies were purposefully omitted. Third, it was
not possible to establish a correlation between the out-
comes and factors such as age, ethnic background and gen-
der. Fourth, the small sample size of participants in each
subgroup and the limited number of studies resulted
in substantial levels of heterogeneity and variation. Fifth,
it is unfeasible to conduct a sensitivity analysis to identify
the source of this variation. Lastly, since the follow-up
period of the trials was short, the long-term effects of vi-
tamin D on IBS remain unclear.

Conclusions

This is a comprehensive review of RCTs evaluating both
the safety and efficacy of vitamin D supplementation
within adolescents and young adults diagnosed with IBS.
This study revealed that the administration of vitamin D
supplements yields notable improvements in both IBS-SSS
scores and QoL assessments among IBS patients, compared
to the control group. Given their cost-effectiveness and
safety, vitamin D supplementation is a favorable and prac-
tical approach to addressing IBS. However, because there
is a limited number of investigations included, along with
a significant variation and a wide range of ages, further
studies are necessary to obtain a more thorough knowledge
of the effects of supplementation with vitamin D.
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Abstract

Background. The number of infants born via cesarean section (CS) is increasing globally due to medical
and cultural reasons.

Objectives. This study aimed to determine the effect of the mode of delivery on early lung aeration in new-
borns using electrical impedance tomography (EIT).

Materials and methods. The case-control study was conducted from December 2020 to April 2021.
[t included 32 term neonates delivered by CS and 20 term neonates delivered by normal vaginal delivery
(NVD) as controls. Electrical impedance tomography examinations were performed with a Swisstom BB2
device with NEO SensorBelt and 32 integrated electrodes at 47.68 Hz. Three data recordings were conducted
within 30, 60 and 90 min (mean times: 13, 62 and 93 min, respectively) after the birth.

Results. Cesarean section neonates, compared to those delivered by NVD, had greater non-aerated areas
in gravity-dependent lung regions at the 2" recording (p = 0.04). The CS group showed lower changes in lung
stretch at the 2" and 3" recording compared to the NVD group (p = 0.022 and p = 0.032, respectively).
In the study group, lung regions with the lowest stretch (10—20%, 20—-30% and 30—409%) corresponded
with increased total lung capacities 1 h after birth compared to the control group (p = 0.024, p = 0.004
and p = 0.044, respectively). Measurements from the 1% and 3 EIT recording showed a greater distribu-
tion of tidal volume (TV) in the right lung toward the central regions among CS neonates compared to NVD
neonates, whereas NVD neonates showed increased distribution of TV toward the central-ventral regions
of the right lung immediately after birth.

Conclusions. The mode of delivery significantly affects early postnatal lung aeration in term neonates
assessed using EIT. Caesarean section neonates were characterized by poorer aeration in gravity-dependent
lung regions, whereas NVD neonates demonstrated greater changes in lung stretch and more intense tissue
expansion, potentially leading to better postnatal adaptation.

Key words: cesarean section, normal vaginal delivery, electrical impedance tomography, lung aeration,
term neonates


https://www.doi.org/10.17219/acem/190742

1106

Background

The transition from the intrauterine to the extrauterine
environment poses significant challenges for neonates,
primarily due to fundamental changes in their breathing
and circulation. Fetal lungs are known to be filled with
fluid, and thus, the aeration of the lungs with air is one
of the most important physiological changes that occur
immediately after birth. However, it remains unclear ex-
actly how and when the fluid is completely removed from
the lungs. Several key mechanisms and stages of fluid
clearance from the lungs have been identified, starting
during fetal development and continuing through labor
and the first hours after birth.! It is also known that both
gestational age and the method of birth influence lung
fluid clearance and aeration."? However, it is uncertain
whether all lung regions achieve uniform aeration and
synchronization post-birth, or if differences in lung
aeration exist depending on the mode of delivery and
other factors.

A variety of methods and techniques are available for
assessing lung aeration in neonates after birth. These
methods have been summarized in a recently published
systematic review.> However, some methods are indirect
(such as respiratory monitoring and capnography), while
others involve ionizing radiation (such as chest radiogra-
phy), and static, one-dimensional lung imaging. Addition-
ally, lung ultrasonography reflects the overall fluid—air
ratio in the lung rather than providing clear identifica-
tion of the aeration of individual lung segments. In recent
years, noninvasive techniques such as respiratory induc-
tive plethysmography or electrical impedance tomography
(EIT) have been increasingly used to assess the dynamic
changes in lung aeration in neonates.* Earlier studies from
Lithuania have highlighted the utility of EIT in both pre-
term and term neonates.>3

Objectives

The study aimed to assess the characteristics of lung
aeration in term neonates born via NVD and cesarean
section (CS) using EIT.

A. Janulionis et al. Lung aeration in term neonate assessed by EIT

Materials and methods
Study participants

Our case-control study included 52 spontaneously
breathing term neonates born at the Department of Ob-
stetrics and Gynecology of the Vilnius City Clinical Hos-
pital (Lithuania), between December 2020 and April 2021.
Among these, 20 were born via NVD (control group) and
32 infants (38 weeks +0.5) were delivered by CS (study
group). This included 28 elective CS and 4 emergency sur-
geries. All emergency CS were conducted due to abnormal
fetal heart rate patterns. None of the infants required as-
sistance for adaptation in the delivery room. Neonates
meeting the inclusion criteria were randomly selected.

The study was approved by the Vilnius Regional Bio-
medical Research Ethics Committee (approval No. 1287 is-
sued on November 24, 2021), and written informed consent
was obtained from the parents of all newborns. The main
characteristics of the newborns are presented in Table 1.

Data collection utilized the Electrical Impedance To-
mography device (Swisstom AG, Landquart, Switzerland).
A NEO SensorBelt equipped with integrated 32 electrodes
was positioned circumferentially around the thorax
at the nipple level, operating at a sample rate of 47.68 Hz.

Three data recording sessions were conducted on the day
of birth for each neonate. Data were collected at 3 inter-
vals: immediately after birth (0 min), 60 min after birth
and 90 min after birth. All recordings were conducted
with the infants in the supine position. For breastfeeding
sessions, measurements were delayed to avoid disrupting
mother—infant bonding. Similarly, for any procedures such
as blood draws, heel pricks or routine nursing care, mea-
surements were postponed from the scheduled time frames
unless the delay exceeded 30 min beyond the designated
time frame. Each EIT recording session lasted a minimum
of 5 min. All studied infants were spontaneously breathing.
Figure 1 shows the process of data recording.

Data analysis was conducted using Ibex 1.4 software
(https://www.sentec.com/fileadmin/documents/_EIT_
documents/ibeX_Product_Information.pdf). The imped-
ance signal was processed using a respiratory rate filtering

Table 1. Characteristics of spontaneously breathing term neonates included in the study

Mode of delivery

Characteristic mean
Gestational age (weeks + days) 39+5
Maturity index (New Ballard Score) 269
Weight [g] 3,502
Cord blood pH 73

1 min 89
Apgar scores

5min 9.1

Natural vaginal delivery (n = 20)

Cesarean delivery (n = 32)

+SD mean +SD
142 38+4 0+5
1.59 26.7 1.26
313 3,439 380
0.10 73 0.04
1.3 9 1.15
0.94 9.3 0.68

SD - standard deviation.


https://www.sentec.com/fileadmin/documents/_EIT_documents/ibeX_Product_Information.pdf
https://www.sentec.com/fileadmin/documents/_EIT_documents/ibeX_Product_Information.pdf
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function. The following EIT parameters were compared
between the 2 groups of study participants:

1. Center of ventilation (CoV), indicating the best-ven-
tilated lung areas;

2. Silent spaces, representing lung areas with minimal
or no ventilation (impedance changes <10%);

3. Relative stretch, reflecting the potential of the lungs
to expand during inspiration;

4. Relative tidal volume, expressed as a fraction of total
ventilated lung area;

5. Distribution of tidal volume between the right and left
lungs separately, referring to the sum of tidal volumes per
lung and the regional distribution (ventral, dorsal, central-
ventral, and central-dorsal segments).

Fig. 1. Electrical impedance tomography
data recording process

Statistical analyses

The results were analyzed using IBM SPSS Statistics
v. 22 (IBM Corp., Armonk, USA). The Mann—Whitney
test was used to compare results between groups. Data
from 3 episodes were compared using the Friedman test,
with the Wilcoxon rank-sum test used for paired data
when the Friedman’s test indicated significant differences
between groups. Statistical significance was determined
at p < 0.05. During analysis, 2 neonates were excluded
in episode I, 1 neonate in episode II and 5 neonates in epi-
sode III due to discontinuation of EIT recording or re-
cording errors, which precluded comparison across all
3 episodes.



1108

A. Janulionis et al. Lung aeration in term neonate assessed by EIT

Results

The 1** data recording was performed as soon as possible
after birth, depending on the condition of the newborn,
but no later than within 30 min (average 13 min). The 2"
recording occurred at an average of 62 min, and the 3™
one at 1.5 h (average 93 min) after birth.

Silent spaces

Statistically significant changes related to this parameter
were observed only in the lung’s dependent regions (portions
most influenced by gravity). Neonates born via CS had more
silent spaces in these regions at 1 h after birth compared
to those born via NVD (Table 2). The median silent space
in dependent lung regions was 0 and did not differ between
groups or over time, indicating that 50% of neonates had no
unventilated areas in these regions (Fig. 2).

Relative stretch of lung tissue
A statistically significant difference between neo-

nates born via NVD and those born via CS was observed
at 1 h and 1.5 h after birth. In the NVD group, greater

Table 2. Episode II: silent spaces

M | episode M Il episode

'

Born by vaginal delivery

[T 1l episode

=
SIS

Silent spaces values

O P N W H 1 OV N O O

Born by Cesarean section
Fig. 2. Silent spaces in dependent lung regions. Comparison of 3 episodes

CS - cesarean section; NVD — normal vaginal delivery.

stretch-related changes were observed, particularly
in the least ventilated spaces, corresponding to the 25%
quartile (the lowest stretch, also referred to as ‘grey
spaces’). There was little to no difference in median rela-
tive stretch across episodes between neonatal groups. Lung
tissue stretch induced by the same tidal volume (25%, 50%

Parameter Group ‘ I\ ‘ Q1 Median Q3
Non-dependent cs 30 497 552 7.69
lung regions (%] NVD 19 467 6.08 7.92
Dependent lung cs 30 0.00 0.00 0.55
regions [%] NVD 19 0.00 0.00 0.00

Minimum Maximum Mann-Whitney
value value average ranks
1.10 18.23 25.84
-0.329 0.742
3.31 17.68 24.47
0.00 2.76 28.71
-2.055 0.040
0.00 11.60 22.65

Asterisks indicate true outliers and circles indicate conditional outliers. CS — cesarean section; NVD — normal vaginal delivery.

Table 3. Episodes Il and lII: relative stretch

Quartile Group N Q1 Median Q3 Minimum Maximum Mann-Whitney
value value average ranks
Episode I

(&) 30 042 045 046 0.35 0.54 19.11

Quartile - -2.298 0.022
NVD 19 044 048 0.51 033 0.56 2873
CS 30 0.58 0.62 0.66 0.53 0.73 21.89

Median -1.211 0.226
NVD 19 0.60 0.65 0.71 0.51 0.74 26.97
CS 30 0.79 0.81 0.83 0.56 0.88 25.26

Quartile + -0.103 0918
NVD 19 0.78 0.81 083 0.69 0.88 24.83

Episode Il

CS 29 043 046 048 0.35 0.53 16.73

Quartile - -2.142 0.032
NVD 15 0.46 048 0.50 040 0.56 2548
CS 29 0.58 0.61 0.68 0.53 0.70 17.93

Median -1.696 0.090
NVD 15 0.61 0.66 0.69 0.59 0.74 24.86
CS 29 0.79 0.80 083 0.65 0.86 19.87

Quartile + -0.978 0328
NVD 15 0.80 0.82 0.84 0.65 0.87 23.86

CS - cesarean section; NVD - normal vaginal delivery.
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Table 4. Episode II: relative stretch categories and relative tidal volume

Relative stretch

category Group

N ‘ Q1 ‘ Median ‘

Maximum
value

Minimum
value

Mann-Whitney

Q3 average ranks

CS 30
NVD 19
cs 30
NVD 19
CS 30
NVD 19

2.16
1.62
443
3.31
8.05
7.13

3.15
1.97
6.21

0.2

0.3
4.05

10.29
8.98

04

5.10
5.54

30.79
2133
3232

3.60
3.10
8.08

1.65
1.15

0.024

1.97 11.97

-2.852 0.004

8.08
12.61
14.83

20.37
30.16
21.73

6.02 245
2.76

4.02

11.45

-2.011 0.044

10.15

CS — cesarean section; NVD — normal vaginal delivery.

and 75%, respectively) decreased insignificantly over time
in the study group and slightly increased during the last
episode in the control group (Table 3).

Relative lung stretch categories of 10-20%, 20-30%
and 30—40% correlated more with greater lung capacities
in the study group of neonates compared to the control
group (i.e., smaller changes in stretch — grey spaces oc-
cupied a larger proportion of the lung image in the study
group). These changes were statistically significant
at 1 h after birth (episode II) (Table 4).

Center of ventilation

The results showed no statistically significant shift
in the center of ventilation between or within groups.
In the study group, more neonates had a CoV value not ex-
ceeding the mean at 90 min after birth (right-to-left shift).
In the ventral-dorsal projection, the variation of the center
of ventilation in the study group was similar at 1 h and
1.5 h after birth.

Distribution of tidal volume
There was no significant temporal variation in the dis-

tribution of tidal volume between the left and right lung
in the study and control cohorts. However, a greater dis-

Table 5. Regions of interest: episodes | and IlI

<)

tidal volume ROI
100 T :

tidal volume in %

right left

20210429160724.zri - EA_2023-02-01 16h35m.pdf

Fig. 3. Example electrical impedance tomography (EIT) image of tidal
volume distribution between regions of interest (ROI) of the left and right
lungs of a spontaneously breathing term neonate. Graphical results are
ensemble averaged

Region e N Q1 Median Q3 Minimum | Maximum | Mann-Whitney
value value average ranks
Episode |
cs 30 17.88 18.12 2527 17.76 34.94 30.60
central 22020 | 0043
dorsal [%] NVD 20 17.80 17.89 18.15 17.59 3094 22.10
Right lung
cs 30 16.63 16.69 19.74 1638 2543 28.00
dorsal [%] -0.990 0.322
NVD 20 16,57 16.65 16.97 1640 2499 2383
Episode Ill
cs 29 16.59 1673 1867 12.89 2998 2867
centra(l) -2.290 0.022
ventral [%] NVD 15 16.40 16.55 16.68 14.70 1991 1931
Right lung
central cs 29 18.02 18.10 26.82 17.74 36.67 2820 17 | 0034
dorsal [%] NVD 15 17.79 17.90 2030 17.65 2855 19.55 ' )

CS - cesarean section; NVD - normal vaginal delivery.
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Table 6. Regions of interest: comparison of 3 episodes

. . Friedman
Region Group Episodes average ranks p-value
| 1.80
@ I 207 0.627
Central ventral I 213
areas of the right
lung [%] l 247
NVD I 197 0.003
Il 157
| 2.07
@ I 227 0.247
Central ventral I 1.67
areas of the left
lung [%] l 195
NVD I 2.10 0.791
Il 1.95

CS - cesarean section; NVD — normal vaginal delivery.

tribution of tidal volume toward the central regions was
observed in the right lung of the study group immediately
after birth and at the end of the recording (Table 5). Neo-
nates born via NVD had a greater volume distribution
toward the central-ventral regions of the right lung im-
mediately after birth (Table 6). Fig. 3 illustrates the dis-
tribution of tidal volume between the left and right lung
of a spontaneously breathing term neonate.

Discussion

There are few studies on respiratory adaptation in neo-
nates immediately after birth, primarily due to the lack
of appropriate instruments or techniques for noninvasive
assessment of lung aeration in real time. Our study in-
tended to fill this gap.

Our analysis revealed differences between the 2 study
groups in several EIT parameters: silent spaces, relative
stretch, relative tidal volume, and distribution of lung
aeration. The most pronounced differences in aeration
were observed at 1 h after birth rather than immediately
post-birth. Neonates born via NVD had significantly fewer
unventilated (or poorly ventilated) spaces in the dependent
lung regions. This aligns with prior research indicating
that in healthy neonates without mechanical ventilation,
dependent lung regions (those most affected by gravity) ex-
hibit better aeration compared to independent lung regions
(those least influenced by gravity).” Conversely, a higher
distribution of aeration to independent lung regions was
generally found in intensive care unit (ICU) patients and
was associated with worse respiratory status.!® However,
Schinckel et al. concluded that gravity plays a limited role
in stable, spontaneously breathing neonates, and that
ventilation patterns are more anatomically determined.t
Larger silent spaces in neonates born by CS may be due
to retained pulmonary fluid or alveolar collapse caused

A. Janulionis et al. Lung aeration in term neonate assessed by EIT

by a lack of surfactant. According to a study by Blank
etal., comparing lung adaptation between identical groups
of neonates using ultrasound, complete lung fluid clear-
ance after birth can take several hours, and differences
between groups may persist beyond 1.5 h.!? We observed
statistically significant differences in ventilation in sev-
eral EIT parameters in episode I, but these differences
persisted only in 1 parameter — relative stretch — in epi-
sode III. In episode II, neonates born by elective CS showed
the highest percentage of relative tidal volume in both
lungs (grey spaces on EIT images), primarily in areas with
the lowest stretch (10-20%, 20-30% and 30—40%). These
spaces correspond to areas with reduced aeration, although
they receive slightly more air than silent spaces, where
impedance changes are below 10%. Lung tissue expan-
sion depends on the proportion of tidal volume entering
the lung, and is, therefore, the highest in well-ventilated
areas. Finally, changes in the distribution of aeration were
identified only in neonates born by normal vaginal delivery,
and these changes varied over time. This suggests that cen-
tral ventral lung areas received the most air immediately
after birth, with ventilation becoming more homogeneous
by the end of the study.

Previous studies have associated CS births with higher
rates of respiratory distress syndrome, transient tachypnea
of the newborn and persistent pulmonary hypertension
of the newborn.!*-1> In normal vaginal deliveries, mater-
nal catecholamines are believed to determine the regula-
tion of surfactant production and sodium ion transport
across epithelial cells, facilitating lung fluid resorption.
During the transition period, the increase in pulmonary
perfusion must be consistent with an increase in aera-
tion; otherwise, the normal adaptation of the newborn
is impaired. However, because neonates born by CS have
slower lung fluid clearance and greater amounts of residual
lung fluid, optimal gas exchange is achieved over a lon-
ger period. In addition, there is less surfactant produced
to cover the alveolar surface.' If CS is performed before
spontaneous labor onset, neonatal lungs are significantly
less mature than in the case of post-labor CS.17-1°

Post-CS respiratory changes during the early adapta-
tion period have been described in animal studies using
contrast-enhanced lung X-ray imaging. However, the in-
vasiveness and radiation risks limit its clinical utility.?
A 2018 study using lung ultrasound compared neonates
born by different modes of delivery but found significant
differences only at baseline, which disappeared within
2 h after birth. Regardless of delivery mode, all neonates
achieved lung aeration and partial fluid resorption within
20 min after birth, with complete fluid clearance occurring
within several hours.!?

To date, numerous publications have focused on short-
and long-term respiratory morbidity associated with
the mode of delivery.?'-2> However, there are few publica-
tions describing differences in lung adaptation among term
neonates in the first hours after birth. In 2017, Bhargava
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et al. analyzed differences in oxygen saturation between
term neonates delivered vaginally and via CS and found
significantly lower saturation levels in the CS group dur-
ing the initial 30 min after birth. Neonates typically take
12-14 min to reach a saturation rate of 95%. These find-
ings are consistent with our observation that adaptation
to extrauterine life is slower in the CS group.?

The first breaths after birth establish the lung functional
residual capacity (FRC), increase pulmonary circulation
and facilitate carbon dioxide (CO,) removal. Expired CO,
levels (ECO,) correlate with lung aeration and indicate
airway patency and pulmonary gas exchange. However,
measurements of ECO,, respiratory rate and tidal volume
in neonates delivered vaginally vs by CS did not reveal
significant differences in lung adaptation during the tran-
sition period. These measurements were performed during
the first 30 min of life.?” In contrast, Finn et al. reported
a delay in the establishment of FRC in the CS group. This
is consistent with our study and with previous plethysmog-
raphy findings,?® suggesting that larger amounts of fluid
in the lung interstitium may delay the time for gas ex-
change to become optimal in neonatal lungs.?® However,
in the study by Finn et al.,?® this delay was most notable
in the initial minutes of life, whereas in our EIT study,
it became apparent at the end of the first hour of life.

Blank et al. used lung ultrasound to monitor changes
in lung aeration in healthy neonates and found that partial
lung fluid resorption occurred within the first 20 min after
birth, with full FRC achieved within 4 h. Neonates born
by different modes of delivery were compared using a vali-
dated scoring system: higher scores indicated better lung
aeration and fluid clearance. Neonates delivered by elective
CS had significantly lower lung aeration at 1-10 min and
11-20 min after birth compared to those born vaginally
and those delivered by emergency CS. According to Blank
et al., neonates born by elective CS had insignificantly
lower lung aeration at 1 h after birth compared to other
groups, whereas our EIT study recorded the most sig-
nificant difference between the study and control groups
at 1 h after birth. Lung ultrasound showed no difference
between the NVD and CS groups. Significantly better
aeration was observed via echocardiography in neonates
delivered by emergency CS compared to those in the elec-
tive CS group (up to 1 h after birth).?° In term pregnancies,
such surgeries are usually performed due to intrauterine
hypoxia or failed vaginal delivery, often after the onset
of labor and subsequent lung fluid clearance. Thus, it poses
less risk for respiratory adaptation compared to elective
CS performed before the onset of spontaneous labor when
there is incomplete lung maturation and surfactant defi-
ciency. A more detailed EIT study is needed in the future
to compare these CS groups separately.

Martelius et al. used ultrasound to study postnatal lungs
in term infants. They observed a significant decrease
in the abundance of B-lines, indicative of lung fluid mi-
gration, during the first 24 h in both groups of infants

m

born by normal vaginal delivery and elective CS. At 1 h af-
ter delivery, there was no significant difference between
the groups, but by 3 h after birth, CS was associated with
significantly higher lung fluid content than normal vaginal
delivery. However, this difference disappeared at 24 h after
birth.3+32 Compared with lung ultrasound, EIT identified
delayed fluid clearance and poorer aeration earlier in neo-
nates born by elective CS.

Limitations

The limitations of our study include the fact that neo-
nates were only examined in the supine position; they were
not placed in the prone position. Another limitation is that
the study was conducted at a single center.

Conclusions

No statistically significant differences in lung aera-
tion immediately after birth were found between neo-
nates born by normal vaginal delivery and neonates born
by CS. At 1 h after birth, poorer ventilation was observed
in the CS group, particularly in dependent lung regions
and in both lungs combined. After 1.5 h, more pronounced
changes related to lung tissue stretch persisted in the NVD
group. In this group, the tidal volume distribution steadily
increased throughout the 1.5-h observation period. Electri-
cal impedance tomography is a suitable method for assess-
ing lung aeration in term neonates during early adaptation.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.
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Abstract

Background. Pulmonary metastasectomy (PM) is an important procedure for the treatment of metastatic
nodules in the lung. The choice of surgical approach, whether thoracotomy or video-assisted thoracoscopic
surgery (VATS), remains controversial in terms of the impact on patient prognosis.

Objectives. This study aimed to evaluate the outcomes and impact on survival of patients undergoing PM
with VATS compared to thoracotomy.

Materials and methods. A retrospective evaluation of 136 patients who underwent PM between Septem-
ber 2012 and July 2020 was performed. Data on the demographics, primary tumor histopathology, metastatic
features, surgical approach, surgical outcomes, and survival status were analyzed. Statistical analyses included
descriptive statistics, survival analysis and Cox regression models.

Results. Ofthe participants, 84 underwent thoracotomy and 52 underwent VATS. The median survival time
of thoracotomized patients was 86.6 months, while it was 99.6 months for VATS patients. A gender-specific
analysis revealed a significantly longer survival time for female VATS patients compared to thoracotomy.
Multivariate analysis showed significantindependent effects of specific tumor types and the number of nodes
removed on survival. Overall, no significant difference in survival was found between the 2 surgical methods.

Conclusions. Both VATS and thoracatomy are effective and safe options for PM. Video-assisted thoracoscopic
surgery may offer advantages, particularly in certain patient groups and tumor types, potentially prolonging
survival. Gender-specific analyses suggest a survival benefit of VATS, particularly in women. Further studies
are needed to validate these results and optimize surgical decision-making in PM.

Key words: survival, pulmonary metastases, surgical approach, metastasectomy
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Background

Pulmonary metastasectomy (PM) is a procedure to surgi-
cally remove metastatic nodules in the lungs. Before this pro-
cedure can be performed, several important criteria must be
met. A candidate for PM must first have the primary tumor
under control. This may mean surgical removal of the pri-
mary tumor or its control through other treatments. A pa-
tient who is eligible for PM should have no extrathoracic
metastases. This means that the metastases should be con-
fined to the lungs. The patient must be a suitable candidate
for surgery. For this purpose, the general state of health, lung
function and ability to tolerate surgery are assessed. The de-
cision is made after weighing the surgical risks and benefits.12

There are several surgical approaches for metastasec-
tomy in PM: Video-assisted thoracoscopic surgery (VATS)
is a minimally invasive approach that reduces surgical trauma
and postoperative pain while preserving lung function. This
results in advantages such as a shorter hospital stay, fewer
complications and a reduced need for intensive care. Thora-
cotomy involves making a larger incision in the chest to allow
manual examination and exploration of the lung tissue.?

The surgical approach used depends on the patient’s
specific disease, the size and location of the metastases,
the patient’s overall health, and the experience of the sur-
gical team. Each approach has its advantages and disad-
vantages and should be chosen based on the patient’s in-
dividual needs.*

Objectives

In the present study, the treatment outcomes and effects
on survival of patients undergoing PM with VATS and
thoracotomy were evaluated.

Materials and methods

A total of 136 patients who underwent PM between Sep-
tember 2012 and July 2020 were retrospectively evaluated
at the Department of Thoracic Surgery, Istanbul Train-
ing and Research Hospital, University of Health Sciences
(Istanbul, Turkey). A total of 84 patients underwent tho-
racotomy and 52 patients underwent VATS.

All patients were evaluated according to age, sex, his-
topathology of the primary tumor, location and number
of radiologically and surgically detected metastatic nod-
ules, type of surgery, type of resection, number of opera-
tions, disease-free survival, surgical morbidity and mortal-
ity, survival status, and time after the first metastasectomy.
Patients for whom follow-up was no longer possible were
contacted by telephone. The death data of patients who
died were recorded.

In all patients, the primary tumor was surgically con-
trolled, and it was confirmed that there were no metastases
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in organs other than the lungs. Preoperative investigations
included a physical examination, a chest X-ray and an elec-
trocardiogram (ECG). Respiratory function tests were per-
formed to determine whether patients had sufficient lung
capacity for possible anatomical resections. Most patients
also underwent positron emission tomography (PET-CT)
and magnetic resonance imaging (MRI) of the brain.

Video-assisted thoracoscopic surgery, or thoracotomy,
was used as the surgical approach in the patients. Sur-
gical reports were evaluated according to the resection
procedure used, and pathology reports were assessed for
tumor histology, resection status (R0, R1, R2, and RX) and
distance between the staple line and the tumor in patients
undergoing VATS.

This study was conducted in accordance with the Dec-
laration of Helsinki. It was reviewed and approved
by the Ethics Committee of the Istanbul Training and
Research Hospital (approval No. 2020/1488).

Surgical approach

In the thoracotomy group, patients generally underwent
a lateral thoracotomy through the 5% intercostal space.
For pulmonary nodules <3 cm in diameter and in periph-
eral locations, wedge resection was preferred to preserve
lung tissue, especially in those with respiratory distress
or comorbidities, as well as in the elderly. Lobectomy was
reserved for nodules >3 cm, for nodes in the hilar region
that were unsuitable for wedge resection, or for multiple
nodules >3 cm in 1 lobe. Additional nodules that were not
detected using CT were palpated manually after resection.
Lymph node dissection was performed for nodules with
suspected lymph node metastases (cN1/2), especially those
of gastrointestinal origin.

In VATS metastectomy, which was usually performed
with 2-3 ports using a uniportal or biportal-triportal
wedge resection, systematic manual palpation of the lung
was not possible.

Statistical analyses

The collected data were summarized using descriptive
statistics. To this end, continuous variables were tabu-
lated using means * standard deviations (+SD) or medians
with minimum and maximum values depending on their
normal distribution characteristics, whereas categori-
cal variables were expressed as counts and percentages.
The normality of numerical variables was assessed using
the Shapiro—Wilk, Kolmogorov—Smirnov and Anderson—
Darling tests.

In comparing the differences in categorical vari-
ables between the groups, Pearson’s x? test was used for
2x2 tables with expected cells of 5 or more, Fisher’s exact
test for 2x2 tables with expected cells of less than 5, and
a Fisher—Freeman—Halton test for RxC tables. Addition-
ally, in comparing the differences in numerical variables



Adv Clin Exp Med. 2025;34(7):1113-1121

regarding surgical and survival outcomes between 2 inde-
pendent groups, the independent sample t-tests were used
for numerical variables determined to conform to normal
distribution, and the Mann—Whitney U test was used for
numerical variables determined not to conform to normal
distribution. After the assumption of homogeneity of vari-
ances was confirmed in all t-test analyses, the results were
reported.

Given the number of comparisons across various sub-
groups, we used the Benjamini—Hochberg correction pro-
cedure to control the false discovery rate. We analyzed
the survival times and influencing factors with Cox propor-
tional hazards regression models using the R-project 4.3.3
(R Foundation for Statistical Computing, Vienna, Austria;
https://www.R-project.org) software package and its associ-
ated packages, namely “survival,” “survminer,” “haven,” “gri-
dExtra,” and “readx].” The assumptions underlying the Cox
regression models were evaluated using Schoenfeld’s global
test featuring a variable-based and global examination
of whether the proportionality of hazards assumption was
violated, with all p-values found to exceed 0.05.

Based on these results, we proceeded to the model se-
lection phase. To this end, we developed 5 distinct Cox
proportional hazard models, using different sets of inde-
pendent variables or data subgroups in each model. Nota-
bly, the 4" and 5" models were specifically tailored based
on gender to thoroughly examine the effects of various ma-
lignancies on mortality risks within the sample. Gender-
specific differences were observed among the malignancies
studied. Accordingly, while some cancers, i.e., breast and
endometrial cancers, were exclusive to women, others, i.e.,
testicular cancer, were exclusive to men. To more accu-
rately assess the impact of these gender-specific malignan-
cies, we stratified the sample by gender and constructed
separate Cox regression models for each group.

We assessed the appropriateness and complexity
of the models using Akaike’s Information Criterion (AIC)
and Bayesian Information Criterion (BIC). Additionally,
we tested the validity of the proportionality of the hazards
assumption for each model using the “cox.zph” function
and Schoenfeld residuals, which allowed us to determine
the most viable models. We evaluated the impact of surgi-
cal methods on survival by gender using the Breslow (gen-
eralized Wilcoxon) and Tarone—Ware tests. The log-rank
test, which assumes that hazard ratios (HRs) between com-
pared groups remained constant over time, was deemed
inappropriate if survival curves crossed, indicating that
HRs changed over time and were disproportionate.

In contrast, the Breslow test, which gives more weight
to early events, provided more consistent results with
crossing curves, better detecting the differences observed
in the early period. On the other hand, the Tarone—Ware
test, which provides a balanced weighting of early and
late events, evaluates HRs over a broader time spectrum
and thus offers a more flexible alternative for general use.
Because of the foregoing, we used both tests.
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We conducted the statistical analyses using the Jamovi
project 2.3.28 (Jamovi, v. 2.3.28.0, https://www.jamovi.
org) and JASP 0.17.3 (Jeffreys’ Amazing Statistics Program,
v. 0.17.3, https://jasp-stats.org) software packages, setting
the significance level (p-value) at 0.05.

Results

Of the patients, 80 were male (58.8%) and 56 female
(41.2%). The mean age was 57.42 +12.93 years (min: 25,
max: 76). The origin of the primary tumor was as follows:
36 patients (26.5%) had colorectal carcinoma, 17 (12.5%)
had renal cell carcinoma, 26 (19.1%) had breast carcinoma,
21 (15.4%) had osteosarcoma, 10 (7.4%) had soft tissue
sarcomas, 12 (8.8%) had endometrial carcinoma, and 14
(10.3%) had testicular carcinoma.

The thoracotomy group exhibited significantly higher
values than the VATS group in age, length of hospital-
ization, number of metastatic nodules removed during
surgery, and mortality rate (p < 0.05 for each case). Re-
garding the types of malignancy, colorectal carcinoma
and endometrial carcinoma were found to be significantly
more prevalent in the thoracotomy group (p = 0.035 and
p = 0.029, respectively), whereas osteosarcoma and tes-
ticular carcinoma were found to be significantly more
prevalent in the VATS group (p = 0.002 and p < 0.001,
respectively). There was no significant difference between
the thoracotomy and VATS groups in gender, follow-up
duration, number of metastatic nodules detected with
thoracic CT, recurrence of metastasis, and the presence
of renal cell carcinoma, breast carcinoma and soft tissue
sarcoma (p > 0.05 for each case, Table 1).

Survivors had significantly longer follow-up periods
(p < 0.001), a significantly lower age (p = 0.034) and pul-
monary nodule size (p = 0.019), and shorter hospitaliza-
tion (p = 0.007) compared to the deceased. Survival rates
of patients with breast carcinoma were significantly higher
than those with other types of malignancies (p = 0.005).
Conversely, mortality rates of patients with endometrial
and soft tissue sarcomas were significantly higher than
those with other malignancies (p = 0.004 and p = 0.001,
respectively). There was no significant difference between
the survivors and the deceased regarding gender, number
of metastatic nodules removed during surgery, number
of metastatic nodules detected with thoracic CT, recur-
rence of metastasis during postoperative follow-up, and
the presence of colorectal carcinoma, renal cell carcinoma,
osteosarcoma, and testicular carcinoma (p > 0.05 for each
case, Table 2).

The univariate analysis, including only female patients,
revealed that breast carcinoma was associated with a 93%
decrease in the mortality risk (95% confidence interval
(95% CI): 0.01-0.57, p = 0.012), whereas soft tissue sar-
comas had a 68.28-fold increase (95% CI: 6.01-775.58,
p = 0.001) and each 1-year increase in age had a 10%
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Table 1. Comparative analysis of surgical methods (thoracotomy compared to video-assisted thoracoscopic surgery (VATS)) and demographic and clinical
outcomes

Surgical methods

Variables
Thoracotomy (n = 84) VANGEEY)
Gender female 38 (45.2) 18 (34.6) 0.297***
male 46 (54.8) 34 (654) -

Age [years] 62.9 £10.5 486 £11.7 <0.001*

Survival staust alive 55 (65.5)° 43(82.7)° 0.048***
exitus 29 (34.5)2 9(17.3)P -

Follow-up period [months] 63.2 £26.6 65.1 £23.5 0.661*
Pulmonary nodule size [cm] 3.0 [0.7-5.0] 2.0[0.8-3.0] <0.001**

Number of metastatic nodules removed at surgery 2.01[1.0-9.0] 2.0[1.0-4.0] 0.025%*
Length of hospitalization [days] 4.0[2.0-12.0] 20[1.0-6.0] <0.001**

Number of metastatic nodules detected with thorax CT 2.0[1.0-6.0] 2.0[1.0-4.0] 0.143%*
Recurrent metastasis at postoperative follow-up, yes* 16 (19.0) 9(17.3) 0.979%**
colorectal carcinoma, present 28(333)2 8 (15.4)° 0.035%**

renal cell carcinoma, present 12 (14.3) 5(9.6) 0.594%**

breast carcinoma, present 16 (19.0) 10(19.2) 0.999%**

Primary focus * osteosarcoma, present 6(7.1)? 15 (28.8)° 0.002***
soft tissue sarcoma, present 9(10.7) 1(1.9 0.088***

endometrium carcinoma, present 11(13.1)2 1(1.9)P 0.020%**
testicular carcinoma, present 2 (24 12 (23.1)° <0.001***

CT - computed tomography. f mean =+ standard deviation (+SD) for continuous variables; ¥ count and percentage (n (%)) for categorical variables;

5 median and range [min-max] for non-normally distributed variables. Statistical significance is tested using: *independent samples t-test for comparing
means between 2 independent groups when data distribution is assumed to be normal: **Mann-Whitney U test for comparing median values between
2 samples without the assumption of normal distribution; ***Pearson’s x?, Fisher's exact or Fisher-Freeman-Halton tests for assessing differences

in categorical variables between groups.

Table 2. Survival status outcomes by demographic and clinical variables with statistical significance

Survival status

Variables
Alive (n =98) Exitus (n = 38)
Gender female 43 (43.9) 13 (34.2) 0404
male 55 (56.1) 25 (65.8)

Age [years] 58.5[25.0-75.0] 66.0 [29.0-76.0] 0.034*
Follow-up period [month] 74.5[35.0-116.0] 37.51[16.0-105.0] <0.001*
Pulmonary nodule size [cm] 3.0[0.7-5.0] 3.0[1.5-5.0] 0.019*
Number of metastatic nodules removed at surgery 2.0[1.0-7.0] 3.0[1.0-9.0] 0.301*
Length of hospitalization [days] 3.0[1.0-12.0] 4.0[2.0-9.0] 0.007*
Number of metastatic nodules detected with thorax CT 2.0[1.0-6.0] 2.0[1.0-6.0] 0.347*
Recurrent metastasis at postoperative follow-up, yes* 15(15.3) 10 (26.3) 0.215%*
colorectal carcinoma, present 26 (26.5) 10 (26.3) 0.999**
renal cell carcinoma, present 15(15.3) 2 (5.3) 0.152%*
breast carcinoma, present 25 (25.5)2 1(Q.6)P 0.005**
Primary focus osteosarcoma, present 13(13.3) 8(21.1) 0.388**
soft tissue sarcoma, present 2 (2.0 8 (21.1)P 0.001**
endometrium carcinoma, present 4(4.1) 8 (21.1)° 0.004**
testicular carcinoma, present 13(13.3) 1(26) 0.112%*

CT - computed tomography. The # symbol indicates the number and percentage of subjects (n (%)) for categorical data; ® median values with the range
[min—-max]. Statistical significances are denoted by p-values with symbols indicating the test used: *Mann-Whitney U test for non-normally distributed
data to compare medians between 2 independent samples: **Pearson’s x?, Fisher's exact or Fisher-Freeman-Halton tests to determine the significance
of differences in categorical data.
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Table 3. Impact of surgical methods and clinical factors on survival rates by gender analyzed using Cox proportional hazards models

Clinical factors

Model 1 (only female patients)

Ly

Model 2 (only male patients)

HR (univariable)

HR (multivariable)

HR (univariable)

) 0.15(0.02-1.16 1.33(0.24-7.25 0.67 (0.28-1.62 749 (1.08-51.98
Surgical method, VATS vs thoracotomy 0= 0070) 0= 0742) b=0376) b= 0.042)
Post-surgical follow-up recurrent metastasis, present vs 0.75 (0.17-3.41 2.80(042-1848 2.95(1.26-6.92 3.33(1.25-8.89
absent p=0.714) p =0.285) p=0.013) p=0.016)
Colorectal carcinoma, present vs absent = = RS (s7=12E ST 70

> p=0688) p=0425)
Renal cell carcinoma. present vs absent 0.51(0.07-3.90 0.25(0.03-1.84 0.19(0.02-1.39 0.27 (0.01-6.08
P p=0513) p=0.175) p=0.101) p=0411)
Breast carcinoma, present vs absent 07 =57 QTS (OUN=0izs = =
P p=0012) p=0018)
Osteosarcoma. present vs absent 1.20(0.15-9.37 9.12 (1.31-63.50 3.11(1.12-8.63 29.24 (2.38-358.96
P p =0.862) p = 0.026) p = 0.029) p = 0.008)
R U 68.28 (6.01-775.58 52048 (41.06-6597.76 8.04 (2.98-21.68 88.53 (4.88-1606.17
ble p = 0.001) p < 0.001) p < 0.001) p = 0.002)
Age 1.10(1.02-1.19 1.17(1.09-1.26 1.01(0.97-1.04 1.04 (0.99-1.09
9 p=0017) p < 0.001) p=0677) p=0.121)
Sulsiay Heslla s el 1.62(0.93-2.83 1.28 (0.69-2.39 144 (0.97-2.14 247 (1.24-4.89
y p = 0.090) p =0433) p =0073) p=0010)
) ) 1.07(0.78-1.47 1.21 (0.90-1.64 1.32(1.10-1.59 1.40(1.08-1.82
Number of metastatic nodules removed during surgery o= 0,690) b =0209) b= 0003) =0010)

HR (multivariable)

Hazard ratios (HR) for various factors by gender, calculated using univariable and multivariable Cox proportional hazards models. Hazard ratios are provided

with 95% confidence intervals (95% Cls) and associated p-values, indicating the statistical significance of the observed differences. The HRs compare
the impact of surgical methods, presence of specific cancer types and other clinical factors on survival rates. A p-value less than 0.05 is considered
statistically significant, highlighting potentially meaningful differences between groups based on the studied variables.

increase in mortality risks (95% CI: 1.02-1.19, p = 0.017).
There was no significant correlation between mortality
risk and the surgical method, presence of metastasis, renal
cell carcinoma or osteosarcoma, pulmonary nodule size,
and number of metastatic nodules removed during surgery
(p > 0.05 for each case).

Multivariate analysis revealed that breast carcinoma was
associated with a 91% decrease in the mortality risk (95% CI:
0.01-0.66, p = 0.018), whereas osteosarcoma with a 9.12-fold
increase (95% CI: 1.31-63.50, p = 0.026), soft tissue sarcomas
had a 520.48-fold increase (95% CI: 41.06—6597.76, p < 0.001),
and each 1-year increase in age was related to a 17% increase
in the mortality risk (95% CI: 1.09-1.26, p < 0.001). There
was no significant correlation between the mortality risk
and surgical method, presence of metastasis or renal cell
carcinoma, pulmonary nodule size, or number of metastatic
nodules removed (p > 0.05 for each case).

The univariate analysis, including only male patients,
revealed that recurrent metastases during the post-surgical
period were associated with a 2.95-fold increase in mor-
tality risk (95% CI: 1.26-6.92, p = 0.013), osteosarcoma
had a 3.11-fold increase (95% CI: 1.12-8.63, p = 0.029)
and soft tissue sarcomas had a 8.04-fold increase (95% CI:
2.98-21.68, p < 0.001). Each additional metastatic nodule
removed during surgery was associated with a 32% increase
in the mortality risk (95% CI: 1.10-1.59, p = 0.003). There
was no significant correlation between the mortality risk
and surgical approach, presence of colorectal cancer or

renal cell carcinoma, age, and number of pulmonary nod-
ules (p > 0.05 for each case).

Multivariate analysis revealed that undergoing VATS was
associated with a 7.49-fold increase in the mortality risk
(95% CI: 1.08-51.98, p = 0.042), osteosarcoma had a 29.24-
fold increase (95% CI: 2.38—358.96, p = 0.008) and soft tissue
sarcomas had a 88.53-fold increase (95% CI: 4.88-1606.17,
p =0.002). Each unit increase in pulmonary nodule size was
associated with a 2.47-fold increase in the mortality risk
(95% CI: 1.24—4.89, p = 0.010) and each additional meta-
static nodule removed with a 1.40-fold increase (95% CI:
1.08-1.82, p = 0.010). There was no significant correlation
between mortality risk and colorectal cancer, renal cell
carcinoma and age (p > 0.05 for each case, Table 3).

The mean survival time of female patients was
96.45 months, and the survival time of female patients who
underwent VATS was significantly longer than those who
underwent thoracotomy (p = 0.047). The mean survival
time of male patients was 87.5 months. There was no sig-
nificant difference between the male patients who under-
went VATS and those who underwent thoracotomy in sur-
vival time (p = 0.297). The survival analysis of the overall
sample revealed a mean survival time of 91.80 months,
86.60 months for those who underwent thoracotomy, and
99.57 months for those who underwent VATS. There was
a significant difference between the survival time of pa-
tients who underwent VATS and those who underwent
thoracotomy (p = 0.043, Table 4, Fig. 1).
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Table 4. Gender and surgical method impact on survival rates with 95% Cls and test results

Gender Surgical methods | Estimate SE ‘ 95% ClI p-values
Breslow (generalized Wilcoxon) Tarone-Ware
thoracotomy 88.55 6.32 76.17-100.94
Female VATS 111.89 3.99 104.06-119.72 0.047 0.041
overall 96.45 477 87.10-105.79
thoracotomy 84.52 5.80 73.15-95.89
Male VATS 88.66 5.83 77.23-100.08 0.297 0.299
overall 87.50 441 78.85-96.15
thoracotomy 86.60 - 78.25-94.95
All sample VATS 99.57 - 90.17-109.00 0.043 0.041
overall 91.80 85.34-98.26

VATS - video-assisted thoracoscopic surgery. The impact of gender and surgical methods on survival rates, employing statistical tests such as Breslow
(generalized Wilcoxon) and Tarone-Ware to analyze the differences based on surgical methods. The estimates provided are complemented by standard
errors (SEs) and 95% confidence intervals (95% Cls). The p-values indicate the significance of the results: lower values suggest stronger statistical evidence
against the null hypothesis that there is no difference based on surgical methods.

A Gender: Female B Gender: Male
p:0.047 p:0.297
1.0 1.0
08 0.8
.‘_g 0.6 _S 0.6
c 4
= =]
2] (7]
g g 04
3 0.4 3 .
0.2 0.2
0.0 0.0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Follow-up Time (months) Follow-up Duration (months)
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10 p:0.043 Surgical Methods
—1Thoracotomy
—VATS
—+— ThoracotomyR-censored
08 —+— VATS-censored
]
2 06 L ot
g ——
(2]
£
3 o4
0.2
w0 Fig. 1. Survival curves for thoracotomy and video-assisted thoracoscopic
surgery (VATS) procedures; (A) for female patients, (B) for male patients
’ 20 “© % % 1% 2 and (C) for all samples, with censored events indicated in both
Follow-up Time (months)
Discussion tumors, germ cell tumors, breast cancer, and renal cell
carcinomas.*®
Around 30% of cancer patients develop lung metasta- Patient selection, imaging, characteristics of the nodule,
ses. The primary tumors that are most likely to spread and surgeon experience are critical to PM. Thoracotomy
to the lungs include colorectal carcinomas, bone and soft offers a comprehensive view, while VATS is less invasive

tissue sarcomas, malignant melanomas, head and neck and better suited for remetastasectomy.””
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With VATS, some lesions can only be detected to a lim-
ited extent, while CT can reveal small nodules and those
that were not palpated during surgery. However, thora-
cotomy is more effective for certain procedures.!’~!2 In our
study, some patients underwent multiportal (2 or 3) VATS
surgery with incisions for manual palpation of nodules.
However, more additional PMs were performed by thora-
cotomy than by VATS, suggesting that thoracotomy is still
more effective for PMs.

Morbidity depends on the patient’s condition, the surgi-
cal method and the extent of the resection. Postoperative
complications such as atelectasis, pneumonia, cardiac ar-
rhythmias, and bronchopleural fistulas occur in 10-15%
of patients after PM.13! In our study, postoperative mor-
bidity was observed in 11.7% of patients, with the most
common complications being dyspnea, pneumonia, car-
diac arrhythmias, and persistent air leaks.

In the literature, recurrence is reported in more than
50% of patients after PM. Recurrence after PM can oc-
cur particularly in primary sarcomas and melanomas.'®
In our study, however, recurrence was observed in only
18.4% of patients (carcinomas: 15, sarcomas: 10). These
results indicate that the recurrence rate in our study was
lower compared to the overall recurrence rates reported
in the literature.

Markowiak et al.'® recommend VATS for metastasec-
tomy, especially in patients with a single metastasis. They
achieved an RO resection rate of 90.5 with VATS, similar
to thoracotomy, and found no advantage in terms of sur-
vival or surgical outcomes over open surgery. In our study,
similar results were obtained, with only 3 patients un-
dergoing an R1 resection, while the remaining patients
underwent an RO resection. These results show that VATS
is an effective option for metastasectomy and provides
similar results compared to open surgical procedures.

Nakajima et al.'” and Nakas et al.!® reported no signifi-
cant differences in survival between VATS and thoracot-
omy patients. However, Gossot et al.’® found that VATS
resulted in better overall survival rates at 1, 3 and 5 years
postoperatively compared with thoracotomy (VATS: 87.4%,
70.9%, and 52.5%, respectively; thoracotomy: 82.3%, 63.6%
and 34%, respectively). Similarly, Nakajima et al.?° and
Carballo et al.?! found that the 5-year survival was better
in VATS patients compared with thoracotomy patients
(Nakajima et al.: 49.3% vs 39.5%; Carballo et al.: 69.6% vs
58.8%). Chao et al.?? also reported that VATS had no ad-
ditional negative impact on patient survival compared with
thoracotomy (5-year survival of 51% vs 43%).

In our study, the median survival was 86.6 months for
thoracotomy patients and 99.6 months for VATS patients.
Female patients who underwent VATS had a significantly
longer survival compared to those who underwent thora-
cotomy, suggesting that VATS provides a better survival
benefit in PM, especially for women. Further studies are
needed to confirm these results, particularly concerning
gender differences.
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Rusidanmu et al.? found that VATS in PM has similar
survival rates to thoracotomy but offers better periopera-
tive outcomes, suggesting that VATS is a viable surgical
alternative. Survival studies comparing thoracotomy and
VATS provide conflicting results, with some favoring tho-
racotomy and others showing no significant difference.
Overall survival and disease-free survival appear to be
comparable for the different types of primary tumors.?*

The complete removal of all lung metastases is asso-
ciated with a longer survival. Over 62% of patients who
undergo surgical resection survive for more than 5 years.
The number of nodules removed during surgery influ-
ences the prognosis, with better results observed when
only 1 nodule is removed.?>2

In our study, we found that survival was longer
in the VATS group than in the thoracotomy group. Video-
assisted thoracoscopic surgery prolonged survival and re-
duced the risk of death, especially in female patients with
breast cancer, but tumors such as soft tissue sarcomas and
osteosarcomas were associated with a higher risk of death.
This suggests that VATS has the potential to improve
the efficacy of breast cancer treatment and the quality
of life of patients.

We can say that more aggressive tumors, such as sarco-
mas, require more careful follow-up and treatment plan-
ning after surgical treatment. It is possible to increase
the reliability and generalizability of the results by con-
ducting such studies with larger sample groups and pro-
spective designs.

In Fig. 1B, the sharp decline in the Kaplan—Meier sur-
vival curve for the male VATS group does not mean that all
patients died. This decline is largely due to censored cases
and the end of the observation period. Censored cases
include patients who withdrew from the study or were
still alive at the end of the observation period and were
not counted as events (such as death) in the survival cal-
culations.?” In the group of male VATS patients, the rapid
decline in the survival curve reflects the lack of follow-up
data after the last recorded death, which marks the end
of the observation period and the censoring of surviv-
ing patients. Our analysis shows that 8 male patients
in the VATS group died, while 26 are still alive. Therefore,
it would be wrong to conclude from the observed decline
in the curve that all patients died; rather, it illustrates
the impact of the censored cases and the end of the ob-
servation period.

The intersection of the survival curves observed
in Fig. 1C indicates that the risk of events fluctuates over
time. Consequently, at different time points, 1 group may
exhibit higher risk, while at another point, the same group
may show lower risk. This phenomenon has been described
as a “delayed treatment effect”.?®

The early intersection of survival curves in thoracotomy
and VATS patients indicates that the impact of these tech-
niques on mortality in the initial postoperative period may
be comparable. However, in the long term, VATS shows
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areduction in the risk of mortality. Literature indicates that
VATS is associated with a lower mortality risk compared
to thoracotomy in non-small cell lung cancers (NSCLC).
Video-assisted thoracoscopic surgery, a minimally invasive
procedure, is linked to reduced complications, faster recov-
ery and lower surgical trauma in the early postoperative
period, which aids in quicker immune system recovery and
lower infection risk. Studies report lower rates of postoper-
ative pneumonia and arrhythmia, shorter hospital stays and
higher 5-year overall survival rates for VATS (e.g., 75.5%
vs 56.1%). Lymph nodule dissection performed employing
VATS may positively impact cancer recurrence rates.??-3!

However, the early intersection of survival curves may
influence the power of statistical tests sensitive to early dif-
ferences, such as the Gehan—Breslow—Wilcoxon method.
This potential limitation in our analysis must be consid-
ered when interpreting our results.

Limitations

The limited sample size of our study, heterogeneous
distribution of the patient’s primary tumor, the presence
of other treatment factors such as re-metastasectomies,
and biases in the choice of surgical method may influence
the results.

Conclusions

It can be assumed that VATS is a more effective option
for PM compared to thoracotomy and can prolong patient
survival. Gender-specific analyses show that VATS sig-
nificantly prolongs survival in women compared to thora-
cotomy. In contrast, these differences were not found to be
significant in men. These results illustrate the influence
of the surgical method and the type of disease on patient
survival. Our results support the choice of VATS for PM
and an improvement in patient survival.
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Abstract

Background. Few studies have focused on the relationship between the systemic inflammation response
index (SIRI) and the prognosis of elderly patients with acute coronary syndrome (ACS).

Objectives. This study aimed to evaluate the predictive value of the SIRI for predicting 3-year outcomes
in patients >60 years old after stent implantation and to assess variables associated with SIRI.

Materials and methods. A total of 1,758 patients with ACS who underwent percutaneous coronary
intervention (PCl) were enrolled and divided into an older group (n = 960) and a younger group (n = 798)
using a cutoff of >60 years. Major adverse cardiac events (MACEs) including all-cause death, nonfatal acute
myocardial infarction (AMI) and nonfatal stroke were recorded.

Results. During follow-up, 165 patients experienced 1 or more MACEs. Patients in the older group had
a greater incidence of recurrent MACEs and mortality than those in the younger group. The SIRIs were
significantly greater in the older group. Multiple linear regression analysis revealed that the level of the SIRI
was significantly associated with age, hypertension, diagnosis of AMI, number of diseased vessels, and
platelet count. The SIRI was an independent predictive risk factor for MACEs in patients >60 years old.
Similar relationships between the SIRI and MACEs were also observed in ACS patients with and without AMI.

Conclusions. The SIRI was an independent predictive risk factor for MACEs in patients aged >60 years with
ACS and ACS with or without AMI after stent implantation during 3 years of follow-up. The SIRI can be used
as an indicator for identifying high-risk patients for intensive therapy to further reduce MACEs in the PCl era.

Key words: acute coronary syndrome, acute myocardial infarction, major adverse cardiac event, systemic
inflammation response index, elderly patients
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Background

Coronary artery disease (CAD) is one of the leading
causes of cardiovascular death in developing and devel-
oped countries. Acute coronary syndrome (ACS) is a criti-
cal type of coronary artery disease that includes unstable
angina and ST-segment elevation and non-ST-segment
elevation myocardial infarctions. It is commonly caused
by the rupture of vulnerable atherosclerotic plaques and
thrombus formation, leading to the reduction or cessation
of coronary blood flow.'"® Due to improved drug therapy
and early revascularization, the mortality rates for ACS pa-
tients have decreased significantly over the past decades.*
However, patients who survive ACS still have worse out-
comes and a higher risk for recurrent major adverse cardiac
events (MACEs).>¢ Elderly patients often seem more likely
to experience increased rates of MACEs.” These patients
are consequently more fragile and have a greater incidence
of comorbidities.® The prognosis may improve through ac-
curate risk stratification and intensive therapy for elderly
patients.

It is well known that ischemic heart disease caused
by CAD is an inflammatory disease of the arteries.’
The immune-inflammatory system is involved in ev-
ery step of artery wall injury, lipid accumulation, fi-
brous cap formation, plaque rupture, and clot formation
in ACSs.31011 As markers of inflammation, white blood
cell (WBC) counts, such as neutrophil, lymphocyte and
monocyte counts, and their derived indicators are often
used to predict the risk of poor outcomes in patients with
CAD.!213 Recently, the systemic inflammation response
index (SIRI) has emerged in several clinical practices
as novel indicator of the balance between inflammation
and the immune response.!*!> The SIRIL, which employs
3 blood cell subtypes (neutrophils, monocytes and lym-
phocytes), is related to a heightened risk of myocardial
infarction (MI), stroke and all-cause death in the general
population,'® and atrial fibrillation in patients with isch-
emic stroke.”” The SIRI was significantly greater in patients
with ACSs than in those without ACSs and was associated
with the severity of CAD.' However, few studies have fo-
cused on the association between the SIRI and the progno-
sis of elderly patients surviving an ACS. The present study
hypothesized that the SIRI is an independent risk factor for
MACE: in elderly patients with ACS after percutaneous
coronary intervention (PCI).

Objectives

This study aimed to explore the predictive value
of the SIRI on the 3-year outcomes of patients older than
60 years after stent implantation and to evaluate variables
associated with the SIRI. Further subgroup analyses were
performed to detect associations between the SIRI and
MACEs in ACS patients with and without AMI.

Y. Ma, X. Geng. Prognostic value of SIRI in elderly patients

Materials and methods
Patients

This retrospective study was conducted at Tangshan Gon-
gren Hospital, China. From November 2018 to October 2019,
1,758 patients with ACS (unstable angina or ST-segment eleva-
tion or non-ST-segment elevation MI) who were consecutively
admitted to the Department of Cardiovascular Medicine and
who underwent primary or selective PCI (primary PCI for pa-
tients with acute myocardial infarction (AMI) or selective PCI
for ACS patients without AMI) were enrolled in the study.
The diagnosis of unstable angina followed the 2015 ESC
guidelines for the management of ACSs in patients presenting
without persistent ST-segment elevation.'® The participants
were divided into younger (n = 798) and older (n = 960) groups
according to age (<60 years or >60 years). The exclusion cri-
teria were as follows: 1) severe renal or liver disease; 2) a his-
tory of malignancy; 3) pneumonia, periodic fever, rheumatic
disease, inflammatory bowel disease, rheumatoid arthritis,
systemic lupus erythematous, myeloma, or any disease af-
fecting WBC counts; and 4) lack of follow-up.

Clinical data

The traditional risk factors included age, sex, height,
weight, smoking status, history of previous MlIs, diabetes,
primary hypertension, and dyslipidemia. The medications in-
cluded oral aspirin, clopidogrel/ticagrelor, statins, 3-receptor
blockers, and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (ACEIs/ARBs). Other factors
included heart rate, systolic blood pressure (SBP), diastolic
blood pressure (DBP), and left ventricular ejection fraction
(LVEF) on admission. Venous blood samples were also ob-
tained on admission to measure WBC subtypes, and plate-
let counts were measured with an autoanalyzer DxH 900
(Beckman Coulter K.K., Tokyo, Japan). The SIRI was calcu-
lated as (neutrophils x monocytes)/lymphocytes. The levels
of cholesterol, triglycerides and lipoprotein were measured
after overnight fasting using routine automated laboratory
analyzers (AU5800; Beckman Coulter; Brea, USA). All par-
ticipants provided written informed consent, which was ap-
proved by the Ethics Committee of Tangshan Gongren Hos-
pital (approval No. GRYY-LL-K]J2022-101). This study was
conducted in accordance with the Declaration of Helsinki.

Coronary angiography

All patients received coronary angiography to determine
the number of diseased coronary arteries and culprit vessels. Per-
cutaneous coronary intervention procedures were performed
by an experienced teamat a high-volume centerwith a 24-h
invasive service. A successful procedure was defined as target
vessel residual stenosis <30% and thrombolysis in MI grade 3
flow. Aspirin, clopidogrel/ticagrelor, statins, ACEIs/ARBs, and
[B-receptor blockers were used according to guidelines.
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Follow-up and outcomes

Patients underwent regular follow-ups at 1 month after
stent implantation and every 6 months thereafter. Data
were obtained from medical records and/or telephone calls
with family members of patients made by independent
reviewers. The MACEs were defined as nonfatal AMI,
nonfatal stroke and all-cause death. Stroke was defined
as a combination of ischemic and hemorrhagic strokes.

Statistical analyses

Numerical variables are presented as the mean + stan-
dard deviation (+SD) and were compared using a Stu-
dent’s t-test. The enumeration data were compared using
the x? test. Multiple linear regression analysis was used
to determine the significance of the relationships between
the SIRI and age, sex, smoking status, body mass index
(BMI), history of previous MI, diabetes mellitus, primary
hypertension, dyslipidemia, diagnosis of AMI, number
of diseased vessels, and platelet count. A curve-fitting
method was applied to explore the relationship between
the SIRI and MACEs in the older group. Univariate and
multivariate Cox proportional hazard models were used
to evaluate the hazard ratios of MACEs after adjusting
for all variables in the older group, AMI subgroup and
non-AMI subgroup. Statistical analysis was performed
using the IBM SPSS v. 22.0 software package (IBM Corp.,
Armonk, USA). The p-value was set at 0.05 to indicate
a statistically significant difference and was two-tailed.

Results
Clinical endpoints

The median follow-up duration was 38 months (7-44
months). Among the 1,758 patients, 729 (76%) were men,
and the average age was 60 11 years. There were 165 pa-
tients who experienced 1 or more adverse clinical events.
The details of the MACEs in the 2 groups are listed
in Table 1. Patients in the older group had an increased
incidence of recurrent MACEs (11.2% compared to 7.1%,
p < 0.001). Furthermore, mortality was significantly lower
in the younger group than in the older group.

Table 1. Major adverse cardiac events in younger and older groups

Older
(n=960)

Younger

Variables (n = 798)

p-value

MACE, n (%) 57(7.) 108 (11.2) 0.000
AMI, n (%) 21(2.6) 18(1.9) 0.284
Stroke, n (%) 15(1.9) 21(2.2) 0.650
All cause death, n (%) 21(26) 69 (7.2) 0.000

MACE - major adverse cardiac events; AMI — acute myocardial infarction.
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Characteristics of elderly patients

The comparisons of characteristics between the 2 groups
are listed in Table 2. Older patients were more likely to have

Table 2. Comparison of baseline characteristics in younger and older groups

Variables I\O:r;ggzg

Risk factors
Age [years] 5147 68 +5 0.000
Male, n (%) 687 (86.1) 649 (67.6) 0.000
Diabetes, n (%) 228 (28.6) 235 (24.5) 0.052
Hypertension, n (%) 385 (483) 525 (54.7) 0.007
Dyslipidemia, n (%) 87 (10.9) 54(5.6) 0.000
Smoking, n (%) 333(41.7) 265 (21.9) 0.000
BMI [kg/m?] 263+24 250425 0.000
Pervious MI, n (%) 49 (6.1) 88(9.2) 0018
LVEF (%) 60 +9 60 £8 0499

Physical examination
SBP [mm Hg] 129+16 128416 0.125
DBP [mm Hg] 7910 77 £10 0.000
Heart rate [bpm] 77 £14 76 £15 0.098
Laboratory finding
WBC [10%/L] 9.07 £3.06 852 +£3.14 0.000
Neutrophil count [10%/L] 6.72 £3.02 648 £3.05 0.100
Lymphocyte count [10°/L] 1.74 £0.68 1.48 +0.67 0.000
Monocyte count [10°/L] 0.50 £0.22 047 £0.23 0.001
Platelet count [10%/L] 233.08 £57.43 | 220.73 £58.06 | 0.000
SHil 1054 +760 1195 £968 0.001
SIRI 222 +£1.66 254 £1.52 0.001
TC [mmol/L] 4.72 £1.08 442 £0.95 0.000
TG [mmol/L] 2154145 1.68 +0.98 0.000
HDL [mmol/L] 1.14 £0.30 1.15£0.27 0329
LDL [mmol/L] 2.70+0.79 247 +0.67 0.000
Coronary angiographic finding

1 vessel, n (%) 335 (42.01) 330 (344) 0.001
2 vessels, n (%) 274 (34.3) 388 (40.4) 0.009
3 vessels, n (%) 189 (23.7) 242 (25.2) 0.460
Diagnosis of AMI, n (%) 528 (66.17) 530(55.21) 0.000

Medication
Asprin, n (%) 793 (99.4) 954 (99.4) 0.997
Clopidogrel/tricagrelor, n (%) 798 (100.0) 957 (99.7) 0317
Statins, n (%) 717 (89.9) 874 (91.0) 0.396
B-blockers, n (%) 375 (47.0) 369 (38.4) 0.000
ACEIs/ARBs, n (%) 246 (30.8) 249 (25.9) 0.023

MACE — major adverse cardiac events; BMI — body mass index; Ml — myocardial

infarction; LVEF —

left ventricular ejection fraction; SBP - systolic blood

pressure; DBP — diastolic blood pressure; Slil - systemic immune inflammation
index; SIRI = systemic inflammation response index; TG - triglycerides;

HDL - high-density lipoprotein; LDL — low-density lipoprotein; AMI — acute
myocardial infarction; ACEIs/ARBs — angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers; WBC — white blood cells count.
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lower BMI and blood lipid levels and were less likely to use
ACEIs/ARBs and p-blockers as medications (p < 0.05). Fe-
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male sex, hypertension and previous myocardial infarc- 1.0 S
tions were more prevalent in the older group (p < 0.005).
Smoking status, dyslipidemia and a diagnosis of AMIs 0.8
were more common in the younger group (p < 0.05). No
significant differences were found in the LVEF or percent- g
age of patients with 3-vessel coronary disease (p > 0.05). =06+
Remarkably, compared with those in the younger group, §
the SIRIs were significantly greater despite the absolute @ -—y
counts of leukocytes, neutrophils, lymphocytes, and mono- 2
cytes being significantly lower in the older group (p < 0.05).
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Multiple linear regression analysis was employed to de- 0 5 10 15 20

tect potential factors affecting the SIRI. Multiple linear
regression (analysis of variance (ANOVA) F = 41.985;
p < 0.001; R? = 0.209) revealed that the SIRI was signifi-
cantly associated with age, hypertension, diagnosis of AMI,
number of diseased vessels, and platelet count (Table 3).

SIRI and MACE

The curve-fitting method was used to explore the rela-
tionship between the SIRI and MACEs in the older group
(Fig. 1). The SIRI was positively associated with MACEs
(p < 0.001). Univariate and multivariate Cox proportional
hazards model analyses revealed that the SIRI (hazard ratio
(HR): 1.209, 95% confidence interval (95% CI): 1.147-1.274,
p < 0.001) was an independent predictive risk factor for
MACEs in the >60-year-old group. Additionally, age (HR:
1.080, 95% CI: 1.048-1.114, p < 0.001), hypertension (HR:
2.108, 95% CI: 1.364-3.258, p = 0.001), diagnosis of AMI
(HR: 1.648,95% CI: 1.023-2.657, p = 0.040), and heart rate
(HR: 1.020, 95% CI: 1.007-1.032, p < 0.001) were associated
with MACEs in patients aged >60 years (Table 4).

Further subgroup analyses for associations of the SIRI
with MACEs were performed for the AMI and non-AMI
subgroups. In the entire ACS group, 1,056 patients were di-
agnosed with AMI on admission (AMI group) and 702 were
not (non-AMI group). During the observation period, a to-
tal of 126 (11.9%) MACEs were recorded in the AMI sub-
group (nonfatal AMI: 28 cases; nonfatal stroke: 17 cases;
all-cause death: 81 cases) and 39 (5.6%) MACEs were re-
corded in the non-AMI subgroup (nonfatal AMI: 13 cases;

Table 3. Predictive variables of SIRI in multiple linear regression analyses

SIRI

Fig. 1. Curve fitting of systemic inflammation response index (SIRI) levels
and major adverse cardiac events (MACEs) in patients >60 years of age
after percutaneous coronary intervention (PCl)

nonfatal stroke: 14 cases; all-cause death: 12 cases). The in-
cidence of MACEs was significantly greater in the AMI
subgroup (11.9% compared to 5.6%, p < 0.001). Patients
with an AMI had significantly greater SIRIs than those
without an AMI (3.1 £2.4 compared to 1.3 £0.9, p < 0.001).
According to the univariate and multivariate Cox model
analyses, the SIRI was found to independently predict
the occurrence of MACEs in both the AMI subgroup
(HR: 1.213, 95% CI: 1.155-1.274, p < 0.001) and the non-
AMI subgroup (HR: 1.469, 95% CI: 1.192-1.812, p < 0.001).
(Table 5,6)

Discussion

The present study revealed that the incidence of re-
current MACEs and the SIRI were significantly greater
in the older group than in the younger group. The SIRI was
positively associated with MACEs and was an independent
predictive risk factor for MACEs in patients aged >60 years
with ACS after coronary angioplasty. The SIRI was signifi-
cantly associated with age, hypertension, AMI, number
of diseased vessels, and platelet count in all ACS patients.
Similar relationships between the SIRI and MACEs were
also observed in ACS patients with and without AMI.

Age

Variable ‘ (1 yean ‘ Hypertension Diagnosis of AMI [ Number of vessels Pla(zi%gc/t;mt ‘ conttn
B 0.032 0.242 1.946 0.140 0.004 —3.234
B 0.151 0.055 0432 0.050 0.104 -
p-value 0.000 0.013 0.000 0.023 0.000 0.000
95% Cl for B 0.022-0.041 0.052-0433 1.747-2.145 0.019-0.261 0.002-0.006 -4.679--1.788

SIRI = systemic inflammation response index; AMI — acute myocardial infarction; 95% Cl — 95% confidence interval.
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Table 4. Univariate and multivariate predictors of MACE in older group

Univariate Multivariate

Variable

HR (95% Cl)

HR (95% Cl)

Age (1 year)
Female
Diabetes

Hypertension

1.067-1.133
0.904 (0.600-1.361
0.926 (0.544-1.574

2243 (1.472-3417

Dyslipidemia 1.583 (0.800-3.133
Smoking 1.332(0.892-1.987
BMI (1 kg/m?) 0.951 (0.884-1.023
Pervious MI 1.655 (0.959-2.856
LVEF (1%) 0.964 (0.945-0.982
SBP (1 mm Hg) 0.986 (0.974-0.998
DBP (1 mm Hg) 0.976 (0.957-0.996
Heart rate (1 bpm) 1.028 (1.017-1.040
WBC (1x10%/L) 1.136-1.264

0.716 (0.516-0.992
4.775 (2456-9.285

Lymphocyte count (1x10%L)
Monocyte count (1x10%L)

Platelet count (1x10%/L) 1.004 (1.004-1.006
SHI(1x10) 1.005 (1.003-1.006,
SIRI(1) 1.305 (1.245-1.368

TC (1 mmol/L)
TG (1 mmol/L)

0.893 (0.730-1.091
0.944 (0.770-1.159

HDL (1 mmol/L) 0.541 (0.259-1.130
LDL (1 mmol/L) 0.775 (0.576-1.042
Number of vessels 231(0.964-1.573
Diagnosis of AMI 2.626 (1.699-4.059
B-blockers 1.010 (0.686-1.487.
ACEIs/ARBs 0.663 (0.412-1.068

00 ( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
(1 )
98 ( )
Neutrophil count (1x10%L) 1.213(1.147-1.283)
( )
( )
( )
(1 )
( )
( )
( )
( )
( )
( )
( )
( )
( )

0.000 1.080 (1.048-1.114) 0.000
0.628 - -
0.775 = =
0.000 2.108 (1.364-3.258) 0.001
0.187 = =
0.161 - -
0.175 = =
0.070 - -
0.000 = =
0.024 - -
0.017 = =
0.000 1.020 (1.007-1.032) 0.002
0.000 = =
0.000 - -
0.045 = =
0.000 - -
0.019 = =
0.000 - -
0.000 1.209 (1.147-1.274) 0.000
0.269 - -
0.584 = =
0.102 - -
0.092 = =
0.096 - -
0.000 1.648 (1.023-2.657) 0.040
0.961 - -
0.091 = =

MACE - major adverse cardiac events; BMI — body mass index; Ml — myocardial infarction; LVEF — left ventricular ejection fraction; SBP — systolic blood
pressure; DBP — diastolic blood pressure; SlIl - systemic immune inflammation index; SIRI - systemic inflammation response index; TG - triglycerides;

HDL - high-density lipoprotein; LDL - low-density lipoprotein; AMI — acute myocardial infarction; ACEIs/ARBs — angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers; WBC — white blood cells count; 95% Cl — 95% confidence interval; HR — hazard ratio.

Immune and inflammatory responses play crucial roles
in the progression of atherosclerosis!®2° and are related
to the recurrence of cardiovascular events in ACS pa-
tients.??2 White blood cell subtypes have been found
to aggressively participate in immune and inflammatory
responses and CAD.?® Neutrophils not only infiltrate
the ischemic myocardium and cause a destructive inflam-
matory reaction but also secrete inflammatory mediators,
chemotactic substances and anaerobic free radicals to cause
endothelial cell damage and subsequent tissue ischemia.?
The neutrophil count is associated with plaque rupture and
thrombosis formation by exacerbating vessel wall inflam-
mation and cell apoptosis.2*2> Conversely, lymphocytes
are involved in the regulatory pathway of the immune sys-
tem and inflammation through lymphocyte apoptosis?®
and thus play an antiatherosclerotic role. Lymphopenia
is correlated with MACEs and a poor prognosis in ACS

patients.?”?® Monocytes promote atherosclerosis progres-
sion by adhering to the vascular endothelium and trans-
forming into macrophages, activating pro-inflammatory
cytokine and reactive oxygen species (ROS) release, stim-
ulating platelets, and being involved in thrombosis and
blockage of blood vessels.?>3° The elevation of monocytes
was independently associated with the risk of cardiovas-
cular events.?32 The SIRI, which integrates 3 leukocyte
subtypes, could better reflect the status of inflammation
and the immune system in the body and is more sensitive
than the components alone. An increase in the SIRT implies
an increase in the number of neutrophils and/or monocytes
and/or a decrease in the number of lymphocytes. Several
studies have shown that the SIRI is related to the progno-
sis of the general population and cardiovascular patients.
A study involving 42,875 adults revealed that the SIRI was
closely associated with cardiovascular death and all-cause
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Table 5. Univariate predictors of MACE in AMI and non-AMI group

Variables

AMI group

HR (95% Cl)

non-AMI group

HR (95% Cl)

p-value

Age (1 year)

Female

Diabetes

Hypertension
Dyslipidemia

Smoking

BMI (1 kg/m?)

Pervious MI

LVEF (1%)

SBP (1 mm Hag)

DBP (1 mm Hg)

Heart rate (1 beat/min)
WBC (1x10%/L)

Neutrophil count (1x10%L)
Lymphocyte count (1x10%L)
Monocyte count (1x10%L)
Platelet count (1x10%/L)
SIE(1%10)

SIRI (1)

TC (1 mmol/L)

TG (1 mmol/L)

HDL (1 mmol/L)

LDL (1 mmol/L)
Number of vessels
B-blockers

ACEIs/ARBs

1.042 (1.024-1.060)
1.358 (0.871-2.119)
1.085 (0.737-1.596)
2.70 (1.438-2.980)
1.537 (0.896-2.635)
1.702 (1.130-2.565)
0.950 (0.880-1.027)
0.825 (0.363-1.873)
1.011 (0.989-1.033)
0.985 (0.974-0.996)
0.966 (0.949-0.983)
1.012 (1.002-1.023)
1.137 (1.075-1.202)

56 (1.088-1.228)
0.739 (0.554-0.987)

89 (1.717-5.922)
1.005 (1.002-1.008)
1.004 (1.003-1.005)
1.273 (1.214-1.334)
0.812 (0.674-0.978)
0.979 (0.829-1.157)
0.604 (0.310-1.177)
0.794 (0.624-1.011)
1.280 (1.024-1.600)
0.622 (0.432-0.895)

28(0.779-1.634)

0.000
0.177
0.775
0.000
0.118
0.011

0.196
0.646
0.315
0.007
0.000
0.019
0.000
0.000
0.040
0.000
0.001

0.000
0.000
0.028
0.807
0.138
0.061

0.030
0.011

0.524

1.206 (0.989-1.065)
0.720 (0.365-1.420)
0.880 (0.418-1.853)
1.152 (0.604-2.196)
0.044 (0.561-2.199)
311 (1.231-4.337)
0.980 (0.883-1.088)
2.598 (01.234-5.473)
0.937 (0.917-0.958)
8(0.995-1.042)

1.017 (0.979-1.057)
1.007 (0.976-1.038)
1.113 (0.953-1.299)
9(1.037-1.433)
0.363 (0.199-0.661)
1.505 (0.212-10.680)
1.000 (0.995-1.005)
1.008 (1.004-1.012)
1.509 (1.274-1.787)
0.659 (0.471-0.923)
0.914 (0.689-1.212)
0.128 (0.030-0.549)
0.517 (0.298-0.897)
1.200 (0.804-1.792)
0.484 (0.258-0.909)
0.542 (0.227-1.293)

0.169
0.343
0.736
0.667
0.233
0.009
0.707
0.012
0.000
0.122
0.389
0.674
0.175
0.016
0.001
0.682
0.967
0.000
0.000
0.015
0.533
0.006
0.019
0372
0.024
0.167

MACE — major adverse cardiac events; BMI —

body mass index; Ml —

myocardial infarction; LVEF —

left ventricular ejection fraction; SBP — systolic blood

pressure; DBP — diastolic blood pressure; Sl - systemic immune inflammation index; SIRI - systemic inflammation response index; TG — triglycerides;

HDL - high-density lipoprotein; LDL —
angiotensin receptor blockers; WBC — white blood cells count; 95% Cl -

low-density lipoprotein; AMI -

Table 6. Multivariate predictors of MACE in AMI and non-AMI group

Variable

AMI group

HR (95% Cl)

non-AMI group

HR (95% Cl)

acute myocardial infarction; ACEIs/ARBs — angiotensin-converting enzyme inhibitors/
95% confidence interval; HR — hazard ratio.

Age (1 year)
Hypertension

Number of vessels
Platelet count (1x10%L)
SIRI (1)

B-blockers

Smoking

LVEF (1%)

Lymphocyte (1x10%L)

1.027 (1.010-1.045)
1.947 (1.340-2.830)
1.280 (1.024-1.600)
1.005 (1.002-1.008)
1.213 (1.155-1.274)
0.674 (0.462-0.982)

0.002
0.000
0.030
0.000
0.000
0.040

1469 (1.192-1.812)
0.392 (0.196-0.781)
2.925 (1.483-5.771)
0.932 (0.909-0.956)
0.562 (0.326-0.966)

0.000
0.008
0.002
0.000
0.037

MACE — major adverse cardiac events; AMI —
index; SIRI - systemic inflammation response index; 95% Cl —

acute myocardial infarction; LVEF —

left ventricular ejection fraction; SIIl — systemic immune inflammation
95% confidence interval; HR — hazard ratio.
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mortality in the general population and individuals older
than 60 years.?® Another study from the Kailuan cohort
demonstrated that an elevated SIRI increased the risk
of stroke and all deaths and was associated with the inci-
dence of ML.!° Dziedzic et al. confirmed that the SIRI was
related to the severity of CAD and the diagnosis of ACS
or stable CAD."® Lin et al. showed that the SIRI was inde-
pendently associated with the presence of atrial fibrillation
in patients with ischemic stroke.” An association between
SIRI and MACEs was also suggested for patients with isch-
emic heart failure who underwent PCI.3*% The mecha-
nisms underlying the relationship between SIRTand MACE
may include elevated SIRI levels reflecting an imbalance
between proatherogenic and antiatherogenic immune
networks, which may promote plaque vulnerability, en-
dothelial dysfunction and thrombotic events, consequently
contributing to the occurrence of acute coronary events.?
The present study focused on patients older than 60 years
with ACS after PCIL. The SIRI was greater in elderly pa-
tients, and the incidence of MACEs was positively cor-
related with the SIRI. The SIRI was demonstrated to be
an independent predictive risk factor for MACEs in pa-
tients aged >60 years with ACS. This may be explained
in part by the following reasons: older patients commonly
have more than 1 chronic disease. Inflammation is linked
to aging and chronic disease.?® Additionally, senescent
cells that accumulate in elderly patients have a unique se-
nescence-associated secretory profile that includes many
pro-inflammatory cytokines.?” Moreover, immune func-
tion declines during aging, and many immune cell types
senescence with aging, resulting in a senescence-associated
secretory phenotype. Together, these factors lead to more
aggressive immune and inflammatory processes in elderly
patients,?®3° which can lead to poorer outcomes. Similar
analyses were conducted for the AMI and non-AMI sub-
groups at the same time. In the ACS group, patients with
AMI had a greater SIRI than did patients without AMI. This
may be due to the higher grade of immune and inflamma-
tory responses to more serious myocardial damage, micro-
vascular obstruction and activation of the immune system
in AMI than in unstable angina. Cox regression analysis
revealed that the SIRI independently predicted the occur-
rence of MACEs in both the AMI and non-AMI subgroups,
as well as in the elderly subgroup. The exploration of po-
tential factors affecting the SIRI revealed that the SIRI was
significantly associated with age, hypertension, diagnosis
of AMI, number of diseased vessels, and platelet count. All
of these results may indicate that immune-inflammatory
responses play pivotal roles in the occurrence of MACEs.
It is more effective in elderly patients, AMI patients and
patients with hypertension or multi-vessel disease. Tar-
geted anti-inflammatory therapy is potentially beneficial
for reducing the incidence of cardiovascular events and
improving patient outcomes. Additionally, the SIRI could
be used as an indicator for identifying high-risk patients
for intensive therapy to further reduce MACEs.
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Limitations

There are several limitations to the study that should
be considered. First, the data came from 1 medical cen-
ter and included a relatively small number of participants.
Thus, a large multicenter study with a longer follow-up time
is necessary to confirm the results. Second, not enough
confounding factors were taken into account. For example,
pro-inflammatory and/or inflammatory cytokines were not
evaluated as part of a multivariable Cox regression analysis,
which may affect the clinical prognosis. The results from
the present study should be extended in further research.

Conclusions

The present study revealed that the SIRI was an indepen-
dent predictive risk factor for MACEs in patients >60 years
of age with ACS and ACS with or without an AMI after
stent implantation over 3 years of follow-up. The SIRI can
be used as an indicator for identifying high-risk patients
for intensive therapy to further reduce MACE in the era
of PCIL.
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Abstract

Background. Acute-on-chronic liver failure (ACLF) is characterized by rapid onset, rapid development and
ahigh short-term mortality rate. Systemic inflammation exerts an effect on the disease progression of ACLF.

Objectives. The purposes of this study were to explore the clinical significance that the inflammatory
response has on the disease process of hepatitis B virus acute-on-chronic liver failure (HBV-ACLF) patients,
to further compare the values of different inflammation-related biomarkers in the prognosis evaluation
of HBV-ACLF patients, and to combine inflammatory-related markers to establish a new prediction model.

Materials and methods. Baseline admission data and 90-day outcomes were collected from 247 patients
who met the inclusion criteria. According to the 90-day survival situation, they were divided into a survival
group and a death group. The differences in baseline data and inflammation levels between the 2 groups
were compared. A regression model was used to analyze the risk factors for 90-day mortality and establish
a new model.

Results. The study found that the differences between the survival group and the death group were
statistically significant in terms of age, total bilirubin (Thil), prothrombin time (PT), international standard-
ized ratio (INR), inflammation level, and mode! for end-stage liver disease (MELD) series scores (p < 0.05).
The monocyte-to-lymphocyte ratio (MLR)-integrated iIMELD model (MLR-IMELD) can effectively predict
the 90-day survival rate of HBV-ACLF patients. The area under the receiver operating characteristic (ROC)
curve (AUROC) of the new model was 0.792, and the best cutoff for predicting the prognosis of 90 days for
patients was —0.33 (sensitivity 0.577 and specificity 0.898).

Conclusions. The higher the level of inflammation in patients with HBV-ACLF, the greater the risk of 90-
day death. Compared with other inflammation-related markers, the MLR-IMELD model can better predict
the 90-day survival rate of HBV-ACLF patients.

Key words: inflammation, prognosis, hepatitis B virus, HBV-ACLF
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Background

Acute-on-chronic liver failure (ACLF) has gained increas-
ing recognition due to its high short-term mortality rate.!
The Asian Pacific Association for the Study of the Liver
(APASL) defines ACLF as an acute liver injury that occurs
as a result of chronic liver disease and is triggered by acute
factors. Among them, acute liver damage induced by hepatitis
B virus (HBV) reactivation, alcohol consumption and infec-
tion are the most common. Acute-on-chronic liver failure
is characterized by jaundice and coagulation dysfunction, and
it is prone to clinical ascites and/or hepatic encephalopathy.?
Although there is still no consensus for the definition of ACLF,
the poor clinical prognosis in patients with ACLF is undeni-
able. With changes in the epidemiological profile of ACLF
in the Asia—Pacific region, the proportion of acute liver in-
jury caused by alcohol has increased gradually, but acute liver
injury caused by HBV reactivation is still the main reason.?
The progression from compensated to decompensated and
ACLF after HBV infection is characterized by complications
related to cirrhosis and extrahepatic organ tissue damage.*

The strong inflammatory reaction caused by immune acti-
vation or inhibition during the progression of ACLF is crucial
for the prognosis of patients.® Indeed, some studies have con-
firmed that certain inflammation-related blood laboratory
indicators, such as neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), platelet-to-leukocyte
ratio (PWR), and platelet-to-lymphocyte ratio (PLR), among
others, can better reflect the baseline inflammatory response
and immune status of patients with ACLF or non-ACLF pa-
tients.®% In addition, some inflammatory combination in-
dicators, such as the systemic immune—inflammation index
(SII) and the prognostic nutritional index (PNI), have certain
clinical value in non-ACLF diseases, but the above indicators
are rarely reported in HBV-ACLF.!'13 Given the high short-
term mortality of HBV-ACLE, early identification and evalu-
ation of the severity of the disease are critical for subsequent
treatment and improved patient outcomes. Various prognos-
tic models, including the model for end-stage liver disease
(MELD), COSSH-ACLF score and CLIF-C ACLF score, are
considered suitable for predicting the prognosis of patients
with HBV-ACLF."*"® Among the above models, the MELD
serial scoring model (MELD, MELD-Na, iMELD) does not
consider the influence of infection and inflammation. Al-
though neutrophils are included in the COSSH-ACLF score,
there is a certain subjective bias due to the inclusion of the he-
patic encephalopathy score in the model. For the CLIF-C
score, which includes white blood cell count (WBC), its clini-
cal application also has certain limitations because white
blood cells are easily affected by hypersplenism.

Objectives

Therefore, this study will further explore the influence
of the inflammatory response on HBV-ACLF and compare

H. Xu et al. Inflammation-related model in HBV-ACLF

the clinical value of single inflammation-related indicators
for prognostic evaluation. It will suggest a new model with
better evaluation efficiency combined with inflammation-
related indicators.

Materials and methods
Patients

This is a retrospective observational study. In view
of the high incidence of HBV in the Asia—Pacific region, we
enrolled patients with HBV-ACLF who met the definition
of the APASL: “ACLF is an acute hepatic insult manifesting
as jaundice (serum bilirubin =5 mg/dL or 85 micromol/L)
and coagulopathy (international standardized ratio
(INR) = 1.5 or prothrombin activity <40%) complicated
within 4 weeks by clinical ascites and/or encephalopathy
in a patient with previously diagnosed or undiagnosed
chronic liver disease/cirrhosis and is associated with a high
28-day mortality”.? We collected the records of HBV-ACLF
patients from 2015 to 2020 at the People’s Liberation Army
The General Hospital of Western Theater Command
(Chengdu, China). The study included a total of 271 pa-
tients; 24 patients were excluded according to the exclu-
sion criteria, leaving 247 patients who were ultimately in-
cluded in the study group. All patients were followed up
for 90 days, mainly through the hospital medical record
system and telephone communication. The study endpoint
was the patient’s survival at 90 days, and the secondary
endpoint was death or liver transplantation. The exclu-
sion criteria were: 1) patients under 18 and over 80 years
of age; 2) viral infections other than HBV; 3) combined
with other types of chronic liver disease; 4) patients with
severe cardiopulmonary disease or chronic kidney disease
(CKD); 5) suspected or confirmed malignancy; 6) pregnant
or breastfeeding; 7) received a liver transplant; 8) no recent
history of hormone or antibiotic use; and 9) incomplete
data (Fig. 1).

Clinical data collection

Baseline data and 90-day survival were collected. All
clinical data were collected through the hospital health
system, and 90-day survival was followed up by telephone
by the investigators. Clinical data mainly included routine
blood tests (platelets, neutrophils, lymphocytes, mono-
cytes, and leukocytes) and blood biochemical indexes
(albumin, prealbumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin (Tbil),
and coagulation parameters (prothrombin time (PT) and
INR)). Upon admission, patients underwent calculation
of their MELD serial scores. Baseline inflammation-re-
lated measures were calculated as follows: NLR = neu-
trophil (x10°/L)/lymphocyte (x10°/L), MLR = monocyte
(x10°/L)/lymphocyte (x10°/L), SII = platelet (x10°/L) * NLR,
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Fig. 1. Study flowchart

liver diseases

24 patients were excluded:

11 patients had incomplete data

4 had suspected or confirmed malignancy
2 patients were over 80 years old

3 had severe cardiopulmonary diseases

4 were combined with other chronic

/
247 HBV-ACLF patients

Follow-up for 90 days

/

Survival group (176) Death group (71)

PLR = platelet (x10°/L)/lymphocyte (x10°/L), PWR = plate-
let (x10%/L)/leukocyte (x10°/L), and PNI = albumin (g/L) +
5 * lymphocyte (x10°/L).

Statistical analyses

Statistical analyses were performed with the use of SPSS
v. 27.0 (IBM Corp., Armonk, USA). The Kolmogorov—
Smirnov test was used to test the normality of quantita-
tive data. Continuous variables conforming to the normal
distribution were expressed as mean + standard deviation
(£SD); if not normally distributed, they were expressed
as median (Q1-Q3). Pearson’s correlation analysis was
used to test the correlation between MELD score and other
clinical characteristics of patients. Non-parametric tests
were used to determine the indicators with statistical dif-
ferences between the 2 groups. Multivariate regression
models were used to determine the risk factors for 90-day
mortality based on the results of multivariate logistic re-
gression to construct a new prediction model. A receiver
operating characteristic (ROC) curve was used to further
analyze the performance of the model, and the cumula-
tive survival rate of the HBV-ACLF patients at 90 days
was plotted using a Kaplan—Meier curve. For all statistical
analyses, p-values were two-sided, and p < 0.1 was consid-
ered to indicate statistical significance.

Results
Patient characteristics

A total of 247 HBV-ACLF patients were included in this
study. The characteristics of the patients and their labora-
tory data are shown in Table 1. Among the 247 participants,
176 were in the survival group and 71 were in the death
group, with a 90-day survival rate of 71.26%. By compar-
ing the 2 groups, it was found that the levels of platelets,

lymphocytes, albumin, ALT, and PWR were significantly
higher in the survival group than in the non-survival pa-
tients. The age of the patients in the survival group and their
PT, INR, AST, serum creatinine, TBil, neutrophils, mono-
cytes, NLR, MLR, MELD, MELD-na, and iMELD score were
significantly lower than those in the death group (p < 0.05).

Correlation between inflammatory
biomarkers and MELD score

To further understand the correlation between in-
flammation and the disease status of patients, we used
Pearson’s correlation analysis to confirm our conjecture.
The results showed that there was a certain correlation
between inflammation-related markers and MELD score
in HBV-ACLEF patients, among which NLR, MLR, SII, PNI,
leukocyte count, neutrophil count, and monocyte count
were positively correlated with MELD score (r-values
of 0.254, 0.496, 0.133, 0.145, 0.319, 0.214, and 0.423, re-
spectively). Conversely, PWR and lymphocyte count were
negatively correlated with MELD score (r-values of —0.425
and —0.188, respectively) (p < 0.05) (Table 2).

Comparing the predictive value
of inflammatory biomarkers and
establishing a new predictive model

We compared 90-day survival rates in the 247 hepatitis B
virus acute-on-chronic liver failure (HBV-ACLF) patients,
among which there were 176 (71.26%) survivors and 71
(28.74%) deceased. Multivariate binary logistic regression
was used to screen the variables (Table 3). We found that
MLR and iMELD were independent predictors of patient
outcomes at 90 days (p < 0.1). Therefore, we developed
a new prognostic model (MLR-iMELD score) for patients
with HBV-ACLF. The mathematical formula was as fol-
lows: MLR-iMELD score = 0.855 x MLR + 0.125 x iMELD
—6.768. To further evaluate the predictive value of the new
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Table 1. Clinical characteristics and outcomes of HBV-ACLF patients

HBV-ACLF (n = 247)

Z value ‘

Variable
Survival group (n = 176) Death group (n=71)

Age [years] 48 (37-56) 52 (47-61) -3.68 <0.001
Platelet [x10%L] 105.00 (76.25-138.00) 80.00 (60.00-128.00) -2.88 0.004
Neutrophil [x10%/L] 4.07 (2.77-5.61) 5.06 (3.50-7.23) -2.98 0.003
Lymphocyte [x10%L] 1.07 (0.81-1.52) 0.89(0.71-1.12) -3.18 0.001

Monocyte [x10%L] 0.46 (0.36-0.67) 0.64 (0.41-0.86) -2.93 0.003
Leukocyte [x10%/L] 5.66 (4.42-7.72) 6.74 (4.93-9.13) -2.31 0.057
Albumin [g/L] 33.40 (30.79-37.50) 31.50 (28.30-34.80) -344 0.003
Prealbumin [mg/L] 58.50 (37.25-71.00) 43.00 (30.59-57.00) -3.39 0.001

Tbil [umol/L] 233.80 (160.65-354.50) 344.60 (226.00-481.73) -4.03 <0.001
ALT [umol/L] 482.65 (162.45-1048.27) 258.30 (97.40-881.80) -2.28 0.026
AST [umol/L] 365.50 (145.42-815.25) 274.90 (118.70-713.90) -1.16 0.244
PT [s] 16.80 (14.42-19.50) 21.30 (18.40-25.60) -6.20 <0.001
Scr [umol/L] 72.00 (61.00-85.75) 75.00 (65.00-93.00) -2.11 0.035
INR 148 (1.29-1.72) 1.90 (1.63-2.29) -6.16 <0.001
NLR 3.87 (2.59-5.04) 5.82(3.38-841) -4.54 <0.001
MLR 045 (0.33-0.61) 0.68 (0.45-1.02) -5.18 <0.001
PLR 96.67 (66.11-145.86) 100.00 (67.07-138.77) -0.30 0976
PWR 17.93(12.91-23.99) 13.40 (8.57-19.30) -3.84 0.004
Sl 387.02 (226.42-653.31) 435.15 (257.21-752.97) -1.50 0321

PNI 39.35 (36.21-44.02) 38.30 (35.85-45.50) -3.84 0213
MELD 18.72 (15.54-22.04) 23.75 (20.62-27.84) -6.36 <0.001
MELD-Na 19.55 (16.15-24.78) 26.34(22.80-33.22) -6.91 <0.001
iIMELD 3842 (32.75-43.53) 47.05 (41.46-52.51) -6.43 <0.001

PT - prothrombin time; INR — international normalized ratio; ALT — alanine aminotransferase; AST — aspartate aminotransferase; TBil - total bilirubin;
Scr - serum creatinine; NLR — neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; SIl — systemic immune inflammatory index;
PLR — platelet-to-lymphocyte ratio; PWR — platelet-to-leukocyte ratio; PNI — prognostic nutritional index; MELD — a model for end-stage liver disease;

MELD-Na — MELD-sodium; iIMELD — integrated MELD.

Table 2. Pearson’s correlation analysis between inflammation markers and
MELD score

Inflammatory MELD

markers r-value t-value
Leukocyte 0.319 5.276 <0.001
Neutrophil 0214 3425 <0.001
Lymphocyte -0.188 -2.994 0.003
Monocyte 0423 7.301 <0.001
NLR 0.254 4.109 <0.001
MLR 0.496 8.947 <0.001
Sl 0.133 2.093 0.037
PLR 0.014 0217 0.828
PWR -0.425 -7.353 <0.001
PNI 0.145 2.289 0.023

MLR = monocyte-to-lymphocyte ratio; SIl - systemic immune
inflammatory index; PLR - platelet-to-lymphocyte ratio; PWR - platelet-
to-leukocyte ratio; PNI - prognostic nutritional index; MELD — a model for
end-stage liver disease.

model, we compared the clinical values of NLR, MLR,
PWR, PLR, PNI, MELD, MELD-Na, iMELD, and MLR-
iMELD scores by analyzing the area under the ROC curve
(AUROC) (Fig. 2). Except for PLR and PNI, all other indi-
cators showed statistical significance. The sensitivity and
specificity were 0.606 and 0.767 for NLR, 0.549 and 0.767
for MLR, 0.577 and 0.670 for PWR, 0.803 and 0.597 for
MELD score, 0.831 and 0.619 for MELD-Na score, 0.831
and 0.619 for iMELD score, and 0.577 and 0.898 for MLR-
iMELD score, respectively (Table 4). The AUROC curves
were 0.684 (0.611-0.758) for NLR, 0.711 (0.641-0.780) for
MLR, 0.656 (0.579-0.733) for PWR, 0.510 (0.424—-0.596)
for PNI, 0.758 (0.692-0.825) for MELD score, 0.761
(0.695-0.827) for MELD-Na score, 0.781 (0.715—0.847)
for iMELD score, and 0.792 (0.727-0.857) for MLR-iMELD
score (Table 4).

Performance of the MLR-iMELD model

By comparing the new model with other inflammation
ratios and models, we found that the new model had better
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Fig. 2. A. Receiver operating characteristic (ROC) curves of MLR-IMELD for predicting 90-day mortality in hepatitis B virus acute-on-chronic liver failure
(HBV-ACLF). The area under the curve (AUROC) was 0.792, the sensitivity and specificity were 0.577 and 0.898, respectively. B. ROC curves analysis for NLR,
MLR, PWR, PLR, PNI, MELD, MELD-Na, iMELD, and the new model (MLR-IMELD) for predicting mortality in patients with HBV-ACLF

NLR - neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; PWR - platelet-to-leukocyte ratio; PLR — platelet-to-lymphocyte ratio;
PNI - prognostic nutritional index; MELD — a model for end-stage liver disease; MELD-Na — MELD-sodium; iMELD - integrated MELD;
MLR-IMELD — MLR-integrated iMELD.

Table 3. Multivariate binary logistic analysis to predict 90-day progression in hepatitis B virus acute-on-chronic liver failure (HBV-ACLF) patients

Variables | B | SE | Wald | OR (95%Cl) | p-value
Age [years] -0.001 0.017 0.002 0.999 (0.966-1.033) 0.960
Leukocyte [x10%L] -0.078 0.100 0.602 0.925 (0.760-1.126) 0438
Platelet [x10%/L] -0.003 0.004 0.619 0.997 (0.989-1.005) 0431
Neutrophil [x10%L] 0.051 0.090 0319 1.052 (0.883-1.254) 0572
Albumin [g/L] -0.025 0.028 0.845 0.975 (0.923-1.029) 0.358
ALT [umol/L] 0.000 0.000 0.073 1.000 (0.999-1.001) 0.786
AST [umol/L] 0.000 0.001 0.011 1.000 (0.999-1.001) 0917
MLR 0.855 0.509 3.121 2.460 (0.906-6.677) 0.077%
iIMELD 0.125 0.029 17.864 1.103 (1.060-1.146) <0.001*

In multivariate binary logistic regression analysis, MLR and iMELD were independent predictors of 90-day outcomes in HBV-ACLF patients;
MLR = monocyte-to-lymphocyte ratio; iMELD — integrated MELD; 95% CI — 95% confidence interval; OR — odds ratio; SE - standard error.

Table 4. Area under curve and cut-off values of the prognostic variables

95% Cl Sensitivity Specificity Youden'’s index Cutoff value

NLR 0.684 0.611-0.758 0.606 0.767 0373 5.12 <0.001
MLR 0711 0.641-0.780 0.549 0.767 0316 0.63 <0.001
PWR 0.656 0.579-0.733 0577 0.670 0.247 15.17 <0.001
PLR 0.488 0.407-0.568 0.817 0216 0.033 59.17 0.761

PNI 0.510 0.424-0.596 0493 0.642 0.135 37.92 0.801

MELD 0.758 0.692-0.825 0.803 0.597 0.400 20.21 <0.001
MELD-Na 0.761 0.695-0.827 0.831 0.619 0450 21.66 <0.001
iIMELD 0.781 0.715-0.847 0.831 0619 0450 40.50 <0.001
MLR-IMELD 0.792 0.727-0.857 0577 0.898 0475 -0.33 <0.001

NLR - neutrophil-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio; PWR - platelet-to-leukocyte ratio; PNI - prognostic nutritional
index; MELD — a model for end-stage liver disease; MELD-Na — MELD-sodium; iMELD - integrated MELD; MLR-IMELD — MLR-integrated iMELD;
95% Cl — 95% confidence interval; AUC - area under the curve.
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Fig. 3. Kaplan-Meier curve of the MLR-IMELD score >-0.33, MLR-IMELD
score <-0.33, and Log-rank test p < 0.001.

MLR — monocyte-to-lymphocyte ratio; MELD — a model for end-stage
liver disease; MLR-IMELD — MLR-integrated iMELD.

clinical value than the MELD series score and the sin-
gle inflammation index. Based on the AUROC results,
the best cutoff value (Youden’s index) for identifying MLR-
iMELD was —0.33 (sensitivity: 0.577; specificity: 0.898).
Patients were divided into 2 groups (MLR-IMELD = -0.33
and MLR-iMELD < -0.33) according to the prese-
lected cutoff points. In order to verify the effectiveness
of the model, we further compared the 90-day survival
rates of the 2 groups of patients. The Kaplan—Meier curves
found that patients with MLR-iMELD scores higher than
the cutoff value of —0.33 had a greater risk of poor prog-
nosis (Fig. 3).

Discussion

It is well known that ACLF is a clinical syndrome
with acute onset, rapid progression and poor progno-
sis. The prognosis and treatment of ACLF according
to various causes of chronic liver disease are different.
Due to the high rate of HBV infection in the Asia—Pa-
cific region, there is also a high incidence of HBV-ACLF
in this region.!” With the proposed systemic inflamma-
tion hypothesis, systemic inflammation is considered
to be related to the disease progression and prognosis
of ACLFE. Systemic inflammation caused by pathogen-
associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs) induced by cer-
tain events (such as infection, viral reactivation, alcohol
consumption, etc.) is an important factor, and it can act
indirectly through changes in circulatory function and
metabolism, as well as directly induce tissue damage.?°
In patients with chronic HBV infection, acute exacer-
bation or recurrence of HBV is the main factor caus-
ing acute liver deterioration.?! The reactivation of HBV
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or superposition with other liver diseases will aggravate
hepatocyte necrosis, which leads to the release of circu-
lating DAMPs and promotes an inflammatory response.
At the same time, during the process of chronic liver
disease progression, the body gradually shows cirrho-
sis-associated immune dysfunction (CAID), which will
create opportunities for HBV reactivation and bacterial
infection, so some HBV-ACLF patients may simultane-
ously have multiple causes that synergistically promote
the development of ACLF.?222Among the 420 patients
with ACLF in the PREDICT study, 65% had obvious sys-
temic inflammatory triggers, such as bacterial infection
and gastrointestinal bleeding, while 35% had no obvious
triggers. However, the patients without obvious triggers
still had features of systemic inflammation.?* Meanwhile,
the PREDICT study showed that inflammation occurs
in the progression of acute decompensated cirrhosis
to ACLF.2>2¢ Evidence from a prospective study also in-
dicates that inflammation severity is the most important
predictor of ACLF and gastrointestinal bleeding in acute
decompensated patients.?” Wu et al. found that NLR and
MLR were associated with the risk of death in patients
with acute exacerbations of chronic HBV, where NLR was
an independent predictor of progression to ACLF.28 How-
ever, the impact of inflammation on HBV-ACLF disease
development remains to be further explored.

First of all, for this study, statistical differences were
found in age, platelets, lymphocytes, neutrophils, mono-
cytes, albumin, prealbumin, ALT, AST, TBil, serum creati-
nine, PT, INR, PWR, NLR, MLR, and MELD serial scores
between the 2 groups (Table 1). Among them, the patients
in the death group were older and had lower protein levels,
more severe coagulopathy and higher inflammation levels.
Platelet levels were higher in the survival group; mean-
while, our previous study found that platelets can effec-
tively predict the survival of HBV-ACLF patients 180 days
after plasma exchange.? The reason may be that platelets
are related to liver regeneration, infection, systemic in-
flammatory response, and immune diseases.?*3! In addi-
tion, serum ALT levels were higher in the survival group,
and we speculated that ALT is a protein with enzyme ac-
tivity synthesized by liver cells. The higher the ALT level,
the more sensitive the liver synthesis function will be,
which has a certain predictive effect on the liver function
of HBV-ACLF patients.

In analyzing the correlation between inflammatory
markers and MELD scores, we found that NLR, MLR, SII,
PNI, leukocyte count, neutrophil count, and monocyte
count were positively correlated with MELD scores, while
PWR and lymphocyte count were negatively correlated
with MELD scores. This also proves that as the MELD
score increases, inflammatory indicator levels also in-
crease, but indicators related to immune function and
nutritional synthesis function will continue to decrease.

Next, considering the progress made in the field of pre-
dicting ACLF prognosis with inflammatory markers, 3032



Adv Clin Exp Med. 2025;34(7):1131-1138

we compared the widely used markers at present. Our
findings indicated that NLR, MLR, MELD score, MELD-
Na score, and iMELD score were significantly higher
in the death group. This validated the results of previ-
ous studies.?>~28 In our study, MLR had better statisti-
cal significance than NLR, both in relation to MELD
score and in the analysis of 90-day mortality factors.
Therefore, we further carried out a multivariate analy-
sis of MLR and established a new MLR-iMELD model.
The MLR is the ratio of monocytes to lymphocytes.
Liver resident macrophages account for more than 80%
of the total number of macrophages in the body, and
they make a difference in liver fibrosis and inflamma-
tory immune response.>?> Macrophages can be activated
by various stimuli, such as bacteria, viruses or necrotic
tissue. The inflammatory response of the body can
trigger the release of monocytes from the bone marrow
to the peripheral blood so that monocytes in the blood
can differentiate into tissue macrophages to play an im-
mune role.3273% Just recently, Niehaus et al. described
a subpopulation of lymphocytes, mucosal-associated
invariant T (MAIT) cells, that were markedly reduced
in cirrhotic patients, and the number of MAIT cells de-
creased with declining liver function.® For patients with
ACLE, liver cell necrosis can cause the release of a large
number of inflammatory factors, thereby activating
the immune inflammatory response in the body and
inducing a large number of granulocytes to migrate
from the bone marrow to the peripheral blood, giving
rise to a significant decrease in the number of periph-
eral blood lymphocytes.?® Therefore, changes in mono-
cytes and lymphocytes have certain value in evaluating
the prognosis of HBV-ACLF patients. The MLR-iMELD
model outperformed the MELD series scores in predict-
ing patients’ 90-day survival. Furthermore, patients with
high MLR-iMELD scores (= —0.33) had a poorer 90-day
prognosis.

Limitations

First, this was a single-center observational retrospec-
tive study with a relatively small sample size. Second,
we included only the baseline data of patients for analy-
sis, so the dynamics of patients were not observed. Third,
the assessment of inflammation in our study was based
on routine blood tests, so whether other inflammatory
biomarkers can better predict prognosis needs to be fur-
ther explored.

Conclusions

Higher inflammation levels predicted a higher 90-day
mortality risk in HBV-ACLF patients. The MLR-iMELD
model can better predict the 90-day survival of HBV-ACLF
patients than other composite inflammatory indicators.

137

The clinical value of evaluating inflammation-related in-
dicators may provide a valuable supplement for the assess-
ment of disease status in HBV-ACLF patients.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.13627516. The package includes
the following files:

Supplementary Table 1. The original data of this study.

Supplementary Table 2. Normality test of baseline data
in survival and death groups. Through normality test,
it was found that the statistical value of normality test
in the baseline data of the 2 groups of patients was < 0.05,
so they did not conform to the normal distribution.

Supplementary Fig. 1. Test the extreme outliers in the lo-
gistic regression hypothesis. We found that there were
8 observations where the studized residuals were greater
than 2 times the SD, but we kept them in the analysis.

Supplementary Fig. 2. Multicollinearity among explana-
tory variables. Through collinearity diagnosis, we found
that all independent variables VIF were less than 5, and
the degree of collinearity between independent variables
was small.

Supplementary Fig. 3. Box-Tidwell test on variables. A to-
tal of 19 items were included in the model analysis in this
study, including 9 independent variables: age, MLR, WBC,
neutrophil, PLT, albumin, ALT, AST, and iMELD; 9 inter-
action terms: age*lnage, INMLR*MLR, InWBC*WBC, In
neutrophil*neutrophil, InPLT*PLT, In albumin*albumin,
InALT*ALT, InAST*AST, and IniMELD*iMELD; and inter-
cept term (Constant). Therefore, in this study; it is recom-
mended that the significance level should be « = 0.00263
(0.05/19). Based on this significance level, the p-value of all
interaction terms in this study is higher than 0.00263, so
there is a linear relationship between all continuous inde-
pendent variables and the logit conversion value of the de-
pendent variable.
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Abstract

Background. Intravenous infusion of lidocaine as an anesthesia adjuvant can improve patient outcomes,
but its impact on intrapulmonary shunt during one-lung ventilation (OLV) has not been clarified.

Objectives. To determine the effect of intravenous lidocaine infusion on intrapulmonary shunt during OLV
and postoperative cognitive function in video-assisted thoracoscopic surgery (VATS).

Materials and methods. Sixty patients who underwent OLV for thoracic surgery were randomized
to receive intravenous infusion of lidocaine (lidocaine group, n = 30) or normal saline (control group, n = 30)
for anesthesia induction. Arterial and venous blood gases were measured during two-lung ventilation and
at 15and 30 min after OLV (OLV + 15 and OLV + 30). The Mini-Mental State Examination was administered
before the surgery and at postoperative 12 months to assess patient cognitive function.

Results. No significant difference was found in intrapulmonary shunt fraction (Qs/Qt) between the lidocaine
group and the control group at OLV + 15 (p = 0.493) and OLV + 30 (p = 0.754). The lidocaine group used
significantly lower doses of propofol and remifentanil compared to the control group (both p < 0.001).
Furthermore, no significant difference was observed in the incidence of postoperative cognitive dysfunction
between the lidocaine group and the control group at 1 year post-operation (3.3% vs 6.7%, p = 0.554).

Conclusions. Intravenous lidocaine administered in VATS had no significant impact on intrapulmonary shunt
during OLV or postoperative cognitive function. However, it significantly reduced the doses of anesthetics
used during the surgery.

Key words: cognitive function, lidocaine, one-lung ventilation, intrapulmonary shunt
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Background

One-lung ventilation (OLV) is necessary for improved vi-
sualization in video-assisted thoracoscopic surgery (VATS).
However, it can increase intrapulmonary shunt, leading
to postoperative pulmonary complications.? An intrapul-
monary shunt is defined as the mixing of unoxygenated
blood flow with oxygenated blood within the lungs. This
phenomenon has the potential to reduce oxygenation levels
and, consequently, may result in the development of hypox-
emia. Hypoxic pulmonary vasoconstriction is an intrinsic
homeostasis mechanism of the pulmonary vasculature.
Pulmonary arteries contract due to alveolar hypoxia and
transfer blood to the pulmonary segments with higher
oxygenation, thereby optimizing ventilation-perfusion
matching. In thoracoscopic surgery, hypoxic pulmonary
vasoconstriction is an important mechanism of reducing in-
trapulmonary shunt and maintaining oxygenation in OLV.

Lidocaine is a promising agent used for enhanced recov-
ery after surgery, showing benefits across various surgical
procedures. Intravenous lidocaine is noninferior to tho-
racic epidural analgesia for acute postoperative pain con-
trol in major abdominal surgery at 24 h postoperatively.?
It can also reduce the use of opioids in the perioperative
period and alleviate postoperative nausea and vomiting
in thoracic surgery.* However, the impact of lidocaine
on hypoxic pulmonary vasoconstriction and intrapulmo-
nary shunt in patients undergoing OLV is still unknown.

Our study aimed to investigate the impact of intravenous
lidocaine on intrapulmonary shunt and cognitive function
during OLV in VATS.

Materials and methods
Patients

This is a randomized, double-blind, placebo-controlled
clinical trial evaluating the impact of intravenous infusion
of lidocaine compared to normal saline on intrapulmo-
nary shunt and postoperative cognitive function in patients
undergoing OLV. This study complied with the Declara-
tion of Helsinki and was approved by the ethics commit-
tee of Affiliated Hospital of Yangzhou University, China
(approval No. 2018-YKLO012-01). Informed consent was
obtained from each participant. The inclusion criteria
consisted of: 1) scheduled video-assisted thoracoscopic
resection of pulmonary tumors under general anesthesia;
2) American Society of Anesthesiologists (ASA) physical
status classification grades I-1I; 3) age between 20 and
70 years; and 4) body mass index (BMI) between 18 and
25 kg/m?. Patients were excluded for: 1) preoperative co-
morbidities involving vital organs (such as diabetes and se-
vere liver and kidney diseases); 2) moderate or more severe
anemia; and 3) the forced expiratory volume in the 15t 27/
forced vital capacity ratio <65%.

D. Yang et al. Lidocaine in one-lung ventilation

Recruitment and randomization

Patients who underwent treatment for pulmonary tu-
mors at our hospital between August 2018 and March
2020 were approached for recruitment. Each patient was
randomly allocated in a 1:1 ratio to the lidocaine group
or the normal saline group through a computer-generated
randomization sequence. Normal saline and lidocaine were
preprepared by an assistant and stored in indistinguishable
vials. The assistant was not involved in matters other than
drug preparation.

Anesthesia protocol

Patients were attached to a standard ASA monitor. Un-
der ultrasound guidance, the radial artery and right internal
jugular vein were accessed. The right internal jugular vein
catheter measured 18 cm in length, with the catheter tip po-
sitioned in the right atrium confirmed with transthoracic
echocardiography. Invasively measured mean arterial pres-
sure (MAP), heart rate, oxygen saturation measured with
pulse oximetry (SpO,), and central venous pressure were
monitored. The Narcotrend index (NI) was monitored using
a Narcotrend® monitor (MT MonitorTechnik GmbH & Co.
KG, Hannover, Germany).

For anesthesia induction, a bolus of 1.5 mg/kg lidocaine
was administered in the lidocaine group, followed by con-
tinuous infusion of 1.5 mg/kg/h lidocaine combined with
0.05 mg/kg midazolam, 1.5-2 mg/kg propofol, 0.3 pg/kg
sufentanil, and 0.15 mg/kg cisatracurium. Normal saline
instead of lidocaine was administered in the control group,
with the doses of other anesthetic agents unchanged.

Intubation was performed with a double-lumen endo-
bronchial tube. Patients were mechanically ventilated with
atidal volume of 8 mL/kg, an inhaled oxygen concentration
(FiO,) of 100%, a respiratory ratio of 1:2, and a respiratory
rate of 10—12 breaths/min. During OLV, the non-ventilated
branch of the double-lumen tube was open to the atmo-
sphere. The respiratory rate was adjusted to 14—16 breaths/
min, while other respiratory parameters remained un-
changed, and the partial pressure of end-tidal carbon di-
oxide (PETCO,) was maintained at 35-45 mm Hg.

Propofol, remifentanil and cisatracurium (0.1 mg/kg/h)
were used for the maintenance of anesthesia. The doses
of propofol and remifentanil were tuned to keep the NI
between 26 and 46 and the MAP within +20% of the base-
line blood pressure. The central venous pressure was main-
tained at 5-12 cm H,O with intravenous rehydration (crys-
talline : colloidal = 2 : 1). Cisatracurium was stopped approx.
30 min before the end of surgery, and other anesthetics were
discontinued upon completion of the procedure.

Blood gas analysis

Blood samples were collected from the radial artery
and internal jugular vein while the patient was in a lateral
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position with two-lung ventilation (TLV), after 15 min
of OLV (OLV + 15) and after 30 min of OLV (OLV + 30).
Blood gas analysis was performed using a GEM 3500
blood gas analyzer (Instrumentation Laboratory Com-
pany, Bedford, USA). The total doses of propofol and
remifentanil (TLV to OLV + 30) and the post-anes-
thesia recovery time (the time from drug withdrawal
to extubation) were recorded. The extubation criteria
were: patients had regained consciousness; spontaneous
breathing frequency >12 breaths/min; PETCO, < 45 mm
Hg; SpO, > 95%; tidal volume >6 mL/kg; patients could
elevate their head for a min of 5 s.

Outcome measures
Intrapulmonary shunt

The intrapulmonary shunt fraction (Qs/Qt) was calcu-
lated as Qs/Qt = (CcO, — Ca0,)/(CcO, — CvO,) x 100%,
where CcO, is the pulmonary capillary oxygen content,
Ca0, is the arterial oxygen content and CvO, is the mixed
venous oxygen content (replaced with the oxygen content
in the right atrium):

CcO; = 1.36 x Hb x SaO, + PaO, x 0.0031
Ca0, = 1.36 x Hb x SaO, + PaO, x 0.0031
CvO, = 1.36 x Hb x SvO, + PvO, x 0.0031

In these formulas, 1.36 is the oxygen-carrying capacity
of hemoglobin (mL/g); SaO, is the alveolar capillary oxygen
saturation, which was approximated by the arterial oxygen
saturation; PaO, is the alveolar oxygen partial pressure,
which was calculated by using the formula,

PaO, = FiO, x (Pb — PH,0) — (PaCO,/R)
+ [PaC02 X FIOZ X (1 - R)/R],

where Pb is the atmospheric pressure (760 mmHg), PH,O
is the water vapor pressure at 37°C (47 mm Hg), Ris the re-
spiratory quotient (0.8), and PaO, = 713 - PaCO, when
FiO, = 100%; SaO, is the arterial oxygen saturation; SvO,
is the mixed venous oxygen saturation, which was equal
to the saturation of the blood sample extracted from
the right atrial (SvcO,); PvO, is the mixed venous oxygen
partial pressure, which was equal to the partial pressure
of oxygen in the right atrium (PvcO,).

Cognitive assessment

All patients were evaluated for cognitive function us-
ing a validated Chinese version of the Mini-Mental State
Examination before the surgery and at 12 months post-
operatively. A reduction of 22 points from the baseline
cognitive score was regarded as postoperative cognitive
dysfunction. The cognitive assessment was performed
by a single anesthesiologist who was blinded to patient
assignment.
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Sample size

The primary outcome was intrapulmonary shunt frac-
tion (Qs/Qt), which was 13.24 +5.48% in the lidocaine
group and 22.36 +5.35% in the control group in a previ-
ous study.* With a bilateral « of 0.05 and a power of 90%,
the sample size was calculated as N1 = N2 = 14 for each
group. Our study finally included a total of 60 patients.

Statistical analyses

Measurement data were expressed as mean and standard
deviation (SD), or median and interquartile range (IQR).
Categorical data were expressed as percentage. Comparisons
between the lidocaine and control groups were made using
the Mann—Whitney U test, 2 independent-samples Student’s
t-test or x? test. Homoscedasticity was verified using Lev-
ene’s test. Continuous variables were checked for normal
distribution with the Shapiro—Wilk test due to the small
sample size. Non-normally distributed data (p < 0.05) were
analyzed with the Mann—Whitney U test, whereas normally
distributed variables were compared using the 2 indepen-
dent-samples t-test. All statistical analyses were performed
using SPSS v. 23.0 (IBM Corp., Armonk, USA). A p < 0.05
indicated a statistically significant difference.

Results

The final analysis included 60 patients with 30 in each
group. The flowchart of participant inclusion is shown
in Fig. 1. No patients died or were lost to follow-up during
the study. No significant difference was found in the basic
characteristics between the control group and the lido-
caine group (Table 1). The homoscedasticity test results
are shown in Supplementary Table 1 (doi.org/10.5281/
zenodo.13683171).

The blood gas analysis parameters of PaO, and Qs/Qt
(intrapulmonary shunt fraction) in the lidocaine group and

Exclusion due to
preoperative comorbidities
involving vital organs (n = 3),
moderate or more severe
anemia (n = 1) or forced
expiratory volume in the first
second/forced vital capacity
ratio <65% (n = 1)

| Eligible patients (n = 65) |

Randomization (n = 60) ‘

Lidocaine group
(n=30)

Control group
(n=30)

Final analysis
(n=230)

Final analysis
(n=230)

Fig. 1. Flowchart of participant inclusion
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Table 1. Characteristics of the patients

| U/t | df |p—va|ue

Control (n =30) Lidocaine (n = 30)

Age [years], median (IQR)* 48 (38, 54.8) 54.5(40.3,59.5) 349 / 0.135
Male/female (n)* 15/15 14/16 0.067 1 0.796
BMI [kg/m?], median (IQR)* 23.7(22.1,243) 23.05(21.1,23.9) 367.5 / 0.222
FEV1 (% predicted), median (IQR)* 91 (87.3,98.8) 94.5(89,101.8) 369.5 / 0233
FVC (% predicted), mean +SD (95% CI)* 116.7 £10.7 (112.7,120.7) 121.6+£9.5(118.1,125.2) -1.88 58 0.065
FEV1/FVC (%), mean +SD (95% Cl)* 80.0 +4.9 (78.2,81.9) 78.7 £4.7(77.0,80.5) 1.51 58 0.298
Right/left lung operation (n)* 13/17 14/16 0.600 1 0439
OLV time [min], mean +SD (95% CI)* 59.5+17.2(53.1,65.9) 57.8+17.2(514,643) 038 58 0.703
Bleeding volume [mL], median (IQR)* 80 (66.25, 90.75) 70 (61.25, 83.75) 351.5 / 0.144
Intraoperative fluid [mL], mean +£5D (95% Cl)* 921.0 £232.6 (834.1, 1007.9) 896.0 £211.9 (816.9,975.1) 0435 58 0.665

df - degrees of freedom; IQR - interquartile range; SD - standard deviation; 95% CI — 95% confidence interval; BMI — body mass index; FEV1 — forced
expiratory volume in 1 s; FVC - forced vital capacity; OLV - one-lung ventilation; *Mann-Whitney U test; #two-sample t-test; "Pearson’s x> test
of independence.

Table 2. Comparisons of hemodynamics between the lidocaine group and the control group

Variable

Control (n =30)

Lidocaine (n = 30)

PaO, [mm Hg] median (IQR)*
OLV+15 196.5 (140.8, 300.5) 210.0 (125.8,280.8) 442.5 / 0912
OLV +30 198.5(103.8,269.5) 198.0 (102.8, 264.8) 426 / 0.723
Qs/Qt (%), mean £SD (95% Cl)*
OLV + 15 258 £6.1(23.6,28.1) 247 £64(22.3,27.1) 0.689 58 0.493
OLV+30 26.6 £8.6 (23.4,29.9) 26.0 £6.9 (234, 28.6) 0315 58 0.754

*Mann-Whitney U test; ftwo-sample t-test; df — degrees of freedom; OLV — one-lung ventilation; IQR — interquartile range; SD — standard deviation;

95% Cl — 95% confidence interval.

PaOz Qs/Qt Fig. 2. Compari;oms
of hemodynamics between
800 the control group and
50 = the lidocaine group durin
= _ p=0.754 group 9
= 600 P O'_723 p—O._493 e I} Conrol video-assisted thoracoscopic
Im p=0.912 40 3 Lidocaine resection of pulmonary tumors
E 4004 % g\i 30 Pa0, — alveolar oxygen
= - partial pressure;
(@) S 204 Qs/Qt — intrapulmonary shunt
g 200 - 8 % fraction.
10+
0 T T T 0 T T T
TLV  OLV+15 OLV+30 & \9"\ \7‘”@
Q) )

the control group are shown in Fig. 2. During OLV, there was
no significant difference between the lidocaine group and
the control group in the levels of PaO, and Qs/Qt (Table 2).

Compared to the control group, the lidocaine group
had significantly higher doses of propofol (Mann—Whit-
ney U test, U = 28.5, p < 0.001) and remifentanil (Mann—
Whitney U test, U = 63.0, p < 0.001) infused from TLV
to OLV + 30. The post-anesthesia recovery time did not
differ significantly between the 2 groups (2-sample t-
test, t = —0.635, p = 0.528) (Table 3). Also, the 1-year
incidence of postoperative cognitive dysfunction was
not significantly different between the lidocaine group

and the control group (1/30, 3.3% vs 2/30, 6.7%; x> test
of independence with Yates’s correction, x*> = 0, df = 1,
p = 1.0).

Discussion

Our study showed that the use of intravenous lidocaine
did not significantly increase intrapulmonary shunt during
OLV in VATS. Previous animal studies showed that intra-
venous infusion of lidocaine enhanced the effect of hypoxic
pulmonary vasoconstriction and affected intrapulmonary
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Table 3. Doses of propofol and remifentanil and post-anesthesia recovery time

Control (n =30)

143

Lidocaine (n =30)

Propofol [mg], median (IQR)*
Remifentanil [ug], median (IQR)*

Post-anesthesia recovery time [min], mean +SD (95% Cl)*

194.9 (171.7,212.9)
2834 (256.8,319.7)
9.9+24(9.0,10.8)

121.2 (104.1,129.1) 285 / <0.001
129.8 (102.2,173.1) 63 / <0.001
103 £2.8(9.3,11.4) 0.635 58.0 0.528

df — degrees of freedom; IQR - interquartile range; SD - standard deviation; 95% Cl — 95% confidence interval; “Mann-Whitney U test; *two-sample t-test.

shunt.>® However, there are conflicting opinions regard-
ing the appropriate doses of lidocaine needed to enhance
the effects of hypoxic pulmonary vasoconstriction. Also,
further investigation has revealed that amide anesthetics,
such as lidocaine, are vasoconstrictive at low concentra-
tions and vasodilative at high concentrations.”® This bi-
phasic effect of lidocaine has also been observed in swine
pulmonary arteries, where concentrations of 1 ug/mL led
to vasoconstriction, and concentrations of 10-100 pg/mL
resulted in vasodilation.” Our study found that intrave-
nous lidocaine did not have a significant impact on in-
trapulmonary shunt during OLV. This lack of effect may
be attributed to the relatively low dose of lidocaine used
in our study.

We found that lidocaine significantly reduced the doses
of propofol and remifentanil during video-assisted tho-
racoscopic resection of pulmonary tumors, likely due
to its sedative effect. When administered intravenously
to healthy individuals, lidocaine can provide a cer-
tain level of analgesia and induce dizziness in over half
of the study participants once its plasma concentration
reaches 1.5 pg/mL.1° These results indicate that lidocaine,
at clinically relevant concentrations, can induce sedation,
leading to a deepening of anesthesia. Forster et al.! has also
suggested that intravenous lidocaine can reduce propofol
doses by half during painless colonoscopy, which is consis-
tent with the results of our study. Additionally, we found
that intravenous lidocaine did not prolong post-anesthesia
recovery time, consistent with previous research.!?

Animal studies have demonstrated that the intravenous
infusion of lidocaine, in combination with adenosine and
magnesium, significantly reduces cerebral oxygen con-
sumption.!® Additionally, in research focusing on cere-
broprotection using an in vitro cerebral ischemia model,
lidocaine was found to decrease neuronal damage during
cerebral ischemia.'* Despite the neuroprotective proper-
ties of lidocaine, the impact of continuous intravenous
lidocaine infusion on postoperative cognitive function
in patients remains a topic of debate. Wang et al.!® con-
ducted a study where patients received a continuous intra-
venous infusion of lidocaine at a rate of 2 mg/kg/h during
laparoscopic colorectal cancer surgery until the conclusion
of the procedure. Their findings revealed a significant re-
duction in the occurrence of cognitive dysfunction within
7 days post-surgery. However, in a multicenter trial in-
volving lidocaine administration in cardiac surgery, where
study participants were given 1 mg/kg of lidocaine after

tracheal intubation followed by a continuous infusion,
researchers discovered that the use of intravenous lido-
caine during and after cardiac surgery did not diminish
postoperative cognitive decline at 6 weeks.'® Similarly, our
study on continuous lidocaine infusion during pulmonary
surgery found no impact on postoperative cognitive func-
tion within a year.

A meta-analysis summarized the dose ranges for intra-
operative intravenous lidocaine, indicating a continuous
infusion at a rate of 1.5-3.0 mg/kg/h after a bolus injection
of 0-2.0 mg/kg."” It was found that the plasma concentra-
tions of lidocaine were much lower than the toxic level
of 5 ug/mL despite continuous infusion during surger-
ies.!81% Our study used the same dose of lidocaine and
found no obvious adverse effects.

Limitations

There are some limitations to our study. First, our patients
were relatively young because older patients are reluctant
to participate in clinical trials. This may have compromised
the generalizability of our findings. Second, the single-cen-
ter design and small sample size are additional limitations
that should be considered when interpreting the results.
Third, the statistical analysis in this study is exploratory
and does not incorporate multiple comparisons correction.
Hence, the interpretation of the results should be exercised
with caution due to the potential for uncontrolled type I er-
ror probability, which could also impact the validity of any
future meta-analyses. This exploratory analysis provides
a foundation for future research in this field.

Conclusions

Our study found that intravenous lidocaine had no sig-
nificant impact on intrapulmonary shunt during OLV
in VATS. However, it significantly reduced the doses of pro-
pofol and remifentanil required. Furthermore, the sup-
plementary use of lidocaine in our patients did not lead
to a decline in cognitive function at 1 year post-operation.

Supplementary data
The Supplementary materials are available at https://

doi.org/10.5281/zenodo.13683171. The package includes
the following file:
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Abstract

Background. Placenta previa, occurring when the placenta covers the cervical opening after 28 weeks, can
lead to severe postpartum bleeding, especially when coupled with placenta accreta spectrum (PAS), posing
risks of organ damage and necessitating hysterectomy. Accurate preoperative diagnosis of PAS in women
with placenta previa is crucial to reduce adverse outcomes.

Objectives. This study aimed to develop a risk prediction model for PAS in women with placenta previa.

Materials and methods. A total of 437 patients with placenta previa, delivering babies between Janu-
ary 2012 and December 2018, were included. Data collected encompassed clinical records, neutrophil-to-
lymphocyte ratio (NLR) and sonographic findings. Utilizing univariate and multivariate logistic regression
analyses, the study identified key factors correlated with PAS in expectant mothers with placenta previa. A risk
prediction model was formulated and evaluated through receiver operating characteristic (ROC) analysis.
External validation was performed using additional patients diagnosed with placenta previa.

Results. Independent risk factors for PAS in placenta previa included NLR, timing of cesarean section and
miscarriage, placenta previa type, presence of placental lacunae, and uterovesical hypervascularity. The predic-
tive model was established using specific coefficients. The ROC curve indicated an area under the curve (AUC)
0f 0.821, with a sensitivity of 80.6% and specificity of 68.9%. External validation demonstrated a diagnosis
coincidence rate of 75%, and the model exhibited good calibration according to the Hosmer—Lemeshow
test (p = 0.3742, >0.05).

Conclusions. The developed model showed effective potential in predicting PAS among women with
placenta previa. Its application could significantly contribute to the early detection and subsequent manage-
ment of PAS.

Key words: prenatal diagnosis, NLR, placenta accreta, prediction, placenta previa
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Background

Placenta previa, defined as the partial or complete cover-
age of the cervical opening by the placenta after 28 weeks
of pregnancy, affects between 0.24% and 1.57% of pregnan-
cies and is a leading cause of postpartum hemorrhage.!
When placenta previa coexists with placenta accreta spec-
trum (PAS), the risk of severe postpartum bleeding and
damage to adjacent organs significantly increases. In se-
vere cases, hysterectomy may become necessary, posing
serious health risks to both mothers and babies.>?

Placenta accreta spectrum encompasses a spectrum
of disorders characterized by trophoblast tissue invading
or adhering to the myometrium, with potential extension
into the uterine serosa.'*®> This spectrum includes pla-
centa accreta, placenta increta and placenta percreta, with
the incidence steadily rising due to factors such as maternal
age advancement and increasing rates of cesarean deliver-
ies.>® Accurate preoperative diagnosis and risk assessment
of PAS in women with placenta previa are crucial to miti-
gate adverse outcomes and mortality risk.

While ultrasound is the primary method for prenatal PAS
diagnosis and risk assessment, its efficacy varies widely,
and interpretation depends on operator expertise.” In cases
where specific ultrasound features suggest abnormal placen-
tal implantation, magnetic resonance imaging (MRI) is often
used for further evaluation.® However, the efficacy of ultra-
sound relies on the operator’s skill, and not all sonographers
possess the expertise to interpret PAS-related ultrasound
characteristics. Additionally, the location of the placenta,
especially in cases of posterior placentation associated with
placenta previa, can hinder accurate assessment. Although
MRI provides a more comprehensive evaluation, it is not
universally available, particularly in rural areas.?

In response to the need for reliable predictive biomarkers
for PAS, the exploration of serological molecular markers
has gained recognition.” The neutrophil-to-lymphocyte
ratio (NLR), commonly used to assess systemic inflam-
mation, has shown independent prognostic significance
in various cancers.!® Considering the similarities between
excessive trophoblast invasion in PAS and tumor cell inva-
sion and metastasis, NLR emerges as a promising candidate
for predicting PAS risk in women with placenta previa.!»12

By incorporating NLR as a potential biomarker, our
study aims to develop and validate a predictive model for
preoperatively assessing the risk of PAS in women with
placenta previa. This approach may enhance risk strati-
fication and inform clinical decision-making, ultimately
improving maternal and neonatal outcomes.

Objectives

Considering the parallels between trophoblasts and
tumor cells, and the predictive value of NLR in tumors,
this study aimed to explore the effectiveness of NLR
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as a preoperative assessment tool for PAS in individuals
with placenta previa. A 2"¢ objective was to construct
and externally validate a predictive model that integrates
clinical, ultrasound and NLR data to identify high-risk
individuals.

Materials and methods
Participants

This retrospective analysis included 549 patients with
placenta previa who delivered at our hospital from January
2012 to October 2021 (437 patients in the development
group, who delivered from January 2012 to December 2018,
and 112 patients in the validation group, who delivered
from January 2019 to October 2021). Inclusion criteria
comprised single pregnancies, live births and gestational
weeks ranging from 28 to 42. Exclusion criteria involved
neoplastic or infectious diseases, preeclampsia, gestational
diabetes mellitus, multiple pregnancies, assisted reproduc-
tion, or incomplete data. The research protocol received
approval from the Institutional Review Board (approval
No. YXLL-KY-2021-018).

The study participants were divided into PAS and non-
PAS groups based on intraoperative placental implantation
outcomes. The patient inclusion and grouping process are
detailed in Fig. 1.

Total number of deliveries

January 2012-October 2021
n=4,859

PRFM: 49  fever:5
ovarian teratoma: 1
preeclampsia: 17
GDM:28  IVF-ET:7
] mulliple pregnancies: 8

placenta previa
n=702

[ total enrolled patients incomplete data: 38

n =549
development group
n =437

|
[PAS group] [non—PAS group] [PAS group] [non—PAS group]

validation
n=11

group
2

n=170 n =267 n=>53 n=>59

Fig. 1. Flowchart of the recruiting process of patients with placenta previa

GDM - gestational diabetes mellitus; IVF-ET - assisted reproduction;
PAS - placenta accreta spectrum; PRFM — premature rupture of fetal
membranes.

Study design and setting
Collection of information

Maternal clinical data encompassed various factors:
maternal age, place of residence, gestational age, gravid-
ity, parity, history of previous cesarean sections, number
of prior abortions, and any previous uterine surgeries, e.g.,
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laparoscopic or open myomectomy, hysteroscopy, etc. Ad-
ditionally, perioperative outcomes were examined, includ-
ing the mode of delivery, post-delivery blood loss within
24 h and infant birth weight.

We collected complete blood counts (CBCs) taken within
1 week before delivery, preceding the administration
of dexamethasone for promoting fetal lung maturation.
The NLR was derived by dividing the absolute neutrophil
count (ANC) by the absolute lymphocyte count (ALC).
Similarly, the platelet-to-lymphocyte ratio (PLR) was cal-
culated by dividing the absolute platelet count by the ALC.

Experienced sonographers with over 10 years of practice
in ultrasound diagnostics and holding the qualification
of Deputy Chief Physician, following guidelines established
by the Society for Maternal—Fetal Medicine (SMEM) in 2021,
validated the ultrasound diagnosis within 1-2 weeks before
delivery.” The selection of specific ultrasound parameters,
including placental lacunae and uterovesical hypervascular-
ity, was based on their documented association with PAS
diagnosis and prognosis. Placental lacunae, defined as 3
or more large-sized, irregular, hypoechoic spaces contain-
ing vascular flow within the placenta, have been identified
as a hallmark feature of PAS on ultrasound imaging. Simi-
larly, uterovesical hypervascularity, characterized by in-
creased flow with the visualization of more than 10 small
vessels and/or several main vessels, has been shown to cor-
relate with abnormal placental implantation and increased
risk of PAS. By assessing these ultrasound parameters, our
study aimed to utilize established criteria to enhance the ac-
curacy and reliability of preoperative PAS risk prediction
in women with placenta previa.

Placental data collected included placenta type (classi-
fied based on the relationship between the placenta and
the cervical opening, categorized as marginal placenta,
partial placenta or complete placenta) and placental loca-
tion, referring to the primary area of the placenta. Placenta
accreta spectrum diagnosis was confirmed in all patients,
either through intraoperative observations or histopatho-
logical examination.

Statistical analyses

For statistical analyses, we utilized IBM SPSS v. 25.0
(IBM Corp., Armonk, USA) and R software v. 4.0 (R Foun-
dation for Statistical Computing, Vienna, Austria). De-
scriptive statistics were performed to summarize both con-
tinuous variables (utilizing mean and standard deviation
(SD) or median and interquartile range (IQR), depending
on distribution normality) and categorical variables (pre-
sented as frequency and proportions). The Shapiro—Wilk
test, chosen for its suitability with smaller datasets and
sensitivity to deviations from normality, was used to assess
the normality of distribution. A significance level below
0.05 typically indicates non-normality.

To develop and validate the regression model predict-
ing the outcome, our study followed a rigorous approach.
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Initially, the dataset was randomly split into a training set
(80%) and a test set (20%) to ensure unbiased model evalu-
ation, preventing temporal biases from influencing results.

For predictor selection, least absolute shrinkage and
selection operator (LASSO) regression was employed, es-
pecially suitable for models with potentially numerous
predictors compared to observations. Such regression aids
in coefficient shrinkage and enhances model interpret-
ability by performing variable selection within the regu-
larization process. The tuning parameter (lambda) for
LASSO was determined through 10-fold cross-validation
on the training set to minimize prediction error and avoid
overfitting.

Multivariate logistic regression analysis was conducted
to identify independent influencing factors and formulate
the PAS prediction model. The assumption of linearity
between the logit of the outcome and each continuous
predictor was assessed with Stata v. 17 (Stata Corp., College
Station, USA) using Component Plus Residual (CPR) plots
rather than the Box-Tidwell procedure due to the soft-
ware’s limitations with handling the Box-Tidwell test for
models with multiple continuous predictors, which could
lead to computational issues or convergence problems.

The CPR plots visually inspected the relationship, en-
suring adherence to the linear logit assumption.

To detect multicollinearity among predictors, the vari-
ance inflation factor (VIF) was calculated for each vari-
able. The VIF values greater than 10 indicated significant
multicollinearity, prompting model review and potential
modification for stable estimates.

Influential observations were identified using leverage
and Cook’s distance measures, helping to detect points
disproportionately affecting model fit. Observations with
high leverage or Cook’s distance significantly exceed-
ing typical thresholds were considered potential outliers
or possessing high influence.

Model specification correctness was evaluated using
Stata linktest, detecting omitted variables and functional
form misspecification through the significant _hat squared
term (_hatsq), suggesting potential model adjustments.

Overall model performance was assessed via a receiver
operating characteristic (ROC) curve and the Hosmer—
Lemeshow test, with statistical significance defined
as p < 0.05. Additionally, the Brier score and likelihood-
based measures such as the Akaike information criterion
(AIC) and Bayesian information criterion (BIC) were ap-
plied to assess model calibration and refinement.

Results

A total of 547 pregnant women meeting the inclusion
criteria were enrolled in our study. Based on intraoperative
clinical assessments and pathological findings, 223 women
(40.7%) were diagnosed with PAS. The distribution of pla-
centa accreta, increta and percreta cases was 123 (22.5%),
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Table 1. Basic demographic characteristics and perioperative outcomes in the training and test set

Training set Test set
Basic demographic characteristics non-PAS non-PAS
(n=267) (n=59)
Maternal age [years], <35 218(81.6) 135 (794) 39 (66.1) 43 (81.1)
n (%) >35 49 (18.4) 35 (206) 20339 10(189)
unmarried 2(0.7) 0(0.0) 0(0.0) 1(1.9
Marital status, n (%) married 265 (99.3) 170 (100) 59 (100) 52(98.1)
divorced/separated 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Blace of residence, town 159 (59.6) 100 (58.8) 42(712) 28(52.8)
n (%) rural area 108 (404) 70 (41.2) 17 (2898) 25 (47.2)
<2,500 66 (24.7) 50(29.4) 18 (30.5) 21(39.6)
Birthweight [g], n (%) 2,500-4,000 196 (73.4) 117 (68.8) 40 (67.8) 31(585)
>4,000 5(1.9) 3(1.8) 1(1.7) 1019
Blood loss within 24 h [mL], n (%) 560 (140) 870 (943) 550 (100) 760 (500)
Hysterectomy, n (%) 4(15) 11(6.5) 0(0) 2(3.8)

PAS - placenta accreta spectrum.

75 (13.8%) and 25 (4.6%), respectively. Notably, only 2 pa-
tients in the PAS group had a history of hysteroscopic
electrotomy, precluding a comparison regarding previous
uterine surgeries between the groups. Hysterectomy was
performed in 13 patients (2.4%). No fatalities occurred dur-
ing the study period. Comprehensive demographic charac-
teristics and perioperative outcomes for both the training
and test sets are detailed in Table 1, and all test assump-
tions are provided in the Supplementary tables.

Variable selection and model development

In the training set, we employed LASSO regression
to optimize the selection of predictive variables from clini-
cal characteristics, CBCs and ultrasound findings. This
approach was chosen to ensure a rigorous, data-driven
selection process, minimizing potential overfitting and
enhancing the model’s predictive accuracy. The LASSO
regression was particularly effective in handling the high
dimensionality of our dataset and identified 6 variables
that exhibited the strongest associations with the outcome
of interest.

Table 2. Multivariate analysis of factors associated with PAS in the training set

The variables selected using LASSO regression included:

« time of caesarean section;

« time of miscarriage;

+ NLR;

« type of placenta previa;

« presence of placental lacunae;

« uterovesical hypervascularity.

These variables were then further analysed using multi-
variate logistic regression to determine their independent
effects on the risk of PAS.

A risk model to predict PAS

Following the variable selection, multivariate logistic re-
gression was conducted, which confirmed that the 6 vari-
ables identified by LASSO regression (time of cesarean
section, time of miscarriage, NLR, type of placenta pre-
via, presence of placental lacunae, and uterovesical hyper-
vascularity) were significant predictors of PAS (Table 2).
The logistic risk prediction model was formulated as fol-
lows: P = exp(w)/ [1 + exp(w)], where W = -3.942 +
0.393 x time of miscarriage + 0.482 x time of cesarean

Wald's test OR (95% Cl)

p-value

Variable
Previous caesarean section 0482 0.251
Time of miscarriage 0.393 0.111
Partial placenta previa 1.546 0453
Complete placenta previa 1.755 0.307
NLR 0.296 0.079
Uterovesical hypervascularity 0.871 0.501
Placental lacunae 1488 0.642

Placenta previa classification, n (%)

3.698 0.054
12.540 <0.001

1.619 (0.991-2.646)
1.529(1.232-1.896)

11.636 0.001 4695 (1.931-11.416)
32.680 <0.001 1482 (1.192-1.842)
14.042 <0.001 1.344 (1.152-1.569)
3.027 0.082 2.390 (0.896-6.379)
5.365 0.021 4.427 (1.257-15.592)

95% Cl — 95% confidence interval; NLR — neutrophil-to-lymphocyte ratio; OR — odds ratio; PAS - placenta accreta spectrum; SE — standard error.
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section + 0.296 x NLR + 1.546 x partial placenta (1 for yes,
0 for no) + 1.755 x complete placenta (1 for yes, 0 for no) +
0.871 x uterovesical hypervascularity (1 for yes, 0 for no)
+ 1.488 x placental lacunae (1 for yes, 0 for no).

Our evaluation of linearity between predictors and
the log odds of the outcome confirmed that the relation-
ship is appropriately linear. The plots showed no systematic
deviations from a straight line, suggesting that the linear
assumption necessary for logistic regression holds true
across all continuous variables.

The VIF analysis revealed that all predictors had VIF val-
ues well below the threshold of 10, with the highest being 3.2.
This indicates that our model does not suffer from multicol-
linearity, affirming that the coefficient estimates are stable
and reliable. Investigation into influential outliers through
leverage and Cook’s distance identified no observations,
with leverage exceeding twice the average or Cook’s distance
greater than the commonly used cutoff of 4/(N-k-1). This
outcome suggests that our model is not unduly influenced
by outliers, and the results are robust across the sample.

The linktest used for assessing model specification
indicated no signs of misspecification. The significance
of the _hat term (p < 0.001) and the nonsignificance
of the _hatsq term (p = 0.995) confirm that the functional
form of the model is correct and that there are no omitted
variable biases influencing our results.

Effectiveness of the logistic risk
prediction model

The performance of our predictive model in the train-
ing set, with an AUC of 0.821 (Fig. 2), indicates a strong
ability to distinguish between the outcomes of interest,
suggesting that the model is highly effective in capturing
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Fig. 2. Receiver operator curves (ROC) for prediction of placenta accreta
spectrum (PAS) in the training set
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the essential predictors. The Youden index optimal cutoff
value of 0.344, which maximizes the sum of sensitivity and
specificity, highlights a well-balanced trade-off between
both measures, leading to an overall accuracy of 73.5%.
These metrics underscore the robustness of the model
in the training phase.

Upon external validation in the test set, the model
maintained a robust performance with an AUC of 0.775.
This slight decrease compared to the training set is typi-
cal, as models often perform slightly better on the data
on which they were trained. However, the high specificity
of 84.7% in the test set indicates that the model is particu-
larly effective at identifying true negatives, which is crucial
for clinical settings where false positives can lead to un-
necessary interventions.

The sensitivity in the test set was 64.2%, which, while
lower than in the training set, still represents substantial
predictive power, especially when considered alongside
the high specificity. The accuracy of 75.0% in the test set
further validates the model’s utility in external populations
and reinforces its generalizability (Fig. 3, Table 3).

Additionally, the Hosmer—Lemeshow test result
(p = 0.3742) confirms good calibration of the model

Table 3. The prediction outcome of PAS using prediction model and
actual PAS outcome in the test set

Predict outcome

Actual outcome

non-PAS PAS
Non-PAS 50 9 59
PAS 19 34 53
Total 69 43 112

PAS - placenta accreta spectrum.
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Fig. 3. Receiver operator curves (ROC) for prediction of placenta accreta
spectrum (PAS) in the test set
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across different subgroups within the dataset, indicating
that the predicted probabilities of outcomes are consis-
tent with the observed probabilities. This aspect of model
performance is crucial for clinical applicability, ensuring
that the model’s predictions are not only accurate but also
calibrated to the realities of clinical practice. The Brier
score, which measures the mean squared difference be-
tween the predicted probabilities and the actual outcomes,
was 0.18, indicating a good level of predictive accuracy.
Furthermore, the AIC and BIC were employed to evaluate
model complexity and fit, ensuring that the final model
avoids overfitting while maintaining predictive robustness.

Discussion

This study aimed to create a model to identify individu-
als with placenta previa at high risk for developing PAS
by integrating clinical risk factors, NLR and ultrasound
findings. The developed risk prediction model was exter-
nally validated based on these clinical variables, exhib-
iting superior predictive accuracy compared to clinical
diagnosis alone. This study marks the initial exploration
of the potential role of NLR as a predictive biomarker
for PAS.

Literature on risk assessment and prediction models
for PAS in placenta previa remains limited. Prior stud-
iest315 have explored scoring systems diagnosing PAS
using clinical characteristics and ultrasound findings,
while Delli Pizzi et al.'* employed an MRI-based predic-
tive model. These models achieved AUC values rang-
ing from 0.833 to 0.925, sensitivities between 83.3% and
100%, and specificities ranging from 77% to 85.7%. In our
study, the prediction model assessing PAS yielded an AUC
of 0.821, a sensitivity of 80.6% and a specificity of 68.9%.
While our diagnostic efficacy may not surpass that of other
studies, the factors included in our prediction model are
simple, cost-effective and easily applicable in clinical
settings.

The NLR is recognized as a potential biomarker for pre-
dicting survival outcomes in various diseases, including
cancer and coronary artery disease (CAD).!! Elevated NLR
in association with PAS is believed to involve multifacto-
rial mechanisms.

Studies indicate that women with prior cesarean sections
exhibit increased uterine artery resistance and a reduced
proportion of uterine blood flow in comparison to those
with a history of vaginal delivery.!® This discrepancy in ox-
ygen supply to placental tissue may trigger a local inflam-
matory response, resulting in the production of cytokines,
particularly vascular endothelial growth factor (VEGE).
Research has demonstrated common occurrences of local
fibrous tissue increase and inflammatory cell infiltration
around the scar site.*!” Immunohistochemistry findings
have revealed heightened VEGF and phosphotyrosine
in extravillous trophoblast cells, potentially promoting
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trophoblast infiltration and vascular remodeling among
PAS cases compared to normal controls.*18

Lymphocytes play essential roles in cytotoxic cell death
and cytokine production, impacting immune response
inhibition. Pregnant women with placental implantation
complications have notably decreased natural killer cells
(NK cells), which release cytokines to regulate invasion.!
Recent work by Shainker et al.?* employing a novel pro-
teomics platform unveiled differential plasma protein
expression between PAS and control groups. Pathway
analyses implicated these differentially expressed proteins
in closely regulating inflammation, coagulation, angiogen-
esis, and invasion in PAS cases. Furthermore, secondary
disruptions in the endometrium-myometrial interface
might contribute to microenvironmental changes within
the uterine scar, leading to immune balance disruptions.

The escalating prevalence of PAS disorders is closely
linked to the rising rates of cesarean sections, substanti-
ated by robust epidemiological evidence.>?-2> Notably,
a study conducted in Hong Kong observed a surge in PAS
incidence among women with prior cesarean deliveries
compared to those with unscarred uteruses.?* Correspond-
ingly, as cesarean section rates increased, so did the inci-
dence of PAS disorders. A meta-analysis highlighted an es-
calating odds ratio (OR) for PAS, rising from 8.6 to 17.4
with 1-2 previous cesarean sections, and soaring to 55.9
following 3 or more prior cesarean deliveries.>?> Another
comprehensive systematic review revealed an increase
in PAS rates from 0.3% after a single prior cesarean sec-
tion to 6.7% after 6 previous cesareans.®

The underlying mechanism contributing to the surge
in PAS may involve uterine scarring, impairing the decidua
interface at the implantation site. This scarring potentially
diminishes the integrity of the decidua, fostering increased
trophoblast adhesion or infiltration. Consequently, placen-
tal implantation into the myometrium may occur in sub-
sequent pregnancies. Surgeries leading to endometrial in-
tegrity compromise, such as uterine curettage, postpartum
endometritis, hysteroscopic surgery, endometrial ablation,
and uterine artery embolization, have also been associated
with PAS disorders in subsequent pregnancies. Addition-
ally, our study established abortion as an independent risk
factor for PAS.

The primary method for diagnosing PAS is transvaginal
ultrasound (TVS). Classical ultrasound signs indicative
of PAS encompass features such as placental lacunae, loss
of the clear zone, interruption of the bladder wall, utero-
vesical hypervascularity, placental bulge, and myometrial
thinning.?” These ultrasound observations are correlated
with the pathophysiology of PAS.* Among these signs, pla-
cental lacunae have notably been linked to PAS, with stud-
ies emphasizing its association with cesarean hysterectomy
and maternal complications.”?%3° Conversely, in patients
with placenta previa and prior cesarean sections, the ab-
sence of lacunae demonstrated a high negative predictive
value (NPV) ranging from 88% to 100% for PAS.”2%30
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Alterations in the uterovesical interface present compel-
ling specificity (97.5-99.8%), albeit with lower sensitivity
(49.6%).1-3132 Markers observed at the uterus and bladder
interface include bridging vessels, hypervascularity be-
tween these organs, and interruption of the bladder wall.
Color Doppler imaging has proven effective in detect-
ing neovascularity in most PAS cases’; however, some
of the ultrasound signs mentioned are not exclusive to PAS.
For instance, myometrial thinning may result from a prior
cesarean scar.” Thus, our study specifically selected 2 eas-
ily identifiable signs — placental lacunae and uterovesical
hypervascularity — which were found to be significantly
valuable in distinguishing between the PAS and non-PAS
groups.

Despite the pivotal role of ultrasound in the prenatal
diagnosis of PAS, the American College of Obstetricians
and Gynecologists/The Society for Maternal-Fetal Medi-
cine (ACOG/SMFM) underscores that a negative ultra-
sound cannot entirely exclude the possibility of PAS. They
emphasize the significance of clinical risk factors, high-
lighting their equal importance to ultrasound findings
in predicting PAS (grade 1A).333* Moreover, the Society
of Obstetricians and Gynecologists of Canada (SOGC)
highlights that the efficacy of ultrasound in diagnosing
PAS is contingent on various factors, including knowl-
edge of clinical risk factors, imaging quality, operator
expertise, gestational age, imaging techniques, and ad-
equate bladder filling.?> These considerations further
underscore the relevance and importance of our com-
posite scoring model.

As anticipated, the type of placenta played a significant
role in the risk of placental implantation disorders. Spe-
cifically, complete placenta previa demonstrated a higher
likelihood of association with PAS. The absence of endo-
metrial re-epithelialization in the scar region, coupled with
inadequate blood supply, potentially facilitated wider and
deeper invasion by trophoblast and villous tissue.

While the location of placental attachment showed
minimal significance, prior studies have indicated that
maternal age above 35 years could elevate the odds of PAS
disorders.3%3” However, according to the 2018 Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
guidelines on the prenatal diagnosis and screening of PAS,®
this association might be influenced by confounding fac-
tors such as multiparity and previous uterine surgeries,
rather than solely by advanced maternal age itself. Our
present study did not establish a significant association
between age and PAS.

The notable strength of our study lies in its pioneering ap-
proach incorporating serum markers into the construction
of a predictive model. This strategy facilitated a quantifi-
able prenatal assessment, specifically aimed at identifying
cases of placenta previa at high risk for PAS. We rigorously
validated this predictive model and confirmed its accu-
racy using independent samples. By integrating NLR into
our predictive model, we not only improved predictive
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accuracy but also gained valuable insights into the patho-
physiological mechanisms driving PAS development. This
holistic approach, encompassing both clinical and inflam-
matory markers, enhances the robustness of our predictive
model and provides clinicians with a more comprehensive
tool for risk assessment in placenta previa patients.

Limitations

This study was conducted at a single center, and both
model development and validation were retrospective.
Notably, the enrolled participants had placenta previa,
raising uncertainties about the model’s applicability to PAS
patients without placenta previa. In future investigations,
we intend to prospectively verify our findings and extend
the prediction model to encompass all PAS patients, partic-
ularly focusing on the 15t and 2™ trimester. This approach
is crucial, considering that current studies predominantly
concentrate on high-risk pregnancies in the 3" trimester.
Ultimately, such efforts aim to enhance pregnancy out-
comes through improved predictive strategies.

Conclusions

The integration of clinical characteristics, NLR and
ultrasound findings in a preoperative prediction model
holds significant promise for improving patient care and
maternal outcomes in cases of PAS among women with
placenta previa.

By leveraging our prediction model, clinicians can effec-
tively stratify patients into high-risk categories, enabling
the formulation of tailored delivery plans and timings. This
approach facilitates early identification of high-risk cases,
allowing for closer monitoring and timely interventions
when necessary. As a result, unnecessary interventions can
be minimized, while optimal management strategies can
be implemented to mitigate the risk of maternal morbidity
and mortality associated with PAS.

The implementation of our prediction model is antici-
pated to not only enhance patient care by ensuring appro-
priate management strategies but also improve maternal
outcomes by reducing the incidence of complications as-
sociated with PAS.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zeno0do.12694596. The package includes
the following files:

Supplementary Table 1. Variance inflation factor for all
the variables in the final prediction model.

Supplementary Table 2. Cook’s distance for all the vari-
ables in the final prediction model.

Supplementary Table 3. Verification of test assumptions
in the final prediction model.
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Abstract

Background. Insulin resistance (IR) is considered a risk factor for cardiovascular diseases (CVD). Therefore,
early diagnosis of IR is clinically significant for primary and secondary CVD prevention initiatives. In addition,
non-insulin metabolic indices may be useful for diagnosing IR.

Objectives. The first objective was to estimate the triglyceride and glucose (TyG) index and the metabolic
score for insulin resistance (METS-IR) index values in a local community with high social deprivation and
increased cardiovascular risk according to the Systematic Coronary Risk Evaluation scale. The second objective
was to identify significant sociodemographic and health predictors for the TyG index and METS-IR index.

Materials and methods. This cross-sectional study was conducted in the local community of Jandw
district in eastern Poland and consisted of 2 stages. The 1! stage involved basic research (n = 4,040), while
the 2% stage involved enhanced diagnostics (n = 2,657). Data from the 2" stage was used for the analyses.
Anthropometric and physiological measurements were taken, blood was drawn for laboratory tests, selected
sociodemographic and health variables were evaluated, and the TyG index and METS-IR index were calculated.

Results. The mean TyG index score in the study group was 8.65 (+£0.58), and the mean METS-IR index
score was 4145 (+9.02). Both indices were significantly associated with age, male sex, smoking, and sys-
tolic blood pressure (SBP) in a multivariable model. In addition, alcohol consumption and body mass index
(BMI) were significantly correlated with the TyG index, whereas education was significantly associated with
the METS-IR index.

Conclusions. Our results show the association between IR and sociodemographic and health variables
in a group with a high social deprivation rate and increased cardiovascular risk. Early detection of cardio-
metabolic risk is important for both primary and secondary CVD prevention. In primary healthcare, this can
be accomplished through surrogate markers of IR.

Keywords: insulin resistance, cardiovascular disease, local community, triglyceride and glucose (TyG),
metabolic score for insulin resistance (METS-IR)
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Background

As one of the leading causes of morbidity and mortal-
ity worldwide, cardiovascular diseases (CVD) have a sub-
stantial financial impact on healthcare systems and sig-
nificantly worse wellbeing.! Patients with CVD, especially
those with multiple risk factors, continue to have a high
risk of cardiovascular complications and recurrence de-
spite the development and implementation of several sec-
ondary prevention strategies, such as pharmacotherapy, re-
vascularization and rehabilitation.? Therefore, identifying
and addressing risk factors in groups at high risk of CVD
becomes critical for primary CVD prevention. Glucose
and lipid metabolism disorders are a major cause of CVD.
Studies indicate that insulin resistance (IR), hyperglyce-
mia and dyslipidemia increase cardiovascular morbidity
and mortality.? Thus, investigating a correlation between
primary CVD prevention and both modifiable and non-
modifiable risk factors and glycolipid metabolism may help
to reduce the worldwide burden of CVD.

Insulin resistance, defined as decreased insulin respon-
siveness in tissues, is a crucial mechanism in glycolipid
metabolism.* Research shows that IR increases the risk
of diabetes, hypertension and other illnesses, and may be
a primary cause of CVD.%=¢ In addition, IR is the primary
risk factor for coronary artery disease (CAD) in young
adults and can cause up to 40% of myocardial infarctions.”
The gold standard for assessing IR is the euglycemic insulin
clamp technique,® but its use in screening is limited because
it is an invasive, expensive and challenging method to use
in large cohort studies.” Consequently, IR indices, which
do not include insulin levels in their calculation algorithm,
have been developed. These methods are easier to use and
more cost-effective, particularly in primary healthcare and
epidemiological studies.

The triglyceride and glucose (TyG) index, which com-
bines serum triglyceride and fasting plasma glucose levels,
is a surrogate marker of IR. Wen et al.'® found that the TyG
index is strongly associated with the incidence of prediabe-
tes compared to other IR indices in the Chinese population.
Other research suggests it is more accurate than the ho-
meostatic model assessment index (HOMA-IR) in predict-
ing the incidence and prognosis of hypertension, diabetes,
stroke, and other CVD.1'-13 It should be noted that IR is not
only related to glucose and lipid metabolism but also to nu-
tritional status and fat distribution. Unfortunately, the TyG
index does not account for these 2 factors, which is un-
doubtedly its weakness. Therefore, Bello-Chavolla et al.*
developed a novel metabolic score for IR (METS-IR) index
using biochemical and anthropometric variables easily
obtained in primary healthcare, and which demonstrate
good diagnostic performance for assessing insulin sensi-
tivity. The METS-IR is also a relevant marker for evaluat-
ing cardiometabolic risk in both healthy and at-risk study
participants, and may be a useful tool for screening insulin
sensitivity.’? Available data indicate that both the TyG index

M. Polak et al. The TyG index and METS-IR index values

and METS-IR index are associated with several CVD risk
factors, including diabetes, metabolic syndrome, arterial
stiffness, CAD, and subsequent cardiovascular events.!1>16

Sociodemographic, environmental and psychosocial fac-
tors significantly impact health, contribute to the develop-
ment of CVD risk factors, and influence CVD morbidity
and mortality.”” Numerous studies have shown a strong
association between socioeconomic status (SES), which
includes education, income and occupation, and the preva-
lence of CVD risk factors.!® De Mestral et al.!? emphasize
the importance of examining how the SES-CVD rela-
tionship varies regionally within countries, particularly
in middle-income countries where it may be influenced
by place of residence (rural vs urban areas). An example
is the Janow district in eastern Poland, a local community
characterized by low SES and ranked among the 20% most
deprived districts in Lublin Province.?’ Comparative analy-
sis of socioeconomic characteristics preceding the study
revealed significantly unfavorable differences compared
to nationwide indicators: a higher percentage of residents
with primary education (23.2% vs 27.55% nationally),?!
a 15.6% unemployment rate among working-age individu-
als vs the national average of 14%,%? and 14.6% of the Janéw
district population receiving social benefits compared
to 9.4% across Lublin Province.?® Low SES is one of sev-
eral frequently overlooked risk factors for IR. In Europe’s
multinational, multicultural and socioeconomically diverse
regions, a holistic approach that considers both traditional
and socioeconomic factors is increasingly important for
implementing multidimensional public health programs
and integrated social interventions to effectively prevent
IR-related diseases. Therefore, understanding the regional
relationship between SES and IR is crucial.

Objectives

The 1% objective of the study was to estimate the TyG
index and METS-IR index in Janéw district, a location
characterized by high social deprivation and increased car-
diovascular risk according to the Systematic Coronary Risk
Evaluation (SCORE) scale. The 2" objective was to identify
significant sociodemographic and health predictors for
the TyG index and METS-IR index.

Materials and methods
Study design and participants

The “Take your health to heart” (“WezZ sobie zdrowie do
serca”) prevention and health promotion program was con-
ducted in the Janéw district of eastern Poland from June 14
to March 20, 2016. The initiative was funded by the state
budget and the Norwegian Financial Mechanism 2009-
2014’s Operational Program PL 13 — “Reduction of Social
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Inequalities in Health.” Under the PL 13 Program, fund-
ing was provided for health promotion and prevention
initiatives in local communities with high standardized
mortality ratios (SMRs) between 2009 and 2011 in the fol-
lowing categories: malignant neoplasms, CVD, respira-
tory diseases, digestive diseases, external causes, and total
mortality. Out of 38 districts with the highest standardized
cardiovascular mortality ratios in Poland, Janéw district
was ranked 3" (SMR = 1.357).%

The day before the study, Janéw district had a population
of 47,500 residents. An epidemiological analysis of CVD
incidence among Janéw district residents identified a sharp
rise in risk between ages 35 and 64. Because the majority
of CVD patients are over 65 and healthcare for this group
primarily focuses on symptom management, people aged
35-64 were invited to participate in the study, with 18,827
people of this category living in Janéw district.

Participants meeting the study criteria were contacted
by phone and received invitations from district and mu-
nicipal authorities, as well as cooperating institutions (re-
ligious associations, workplaces, and public utility associa-
tions and institutions). The study consisted of 2 stages.
Stage 1, the basic study, aimed to identify individuals with
a SCORE cardiovascular risk of 5% or higher.?> After a visit
by the patient to the doctor, stage 1 ended with the doctor
deciding whether to enroll the patient in an educational
program for lifestyle improvement or refer them to stage 2.
Inclusion criteria for stage 1 were: 1) age 35—64 years; 2) no
history of cardiovascular incidents; 3) no CAD diagnosis;
(4) informed consent to participate in the study. Exclu-
sion criteria were: 1) history of cardiovascular incidents
(heart attack or stroke); 2) CAD diagnosis; 3) pregnancy;
4) inability to provide informed consent to participate
in the study; 5) bedridden status; 6) residing in a nurs-
ing home or prison. A total of 4,040 participants, 21.45%
of the eligible population, participated in stage 1.

Stage 2, involving enhanced diagnostics, was intended for
participants scoring 5% or higher on the SCORE scale. This
stage was carried out at the Independent Public Complex
of Healthcare Facilities in Janéw Lubelski. During stage 2,
participants underwent a 2"¢ medical visit, where further
testing could be recommended based on enhanced labora-
tory diagnostics. The aim of this stage included diagnosing
the patient, discussing test results with the participant,
and referring them for specialized treatment or to a health
promotion specialist for better lifestyle management.
Of the 3,046 study participants, 168 with diabetes and
221 with a history of cardiovascular events (heart attack
or stroke) were excluded. Ultimately, 2,657 respondents
were included in the analysis. For the purpose of this study,
respondents’ results obtained in stage 2 were analyzed.

The study was approved by the Bioethics Commit-
tee of the Medical University of Lublin (decision No.
KE-0254/112/2014) and conducted in accordance with
the Declaration of Helsinki. All participants provided
written informed consent.
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Anthropometric measurements

Anthropometric measurements of body weight and height
were obtained for all respondents. Height was measured
using an altimeter to the nearest 0.1 cm, and body weight
— without shoes or outer clothing — was measured using
a platform scale to the nearest 0.1 kg. Body mass index (BMI)
was calculated for each participant by dividing body weight
in kilograms (kg) by height in meters squared (kg/m?).2

Blood sampling and laboratory tests

At the blood sample collection point of the Independent
Public Complex of Health Care Facility in Janéw Lubelski,
participants had their blood drawn from the ulnar vein
after an overnight fast between 7:00 AM and 9:00 AM.
The blood samples were immediately sent to the laboratory
for analysis. Serum samples were collected in serum separa-
tor tubes (granules) containing a clot activator. Plasma was
obtained by centrifugation at 3,000 rpm for 10 min. The se-
rum was used for lipid profile analysis (total cholesterol,
triglycerides (TG) and high-density lipoprotein cholesterol
(HDL-C)), and serum glucose (FBG) using standard labora-
tory methods. Cholesterol was calculated using the Friede-
wald equation when TG levels were <400 mg/dL.?’

Physiological measurements

Participants’ systolic (SBP) and diastolic (DBP) blood
pressure were measured twice. Blood pressure was mea-
sured on the left arm using a digital blood pressure moni-
tor. The 1% measurement was taken after a rest period
of at least 5 min, and the 2"¢ measurement was taken
15 min after the first. The mean value of these 2 measure-
ments was used for analysis. An additional measurement
was taken after another 15 min if the first 2 measurements
differed by more than 5 mm Hg. The mean value of these
three measurements was then used for data analysis.?8

TyG index and METS-IR index

The anthropometric measurements and biochemical results
were used to calculate the METS-IR index and the TyG index
for the respondents. The TyG index was calculated using

Ln [TG (mg/dL) x FBG (mg/dL)/2],*
and the METS-IR index was calculated using
Ln [2 x FBG (mg/dL) + TG (mg/dL)] x BMI (kg/m?)/
Ln [HDL-C (mg/dL)].142?

Other variables

A standard questionnaire was used to collect informa-
tion on age, gender, place of residence, marital status, edu-
cation, smoking status, frequency of alcohol consumption,
and household maintenance.



1158

Two categories of smoking status were identified: non-
smoker (those who had never smoked or had stopped smok-
ing at least 1 month before the study) and smoker (those
who smoked at least 1 cigarette per day or had smoked
a cigarette within the previous month).

Participants were also asked about their alcohol con-
sumption in the year prior to the study. They were also
asked how frequently they consumed 1-2 standard doses
of alcohol, with 1 dose equivalent to 10 g of pure ethyl
alcohol. The respondent could select from the following
options: I do not drink alcohol (no alcohol consumption),
less than once a month, once a month to once a week, and
more than once a week.

Statistical analyses

Numerical variables were presented as mean with
standard deviation (SD) and median with interquartile
range (Q1-Q3). The distribution of TyG and METS-IR
between groups was compared using the Mann—Whit-
ney test or Kruskal-Wallis test. Categorical variables were
described by percentages, and the relationship between
numerical variables was assessed with Pearson’s corre-
lation. In addition, multivariable linear regression with
backward elimination (p < 0.1) was used to identify signifi-
cant predictors of TyG and METS-IR. Due to the strong
relationship between SBP and DBP, only SBP was included
in the multivariable analysis. The results of linear regres-
sion were presented as a coefficient (b) with standard er-
ror (SE). The coefficient of determination (R?) was used
to describe the goodness-of-fit of the linear regression
models. Furthermore, the assumptions of linear regres-
sion were checked through plots (linearity (residuals vs
fitted), normality of residuals (Q—Q plot), and homogeneity
of variance (scale location plot)), whereas the absence of in-
fluential observations was confirmed using Cook’s dis-
tance and the absence of multicollinearity was confirmed
with variance inflation factor (VIF). Statistical analyses
were performed using IBM SPSS Statistics for Windows,
v. 27.0 (IBM Corp., Armonk, USA) and R language (R Core
Team (2021); R Foundation for Statistical Computing, Vi-
enna, Austria). P-values < 0.05 were considered statistically
significant.

Results
General characteristics of participants

Table 1 shows the characteristics of the study group (n = 2,657).
The mean age of the study group was 52.7 (+7.99) years. The ma-
jority of participants were women (584%, n = 1,553), residing
in rural areas (66.7%, n = 1,772), with vocational education
(38.1%,n =1,012), and married (88.1%, n = 2,343). The mean TyG
index score in the study group was 8.65 (+0.58) and the mean
METS-IR index score was 41.45 (+9.02).

M. Polak et al. The TyG index and METS-IR index values

Relationship between sociodemographic
and health variables and levels of the TyG
index and METS-IR index

Table 2 shows the relationship between selected sociodemo-
graphic and health variables and the TyG index and METS-IR
indexlevels. The TyG index level was positively associated with
age (r = 0.114, p < 0.001), BMI (r = 0.331, p < 0.001) and blood
pressure: SBP (r = 0.221, p < 0.001), DBP (r = 0.222, p < 0.001).
Inaddition, a significant increase in the TyG index was observed

Table 1. Baseline demographics and clinical characteristics

Variable | Study group
Demographic and social data
Age [years]® 52.7 +7.99
o female 1,553 (58.4)
male 1,104 (41.6)
Place rural 1,772 (66.7)
of residence? urban 885 (33.3)
primary 292(11)
SRR vocational 1,012 (38.1)
secondary 868 (32.7)
university 485 (18.3)
married 2,343 (88.1)
Marital status single 185 (7)
widow/widower 129 (4.9)
Living alone ne 2930(95.2)
yes 127 (4.8)
Health data
smoker 413 (15.5)
Smoking status? former-smoker 558 (21)
never-smoker 1,686 (63.5)
no or less than once a month 2,374 (89.3)
oo oeawee | 15769
more than once a week 126 (4.7)
Clinical data
BMI [kg/m?° 289 +4.84
Total cholesterol [mg/dL]° 223.6 £54.03
LDL-C [mg/dLIP 1283 +59.8
HDL-C [mg/dL]® 60.7 £21.17
Triglyceride [mg/dL] 114.7 (80.4-165.5)
Glucose [mg/dL]® 94 (87-106)
Blood pressure SBP [mm Hgl° 140 +19.08
DBP [mm Hg]® 85.7 £11.39
TyGP 8.65+0.58
METS-IR? 4145 +£9.02

Data are presented as: °n (%); °mean +5D; ‘median (Q1-Q3); BMI - body
mass index; LDL-C — low-density lipoprotein; HDL-C — high-density
lipoprotein; SBP — systolic blood pressure; DBP — diastolic blood pressure;
TyG - triglyceride-glucose index; METS-IR — metabolic score for insulin
resistance index; SD — standard deviation.
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in men, participants with primary and vocational education
compared to those with higher education (p < 0.01), as well
as in smokers or former smokers compared to never-smokers
(p < 0.001). Similarly, higher values of the TyG index were as-
sociated with more frequent alcohol consumption (p < 0.001).

The METS-IR index level was positively associated with
age (r = 0.158, p < 0.001) and blood pressure: SBP (r = 0.256,
p <0.001), DBP (r = 0.234, p < 0.001). Men had significantly
higher values of the METS-IR index, and as educational
level increased, the value of this index decreased. Former
smokers had significantly higher values of the METS-IR
index compared to smokers or never-smokers (p < 0.01, for
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comparisons). In addition, respondents who reported con-
suming 1-2 standard doses of alcohol between once a week
or once a month had higher METS-IR values compared
to those who reported consuming this amount of alcohol
less frequently or not at all (p = 0.008).

Multivariable association between
Tyg index, METS-IR index, and
socioeconomic and health factors

Table 3 shows the significant predictors of the TyG in-
dex and METS-IR obtained by linear regression. Age, male

Table 2. Relation between selected sociodemographic and health variables and the TyG index and METS-IR index levels

Variable |

| puvalue | METS-IR |

TyG p-value
Demographic and social data
8.54+0.52 4045 +9.06
female (n = 1,553) 852 (8.16-8.90) 3942 (33.49-43.12)
Sex <0.001° <0.001°
e 110 8.8+0.64 4287 +8.79
=l 838 (834-9.20) 42.46 (36.46-47.99)
86506 41.84+905
rural (n =1,772) 8.60 (2.88-9.04) 4130 (35.26-47.41)
Place of residence 865 4056 0.6752 2067 +899 <0.0012
.65 +0. .67 £8.
JEER (=) 864 (8.25-9.00) 39.50 (24.36-45.85)
ity (= 292 872+0.58 435+9.06
primary (n = 875 (829-9.07) 4308 (37.28-49.36)
. 86806 4182 +8.88
vocational (n =1,012) 884 (8.24-9.06) 4133 (35.29-47.14)
Education 0.01° <0.001°
secondary (n=868) 8.64+0.57 41524913
yin= 860 (823-9.01) 4098 (34.92-47.11)
O —— 857 +0.56 39324871
yn= 853 (8.19-893) 3804 (32.85-44.52)
. 8.65+0.58 4155+892
married (n =243) 862 (824-9.03) 41,00 (35.15-47.03)
. . - 8.69 £0.68 . 4056 +10.51 .
Marital status single (n = 185) 866 (8.17-9.11) 0.182 30,53 (31.95-48.50) 0.100
. . - 8.56+047 4096 +8.53
widow/widower (n=129) 853 (823-882) 39.86 (34.99-46.01)
8.65 +0.58 4142 +897
9 (11=222(0) 862 (8.23-9.02) 4071 (34.93-46.92)
Living alone 0.589° 0.409°
o= 127) 8.68+0.61 4216 +10.04
yesin= 863 (8.23-9.06) 4160 (34.58- 48.63)
Health data
smoker (n=413) 88066 4081102
= 876 (8.30-9.17) 4027 (32.97-47.08)
Smoking status former-smoker (n = 558) 8 337(3813:(1)—5991) <0.001b i 74;2(?5)2 ;8_33 93) 0.001°
859 +0.55 4123 +876
neversmoker (n = 1,686) 855 (8.19-895) 4043 (34.94-46.76)
no or less than once 8.62 +0.57 4133 +£9.05
amonth (n = 2,374) 858 (8.21-8.99) 40.46 (34.82-46.89)
: between once a month and 8.89 +0.63 b 4337 +£9.00 b
ARl once a week (n = 157) 884 (4.46-9.04) <0001 43.54 (37.25-49.01) 0.008
more than once a week 8.91 +0.64 4137 £8.21
(n=126) 8.89 (8.36-9.40) 4179 (34.94-46.72)

TyG - triglyceride-glucose index; METS-IR — metabolic score for insulin resistance index; BMI — body mass index; data are presented as mean with standard
deviation (SD) and median with interquartile range (Q1-Q3). Statistical significance tested with: @ Mann-Whitney test, ® Kruskal-Wallis test.
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gender, smoking status, and SBP were significantly associ-
ated with both TyG and METS-IR. Age and SBP showed
a positive relationship with surrogate markers of IR. More-
over, men had higher mean values of both the TyG index and
METS-IR index compared to women. Former smokers and
never-smokers had lower TyG index values compared to cur-
rent smokers. However, for METS-IR, participants who were
former smokers had higher values than current smokers.

In addition, participants who reported being non-drink-
ers or consuming alcohol less than once a month had lower
TyG index values compared to those who drank alcohol
more than once a week. There was also a positive associa-
tion between BMI and the TyG index. Finally, participants
with a university education had lower METS-IR values
compared to those with only a primary education level.
Based on plots, Cook’s distance, and the VIF index, there
were no violations of the assumptions of the linear regres-
sion model (Supplementary Fig. 1, Supplementary Fig. 2
and Supplementary Table 1).

Discussion

The TyG index and METS-IR index were found to be
dependent on sociodemographic and health factors
in the local community under study, which is character-
ized by high social deprivation and increased cardiovas-
cular risk as measured using the SCORE scale. According

Table 3. Significant predictors of the TyG index and METS-IS index levels

M. Polak et al. The TyG index and METS-IR index values

to our results, the mean TyG index value among residents
of the Janow district in eastern Poland was 8.65 (+0.58),
whereas the mean METS-IR index value was 41.45 (+9.02).
A similar TyG index value was obtained by Mirr et al.3°
in a group without diabetes and increased fasting glyce-
mia, whereas the METS-IR index in their study group was
lower (38.2 +8.6) than in our study. Li et al.3! described
slightly different mean TyG index and METS-IR index
values in a study conducted in rural areas of China, which
were 6.91 and 40.18, respectively. Variations in surrogate
markers of IR between our results and earlier studies can
be explained by the distinctive characteristics of the Pol-
ish population, particularly the high cardiovascular risk
determined with SCORE in our study group. This is sup-
ported by the findings of Wang et al.,3? who observed that
anincrease in the METS-IR index level was independently
associated with a higher prevalence of coronary arterty
calcification (CAC). Insulin resistance is strongly related
to lifestyle factors such as smoking, alcohol consumption,
a high-calorie diet, and physical inactivity. In turn, life-
style and health-related attitudes are determined by and
are related to social, economic and demographic factors.
Consequently, the search for associations between IR and
sociodemographic variables may contribute to better dis-
ease prevention planning, particularly for CVD.

Insulin resistance and aging are closely associated due
to factors such as loss of lean body mass, increase in vis-
ceral adipose tissue and decline in sex hormone levels.??

Variable | b | SE | p-value | R?
TyG

Demographic and social data age 0.003 0.001 0.01
Sex (reference category: female) male 0.17 0.023 <0.001

Health and clinical data
Smoking status (reference category: former-smoker -0.12 0.034 <0.001
smoker) never-smoker -0.210 0.03 <0.001 0.19
Alcohol consumption (reference between once a month and once a week -0.025 0.063 0.70
category: more than once a week) no or less than once a month -0.16 0.05 0.002
SBP 0.003 0.009 <0.001
BMI 0.037 0.002 <0.001

METS-IR

Demographic and social data age 0.102 0.022 <0.001
Sex (reference category: female) male 1.488 0.365 <0.001

vocational -0.929 0.585 0.11
Ed‘ucation (reference category: —— 0728 0595 022
primary)

university -1.877 0.674 0.005 0.10

Health and clinical data
Smoking status (reference category: former-smoker 1708 0563 0.003
smoker) never-smoker 0.625 0.486 0.199
SBP 0.099 0.009 <0.001

TyG - triglyceride-glucose index; METS-IR — metabolic score for insulin resistance index; SBP — systolic blood pressure; BMI — body mass index;

b - regression coefficients; SE - standard error; R? - coefficient of determination.
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Higher METS-IR index values in older adults were ob-
served in the SouthKorean population studied by Wang
et al.,32 whereas higher TyG index values were observed
in the American population study by Sun et al.3*

In our sample, men had significantly higher IR val-
ues than women. This is consistent with findings from
a Chinese cohort®® and a Japanese cohort,® where women
showed lower TyG index values and METS-IR index values,
respectively. The protective role of estrogen in the devel-
opment of IR may account for these differences in surro-
gate markers of IR between men and women.?” However,
it must be noted that Nakagomi et al.3® hypothesized that
changes in sex hormone levels and body composition re-
lated to menopause may diminish the predictive ability
of female sex, making it similar to that of male sex, but
this hypothesis needs confirmation.

In our study, lower education levels were associated with
higher levels of METS-IR index and TyG index in univari-
ate models, although this relationship was observed only
for METS-IR in the multivariable analysis. Similar results
to ours were obtained by Bukhari®** and Almubark et al.*°
The correlation between education and IR and diabetes
risk was also validated in an extensive European study.*!

Both the TyG index and METS-IR index were found
to be related to smoking. Former smokers and never-
smokers had lower TyG index values than smokers, and
former smokers had higher METS-IR index values than
smokers. Similar results were obtained by Ferreira et al.*?
and Li et al.*® Experimental research indicates that smok-
ing can induce and worsen IR through mechanisms in-
volving catecholamines and other anti-insulin hormones,
thus disrupting glucose and lipid metabolism and exac-
erbating vascular endothelial cell dysfunction.** Smokers
also exhibit relatively low insulin sensitivity compared
to non-smokers. It should be noted that insulin sensitiv-
ity improves within 1-2 weeks after quitting smoking,
although it never returns to normal values.*® Observations
were similar regarding alcohol consumption. Surrogate
markers of IR were higher in those who drank alcohol
more frequently, although this trend was seen only for
the TyG index in the multivariable analysis. The rela-
tionship between IR and alcohol consumption was also
observed by Bermudez et al.*® However, in a meta-anal-
ysis of 47 studies, Bendsen et al.*’ found that beer in-
take >500 mL/day is positively associated with abdominal
obesity, which plays a key role in the development of IR.

A significant correlation has been observed in certain pro-
spective and cross-sectional studies between the TyG index
and BMI*® and the METS-IR index and the TyG index and
the risk of hypertension.**>° Our study revealed the same
relationship. The mechanism explaining the correlation be-
tween surrogate markers of IR and hypertension could be at-
tributed to overstimulation of the sympathetic nervous sys-
tem, which increases cardiac output and peripheral vascular
resistance, thereby raising blood pressure.>! In addition, IR
stimulates the activity of the renin—angiotensin—aldosterone
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system by increasing tubular Na* reabsorption,>> which can
cause a rapid rise in blood pressure. In contrast, a higher
BMI indicates the presence of excess body fat and is associ-
ated with elevated levels of free fatty acids and inflammatory
mediators such as interleukin 6 (IL-6) and tumor necrosis
factor alpha (TNF-a), which are closely related to IR because
they impair lipid homeostasis and lead to inflammation.>

Limitations

The study had several limitations. First, the cross-sec-
tional study design did not allow us to address the causality
of the observed relationships. Second, because the respon-
dents had an increased cardiovascular risk, presumably
due to risk factors such as poor diet and lack of physical
activity being more prevalent in our study group, the TyG
index and METS-IR index values may be overestimated
compared to the general population. Third, we used sur-
rogate markers of IR instead of including HOMA-IR, which
has been more widely used in previous studies. However,
previous studies comparing multiple indices to assess IR
levels have found similar effects when using HOMA-IR,
TyG, and METS-IR indices.!*>* Lastly, because every study
participant was Polish, it is unclear whether our findings
apply to other ethnic groups. Future research examining
the relationship between SES and IR should use a nation-
ally representative sample and clarify the mechanisms
linking low SES to IR when behavioral-health variables
are considered. Nonetheless, our research undoubtedly
contributes to understanding the relationship between
sociodemographic and health factors and IR in a local
community with increased cardiovascular risk and high
deprivation. These findings may be useful in the develop-
ment of primary and secondary CVD prevention strategies.

From a practical standpoint, this work has implica-
tions for healthcare professionals and future researchers.
The study results may be of key importance for healthcare
professionals such as physicians, nurses, dieticians, and
others working with low-income, undereducated or at-
risk patients for diabetes and CVD. Healthcare workers,
particularly those in primary care, can monitor patients
undergoing treatment or seeking to adopt a healthier life-
style over time by using surrogate IR markers to quickly
and affordably determine the patient’s risk of IR. Such
assessments should be routine, especially in communities
with low SES. If significant screening deviations occur,
the patient may be referred for more expensive, in-depth
diagnostic procedures.

Conclusions

The study results show a significant relationship between
surrogate markers of IR and sociodemographic and health-
related variables. The TyG index and METS-IR index values
were found to increase with age and SBP. In addition, these
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indices showed higher values in men, people with lower
education levels, current or former smokers, and those who
consume alcohol more frequently. Furthermore, the TyG
index was positively associated with BMI. Low-cost sur-
rogate markers of IR, such as the TyG index or METS-IR
index, may find use in primary healthcare for assessing IR,
potentially facilitating early prevention of CVD.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.12664545. The package includes
the following files:

Supplementary Table 1. The values of VIF for indepen-
dent predictors for TyG and METS-IR.

Supplementary Fig. 1. Testing the assumption of multi-
variable linear model for independent predictors for TyG
index.

Supplementary Fig. 2. Testing the assumption of mul-
tivariable linear model for independent predictors for
METS-IR index.
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Abstract

Background. In Poland, there are limited validated outcome measures to evaluate upper extremity function
in stroke patients for clinical and research use. The Action Research Arm Test (ARAT) aims to assess functional
performance of the upper extremities.

Objectives. To translate and culturally adapt the original version of ARAT into Polish, and to determine its
reliability and validity.

Materials and methods. A Polish version of ARAT (ARAT-PL) was developed using a forward-backward
translation. The study then examined 60 patients with subacute stroke. Internal consistency (a), test—retest
and inter-rater reliability (intra-class correlation (ICC), k), standard error of measurement (SEM), minimal
detectable change (MDC), and floor and ceiling effects were determined. The construct validity was evalu-
ated using the method of hypothesis testing based on the results of correlations (rho) between subscale
and total scores of the ARAT-PL and the upper and lower extremity section of the Fugl—Meyer Assessment
(FMA-UE and FMA-LE).

Results. The internal consistency of the total scores and subscale was excellent (a = 0.97-0.99). Test—retest
and inter-rater reliability scores were almost perfect (k = 0.85—1.0) and excellent for the total and subscale
scores (ICC=0.99-1). The SEM and MDC for the test—retest and inter-rater reliability were 0.479, 1327
points and 0.335, 0.930 points, respectively. The ceiling effect amounted to 48%. The validity levels with
respect to FMA-UE and FMA-LE were found to be high (rho ranging from 0.70 to 0.83) and moderate (tho
ranging from 0.53 to 0.68), respectively.

Conclusions. A Polish version of ARAT is a reliable and valid tool for assessing upper extremity function
in subacute stroke patients in Poland. However, it appears to have a ceiling effect that limits differentiation
of patients with mild upper limb impairment.

Key words: stroke, outcome measure, ARAT, FMA, upper extremity function
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Background

Stroke is a leading cause of disability in modern societ-
ies.'2 In a large number of patients, motor and functional
deficits are observed after a stroke.® Upper extremity dys-
function is present in approx. 30—66% of stroke survi-
vors; it manifests in limitations in reaching and grasping
movements, resulting in serious deterioration in the ability
to perform daily living activities.>®

There are various outcome measures to assess the level
of upper limb functional capacity after stroke. Examples
frequently seen in the literature and practice include
the Fugl-Meyer Assessment for Upper Extremity (FMA-
UE), the Jebsen Hand Function Test and the Chedoke
Arm and Hand Activity Inventory.” One of the com-
monly used upper extremity assessment measures for
post-stroke patients is the Action Research Arm Test
(ARAT).8 This test was described by Lyle in 1981,°
and was based on Carroll’s Upper Extremity Function
Test.10-12 It was designed for observation of the arm and
hand during grasping, gripping, pinching and gross
movements in people with cortical damage.!® Previ-
ous studies have shown good psychometric properties
of this instrument in stroke patients.’*~!> The ARAT
has shown excellent internal consistency in stroke pa-
tients with mild-to-moderate hemiparesis (a = 0.98).1
The test-retest and inter-rater reliability, as calculated
using intraclass correlation (intra-class correlation (ICC):
0.92-0.99) for the total and all subscales’ scores, was
similarly excellent when tested in patients with subacute
stroke.”!6-1® Studies examining the convergent valid-
ity of ARAT have reported moderate, good or excellent
correlations between the absolute (rho = 0.77-0.94) and
subscale scores (rho = 0.67—0.74) of ARAT and FMA."7-1°
To date, the original version of the ARAT has been trans-
lated into Swedish,?° Chinese?! and Spanish (in Chile).??
No studies have reported cultural adaptation of ARAT
or assessed its reliability and validity on Polish stroke
survivors; thus, there is a significant need to develop
a Polish version of ARAT.

Objectives

The principal aim of the present study was to estimate
the reliability and construct validity of a translated and
culturally adapted Polish version of ARAT in the popula-
tion of subacute patients with stroke. Construct valid-
ity was estimated by the correlation of total and subscale
ARAT scores with scores for the translated upper and
lower extremity sections of the FMA.2

J. Matecka et al. Cross-cultural validation of the ARAT-PL

Materials and methods
Translation and cultural adaptation
Forward, backward and final translation

The ARAT was translated into Polish by following
the international guidelines.?*~?” Permission for the out-
come measure translation was obtained from the author,
Ronald Lyle (Wolters Kluwer Health rights). In the 1%
and 2"¢ stages, the English version of ARAT was inde-
pendently translated using a process that encompassed
semantic, idiomatic, experimental, and conceptual mean-
ing. The translation was performed by 2 bilingual Polish
translators fluent in English (1 specialized in the phys-
iotherapy field). The 2 Polish versions were compared;
the differences between the translations were discussed
and corrected, and the draft of the common version was
jointly established.

In the 3 stage, this Polish draft was back translated
into English independently by 2 certified English transla-
tors. A common retranslated English version was then
created. This was compared to the original English ver-
sion by 2 native-speaking translators specialized in health
sciences and rehabilitation. Where necessary, corrections
were made to the retranslated version.

In the 4" stage, a panel of judges consisting of a neurolo-
gist, a psychologist, 2 neurological physiotherapists, 1 clini-
cal neurophysiology and 1 orthopedic physiotherapist, and
all the translators compared and discussed the differences
between the translated and original versions of the ARAT.
Based on the detected differences, the emerging Polish
version of ARAT was corrected to obtain a satisfactory
harmony between cultural language requirements and
the original English instrument. Lastly, the linguistic
consistency between the final Polish and original English
versions was verified very carefully to ascertain the equiva-
lence of concepts. The final version of ARAT-PL was there-
fore established (stages 5 and 6).

Study design, participants
and initial evaluation

This was a cross-sectional study that lasted for
7 months. We recruited 60 stroke patients from the Bon-
ifraterskie Medical Center hospital in Piaski, Poland.
The inclusion criteria were: 1) a diagnosis of stroke, as in-
dicated by computed tomography (CT) scans or mag-
netic resonance imaging (MRI), 2) hemiparesis, and
3) no additional orthopedic or neurological disabling
deficits. The exclusion criteria were: 1) total hemiparesis
in the upper extremity (i.e., score = 4 on the Modified
Ashworth Scale), 2) serious visual and hearing disor-
ders, 3) cognitive decline that limited administration
of the tests, 4) disorders of speech and language, and
5) a native language other than Polish.
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During the initial evaluation, we collected demographic
data such as age, gender, weight, height, and upper limb
lateralization. We also collected clinical data such as dura-
tion of illness, type of lesion, location of lesion, involved
side, presence of comorbidities, and duration of rehabilita-
tion in the hospital.

The study was approved by the Bioethical Commit-
tee of Poznan University of Medical Sciences (approval
No. 187/19) and was carried out in accordance with the Dec-
laration of Helsinki. Informed consent was obtained from
all participants at the time of their enrolment in the study.

Procedure of assessment

The ARAT-PL and FMA were carried out by 2 experi-
enced neurological physiotherapists trained in adminis-
tration of each measure. Reproducibility, i.e., the degree
to which the score is free from random error, was assessed
with test-retest and inter-rater procedures.?® To determine
inter-rater reliability, 2 raters independently examined pa-
tients at the same time in a quiet hospital room.? Test—
retest reliability was obtained by 1 observer examining
the patients twice on the same day with a 2-h gap between
assessments.? The results were collected for the total and
subscales of ARAT and FMA.

Outcome measures
Action Research Arm Test

This clinical scale is an evaluative measure to assess dex-
terity and object-handling ability. It was initially designed
for individuals who sustained stroke resulting in hemiple-
gia. The original ARAT consists of 4 subtests: Grasp, Grip,
Pinch, and Gross Movement. Every item within the subtest
is assessed on a 4-point ordinal scale and arranged with
the most difficult task 1*t and the easiest 277

Fugl-Meyer assessment

The FMA is a recommended clinical assessment of sen-
sorimotor function of the upper and lower extremities;
it has mostly been used after stroke.?° The FMA has been
translated into Polish but has not yet been cross-culturally
adapted.?® The present study administered only the motor
domain of the (as yet unpublished) Polish version of FMA
for the upper extremity (FMA-UE) and lower extremity
(FMA-LE).?2 The maximum score for the total motor scale
is 100 points (66 for FM-UE and 34 for FM-LE).!8:31:32

Statistical analyses

The statistical analysis was made using a software pack-
age in Statistica v. 13 (Tibco Software Inc Polska, Cra-
cow, Poland) and R studio program (the psych package,
v. 2.4.3).33
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Internal consistency

Internal consistency evaluates the homogeneity of
the scale items.?® This study used Cronbach’s « to assess
internal consistency for the subscales and total scale.3*3°

Reliability

The test-retest and inter-rater reliability of ARAT were
determined using kappa coefficients, the ICC (ICC 2,k,
absolute agreement, the command in RStudio: 1% line
— choosing the psych package, 2" line —library(psych) IC
C(dane[,c(1,2)])$results[5,]), and percentage of agreement
(PA).%3637 Item reliability was established when more than
80% agreement was observed.® The minimal detectable
change and standard error of measurement were calculated
for all scale items according to the following Equations 1,2:

SEM = SDv/1—ICC (1)
MDC = 1.96 x SEM x +/2 2)

where ICC is the reliability of the test and SD is the stan-
dard deviation of all scores.

Validity

Construct validity was evaluated using hypotheses
testing according to the guidelines of the Consensus-
based Standards for the Selection of Health Measure-
ment Instruments (COSMIN).?” A total of 10 independent
hypotheses were formed. For each of them, we defined
the anticipated Spearman’s rank correlation direction,
correlation strength, and rationale; upon these, we based
the hypothesis (Table 1,2).3% We assessed the relationships
of ARAT-PL scores with scores in FMA-UE (5 hypoth-
eses) and FMA-LE (5 hypotheses) to determine the de-
gree to which they were consistent with the formulated
hypotheses. The construct validity rating for ARAT-PL
was assessed according to the total number of confirmed
hypotheses: 8-10 (=75%) indicated high construct va-
lidity, while 5-7 (>50%) indicated a moderate level.?’
The threshold values for the correlations determined
in the present study (Table 1,2) were based on those in-
dicated by Prinsen et al.?”

Spearman’s rank correlation is computationally identi-
cal to Pearson’s product-moment coefficient. Therefore,
we computed the required sample size for Spearman’s
correlation using the software G*Power (v. 3.1.9.2; Kiel
University, Germany)*’ for estimating sample size for Pear-
son’s correlation (bivariate normal model). We assumed
correlation p H1: 0.70 (we expected moderate correlation),
alpha of 0.05, a power of 0.95, and correlation p HO: 0.0
(we expected low correlation) for a 1-tailed test (we ex-
pected correlation between both measures to be positive).
The calculation estimated that at least 44 participants were
necessary; our study had a sample of 60.
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Table 1. The method of hypothesis testing used to assess construct validity of the ARAT-PL based on its associations with FMA-UE

Correlation

Rationale expected

Hypotheses tested

correlation actual

i ?
(p < 0.001) confirmed?

1. There will be at least a moderate-strong positive
correlation between the overall result of ARAT-PL
and FMA-UE

2. There will be at least a moderate-strong positive
correlation between the result of the ARAT-PL
subtest Grasp and the total FMA-UE result

3. There will be at least a moderate-strong positive
e correlation between the result of the ARAT-PL
subtest Grip and the total result of FMA-UE

4.There will be at least a moderate-strong positive
correlation between the result of the ARAT-PL
subtest called Pinch and the total result of FMA-UE

5. There will be at least a moderate-strong positive
correlation between the result of the ARAT-PL
subtest Gross Movement and the total result

of FMA-UE

ARAT-PL and FMA-UE measure similar
constructs but asked differently (actual
functional vs motor performance)

ARAT-PL and FMA-UE measure similar
constructs but asked differently (actual
grasp versus motor performance)

ARAT-PL and FMA-UE measure similar
constructs but asked differently (actual
grip vs motor performance)

ARAT-PL and FMA-UE measure similar
constructs but asked differently (actual
pinch grip vs motor performance)

ARAT-PL and FMA-UE measure similar
constructs but asked differently (actual
gross movement vs motor performance)

>0.50

>0.50

>0.50

>0.50

>0.50

0.83

0.83

0.80

0.82

0.71

yes

yes

yes

yes

yes

ARAT-PL — Polish version of the Action Research Arm Test; FMA-UE — Fugl-Meyer Assessment for Upper Extremity.

Table 2. The method of hypothesis testing used to assess construct validity of the ARAT-PL based on its associations with FMA-LE

Rationale

Hypotheses tested

6. There will be none-minimal positive correlation
between the overall result of ARAT-PL and FMA-LE

7.There is no or low correlation between the result
of the ARAT-PL subtest Grasp and the total result
of the FMA-LE

8.There is no or low correlation between the result
of the ARAT-PL subtest Grip and the total FMA-LE
result.

9.There is no or low correlation between the result
of the ARAT-PL subtest Pinch and the FMA-LE total
score.

10. There is no or low correlation between
the result of the ARAT-PL subtest Gross Movement
and the total result of FMA-LE

ARAT-PL and FMA-LE measure unrelated
constructs (actual functional vs lower
limb motor performance)

ARAT-PL and FMA-LE measure unrelated
constructs (grasp vs lower limb motor
performance)

ARAT-PL and FMA-LE measure unrelated
constructs (grip vs lower limb motor
performance)

ARAT-PL and FMA-LE measure unrelated
constructs (pinch grip vs lower limb
motor performance)

ARAT-PL and FMA-LE measure unrelated
constructs (gross movement vs lower
limb motor performance)

Correlation -
expected corr(;la:ng;gr)tual confirmed?
<0.30 0.59 no
<0.30 0.68 no
<0.30 0.63 no
<0.30 0.58 no
<0.30 0.53 no

ARAT-PL - the Polish version of the Action Research Arm Test; FMA-LE — Fugl-Meyer Assessment for Lower Extremity.

Floor and ceiling effects

Floor and ceiling effects were determined as the propor-
tion of answers scoring beyond the lower (floor) and upper
(ceiling) boundaries of the total ARAT score (0—57 points).
The cutoff points for these boundaries were established
at 5%, so that scores under 3 were considered as the floor
and those above 54 as the ceiling. Floor and ceiling effects
were established if more than 20% of patients fell outside
either the set lower or upper boundaries.?! The level of sig-
nificance selected throughout was p < 0.05.

Results
Clinical characteristics of the patients

A total of 60 subjects in the subacute stage of stroke
participated in the examination, of whom 63.3% had left
hemiplegia and 36.7% right hemiplegia. Of the patients,
31.6% were women and 68.4% were men. The mean age
was 64 years (range: 31-85 years). The median length
of time since stroke was 47 days (range: 22—138 days). Most
of the patients were right-handed (93.3%); only 6.7% were
ambidextrous.
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Table 3. Changes introduced during the whole process of cultural adaptation

Forward translation

translated words/
sentences

original words/
sentences

original words/
sentences

Backward translation

Final translation

translated words/ original words/ translated words/

Action Research Arm  Test assessing function

Test of upper limb Test
there are four subtests consist of 4 subtests ordered
items in each are
tasks are ordered top
ordered
zero 0 washer over bolt

and again no more
tests need to be
performed in that

and again there is no
need to perform

st rd
additional tasks in that i

subtest subtest
he subject
wood wooden
3 finger ring finger
2n finger middle finger
15t finger index finger
GM gross movement
grasp static grip
grip dynamic grip
pinch pinch grip

gross movement total movement

Action Research Arm

sentences sentences sentences
Research Test of Upper = Research Test of Upper | Test of Upper Extremity
Extremity Action Extremity Action Function
arranged rater examiner
maximum passess execute correctly

the rest of the test
is skipped

no more need to be

bolt washer .
administered

subject does not

index and rin
inaex ng complete the task

subject fails

no more test need and the execution

to be performed is skipped
more further
block, wood wooden, block
pick up lifting
pour water decanting water
place hand placing hand

touching the mouth

hand to mouth with the hand

pinch pinch grip
addition of the word
numbers PR
points
grasp
static grip precision grip
dynamic grip global movement

Translation and cultural adaptation

Multiple linguistic changes were required in the for-
ward, backward, and final versions of the translation to ob-
tain an ARAT-PL that was as consistent as possible with
the original English version (Table 3).

Reliability

The ARAT-PL Grip, Grasp, Pinch, and Gross Movement
Test subscale items exhibited almost perfect agreement:
The calculated test—retest kappa values ranged from 0.95
to 1.00 (Table 4). The ICC coefficients for the subscales
and total instrument score were in a range of 0.99-1.00,
indicating excellent reliability (Table 4). The standard
measurement error and minimal detectable change for
the subscales ranged from 0 to 0.479 and 0 to 1.327 points,
respectively; for the total ARAT-PL score calculated for
the test—retest measurements (Table 5).

Inter-rater kappa values for the ARAT-PL subscale items
ranged from 0.85 to 1.00 (Table 4); they exhibited almost
perfect agreement. The ICC (2,k) coefficient values calcu-
lated for each subscale and the total score were above 0.99,

showing excellent reliability (Table 5). The intra-observer
standard measurement error and minimal detectable
change calculated for the subscales and total ARAT-PL
score ranged from 0.112 to 0.335 and 0.310 to 0.930, re-
spectively (Table 5).

Internal consistency

The total ARAT-PL score exhibited excellent inter-
nal consistency with a Cronbach’s « value of 0.99. Simi-
larly, the Cronbach’s a values for the grasp, grip, pinch,
and gross movement items amounted to 0.99, 0.98,
0.97, and 0.99, respectively. The Cronbach’s a value for
the FMA-UE was 0.93, also indicating excellent internal
consistency.

Validity

Scatter plots of the correlations between the ARAT-PL
and FMA scores are shown in Fig. 1. There were high cor-
relations between ARAT-PL and FMA-UE absolute scores,
and between all ARAT-PL subscale scores and FMA-UE
absolute scores (Table 1). There were moderate correlations
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Table 4. Kappa and percent agreement values for the test-retest and inter-rater reliability (n = 60)

Block, wood, 10 cm cube

Block, wood 2.5 cm cube
Block, wood 5 cm cube
Grasp
Block, wood 7.5 cm cube
Ball (cricket), 7.5 cm diameter
Stone 10X 2.5x 1 cm
Pour water from glass to glass
Tube 2.25cm
Grip
Tube 1 X 16 cm
Washer (diameter: 3.5 cm) over bolt
Ball bearing, 6 mm 3 finger and thumb
Marble, 1.5 cm index finger and thumb
Ball bearing 2™ finger and thumb
Pinch
Ball bearing 1°t finger and thumb
Marble 3 finger and thumb
Marble 2" finger and thumb
Place hand behind head
Gross movement Place hand on top of head

Hand to mouth

Test-retest Inter-rater
PA (%) PA (%)
0.97 9833 1.00 100
0.97 9833 0.97 9833
0.97 9833 1.00 100
097 98.33 1.00 100
1.00 100 0.94 96.67
1.00 100 1.00 100
1.00 100 1.00 100
0.97 9833 0.94 96.67
0.97 9833 0.97 9833
1.00 100 1.00 100
0.95 96.67 1.00 100
0.97 98.33 091 95.00
1.00 100 0.95 96.67
91.94 95.00 0.97 9833
1.00 100 1.00 100
097 98.33 1.00 100
1.00 100 0.96 98.33
1.00 100 1.00 100
1.00 100 0.85 95.00

k — kappa value; PA — percent agreement.

Table 5. Test-retest reliability (n = 60)

Subtest scores Lower 95% Cl

(points)

95% Cl

Test-retest reliability
Grasp (0-18) 0.997 0.998 0.999 0.258 0.716
Grip (0-12) 0.999 0.999 0.999 0.129 0.358
Pinch (0-18) 0.997 0.999 0.999 0214 0.593
Gross movement (0-9) 1.000 1.000 1.000 0.000 0.000
Total ARAT-PL (0-57) 0.999 0.999 0.996 0479 1327
Inter-rater reliability
Grasp (0-18) 0.999 0.999 0.999 0.112 0310
Grip (0-12) 0.998 0.999 0.999 0.144 0400
Pinch (0-18) 0.999 0.999 0.999 0.129 0358
Gross movement (0-9) 0.997 0.998 0.998 0.129 0358
Total ARAT-PL (0-57) 0.999 0.999 0.999 0335 0.930

95% Cl — 95% confidence interval; ICC — intraclass correlation coefficien; SEM — standard measurement error; MDC — minimal detectable change;

ARAT-PL - Polish version of the Action Research Arm Test.

between the ARAT-PL and FMA-LE absolute scores, and
between all ARAT-PL subscales’ scores and FMA-LE ab-
solute scores (Table 2). Results for the hypotheses testing
correlations are shown in Table 1 for the associations with
FMA-UE and Table 2 for the associations with FMA-LE.
Based on the absolute scoring method, ARAT-PL has 5 out
of 10 hypotheses confirmed (50%), indicating moderate
construct validity (Tables 1,2).

Floor and ceiling effects

The Polish version of ARAT had a significant ceiling
effect, spanning 48% of tested patients, but no floor ef-
fect (12% of patients). It has been demonstrated that both
EMA-UE and FMA-LE have significant ceiling effects (50%
and 30% of patients, respectively) but no floor effect (0%
of patients).
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Fig. 1. The relationship between the scores of the ARAT-PL and FMA-UE (A)
and the ARAT-PL and FMA-LE (B). See results in Table 1 and Table 2

ARAT-PL — the Polish version of the Action Research Arm Test;
FMA-UE - Fugl-Meyer Assessment for Upper Extremity;
FMA-LE - Fugl-Meyer Assessment for Lower Extremity.

Discussion

This is probably the first reported cross-cultural trans-
lation and adaptation based on rigorous methodology
and strict regulation of this process. This study assessed
the reliability and construct validity of a Polish version
of ARAT. The hypotheses tested to evaluate construct
validity showed that ARAT-PL had excellent reliability
and moderate construct validity.

Therefore, this result provides an official, transculturally
validated ARAT for wide and consistent clinical use across
Poland, and for research across the world.

Reliability

The total scores and sub-scores of ARAT-PL showed
excellent inter-rater and test—retest reliability. This agrees
with the results of previous studies, which have reported
ICC coefficients of 0.98 and 0.99 for inter-rater reliabil-
ity!®4% and test-retest reliability?! in poststroke hemi-
paretic patients. Moreover, the agreement for individual
ARAT-PL items assessed with Cohen’s kappa coefficients
was almost perfect, and the interobserver agreement mea-
sured via the percentage agreement was >90. The latter
result is even higher than reported in another study, which

mn

found percentage agreement >70.2° Therefore, our study
has shown that ARAT-PL has excellent reliability, compa-
rable to the original scale.

Minimum detectable change and
measurement error

The values for standard error of measurement and minimal
detectible change were 0.34 and 0.93 for inter-rater, and 0.48
and 1.33 for test-retest measurements. Similar comparisons
in past studies have shown higher values. One example pro-
duced standard error of measurement and minimal detectible
change values for the test-retest assessment of post-stroke
patients with ARAT of 1.3 and 3.5, respectively.**Another
study reported minimal detectible change values of 13.1 and
3.5 for inter-rater and test-retest measurements performed
with ARAT.® The minimum detectable change captures
the amount of change that must be observed in order to exceed
measurement error, for assessments administered by the same
or by different observers. The results suggest that ARAT-PL
can produce very reliable data in subacute stroke patients, both
across multiple sessions by the same experienced rater and for
measurements performed by 2 different experienced raters.

Internal consistency

The Polish version of ARAT showed excellent inter-
nal consistency for both the total and subscale scores
(a=0.97-0.99). These results are consistent with previous
studies, which have reported excellent internal consistency
for the original ARAT (a > 0.98,)*>!¢ and for the Chinese
version (a = 0.98)! in subacute and chronic stroke patients.
Our results show that the particular items of ARAT-PL
have been well translated into Polish; this version is highly
consistent with the original and other foreign adaptations.

Validity

This study found high correlation (r = 0.71-0.83) be-
tween the total and subtest scores of ARAT-PL and the to-
tal score of FMA-UE-PL in subacute post-stroke patients.
These results agree with other studies, one of which in-
dicated coefficients of 0.77 within 72 h of patient admis-
sion to the rehabilitation unit, and 0.87 in the 24 h before
discharge.!” Another reported coefficients in the range
of 0.71-0.74 for correlations between ARAT and FMA-
UE in chronic patients with stroke.*** However, a further
study found slightly higher correlation coefficients of 0.91
after 2 weeks and 0.94 8 weeks after stroke onset!®4? for
the original ARAT and FMA-UE. Higher coefficient values
0f0.90, 0.90, 0.82, and 0.92 have also been demonstrated for
correlations between ARAT and FMA-UE performed 14,
30, 90, and 180 days after stroke, respectively.** However,
the latter study had a smaller sample. Lastly, Wei et al.%3
found somewhat higher coefficient values of 0.93. How-
ever, they evaluated chronic stroke subjects before and after
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upper-extremity rehabilitation robotic training. It seems
that the strength of interdependence between ARAT and
FMA-UE may be affected by many different factors, includ-
ing 1) the size of the study sample, 2) the time of the ad-
ministration of outcome measures after stroke, 3) the type
of rehabilitation therapy to which studied subjects are
subjected, and 4) translation-related differences between
versions of the same instrument. Both ARAT and FMA-
UE evaluate the degree of impairment of the upper limbs
in patients with stroke. However, ARAT assesses the func-
tioning of upper extremities using observational methods,
while the FMA measures motor impairment. Therefore,
collectively, these studies show that the ARAT score may
effectively assess not only function, but also indirectly some
motor impairment of the upper extremity.

Compared to the FMA, ARAT has a smart scoring
system. Subjects with both severe and minor upper limb
dysfunction may get minimum or maximum scores, and
then no more tests need to be administered for them to re-
ceive a score for that subtest. This shortens the total time
of evaluation. The advantage of ARAT is that it can very
precisely evaluate hand movements and indicate the spe-
cific functional problem of the extremity, even if the pa-
tient seems to be in generally good functional shape. Our
results show that ARAT is an appropriate tool for assessing
people with moderate-to-severe stroke.

Floor and ceiling effects

We did observe a significant ceiling effect of ARAT-PL.
The studied patients were in a range of 22—138 days after re-
covery from stroke. It was perhaps possible for many patients
who had had minor strokes and longer histories of recovery,
and had reached high functional status, to gain the high-
est scores in the ARAT-PL. Therefore, it seems that ARAT
is aless useful outcome measure for people who substantially
recover from stroke. For example, in cases of mild stroke
we did not observe difficulties with completing the specific
tasks; the only exception was the ability to pinch a marble
with the 3™ finger and thumb. Therefore, a relatively large
number of patients with mild stroke achieved maximum
points. This may suggest that the scoring system of ARAT
is not well designed for people with mild upper limb dys-
functions. In parallel, we observed a significant ceiling effect
for FMA-UE; 50% of patients had total scores >64. However,
no floor effect was demonstrated. Hence, as with ARAT-
PL, half the patients had near the maximal FMA-UE score.
The FMA assesses some additional skills, such as movement
coordination or reflex activity, and requires greater mobility
skills than ARAT. Again, this shows that many of the stud-
ied patients had recovered well from stroke; for such patients,
FMA-UE is not a challenging evaluation. The consistency
between the results with ARAT and FMA-UE also suggests
that recovery in movement coordination and muscle reflex
activity is paralleled by upper extremity functional inde-
pendence in subacute patients with stroke.!”4

J. Matecka et al. Cross-cultural validation of the ARAT-PL

Limitations

The main limitations of the study were differences in re-
habilitation protocol and in time of recovery after stroke;
these might have affected the sample homogeneity. How-
ever, at the time of the study, we had limited access to a more
homogenous group of stroke survivors. Future research
with ARAT-PL and FMA-UE should separately analyze
patients in the acute or chronic stage of stroke to improve
the conditions of observational studies aimed at determin-
ing the interdependence of particular outcome measures.
To show the construct validity of ARAT, we examined
correlations with FMA-LE, finding a significant but lower
correlation coefficient (0.59) as compared to the FMA-UE
(0.83) for the total score relationship. This may falsely in-
dicate that the level of upper extremity function was mod-
erately related to the level of lower extremity function.

Conclusions

It can be concluded that ARAT-PL is a reliable and valid
tool for assessing upper extremity function in subacute
stroke survivors. Its only drawback is that it appears to have
a ceiling effect, limiting the differentiation of patients with
mild upper limb impairment after stroke. Despite this, our
results support the clinical and research use of ARAT-PL
in the Polish population of patients with stroke.
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Abstract

Background. The spread of antibiotic-resistance genes among healthcare-associated infections (HAIs)
poses serious problems in the treatment of these infections. Recently, these resistance genes have also been
shown to be present in integrons.

Objectives. By focusing on integron-mediated mechanisms of antibiotic resistance, we sought to elucidate
the genetic determinants underpinning the development of multidrug resistance in clinical isolates of Aci-
netobacter baumannii

Materials and methods. In this study, 27 TMP-SXT-resistant A. baumannif isolates were obtained from
various clinical samples. Class I and class Il integrons were determined using polymerase chain reaction (PCR).
Samples were sent for DNA sequence analysis of the integron to a private firm (BMLabosis, Ankara, Turkey).
The similarities of the DNA sequences with the associated integron were determined using National Center
for Biotechnology Information (NCBI) GenBank.

Results. While all isolates were resistant to TMT-SXT and gentamicin, amikacin and tobramycin resistance
rates were detected as 70% and 26%, respectively. Class I and class Il integrons were found in 1 strain
and 2 isolates, respectively. It was also determined that the dfrA12 gene and the aadA2 gene were found
in the class | integrons. It was determined that 2 isolates carrying class Il integron had dfrA7 and sat2 genes.
Both class | and class Il integrons were detected in 1 of these isolates.

Conclusions. Despite the low integron detection in the resistant isolates, with the detection of class | and
class Ilintegrons among A. baumanniiisolates, it was determined that HAIs could spread very rapidly within
the hospital and cause multidrug resistance. This study reveals the need for comprehensive surveillance
and molecular characterization of integron-mediated resistance mechanisms to inform effective strategies
to combat infections caused by multidrug-resistant (MDR) A. baumannii.

Key words: antibiotic resistance, Acinetobacter baumannii, integron gene cassettes
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Background

Healthcare-associated infections (HAIs), commonly
known as nosocomial infections, represent a signifi-
cant burden on global public health, particularly due
to the prevalence of antibiotic-resistant bacterial spe-
cies as their primary causative agents. These infections
have garnered attention as the leading cause of mortal-
ity and morbidity worldwide, a designation emphasized
by authoritative bodies such as the Centers for Disease
Control and Prevention (CDC) and the World Health
Organization (WHO).! The pervasive presence of anti-
biotic-resistant pathogens in healthcare settings poses
formidable challenges for clinicians, infection control
practitioners and policymakers alike. With conventional
treatment options increasingly compromised by the re-
lentless evolution of resistance mechanisms, addressing
the complex dynamics of HAIs and antibiotic resistance
emerges as an urgent priority in safeguarding patient
safety and optimizing healthcare outcomes.>3 Health-
care-associated infections, also known as nosocomial in-
fections, pose substantial medical and economic burdens
not only in Turkey but globally.®* Furthermore, it was
observed that bacterial co-infections were very common
in people with an underlying viral infection; specifically
during the coronavirus disease 2019 (COVID-19) pan-
demic, a global health threat commonly spread through
respiratory droplets and aerosol transmission. Pneumonia
and bloodstream infections (BSIs) were the most common
causes of bacterial HAIs in COVID-19 patients.®> These
infections contributed to prolonged hospital stays and
led to severe complications in a significant proportion
of hospitalized patients, ranging from 5% to 15%.3* Given
the limited availability of effective antibiotic therapies for
treating these infections, understanding the antibiotic
resistance profiles and underlying resistance mechanisms
of causative pathogens is crucial. Such knowledge is es-
sential for informed antibiotic selection and plays a piv-
otal role in efforts aimed at reducing the rates of antibiotic
resistance.3

In recent years, the incidence of infections caused by mi-
croorganism species, also known as ESKAPE pathogens
(Enterococcus faecium, Staphylococcus aureus, Klebsi-
ella pneumoniae, Acinetobacter baumannii, Pseudomo-
nas aeruginosa, Enterobacter sp.), has not only increased
but also due to multiple antibiotic resistance, these in-
fections have increased. There are serious difficulties
in the prevention, treatment and eradication.® In 2018,
A. baumannii was at the top of the list of “resistant bac-
teria that urgently require new antibiotic discovery” due
to increasing resistance rates, published by the WHO.”
Acinetobacter baumannii is normally found in the soil
and is a microorganism that can cause high levels of ar-
senic accumulation in the soil.® However, this bacteria
can cause, especially in intensive care units (ICUs), many
different infections and severe clinical conditions such
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as ventilator-associated pneumonia and catheter-associ-
ated bacteremia, urinary tract infections, soft tissue in-
fections, septicemia, and meningitis, and it also causes
failures in the control and treatment of infections, as well
as a significant increase in healthcare costs.” The antibi-
otic resistance profile in A. baumannii isolates may vary
regionally and yearly, increasing antibiotic resistance and
the occurrence of multiple antibiotic resistance infections
cause clinicians to note serious difficulties in the manage-
ment and treatment of patients.!®!! In recent years, Turkey
and other countries have experienced a significant increase
in the incidence of multidrug-resistant (MDR) A. bauman-
nii isolates. Carbapenem-resistant Acinetobacter strains
are generally MDR, and colistin or tigecycline are often
used as a last resort in the treatment of A. baumannii.
However, strains that are resistant even to these antibiotics
have been reported.'?

Carbapenems, aminoglycosides, sulbactam, colistin,
and tigecycline are antimicrobial agents frequently used
in the treatment of Acinetobacter infections that cause
serious clinical conditions. While different groups of anti-
biotics can be used in the treatment of A. baumannii infec-
tions, treatment strategies aimed at eradicating the infec-
tion are mostly focused on broad-spectrum antibiotics.’
Trimethoprim-sulfamethoxazole (TMP-SXT) is recom-
mended as the first choice, especially in the treatment
of HAIs, due to its high potency against Gram-positive and
Gram-negative bacteria; it can be used on a wide patient
profile. However, in recent years, studies conducted in dif-
ferent geographical regions have begun to report the de-
velopment of resistance against TMP-SXT.1%13 Previously,
MDR A. baumannii infections could be treated with this
antibiotic combination in sporadic cases, but now it is ob-
served that resistance to this drug has become widespread
in over 80% of isolates.! Plasmids and integrons-induced
changes in the dihydropteroate synthetase enzyme cause
sulphonamide resistance in A. baumannii'> If this resis-
tance can be prevented or slowed down, effective treat-
ment of healthcare-associated A. baumannii isolates can
be achieved without the switch to last-resort antibiotics.
Some researchers report that, due to resistance of A. bau-
mannii to many antibiotics, studies aimed at elucidat-
ing its antibiotic resistance mechanisms should be con-
tinued in order to prevent becoming helpless in the face
of infections.*1®

In research concerning the acquired antibiotic resistance
mechanisms of bacteria, a multitude of mobile genetic
elements have been uncovered, including transposons,
plasmids and integrons.!” Comparative sequence analy-
ses of these elements have unveiled the presence of inte-
grons, which represent a pivotal discovery in understand-
ing the genetic basis of antibiotic resistance.'® Integrons
are characterized as DNA elements harboring mobile gene
cassettes along with a site-specific recombination system.
These gene cassettes can encode various antibiotic resis-
tance determinants, facilitating their dissemination among
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bacterial populations through horizontal gene transfer
mechanisms.?® Integrons play a crucial role in the evolu-
tion and spread of antibiotic resistance genes, enabling bac-
teria to rapidly acquire and accumulate resistance traits,
thereby posing significant challenges to clinical treatment
strategies and public health efforts.?

Objectives

This investigation aimed to comprehensively examine
the prevalence and distribution of class I and class II in-
tegron gene cassettes within TMP-SXT-resistant strains
of A. baumannii. Also, by focusing on integron-mediated
mechanisms of antibiotic resistance, particularly concern-
ing TMP-SXT resistance, this research sought to elucidate
the genetic determinants underpinning the development
of multidrug resistance in clinical isolates of A. baumannii.

Materials and methods
A. baumannii isolates

This research was conducted in line with the recom-
mendations of the Declaration of Helsinki. The Ethics
Committee for Scientific Research in Health Sciences
at Kirsehir Ahi Evran University (Kirsehir, Turkey) ap-
proved the study (approval No. 2024-04.17 issued on Feb-
ruary 6, 2024). Twenty-seven Acinetobacter baumannii
isolates resistant to TMP-SXT were obtained from various
clinical samples used for routine diagnosis at the Kirsehir
Training and Research Hospital in Turkey between Sep-
tember 2021 and November 2022. Identification and anti-
biotic susceptibilities of the isolates were performed using
the Vitek-2 Automated System (BioMérieux SA, Craponne,
France) at the the Kirsehir Training and Research Hos-
pital. The phenotypic and demographic characteristics
of A. baumannii isolates are provided in Table 1,2.

DNA extraction

Acinetobacter baumannii isolates in the Kirsehir Train-
ing and Research Hospital Medical Microbiology Labo-
ratory Culture Collectionwere brought to the Medical
Microbiology Laboratory of the Faculty of Medicine
of Kirsehir Ahi Evran University via cold chain. Bacterial

177

Table 1. Susceptibility of A. baumanniiisolates to various antibiotics

Number of isolates

Number of susceptible

Antibiotics R/S isolates n
Amikacin 19/8 8
TMP-SXT 27/0 0
Gentamicin 27/0 0
Tobramycin 7/20 20
Colistin 0/27 Y
Tigecycline 0727 27

n — number of A. baumanni isolate; R - resistant; S — susceptible.

Table 2. Distribution of A. baumannii isolates according to the sample
type from which they were isolated

Sample type | n (%)
Urine 13.7)
Wound culture 6(22.2)
Sputum 6(22.2)
Catheter culture 13.7)
Blood culture 5(18.6)
Other 8(29.6)
Total 27 (100)

n — number of A. baumannii isolated; other — represents 1 of the wound,
sputum and urine samples.

isolates were cultivated on blood agar under aseptic con-
ditions and incubated at 37°C. DNA extraction from
A. baumannii isolates was performed using the boiling
method. A loopful from pure cultures was taken, dissolved
in 300 pL of pure water, and incubated at 100°C for 10 min.
Then, the samples were kept at room temperature and
centrifuged at 12,000 g for 10 min, and the supernatant
was used as template DNA.?

Detection of class | and class Il
integron gene cassettes

In this study, the presence of class I and class II gene cas-
settes in A. baumannii isolates was determined with poly-
merase chain reaction (PCR). Specific primers used to am-
plify integron gene cassettes are shown in Table 3. Primers
specific to integron gene cassettes were used in the PCR re-
action. The PCR reaction was prepared by adding 1X PCR
buffer without MgCl, (10 mM tris-HCI, pH 8.3 at 25°C,
50 mM KCI), 1.5 mM MgCl,, 200 mM dNTP mix, 1.5 U

Table 3. Primers and polymerase chain reaction (PCR) conditions used in the study

integron

Primer sequence (5'—3’)

F: GGCATCCAAGCAGCAAG
R: AAGCAGACTTGACCTGA
F: CCTTTTTGTCGCATATCCGTG
R: TACCTGTTCTGCCCGTATCT

Class |

Class Il

PCR conditions Reference
1 cycle 95°C, 3 min 2
36 cycle 95°C 45 s,50°C 45 s, 72°C 5 min
1 cycle 72°C 10 dk 2
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Taq DNA polymerase, and 10 pmol/uL of each primer
in a final volume of 50 pL. The final volume of the reac-
tion was completed with sterile dH,0.23

Polymerase chain reaction conditions for the amplifi-
cation of integron gene cassettes were as follows; first,
the denaturation step at 95°C for 3 min, then 36 cycles
of 45 s at 95°C, 45 s at 50°C, 5 min at 72°C, and a final
extension was applied for 10 min at 72°C. Imaging of PCR
products was done on 1% agarose gel electrophoresis
containing ethidium bromide (EtBr) at 100 V for 1 h and
observed under UV light. The size of the integron gene
cassettes was determined by comparison with the DNA
ladder. Samples were sent to BMLabosis (Ankara, Turkey)
for DNA sequence analysis of integron gene cassettes.?

Bioinformatics

All DNA sequences obtained from integron gene cas-
settes were processed using the BioEdit 7.09 program
(Tom Hall, Ibis Biosciences, Carlsbad, USA) Similarities
of the DNA sequences with their associated integron gene
cassettes were determined using the National Center for
Biotechnology Information (NCBI) GenBank Blast data-
base.?*?° The obtained data were used to determine inte-
gron gene cassettes.

Genbank acceptance numbers

In this study, the GenBank acceptance numbers of
the class I and class II integron sequences for the A. bau-
mannii CO1 isolate were deposited in GenBank as OR417416
and OR417417, respectively. The GenBank accession num-
ber of the class Il integron sequence for the A. baumannii
CO2 isolate was deposited in GenBank as OR417418.

Results

In our comprehensive study, we investigated the antimi-
crobial resistance profiles of 27 Acinetobacter baumannii
isolates, focusing on their susceptibility to a range of anti-
biotics commonly used in clinical practice. It was observed
that all A. baumannii isolates exhibited resistance to TMP-
SXT and gentamicin antibiotics, indicative of a concerning
trend in multidrug resistance. Furthermore, a significant
proportion of isolates demonstrated resistance to amikacin
and tobramycin, with rates of 70% and 26%, respectively.
Notably, none of the isolates exhibited resistance to colis-
tin and tigecycline antibiotics, suggesting their continued
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Fig. 1. Agarose gel electrophoresis image of class | and class Il integron
gene cassettes. A. DNA ladder (Thermo Scientific™ O'GeneRuler™ Ready-
to-use 100 bp Plus DNA Ladder); B. Class | integron; C. Class Il integron

efficacy as last-resort treatment options against A. bau-
mannii infections (Table 1).

In addition to evaluating antimicrobial susceptibility,
our study delved into the molecular mechanisms underly-
ing antibiotic resistance, specifically focusing on the pres-
ence of integron gene cassettes. Through agarose gel elec-
trophoresis and subsequent DNA sequencing, we detected
the presence of class I and class I integrons in select TMP-
SXT-resistant A. baumannii isolates. Specifically, 1 isolate
(CO1) harbored a class I integron gene cassette, while both
class I and class Il integron gene cassettes were identified
in 2 isolates (CO1 and CO2). The molecular characteriza-
tion revealed that the class I integron gene cassette was
approx. 2,000 base pairs in size, while the class II integron
gene cassette measured approx. 1,271 base pairs (Fig. 1).

Further bioinformatic analysis, conducted through
NCBI GenBank Blast, elucidated the genetic composition
of the integron gene cassettes. Specifically, we identified
the presence of the dfrA12 gene, encoding the dihydrofo-
late reductase enzyme associated with TMP-SXT resis-
tance, and the aadA2 gene, encoding the aminoglycoside
3’-O-nucleotide transferase enzyme responsible for ami-
noglycoside resistance, within class I integrons (Table 4).

Table 4. Characteristics of integron gene cassettes in Acinetobacter baumannii isolates

Bacterial isolate Integron
CO1 isolate class| 1818
CO1 isolate class I 1271

CO2 isolate class Il 1272

Sample type Antibiotic resistance status
dfrA12, aadA
sputum TMP-SXT, gentamicin, amikasin,
dfrA1, sat2 tobramycin
blood
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Fig. 2. Schematic representation of the gene cassette structure located in the class | integron and class Il isolated from trimethoprim/sulfamethoxazole-
resistant Acinetobacter baumannii. The horizontal arrows indicate the translation orientation of the genes. A. Schematic representation of the Class |
integron gene cassette; B. Schematic representation of the Class Il integron gene cassette

Notably, our study also unveiled the co-occurrence of both
class I and class II integron gene cassettes within a single
isolate, underscoring the complexity of antimicrobial re-
sistance mechanisms in A. baumannii populations (Fig. 2).

Discussion

Due to the increasing multidrug resistance strains
of A. baumannii in recent years, it has become more
difficult to treat and control HAIs, and it is associated
with increases in mortality.2® Antibiotic resistance gen-
erally occurs horizontally through mobile elements such
as transposons and plasmids. Integrons play an impor-
tant role in the spread of antibiotic resistance among
species due to their ability to integrate and carry ex-
trachromosomal genetic elements such as plasmids
or transposons. The emergence of integron gene cassettes
in MDR A. baumannii isolates has led to the restriction
of treatment alternatives against the agent and increased
interest in searching for alternative treatments against
the agent.?”

The escalating multidrug resistance observed in
A. baumannii infections poses significant challenges
in clinical management and infection control, causing
increased mortality, morbidity and healthcare costs for
hospitals.!® Horizontal transmission of antibiotic resis-
tance genes, facilitated by mobile genetic elements such
as transposons and plasmids, exacerbate this threat.
Among these transmission mechanisms, integrons have
emerged to play a pivotal role in mediating the dissemi-
nation of antibiotic resistance, owing to their capacity
to capture and incorporate extrachromosomal genetic
material, including plasmids and transposons. The emer-
gence of integron gene cassettes within MDR A. bauman-
nii strains has severely limited therapeutic options and
underscored the urgent need for alternative treatment
modalities.?”

In studies on the antibiotic resistance of A. bauman-
nii isolates, the resistance status of TMP-SXT-resistant
isolates to different antibiotics varies according to years
and regions.!%26-28 [n accordance with previous research
findings, our study revealed that A. baumannii isolates ex-
hibited resistance to TMP-SXT, as well as varying degrees
of resistance to gentamicin (100%), amikacin (70%) and
tobramycin (26%), while all isolates remained susceptible
to colistin and tigecycline.

Integrons, especially in Gram-negative bacteria, possess
the capability to transfer horizontally between bacteria via
plasmids and transposons, facilitating both the dissemina-
tion of integrons between bacterial strains and the exchange
of integron gene cassettes. This phenomenon contributes
to intraclass variability in antibiotic resistance determi-
nants within integrons and enables the rapid transmis-
sion of diverse antibiotic resistance traits among bacterial
populations.?” Our study data corroborate the presence
of class I and class II integron gene cassettes encoding
distinct antibiotic resistance determinants among A. bau-
mannii isolates. By elucidating the genetic mechanisms
underpinning antibiotic resistance, our findings under-
score the importance of integrative approaches in combat-
ing MDR bacterial infections. Kostakoglu et al.?> reported
that a class I integron gene cassette containing the dfr gene
was detected in 45.4% of A. baumannii isolates resistant
to TMP-SXT, while 6.4% of isolates sensitive to TMP-SXT
also harbored this cassette. Similarly, in another study,
it was found that 9.1% of A. baumannii isolates carried
2 different class I integron gene cassettes encoding aacC1-
aadAl and aac(3)-1 genes.? In contrast, Xu et al.?’ reported
the presence of class I integrons in 13.51% of A. bauman-
nii isolates but could not detect class I or class II integron
gene cassettes. A multicenter study conducted across vari-
ous regions in Turkey revealed that class I integrons were
found in 6.4% of A. baumannii isolates, whereas class II
integron gene cassettes were not detected. The class I inte-
gron identified in this study contained resistance genes such
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as aac(3)-1, aadAl and blaTEM-1.>° Conversely, in a study
conducted in Iran, the rates of class I and class II integron
gene cassettes in A. baumannii isolates were detected
in 63.9% and 78.2%, respectively. Intriguingly, both class I
and class Il integron gene cassettes were identified in 49.6%
of the isolates, although the specific antibiotic resistance
genes within these cassettes were not elucidated.?”

In this research conducted in the Kirsehir province in
Turkey, both class I and class II integrons were detected
in A. baumannii isolates. In our study, contrary to previ-
ous findings, the simultaneous presence of dfrA12 and
aadA genes within class [ integron gene cassettes indicates
the existence of multiple subtypes of genes responsible for
TMP-SXT and aminoglycoside resistance. This observa-
tion suggests a potential mechanism for the amplification
of class I integrons contributing to multidrug resistance
among A. baumannii isolates. Additionally, unlike previous
studies, our research identified the co-occurrence of both
class I and class II integrons within the same bacterial iso-
late. The presence of dfrA12 and aadA2 genes (GenBank
accession No. OR417416) within the class I integron, along
with dfrA1-Sat genes (GenBank accession No. OR417417)
within the class II integron, underscores the likelihood
of multiple integron gene cassettes harboring distinct genes
in A. baumannii strains. This situation suggests the poten-
tial for rapid dissemination of multiple antibiotic resistance
traits among the isolates. In addition to the aforementioned
findings, another noteworthy observation was the presence
of the sat gene alongside the dfrA1l gene in an A. baumannii
isolate carrying a class Il integron. This observation implies
that the dissemination of aminoglycoside resistance among
TMP-SXT-resistant A. baumannii isolates might exhibit
a heightened prevalence compared to other antibiotic re-
sistance genes.

Limitations

The main limitation of this study was the sample size.
Itis essential to conduct integron gene cassette studies that
examine antibiotic resistance on a population level, encom-
passing a diverse range of bacteria with varying resistance
profiles. Such studies necessitate a coordinated national
approach, and these limitations will be the primary focus
of future research.

Conclusions

As aresult of the analysis of the data we obtained in our
research, it was revealed that colistin and tigecycline are
still the most effective antibiotics in the treatment of in-
fections caused by A. baumannii. Furthermore, this study
reveals the need for comprehensive surveillance and mo-
lecular characterization of integron-mediated resistance
mechanisms to inform effective strategies to combat infec-
tions caused by MDR A. baumannii.
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Abstract

Background. The activity of proton pump inhibitors (PPIs) hinders the function of proton pumps that
generate stomach acid. Nuclear factor kappa B (NF-kB) is a transcriptional factor engaged in inflammation,
immunity and the formation of cancer. The farnesoid X receptor (FXR) is a nuclear receptor that governs
the metabolism of bile acids and the metabolic functioning of the liver. The impact of PPIs on the signaling
of FXRs and NF-kB is not well understood.

Objectives. We aimed to study the effects of esomeprazole on FXRs and NF-kB signaling in liver cells.

Materials and methods. For the liver cell model, we used the human liver cell line HepaG2. Cells were
treated with lipopolysaccharides (LPS) and esomeprazole, and then we assessed the effects of esomeprazole
on inflammatory and carcinogenic markers, NF-kB and FXR. We applied the techniques of western blotting,
reverse-transcription polymerase chain reaction (RT-PCR), confocal microscopicimaging, and electrophoretic
mobility shift assay (EMSA).

Results. Lipopolysaccharides-induced FXRs and NF-«B signaling upregulated the NF-kB-associated cyto-
kines interleukin 6 (IL-6), cyclooxygenase-2 (COX-2) and tumor necrosis factor alpha (TNF-a). Esomeprazole
inhibited the uprequlation of all these cytokines. Additionally, esomeprazole inhibited LPS-induced FXR
expression and NF-kB signaling in HepaG2 cells. The net effect on FXRs and NF-kB signaling was the lower
levels of the associated inflammatory and carcinogenic cytokines.

Conclusions. Our study provides insight into the potential therapeutic effects of esomeprazole on hepatic
inflammation and carcinogenesis by inhibiting LPS-induced NF-kB and FXR expression in HepG2 cells.

Key words: proton pump inhibitors, nuclear factor kappa B, famesoid X receptor, lipopolysaccharides, HepaG2
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Background

Proton pump inhibitors (PPIs) reduce the amount of acid
produced in the stomach by inhibiting the action of proton
pumps and are commonly used to treat conditions such
as gastroesophageal reflux disease, peptic ulcer disease
and Zollinger—Ellison syndrome.! The most commonly
used PPIs include omeprazole, pantoprazole, lansopra-
zole, and esomeprazole. Clinically, PPIs have side effects
such as headache, nausea, diarrhea, renal injury, and an in-
creased risk of bone fractures,?? and the prolonged use
of PPl is an important issue. The long-term use of PPIs has
been suggested to increase the risk of liver carcinogenesis,
including hepatocellular carcinoma (HCC) and cholangio-
carcinoma.~® However, evidence is conflicting regarding
the association between PPIs and HCC.”?

The mechanisms for which PPIs increase the risk of he-
patic carcinogenesis are not fully understood, but is worth
studying. Several mechanisms could be considered in PPI
and hepatic carcinogenesis, including the altered gut mi-
crobiota, promoting the growth of harmful bacteria re-
sulting in liver inflammation®!! and hypergastrinemia.
Gastrin is a hormone that possibly promotes liver cell
proliferation, overgrowth and the development of tu-
mors.'? Conversely, several studies have suggested there
is no association between PPI use and hypergastrinemia
or carcinogenesis.!>1*

Nuclear factor kappa B (NF-kB) signaling is a transcrip-
tion factor involved in inflammation and carcinogenesis.
Nuclear factor kappa B is activated by various stimuli,
including inflammatory cytokines, oxidative stresses, and
viral or bacterial infections.}>1® Activation of NF-kB also
affects hepatic cancer cells by regulating cell prolifera-
tion and apoptosis.””~1? Thus, NF-«kB signaling has been
implicated in carcinogenesis,?® and the sustained activa-
tion of NF-kB in liver cells could contribute to hepatic
carcinogenesis.?! The other nuclear receptor, farnesoid
X receptor (FXR), is also expressed on hepatocytes and
has bile acid metabolism and inflammation functions.
The activation of FXR is recognized for its antitumor
properties in the liver, like inhibition of liver tumor cell
growth and proliferation, as well as induction of apoptosis
in these cells.?

The expression and interaction between FXR and NF-xB
in liver carcinogenesis is complex and not well understood.
Farnesoid X receptor activation may inhibit NF-kB sig-
naling and reduce hepatobiliary inflammation, thereby
preventing tumor development.??

The effects of FXR and NF-kB signaling vary depending
on the specific cellular and molecular context. This vari-
ability highlights the existing knowledge gap in under-
standing the mechanisms underlying the effects of PPIs
on liver carcinogenesis and the intricate interplay between
FXR and NF-«B. Further research in this area is essential
to shed light on these complex interactions and their im-
plications for liver health.

C. Lu et al. Farnesoid X receptors and NF-kB pathway

Objectives

This study aimed to investigate the effect of esomepra-
zole on hepatic carcinogenesis by examining the expres-
sion of NF-«kB and FXR.

Materials and methods
Cell culture

We cultured HepG2 cells, a human HCC cell line, in ster-
ile flasks. The culture medium included Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), 1% L-glutamine and 1% penicillin-
streptomycin. For sub-confluent cultures, HepG2 cells were
seeded at a density of 2 to 4x10% cells/cm?, while for conflu-
ent cultures, we used a density of 8 to 10x10* cells/cm?. Cells
were incubated at 37°C in a humidified incubator with 5%
CO,, with the culture medium replenished every 2—-3 days,
or as needed, to maintain optimal cell growth. After reach-
ing 80—90% confluence, cells were passed to a new culture
generation. First, cells were rinsed with phosphate-buffered
saline (PBS) to remove serum and residual media. Then,
trypsin-EDTA (ethylenediaminetetraacetic acid) was used
to detach cells from the culture surface. Trypsin was neu-
tralized with fresh media, and the cells were subsequently
collected in pellets by centrifugation.

Real-time quantitative polymerase chain
reaction

Total RNA was extracted from the cell cultures using
the Trizol reagent. Genomic DNA was eliminated with
DNase using the Turbo DNA-free kit (Applied Biosys-
tems, Waltham, USA). Next, 1 pg of total RNA was reverse
transcribed into Oligo (dT) using the Superscript III First-
Strand Synthesis Super Mix (Invitrogen, Waltham, USA).
Polymerase chain reaction (PCR) analysis was conducted
using the Quant Studio 3 Real-Time PCR System (Thermo
Fisher Scientific, Waltham, USA). Two microliters of cDNA
were used as the template for PCR amplification, employ-
ing interleukin 6 (IL-6) primers (Supplementary Table 1).

Western blot analysis

Cells were first lysed in radioimmunoprecipitation assay
(RIPA) buffer (R0278; MilliporeSigma, St. Louis, USA) sup-
plemented with a protease inhibitor. Protein lysates were
incubated on ice for 30 min with repeated vortexing every
5 min, and finally cleared by centrifugation at 6,000 g for
15 min at 4°C. Supernatants were then collected and stored
at —80°C until further analysis. Protein concentrations
in the extracts were determined using the BCA Protein
Assay Kit (23225; Thermo Fisher Scientific). Aliquots
of 30 pg of total protein extracted from cultured cells were
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subjected to electrophoresis on a 10% sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
at a constant voltage of 70 V for 30 min, followed by 110 V
for 90 min in a running buffer (25 uM Tris-HCl pH 8.3,
192 uM glycine and 0.1% SDS).

Subsequently, proteins were transferred from the gel
to a nitrocellulose membrane using a constant current
of 350 mA for 90 min in a transfer buffer (25 pM Tris-HCI
pH 8.3, 150 uM glycine and 5% v/v methanol). The nitrocel-
lulose membrane was then blocked with 5% bovine serum
albumin (BSA) in Tris-buffered saline (TBS; 20 uM Tris pH
7.6, 137 uM NaCl) for 1 h. Immunostaining was performed
using a monoclonal FXR (NR1H4) antibody and Phospho-
NF-kB p65 (Ser536) antibody (both at 1/1,000 dilution;
Cell Signaling Technology (CST), Danvers, USA), followed
by incubation with a secondary polyclonal mouse anti-goat
antibody conjugated to horseradish peroxidase (HRP) (di-
luted at 1!/5,000; CST). Blots were developed using HRP
and Trident Femto Western HRP Substrate (GTX14698;
Gene Tex, Irvine, USA). Data acquisition was performed
using a Geliance CCD camera (PerkinElmer, Waltham,
USA). Image analysis was carried out using Image]J soft-
ware (National Institutes of Health (NIH), Bethesda, USA)

Confocal microscopy analysis

Laser confocal microscopy (Olympus FV1000; Olympus
Corp., Tokyo, Japan) was employed to localize subcellular
proteins, including NF-kB. Immunofluorescence staining was
performed to label samples with a fluorescently conjugated
NEF-«B specific antibody. Subsequently, confocal microscopy
was conducted using a confocal laser scanning microscope.

Sample preparations involved the following steps. First,
cells were fixed and permeabilized, and the nonspecific
binding sites were blocked using a blocking agent (e.g., BSA
or serum). Next, samples were incubated with a primary
antibody specific to NF-kB while diluted in a blocking
buffer. Afterward, samples were washed to remove any
unbound primary antibodies. Samples were then incubated
with a secondary antibody conjugated to a fluorescent dye,
diluted in a blocking buffer, and washed again to elimi-
nate any unbound secondary antibodies. Finally, samples
were mounted on a microscope slide using a mounting
medium, and images were taken with a confocal laser scan-
ning microscope.

Electrophoretic mobility shift assay

HepG2 cells were first treated with esomeprazole and
lipopolysaccharide (LPS), before being harvested to ob-
tain nuclear extracts according to the standard procedures
as described in the literature. To perform electrophoretic
mobility shift assay (EMSA), we used a double-stranded
DNA probe containing the consensus sequence for
the NF-kB binding site (5-GGGACTTTCC-3’), which was
labeled with biotin. The labeled DNA probe was incubated
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with the nuclear extract in a binding buffer containing
nonspecific competitor DNA (such as poly dI-dC) and
a specific competitor DNA containing the NF-«xB binding
site. The specific competitor DNA was obtained commer-
cially or prepared by annealing oligonucleotides contain-
ing the NF-kB binding site.

The binding reaction was conducted at room tempera-
ture for 30 min to allow the formation of NF-kB-DNA
complexes. Subsequently, the reaction mixture was loaded
onto a non-denaturing polyacrylamide gel, which allowed
electrophoresis to separate the NF-kB-DNA complexes
from the free DNA probes. After electrophoresis, gel visu-
alization was achieved using autoradiography for the radio-
active probes. As the NF-kB DNA complex migrated more
slowly than the free DNA probe, a shifted band appeared
on the gel, indicating the presence of the complex.

Statistical analyses

Each group in this study was examined in each experi-
ment. Results were presented as medians. The quanti-
tative polymerase chain reaction (QPCR) results shown
in the dot plots were obtained from 6 independent ex-
periments (n = 6). All experiments were independently
repeated 6 times. The Kruskal-Wallis test was conducted,
and if differences were significant, the Dunn—Bonferroni
test was applied. Differences were considered statistically
significant at a p-value < 0.05. For data analysis, we used
IBM SPSS v. 22.0 (IBM Corp., Armonk, USA).

Results

Lipopolysaccharides increased
the expression of NF-kB signaling
molecules in HepG2 cells

Lipopolysaccharides, a component of the outer mem-
brane of Gram-negative bacteria, activates various sig-
naling molecules in host cells, including the NF-«kB
transcription factor. Such LPS activation plays a crucial
role in regulating the expression of genes related to in-
flammation, immunity and cell survival. We found that
LPS treatment increased NF-kB expression and activated
downstream targets by increasing the expression of in-
flammatory cytokines, such as IL-6, cyclooxygenase-2
(COX-2) and tumor necrosis factor alpha (TNF-«) (Fig. 1).

Lipopolysaccharides increased FXR
expression in HepG2 cells

Lipopolysaccharides are known to increase FXR expres-
sion in various cells, including hepatocytes and macro-
phages. Activation of the FXR by LPS has been proposed
to play a protective role in various diseases by regulating
the expression of genes involved in inflammatory and
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Fig. 1. Cytokine expression in HepG2 cells treated with LPS and ESO using real-time quantitative polymerase chain reaction (qPCR). The dot plot
shows the level relative to the control group and illustrates the median. A. Lipopolysaccharides significantly upregulated the expression of TNF-q;

B. Lipopolysaccharides significantly upregulated the expression of IL-6; C. Lipopolysaccharides significantly upregulated the expression of COX-2.
Esomeprazole could downregulate LPS-induced TNF-q, IL-6 and COX-2 expression. All 3 dot plots (A, B and C) were compared among 4 groups using
the Kruskal-Wallis test. If the Kruskal-Wallis test showed a statistical difference among the 4 groups, post hoc comparisons between the groups were
performed using Dunn-Bonferroni tests. The ** symbol on the chart indicates p < 0.01 according to the Dunn—-Bonferroni tests. The median and

the p-values from the Kruskal-Wallis test and the Dunn—Bonferroni tests can be found in Supplementary Table 2

TNF-a - tumor necrosis factor alpha; IL-6 — interleukin 6; COX-2 - cyclooxygenase-2; LPS — lipopolysaccharides; ESO — esomeprazole; LPS: 1 ug/mL;

ESO: 25 uM; n = 6; ** p < 0.01.

LPS=+

Con LPS ESO ESO

NRIHS S A s 0o
P-pES | s S S G5 kD2
PES s D M - S O3

GAPDH = S S S— a—— 35 kDa

Fig. 2. Treatment with LPS for 12 h increased farnesoid X receptors

(FXR) (NRTH4) expression in HepG2 cells. Expression of NF-kB (p65),
phospho-NF-kB (p-p65) and FXR (NR1H4) in HepG2 cells treated with

or without LPS and esomeprazole. Untreated control cells and cells
treated with esomeprazole alone were also included. HepG2 cells were
treated with LPS with or without esomeprazole for 12 h. Cell lysates were
immunotransferred using anti-NF-kB (p65), anti-kBa and anti-phospho-k
a antibodies. Immunotransference using an anti-GAPDH antibody was
performed to confirm the equal sample load

Con - control untreated cells; LPS - lipopolysaccharides; NF-kB — nuclear
factor kappa B; ESO - esomeprazole, GAPDH —glyceraldehyde-3-
phosphate dehydrogenase; LPS: 1 ug/mL; ESO: 25 uM.

immune responses. Figure 2 shows that LPS treatment for
12 hincreased FXR expression in HepG2 cells. The confo-
cal microscopic images in Fig. 3 demonstrate that esome-
prazole inhibited LPS-induced NF-«kB expression. Based
on these results, esomeprazole, in addition to treating acid-
related disorders, likely exerts an anti-inflammatory effect
by blocking the LPS activation of NF-kB. Figure 4A illus-
trates that LPS treatment significantly upregulated the ex-
pression of FXR in HepG2 cells compared to the untreated

control group. This upregulation was significantly miti-
gated when the cells were co-treated with esomeprazole,
indicating that esomeprazole effectively downregulated
LPS-induced FXR expression (Supplementary Table 2).

Esomeprazole inhibited the expression
of NF-kB and FXR in HepG2 cells

Furthermore, as shown in Fig. 4B, LPS treatment resulted
in a significant elevation in p-P65/P65 expression, high-
lighting an increase in NF-«B activation. Co-treatment with
esomeprazole led to a reduction in the LPS-induced p-P65 ex-
pression, although this reduction was borderline significant.
The statistical significance of these findings was assessed us-
ing the Kruskal-Wallis test, which indicated significant dif-
ferences among the treatment groups. Subsequent post hoc
comparisons were conducted using Dunn—Bonferroni tests.
Detailed p-values from both the Kruskal-Wallis and Dunn—
Bonferroni tests are provided in Supplementary Table 2.

These results suggest that esomeprazole has a modula-
tory effect on LPS-induced changes in NF-xB and FXR
signaling pathways in HepG2 cells. Specifically, esome-
prazole appears to counteract the pro-inflammatory ef-
fects induced by LPS, potentially through the regulation
of the FXR and NF-«B signaling.

Electrophoretic mobility shift assay
showed esomeprazole inhibition
of LPS-induced NF-kB B expression

To investigate whether esomeprazole inhibits LPS-in-

duced NF-«B expression, we conducted an EMSA by in-
cubating a radiolabeled DNA probe containing an NF-kB
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Treatment: 12h PS
1 pg/mL

Control

NF-kB
p65

Merge

Hoechst

DIC

binding site with nuclear extracts from LPS-treated cells,
in the presence and absence of esomeprazole. If esomepra-
zole inhibits NF-kB expression in the presence of esome-
prazole, EMSA should have revealed a diminished band
pattern corresponding to the NF-kB-DNA complex. That
was exactly what we observed (Fig. 5).

Discussion

Esomeprazole, a PPI, is widely used to reduce acid produc-
tion in the stomach to treat acid-related disorders and has
proven clinical outcomes. Thus, the long-term use of PPIs
has been considered an important issue in medical care.
Nuclear factor-kappa B is a transcription factor involved
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Fig. 3. Confocal microscopy
images demonstrate that
esomeprazole inhibits
LPS-induced NF-kB expression.
The expression of NF-kB (p65)
and phospho-NF-kB (p65)

in HepG2 cells was evaluated
using confocal microscopy.
The HepG2 cells were either
untreated (control) or treated
with LPS or esomeprazole for
12 h. The analysis also included
merged images and control
images (Hoechst and DIC)

ESO
25 UM

Con - control untreated cells;
LPS - lipopolysaccharides;

ESO - esomeprazole;

NF-kB — nuclear factor kappa B;
DIC - differential interference;
LPS: T pug/mL; ESO: 25 pM.

in the regulation of inflammation and carcinogenesis.
In the present study on HepaG2 cells, we found that esome-
prazole inhibited LPS-induced FXR and NF-«kB expression.

An interaction between FXRs and NF-«B has been ob-
served in the liver. The FXR activation inhibits NF-xB
activation, resulting in the downstream production of pro-
inflammatory cytokines that contribute to liver injury and
inflammation. On the other hand, NF-kB activation pro-
motes liver inflammation and injury by promoting the pro-
duction of pro-inflammatory cytokines, such as TNF-a and
IL-6, leading to the progression of liver disease. Therefore,
targeting FXRs and NF-«kB is likely a complementary ap-
proach to treating liver diseases related to inflammation
and injury. In our study, we found both FXRs and NF-«B
are activated by esomeprazole in LPS-treated hepatocytes.
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Fig. 4. Expression of NF-kB (p65), phospho-NF-kB (p-p65) and farnesoid X receptor (FXR) (NRTH4) in HepG2 cells treated with LPS and ESO as measured with
western blotting. Dot plots indicate the levels relative to the control group and illustrate the median values. A. Lipopolysaccharides treatment significantly
upregulated FXR expression. Co-treatment with ESO significantly downregulated LPS-induced FXR expression. B. Lipopolysaccharides treatment
significantly upregulated the p-P65/P65 expression, while co-treatment with ESO showed a borderline significant downregulation of p-P65 expression.
Statistical analysis was performed using the Kruskal-Wallis test to determine significance among groups. If a statistical difference was found, post hoc
comparisons between groups were performed using Dunn-Bonferroni tests. The ** symbol on the chart indicates p < 0.01 according to the Dunn-
Bonferroni tests. Detailed p-values from both the Kruskal-Wallis and Dunn—Bonferroni tests are provided in Supplementary Table 2

LPS - lipopolysaccharides; ESO — esomeprazole; NF-kB — nuclear factor kappa B; GAPDH — glyceraldehyde-3-phosphate dehydrogenase; LPS: 1 ug/mL;

ESO: 25 uM; n =6; **p < 0.01.
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Fig. 5. Electrophoretic mobility shift assay (EMSA) revealed a diminished
band pattern corresponding to the NF-kB-DNA complex in the presence
of esomeprazole. The expression of NF-kB (p65) in HepG2 cells treated with
or without LPS and esomeprazole was assessed using EMSA. Untreated
control cells and cells treated with esomeprazole alone were also

included. HepG2 cells were treated with LPS in the presence or absence

of esomeprazole for 12 h. Cellular lysates were subjected to immuno-
transference using anti-NF-kB and monitoring by free DNA probe

LPS - lipopolysaccharides; NF-kB — nuclear factor kappa B;
ESO - esomeprazole; LPS: T pg/mL; ESO: 25 uM.

The inflammatory as well as carcinogenesis effects were
both inhibited by the PPI in HepG2 cells.

Proton pump inhibitors may play a protective role in in-
flammation and carcinogenesis. In studies of nerve cells,

PPIs exert mitochondrial apoptosis and attenuate NF-xB
signaling, suggesting its potential as an effective and safe
anticancer treatment for gliomas.?* An animal study found
that PPIs inhibit the induction of several inflammatory
mediators, including cytokines, chemokines and nitric
oxide (NO), by suppressing NF-«kB, thereby preventing
fulminant liver failure.?®

The PPI effect on the process of carcinogenesis may be
paradoxical. Proton pump inhibitors paradoxically augment
the anti-tumorigenic and gastrin in an APCMi* jntestinal
polyposis animal model.?° Our study further demonstrated
the potential inhibitory effect of esomeprazole on NF-kB
and its associated signaling pathways in hepatocytes.

The interaction between FXR and NF-«B in the liver
is complex and not fully understood. Wang et al. demon-
strated that the FXR acts critically as a negative mediator
of hepatic inflammation, contributing to hepatoprotection
and suppressing hepatic carcinogenesis.?> However, in our
study, we found that both FXR and NF-kB signaling were
inhibited by esomeprazole in LPS-induced hepatic inflam-
mation. The net effect of the inhibition of the FXR and
NF-kB is reduced levels of associated cytokines.

Limitations

The study primarily uses HepaG2 cells, which is a com-
mon cell line for liver-related research. However, the rel-
evance of findings in cell lines to clinical outcomes
in humans is often limited and may not fully represent
the complexity of liver-related diseases. This article dis-
cusses the potential benefits of targeting FXRs and NF-xB
in liver diseases, but it may not fully capture the diverse
nature of liver-related disorders, which can have multiple
underlying causes and mechanisms.
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Conclusions

Our study provides insight into the potential thera-
peutic effects of esomeprazole on hepatic inflammation
and carcinogenesis by inhibiting LPS-induced NF-kB and
FXR expressions in HepG2 cells. However, more research
is needed to fully understand its effects on gene expres-
sion and cellular pathways in various contexts, including
in vivo and human studies.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.12740310. The package includes
the following files:

Supplementary Table 1. Primers sequence used for
RT-PCR.

Supplementary Table 2. HepG2 cells were treated with
or without lipopolysaccharides or esomeprazole, and com-
pared to untreated cells using qPCR.
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Results. Implications of the study include facilitating future research, contributing to person-centered care
practices, and providing caregivers with tools to better understand and connect with PLWD. The findings
will contribute to the understanding of the mechanisms through which digital life storybooks can benefit
PLWD and their caregivers.
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care in both formal and informal settings, and could ultimately improve the lives of those affected by dementia.
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Introduction

Dementia has emerged as one of the most rapidly grow-
ing disorders, contributing to significant disability among
the elderly population worldwide.! -3 Recent estimates sug-
gest that around 55 million people globally are affected
by dementia, with this number expected to double every
20 years.*~° This progressive condition can impact various
cognitive functions, including memory, language, judg-
ment, visuospatial abilities, personality, and communica-
tion,>”8 ultimately leading to dependence on caregivers.*1

Treatment of dementia has focused primarily on slow-
ing the progression of symptoms through medication and
therapy, as a definitive cure for dementia remains elu-
sive.l'"13 Non-pharmacological interventions aim to main-
tain or improve cognitive ability,'*"1¢ communication and
social interaction, and reduce behavioral symptoms in peo-
ple living with dementia (PLW D), which can ultimately en-
hance their overall quality of life (QoL).1”~2° Among these
interventions, life storybooks have proven to be effective
in the treatment of dementia, including improving mood,
cognition, e.g., memory, maintaining identity, and overall
wellbeing of PLWD.21-24

A life storybook is a carefully crafted volume contain-
ing personalized photographs, familiar music and mem-
orabilia, accompanied by concise text or captions that
represent key events, important people and treasured
memories from an individual’s life story.2>-2% Tradition-
ally, the creation and development of life storybooks have
relied on tangible prompts or memory cues to stimulate
discussion and recollection of past activities and experi-
ences, often taking the form of books, scrapbooks, photo
albums, or memory books.?®2?° However, technological
advancements have facilitated the development of digital
life storybooks specifically designed for PLWD.3°-32 These
interventions have taken various forms, such as interac-
tive multimedia storytelling devices,** multimedia biogra-
phies,®* reminiscence work using platforms like YouTube
and the internet,? and the creation of personalized mul-
timedia systems and digital life stories using life-logging
entities.3*-38 As emphasized by researchers,” digital life
storybooks offer the unique advantage of incorporating
music, a powerful memory trigger, along with other audi-
tory elements, such as narration.?*~# By combining video
clips with photographs and presenting content in a cin-
ematic format, digital life storybooks facilitate easy viewing
for individuals with dementia, both independently and
in the presence of others.*?43

A recent systematic review compiled different studies
addressing the effects of life storybooks on relatives and
highlighted the crucial role of family members in curat-
ing the content of life storybooks for individuals with
dementia.*~*¢ Involving family members in this process
ensures the authenticity, accuracy and personal relevance
of the life storybook, capturing the rich tapestry of the in-
dividual’s life experiences.*”*8 As primary caregivers and
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close acquaintances, family members possess unique in-
sights into the individual’s life history, preferences and
cherished memories, enabling them to create a narra-
tive that deeply resonates with the PLWD.**0 Moreover,
this collaborative effort promotes a sense of connection
and continuity for the individual, reinforcing their sense
of identity and self-worth.>">2 The active engagement
of family members in crafting life storybooks represents
a meaningful therapeutic intervention that enhances QoL
for individuals navigating the challenges of dementia.*>3

However, the onset of the COVID-19 pandemic neces-
sitated a shift in healthcare delivery, prioritizing safety
and minimizing physical contact.>*-5 In response to strin-
gent pandemic restrictions, social distancing measures
were widely adopted within healthcare settings.>®% This
imperative accelerated the rapid integration of telehealth
solutions, enabling the provision of essential medical ser-
vices while reducing the risk of viral transmission.>*®0
By utilizing digital platforms and remote communication
technologies, healthcare professionals were able to conduct
consultations, monitor patient progress and provide timely
medical advice, ensuring continuity of care in alignment
with public health guidelines.®'=%3 This transformation
in healthcare delivery not only highlights the adaptability
of the medical field but also represents a significant ad-
vancement in leveraging technology to protect both patient
and provider wellbeing during times of crisis.®*~

The recent surge in interest in telehealth can be at-
tributed to its multifaceted capabilities, which encom-
pass a comprehensive range of clinical components.
These include, but are not limited to, evaluation and as-
sessment, ongoing monitoring, preventative measures,
timely interventions, and expert consultations. In light
of the increasing connectivity and digitalization of our
world, telehealth has emerged as a comprehensive solution
for the delivery of healthcare services.®®% It has demon-
strated the potential to benefit the older adult popula-
tion by overcoming geographical distances and providing
easier access to healthcare, saving time and reducing travel
costs.”®"! Older adults receiving telehealth services have
also reported high levels of satisfaction with the services
provided, with minimal concerns.”>7* This adaptability
underscores its potential to revolutionize healthcare de-
livery and improve accessibility, making it a crucial tool
in modern healthcare systems.”>7°

A study by Laver et al.”” emphasized the advantages
of using telehealth for dementia care, replacing face-to-
face home visit services with digital health technologies.
The study concluded that the use of telehealth technolo-
gies to deliver non-pharmacological interventions for in-
dividuals with dementia and their caregivers may reduce
the costs of delivering the intervention, increase acces-
sibility and facilitate research translation.”®*”® Findings
from Cotelli et al.?° indicated that cognitive interventions
delivered via telehealth to individuals with mild cognitive
impairment are comparable to the same services delivered
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face-to-face.8-% Furthermore, individuals with dementia
and their caregivers have reported satisfaction with the use
of telehealth for various outcomes, such as interaction with
healthcare practitioners, addressing patient needs and its
usefulness.”0:84-86

Telehealth used in dementia care services, especially for
collaborative assessments, consultations and psychosocial
interventions, has shown promising results in improving
cognition, communication, overall QoL, reduced care-
giver burden, and depression compared to those receiving
the usual care.?-% Despite numerous studies on various
forms of digital life storybooks, research into the utili-
zation of telehealth to train the development of material
and use of digital life storybooks remains unpublished.3
The feasibility of using digital life storybooks to enhance
communication is also still scarce.”® The effectiveness
of digital life storybooks on communication, social inter-
action, relationships, and QoL of individuals with dementia
through the training of digital life storybooks is yet to be
explored.”>%3

Adapting healthcare interventions in culturally con-
gruent ways appears to increase the acceptability of these
practices.”*?> The benefits of using a life storybook for
individuals with dementia, such as enhanced cognition,
communication skills, reduced depression symptoms, and
reduced caregiver burden, have been highlighted in pre-
vious studies.”®?” Conventionally, reminiscence therapy
using digital life storybooks has been conducted face-to-
face.l”28% Previous studies have shown that telehealth
has shielded individuals with dementia and cognitive
decline from unnecessary exposure while also allowing
providers to connect their patients to much-needed com-
munity services.”>*1% Thus, researchers need to study
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the outcomes of the benefits, acceptability and satisfac-
tion,'? to report the feasibility of developing a digital life
storybook using a telehealth modality among individuals
with dementia.!931% More recently, in a single case study,
Asano and Hird!%> compared the outcomes of a digital
life story intervention with online family participation
to those of face-to-face sessions conducted without fam-
ily participation. The online intervention was delivered
under the same conditions as face-to-face (twice a week,
30 min per session, for 4 weeks) using the same life story-
book. The results demonstrated that both online cognitive
stimulations involving family participation and in-person
intervention led to improvements in depression, apathy,
caregiver distress, and cognitive function scores as mea-
sured by the Mini-Mental State Examination (MMSE).
This indicates that family members’ remote participation
could enhance the effectiveness of individualized cognitive
stimulation, presenting a promising solution to accessibil-
ity challenges.

The current research, therefore, aimed to: 1) study
the feasibility of developing a digital life storybook and
its application for individuals with dementia via telehealth;
2) study the feasibility of applying a telehealth modality
for the development of digital life storybooks for indi-
viduals with dementia; 3) compare the communication
skills of individuals with dementia before and after us-
ing the digital life storybook via telehealth; 4) compare
the QoL of individuals with dementia and their caregiv-
ers before and after using the digital life storybook via
telehealth; and 5) evaluate the levels of satisfaction re-
ported by individuals with dementia and their caregivers
via telehealth. The conceptual framework of our research
is presented in Fig. 1.

Telehealth

Persons living
with dementia

* Age

* Gender

* Education level
* Marital status

* Occupation Y

* Recruitment rate

» Adherence rate

* Data completion

* Rate of technical errors

* Acceptability of technology

* Demographic
* Dementia severity
* Cognitive functions

Intervention

Caregivers

Development and application
of the digital life storybook

| among persons living with
dementia and their caregivers

Outcomes

» Communication

o | ° Quality of life

. Quality of caregiving relationship

« Satisfaction of digital life storybook
via telehealth modality

» Family member/relatives/
domestic worker

» Demographic

* Age

Fig. 1. Conceptual framework. The figure shows the factors that
influence the outcomes of the development and application of digital
life storybooks via telehealth among persons living with dementia
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Materials and methods

This mixed-method study is designed to investigate
the feasibility of developing and applying a digital life story-
book for PLWD using telehealth methods. The study design
is based on previous research that has demonstrated the ef-
fectiveness of life storybooks in improving the wellbeing
of PLWD?2-2> and the potential of telehealth in delivering
non-pharmacological interventions for this population.”>7>8>

Study design and setting

The study involves the entire process of creating and using
the digital life storybook, facilitated remotely via telehealth
channels. A secure and interactive platform, a subscribed
version of Zoom (Zoom Communications, San Jose, USA),
will serve as the primary medium for all sessions due to its
security features and varied interactive functionalities.!!°
Preparatory training sessions focusing on Zoom navigation
and its diverse features will precede the commencement
of the digital life storybook’s creation and application for
both the PLWD and their respective caregivers.

The digital life storybook’s construction involves the use
of video editing software such as Wondershare Filmo-
raX (Wondershare Technology Group, Shenzen, China)
or Windows Movie Maker (Microsoft Corp., Redmond,
USA), undertaken by the researchers. This process entails
compiling soft copies of photographs, images or videos
displaying personal memorabilia, pertinent information,
beloved songs, or music obtained from caregivers or family
members. However, the responsibility of selecting relevant
material and uploading chosen images, videos and songs
onto a digital photo frame with audio-video capabilities
lies with the caregiver or family, thereby maintaining
the privacy of personal materials as the researchers re-
frain from direct involvement in this step.>* Nonetheless,
the researchers will guide the caregiver or family concern-
ing image selection and crafting simple statements for each
image. Tangible memorabilia will remain in the possession
of PLWD or their families to complement the digital life
storybook during subsequent reminiscence sessions.

A participatory design approach will be employed
in the creation of the digital life storybook, emphasizing
the active involvement of PLWD in the decision-making
processes, design concepts, content creation, and direction
of their life narratives.!” Collaboratively, researchers and
caregivers will serve as co-editors, engaging in this process.
However, it is essential to note that such involvement is vol-
untary rather than obligatory. The development of the digital
life storybook will be done through 2 different approaches:
first, full engagement with the PLWD, including a life review
process, or alternatively, independent preparation by care-
givers or family members and then presented to the PLWD
as a “gift”. Before the study commences, a comprehensive
plan and design inclusive of a realistic timeline will be estab-
lished. The structured process for constructing the digital
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life storybook will draw upon Subramaniam et al’s? re-
search. Collaboration among PLWD, their caregivers, rela-
tives, and researchers will entail compiling supplementary
elements, including selecting and sourcing favored music,
songs, video clips, and/or footage if available. The chrono-
logical organization of the digital life storybook will span
from childhood to the present, segmented into distinct
phases such as childhood, teenage years, career, mid-life,
etc., based on available visual materials. This content will be
enriched by background music, participants’ preferred songs
and a narrated storyline. Aligning with the individual’s pref-
erences, the chosen songs and music will accompany appro-
priate images whenever feasible. Additionally, expressions
articulated by PLWD throughout the development process
may be incorporated as quotations where fitting.

Narration will be provided by either the PLWD them-
selves or by caregivers/relatives. The spoken word will be
reinforced by the text appearing on the screen or scrolling
across the screen, in a clear font, allowing the PLWD suf-
ficient time to read the words if they wish to do so. The lan-
guage used for the narration will be preferred by the PLWD
and not restricted.

Weekly online meetings between the researchers and
the participant pairs (dyads) will be held to develop the dig-
ital life storybook, with each week focusing on 1 segment
of the digital life storybook (e.g.: week 1: personal infor-
mation; week 2: childhood; week 3: school; etc.). Each seg-
ment will be reviewed by the dyads (where possible) before
moving on to the next segment of the digital life storybook.
The dyads are allowed to amend each segment of the digi-
tal life storybook if they are not satisfied. The final product
of the digital life storybook will be saved and uploaded
to a digital photo book and mailed to the PLWD. Based
on past research, it is expected that the digital life story-
book will take approx. 7-10 weeks to develop and finalize.?

Online training will be provided to the dyads on how
to use the finalized digital life storybook. For purposes
of this study, the dyads will be required to use the digital life
storybook a minimum of 4 days a week, with each session
lasting between 45 and 50 min, for 8 consecutive weeks.

Participants

Participants will be selected via purposive sampling tech-
niques and recruited from the inpatient and outpatient case-
loads of the geriatric medicine, family medicine and psychol-
ogy clinics at a prominent teaching hospital in Malaysia and
from a non-profit organization that supports people with
Alzheimer’s disease and their caregivers in Malaysia. The po-
tential participants will be contacted via the phone to get
their oral and written consent to be involved in this study.

To be included in the study, dyads will comprise people
living with mild-to-moderate dementia and their primary
caregivers (family/relatives) who would consent to partici-
pate in the research. Caregivers involved will have to be
adult family members or relatives (aged 18 years and above)



Adv Clin Exp Med. 2025;34(7):1191-1200

1195

critical F = 2.49892 Fig. 2. Sample size calculation.
< The figure above shows
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0.6 4 obtained using G*Power3 for this
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or their domestic helpers who can ensure access to maxi-
mal personalized information for the digital life story-
book. The caregivers of PLWD should also have functional
cognitive abilities and be able to independently perform
functions of daily life. The dyads must be able to speak,
read and write in a common language and must be able
to commit to a period of 4—6 months for this study.

The dyads should have access to personal photographs/
videos and/or memorabilia of PLWD and a personal com-
puter, laptop, iPad or tablet with stable internet connec-
tions. However, they are not required to have any knowl-
edge or skills associated with computers and technology
and will not be required to control the digital life storybook
system before this study.

Any PLWD with high medical dependency, moderate-
to-severe (or greater) levels of cognitive impairment as in-
dicated within their medical history, significant auditory
or visual impairments, and major psychiatric or other
mental health issues will be excluded from participating.

Sample size calculation
A priori power analysis was conducted using G*Power3,1%

for repeated measures analysis of variance (ANOVA) with
a single group, a medium effect size (d = 0.30), and an «

of 0.05 as shown in Fig. 2. A dropout rate of 15% is an-
ticipated, with a minimum of 22 participants needed
to achieve a power of 0.90. Hence, this research will involve
22 dyads of participants who meet the inclusion criteria.

Data collection

The dyads will commence the study immediately upon
consenting to participate. All questionnaires will be sent
to the participants as editable PDF files or Google Forms
(Google LLC, Mountain View, USA), to be completed
online. Data will be collected at 6 points of time during
the study period: pre-development, baseline (T0); pre-ap-
plication (T1); follow-up assessment (T2, T3, T4) biweekly;
and final assessment (T5) 2 weeks after T4. Progress will
be monitored online using Zoom and all sessions will be
video/audio recorded to allow for the monitoring of varia-
tions or changes in communication and didactic inter-
actions. Records of the date, day and duration of digital
life storybook usage will be charted in the record form
provided to the participants. The main researcher will
administer all the assessments during each point of time.

Information regarding the PLWD will be obtained
from medical records and based on the formal diagnosis
by the attending physician. Several screening tools will also
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be used to select the potential participants based on the in-
clusion and exclusion criteria of this study to determine
the severity of dementia, cognitive level and depression
level respectively by the main researcher before the com-
mencement of this study:

1) Clinical Dementia Rating (CDR).1%” The CDR s a cli-
nician-rated dementia staging system with 5 levels — from
no dementia to severe dementia. The CDR scores are
healthy = 0; questionable dementia = 0.5; mild demen-
tia = 1; moderate dementia = 2; severe dementia = 3.

2) MiniMental State Examination.'® The MMSE is
a 30-point test used to measure the cognitive status in
adults which includes orientation, attention, memory, lan-
guage, and visual-spatial skills.

3) Geriatric Depression Scale (GDS).1° The GDS is a brief
self-reported depression scale (yes/no) for older adults with
a higher score indicating severe depression. In the GDS,
ascore of 0-9 is considered normal, 10—19 demonstrates mild
depressive symptoms and 20—30 shows severe depression.

To evaluate the feasibility of the development and appli-
cation of the digital life storybook via telehealth, recruit-
ment rate, adherence and retention rate, data completion,
rate of technical errors during videoconferencing, and ac-
ceptability of technology will be evaluated.!'® The study
will collect data to measure and compare the communica-
tion skills and QoL of people living with dementia, as well
as the QoL of their caregivers throughout the study period.

The following measures will be used to monitor changes
over time across the study duration:

1) Holden Communication Scale (HCS).!'! The HCS
consists of 12 items assessing the conversation, awareness,
knowledge and communication in both aspects of verbal and
non-verbal communication. Each item contains 5 response op-
tions, ranging from 0 to 4, where higher scores indicate more
difficulties in communication. The Cronbach’s a of the HCS
is 0.94 and test—retest reliability is r = 0.71. The Malay version
of HCS will be translated and validated using content validity.

2) Quality of life-Alzheimer’s Disease Scale (QOL-AD).}2
The QOL-AD is a 13-item questionnaire used to interview
a PLWD to gather an indication of self-reported QoL via
4-point Likert scale items, with higher scores indicating
higher QoL. Interrater reliability was excellent with all Co-
hen’s k values >0.70. Internal consistency was excellent with
a Cronbach’s a coefficient of 0.82.

3) Quality of Carer—Patient Relationship Scale (QCPR).!!?
The QCPR is a 14-item questionnaire with 2 subscales, will be
used to measure the quality of caregiving relationship between
the PLWD and their caregiver/relatives. The questionnaire
consists of 14 5-point Likert scale items, where a higher over-
all score on this scale indicates a higher relationship quality.

Qualitative measurements
To gather more in-depth information regarding the sat-

isfactory levels of the development and application
of the digital life storybook via telehealth and the perceived
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value of the digital life storybook, a set of open-ended ques-
tions will be developed and validated. The caregiver and
the PLWD will be asked the same questions separately
in verbal interviews. The questions will cover feelings and
thoughts about the content of the digital life storybook,
the benefits of the digital life storybook, the repeat-watch-
ing experience, the ease of use of the telehealth modality,
perceived strengths and challenges of the telehealth mo-
dality, and anything else they would like to share.

Data analysis

Quantitative data will be analyzed using the IBM SPSS
software (IBM Corp., Armonk, USA). The demographic
data of the dyads will be analyzed descriptively. The changes
in communication skills of PLWD, QoL of PLWD and
the quality of the caregiving relationship will be determined
using a paired t-test at pre-development (baseline assessment)
with post-development of the digital life storybook, and
post-development with post application (final assessment)
of the digital life storybook. A repeated-measures ANOVA
will be employed to assess the changes from the post-devel-
opment to the post-application of the digital life storybook.
A value of p < 0.05 will be considered significant.

The qualitative data on the satisfaction levels of the de-
velopment and application of the digital life storybook via
telehealth and the perceived value of the digital life story-
book will be analyzed thematically using the NVivo soft-
ware (QSR International, Burlington, USA). The responses
from the semi-structured interviews will be transcribed,
and the coded data read and re-read and grouped accord-
ing to emerging themes and reviewed. Each theme will be
defined and named. The process will be counter-checked
by members of the research team.

Discussion

The present study introduces an innovative online train-
ing protocol designed to empower caregivers in utilizing
digital life storybooks for PLWD. This protocol adopts
a participatory design approach in developing digital life
storybooks via telehealth, aiming to explore their impact
on communication skills and QoL for up to 2 months post-
utilization. Additionally, it seeks to assess the satisfaction
of both PLWD and their caregivers through qualitative
interviews.

This approach builds upon the strengths of both tele-
health and life storybooks, offering enhanced accessibility,
flexibility and potential for personalized care. The protocol
addresses key limitations of traditional training methods
by enabling caregivers to access educational resources ir-
respective of geographical barriers and tailor their learning
experience to their schedules.

Previous research has demonstrated that develop-
ing digital life storybooks via telehealth is as beneficial
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as face-to-face sessions for PLWD and their caregivers.2%2!
Similar findings were presented in the single case study
by Asano and Hird!®®> with online family participation.
Telehealth-based development offers several advantages,
including broader geographical reach, cost-effectiveness
and time efficiency. Researchers showed that remotely
delivered interventions involving caregivers of PLWD
were both useful and effective.!'* A systematic review!®
of the use of technology in creating individualized, mean-
ingful activities for PLWD also summarized that the use
of technology in creating individualized, meaningful ac-
tivities seems to be promising in terms of improving be-
havior and promoting relationships with others and that
future studies should aim to build a more concrete evidence
base by improving the methodological quality of research
in the area. However, a standardized protocol for develop-
ing digital life storybooks via telehealth has been lacking.

This study introduces an online training program for
creating digital life storybooks, building upon previous
work in the field'”!1® and aims to identify if online develop-
ment/use of digital life storybooks through the proposed
protocol will contribute to better use of technology for
such services within PLWD and their caregivers. By pro-
viding a structured, accessible and user-friendly platform,
this protocol has the potential to facilitate the effective
implementation of digital life storybooks in various care
settings.

Serving as a proof of concept, this study represents
an initial step towards establishing the feasibility of devel-
oping life storybooks via telehealth. It lays the groundwork
for gathering evidence to support this approach in future
research and practice. The potential implications of this
new protocol are far-reaching, providing a standardized
framework for evaluating the impact of digital life sto-
rybooks on the wellbeing of PLWD and their caregivers.
Moreover, widespread adoption of this protocol could
contribute to a shift towards more person-centered care
practices by equipping caregivers with tools to better un-
derstand and connect with the individuals they support.

From a theoretical perspective, this study contributes
to our understanding of the mechanisms through which
digital life storybooks can benefit individuals with de-
mentia and their caregivers. It highlights the importance
of capturing and honoring an individual’s unique life expe-
riences and the role that technology can play in facilitating
this process. Future research could explore the potential
for integrating online training programs with other thera-
peutic approaches, such as reminiscence therapy? or cog-
nitive stimulation therapy.}”

In terms of translational applications, the successful
implementation of this protocol could have significant
implications for dementia care delivery in both formal and
informal care settings. The integration of these training
programs into clinical practice may lead to more efficient
and coordinated care delivery, fostering collaboration be-
tween formal and informal caregivers.
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Limitations

It is important to acknowledge the limitations of this
study, including technical challenges, access barriers, and
the necessity for ongoing support and resources to ensure
the successful integration of acquired knowledge into daily
care routines. To address these limitations, the protocol
incorporates user-friendly technology, simplified naviga-
tion and continuous reinforcement strategies.

Future studies should focus on addressing the identi-
fied limitations, such as technical barriers, personaliza-
tion constraints and the practical application of acquired
skills. Efforts should be made to develop user-friendly
platforms, provide ongoing support and resources, and
evaluate the efficacy of the intervention in diverse care
settings. These endeavors will contribute to the refine-
ment and broader applicability of digital life storybook
interventions in dementia care.

Conclusions

This study introduces an innovative online training
program for utilizing digital life storybooks in dementia
care, offering a promising approach to enhance person-
centered care and empower caregivers. The protocol
demonstrates the potential for improving communication
and relationship-building between caregivers and PLWD.
Theoretically, this research advances our understanding
of technology-mediated reminiscence by exploring how
digital platforms can preserve and present autobiographi-
cal memories, contributing to the emerging field of digital
gerontechnology. The implications are substantial, with
the potential to revolutionize care delivery by enabling
remote, personalized interventions. However, challenges
remain, including the digital literacy of older caregivers
and the technical infrastructure in nursing homes. Future
research should address these limitations, perhaps by in-
corporating adaptive learning features to tailor the user
interface to individual comfort levels with technology. In-
tegration with complementary approaches, such as com-
bining digital life storybooks with cognitive stimulation
therapy, presents an exciting frontier for holistic dementia
care. By refining this protocol through ongoing research
and interdisciplinary collaboration, we can work towards
a future where technology-enhanced, person-centered care
becomes the standard, potentially reducing caregiver bur-
den and improving QoL for PLWD. This study marks a sig-
nificant step towards a future where technology-enhanced,
person-centered care becomes the standard in dementia
support and treatment.
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Abstract

Acute myeloid leukemia (AML), the most common leukemia in adults, is a biologically heterogeneous disease
arising from clonally proliferating hematopoietic stem cells. Increased appreciation of novel genetic methods
has improved the understanding of AML biology. Recently, the emerging field of metabolomics has indicated
qualitative and quantitative alterations in metabolic profiles in AML pathogenesis, progression and treatment.
Multiple metabolic and molecular pathways requlate human metabolism and host—microbiome interactions
may significantly affect this biochemical machinery. Microbiota have been found to play a significant role
in hematopoietic function, metabolism and immunity, contributing to AML occurrence. A large number
of studies have highlighted the importance of the composition and diversity of the qut microbiota (GM)
in response to treatment and prognosis in AML. Moreover, strong evidence emphasizes the detrimental link
between dysbiosis and infectious complications, a leading cause of morbidity and mortality for patients with
AML. Several microbiota-related mechanisms have been linked to particular changes in host physiology so
far, and microbial-derived metabolites belong to one of the most important. Circulating in the body, they
modulate human conditions both locally and systemically. The extensive and diverse repertoire of bacte-
rial metabolic functions plays a critical role in numerous processes, including leukemogenesis. Integrative
analysis of microbiome and metabolome data is a promising avenue for better understanding the complex
relationship between the microbiota, biochemical alterations and AML pathogenesis to effectively prevent,
treat and mitigate its outcomes. This review concentrates on the pathologic roles and therapeutic implications
of microbe-derived metabolites in AML settings.

Key words: microbiome, gut microbiota, short-chain fatty acids, microbial metabolites, AML treatment
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Introduction

Acute myeloid leukemia (AML) is one of the most het-
erogeneous hematological diseases arising from clonally
proliferating hematopoietic stem cells. The development
of novel genetic methods has improved our understand-
ing of AML biology. Besides genetic and epigenetic al-
terations, an increasing amount of data has indicated that
there is a relationship between the human microbiome and
the pathogenesis of AML. A large number of studies have
also highlighted the potential link between the composi-
tion of the gut microbiota (GM) and response to treat-
ment, prognosis and infectious complications, a leading
cause of morbidity and mortality for patients with AML.
Recently, the emerging field of metabolomics has explained
multiple metabolic and molecular pathways regulating
human metabolism and host—-microbiome interactions
that may significantly contribute to AML outcomes. Cir-
culating in the body, microbial-derived metabolites mod-
ulate human conditions, both locally and systemically.
Integrative analysis of microbiome and metabolome data
is a promising avenue for better understanding the com-
plex relationship between the microbiota, biochemical
alterations and the course of AML.

In this overview, we focused on microbial metabolite-
mediated interactions between the host and the microbiota
and the potential mechanisms by which these metabo-
lites exert their impacts in the context of AML. To reveal
the clinical and therapeutic significance of microbial me-
tabolomics, we reviewed previous translational research
in this setting. Our findings provide a strong foundation
for diagnostic and therapeutic applications of its mi-
crobiota—host interaction. Targeting specific individual
microbiome-related features, including a wide variety
of small compounds, emerges as the next opportunity for
interventions.

Acute myeloid leukemia

Acute myeloid leukemia is a clonal disorder characterized
by the presence of immature blasts and arrested differentia-
tion of malignant myeloid blasts in the bone marrow. Recent
advancements in sequencing technology and the develop-
ment of analytical tools have provided a comprehensive
understanding of its biology, prognosis and treatment. Leu-
kemogenesis is broadly dependent on genetic and epigenetic
alterations that lead to dysregulated gene expression and
function, but there are also hematopoietic and non-hema-
topoietic stromal components of the leukemic microen-
vironment that interact with pre-leukemic and leukemic
clones to promote their survival, self-renewal and resistance
to therapy. Recently, an increasing amount of data has indi-
cated various previously unknown underlying mechanisms.
Among them, exploration of the human microbiota and
microbial metabolites holds immense potential to further
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characterize AML biology. The relationship between
the human microbiome and the pathogenesis of AML is not
completely understood. Microbiota-induced dysregulated
metabolic pathways may be implicated in leukemogenesis
and the maintenance of leukemic blasts.

Identifying a whole spectrum of molecular events has led
to the recent U.S. Food and Drug Administration (FDA) ap-
proval of several targeted therapies for improving the care
of patients with AML. Currently, 60-70% of adult AML
patients achieve complete remission after initial induction
chemotherapy, and more than 25% of adults with AML are
expected to survive 3 or more years and may be cured.!
However, relapsed disease and treatment-related compli-
cations, mainly infections, are the most common causes
of death. Following the concepts of personalized medicine,
targeting the microbiota in a metabolite-dependent man-
ner offers a novel adjuvant treatment approach that can
improve treatment outcomes.

Microbiome

Microbiota is a diverse consortium of microorganisms
that inhabit a defined environment. Along with its genomes,
structural components, metabolites, and environmental
factors, which are referred to as the microbiome, the mi-
crobial community residing in humans plays a critical role
in host physiology.2 The GM is considered the most signifi-
cant microbiota in maintaining our health, but a variety
of microorganisms are also localized in other regions, in-
cluding the oral cavity, lungs, vagina, and skin. The micro-
bial communities are in symbiosis with the host, contribut-
ing to the maintenance of tissue homeostasis, the integrity
of mucosal epithelial barriers, immune system develop-
ment, tolerance and response, protection of pathogen re-
sistance, and modulation of inflammation. The human GM
has crucial functions to digest foods and uptake nutrients.

Reduced diversity and altered composition of the mi-
crobiota, named dysbiosis, may directly cause disease
or merely reflect disease-induced changes in the host
immune and metabolic systems. Several established ex-
amples of changes in the GM have been associated with
cardiovascular, neurological, metabolic, and inflammatory
diseases, as well as all stages of cancer, including initiation,
progression, treatment outcomes, and adverse reactions.
In recent years, increasing evidence has confirmed the ef-
fect of the GM on pathological changes in hematological
malignancies. Previous studies have revealed the remark-
able reduction of GM diversity in AML patients, with sig-
nificant differences in relative abundances of exact taxa
in comparison to healthy controls.

The composition of the GM, as well as its dynamic
changes, are individual for each person and are influ-
enced by heredity, environment, lifestyle, and other fac-
tors. In the unique clinical scenario of AML patients, sev-
eral factors, including prolonged hospitalization, multiple
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Table 1. Examples of microbiota-derived metabolites and their functions in the host organism

Metabolites

Microbial agent

Functions
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References

Bacteroidetes (Bacteroides host metabolic pathway regulation;
sp, Prevotella), Firmicutes inflammatory response regulation;
: (Staphylococcus aureus, local and systemic immunomodulation;
acetate, propionate, o ; : :
Coprococcus, Clostridium, Roseburia, maintenance of energy homeostasis;
) butyrate, valerate, ) ; ) :
Short-chain ) ) Faecalibacterium, Eubacterium, gut hormone production;
X isobutyrate, isovalerate, ) ) ) ) " ) 3-9
fatty acids ) Blautia), Proteobacteria microbiota composition regulation;
2-methylpropionate, o )
(Campylobacter jejuni), defence against pathogens;
hexanoate ) P ) ) o .
Actinobacteria (Bifidobacterium maintenance of gut barrier integrity;
sp.), Verrucomicrobia (Akkermansia intestinal permeability regulation;
muciniphila) anticancer activity
indole, indole-3- __— ) host metabolic pathway regulation;
R Firmicutes (Lactobacillus spp., ) P yreg )
propionic acid, 5-hydroxyl o ) . inflammatory response regulation;
Tryptophan . . Clostridium), Actinobacteria e )
) indole, indoxyl sulfate, . . . local and systemic immunomodulation;
and indole ) (Bifidobacterium), Bacteroidetes o ; 10-12
o N-acetyltryptophan, indoxyl ) ! antioxidative functions;
derivatives - ) (Bacteroides), Proteobacteria ) )
sulfate, serotonin, melatonin, o o neuroprotection and cytoprotection;
- (Escherichia coli, Shigella) ) ) ) ;
melatonin 6-sulfate intestinal barrier regulation
cholic acid, deoxycholic Actinobacteria (Bifidobacterium),
Bile acid acid, chenodeoxycholic acid, Bacteroidetes (Bacteroides), host metabolic pathway regulation;
) taurocholic acid, lithocholic Firmicutes (Clostridium, antimicrobial effects; 13,14
metabolites : o . ) . : } :
acid, glycocholic acid, Lactobacillus), Proteobacteria intestinal barrier regulation
ursodeoxycholic acid (Enterobacter)
Firmicutes (Faecalibacterium pro-inflammatory response promotion;
Choline TMA, methylamine, prausnitzii), Proteobacteria, mitochondrial dysfunction exacerbation;
) dimethylglycine, Actinobacteria (Bifidobacterium), cell membrane function regulations; 15
metabolites . A ) s
dimethylamine Bacteroidetes (Prevotella), neurotransmission;
Fusobacteria (Fusobacterium) lipid metabolism and biosynthesis regulation
vitamin B2, vitamin B3, Actinobacteria (Bifidobacterium), cellular metabolism regulation;
. vitamin B5, vitamin B6, Firmicutes (S. aureus, Listeria. immunomodulation;
Vitamins o L o ) . . 16
vitamin B9, vitamin B12, monocytogenes, lactic acid bacteria, antimicrobial effects;
vitamin K Salmonella typhimurium) DNA replication, methylation and repair

antibiotic administrations, gastrointestinal mucosal dam-
age, and severe immune system and nutrition impairments,
cause disruptions of the GM to a level rarely seen in other
clinical conditions.

Recently, host—-microbiome interactions via microbial
metabolites have become a great area of interest in terms
of the defining underlying mechanisms that connect
the microbiota with particular changes in host physiol-
ogy. The complete set of small molecules, including inter-
mediate or end products of bacterial metabolism, termed
the metabolome, is suspected to be a strong contributor
to our health via constant inter-organ interactions. When
the gut barrier is compromised, tissues and organs may be
flooded with molecules from the diet and microbiota that
negatively or positively impact the host immune system
and metabolism. On the other hand, the feedback loop
can modulate the micro-ecological balance.

Undigested foods reach the colon and serve as substrates
for bacterial metabolism. Carbohydrates, proteins and fats,
the major macronutrients, provide different microbiota-
accessible nutrients to generate the synthesis of vitamins,
short-chain fatty acids (SCFAs), essential amino acids, and
secondary metabolites. Indigestible dietary carbohydrates
select fiber-degrading, SCFA-producing bacteria, which
are considered to be beneficial under normal conditions.
Undigested proteins promote the growth of proteolytic
bacteria connected with SCFAs, branched-chain fatty acids

and some toxic metabolites, including ammonia and hy-
drogen sulfide. Conjugated fatty acids are the main source
of fat for bacterial metabolism. Overgrowth of acid-tol-
erant bacteria produces toxic compounds like hydrogen
sulfide. Detailed and mechanistic knowledge about micro-
biome—host signaling pathways in AML is limited, even
though progress has been made recently.

To date, most studies investigating a potential link be-
tween the fecal microbiome and AML have focused on mi-
crobiota-derived SCFAs, such as acetate, propionate and
butyrate. In particular, a reduction in fecal SCFA concen-
trations has been observed, while investigation of SCFA
levels in serum or plasma has led to more conflicting re-
sults. An increasing body of evidence now points to a po-
tential role of different microbiome-derived components,
such as lipopolysaccharides derived from bacterial cell
walls, tryptophan-related metabolites, choline metabolites,
secondary bile acids, and others, in the modulation of AML
course (Table 1).3-16

Metabolomics

Metabolomics is a branch of “omics” sciences that aims
to identify small molecules in a given sample, such as body
fluids or tissues, for in situ analysis of metabolic changes.
When combined with genetic, protein expression and
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analytical tools, this approach is a powerful tool for char-
acterizing the enzymatic and metabolic activity of cellular
pathways.!” The overarching goal of metabolomics is to as-
sess these metabolites quantitatively and qualitatively for
their diagnostic, therapeutic and prognostic potentials.

Due to the highly heterogeneous and dynamic nature
of the metabolome, its characterization in the framework
of different host—-microbiome interactions is challeng-
ing. Bacterial metabolomes are thought to be composed
of a few thousand metabolites, including more conserved
products of core metabolism and energy production
(nucleotides, amino acids, tricarboxylic acid cycle inter-
mediates, glycolysis, and the pentose phosphate pathway)
and arising from secondary metabolism.”!® Currently,
research uses an untargeted approach to identify all small
molecules, which requires complex methodological and
analyzing protocols. To capture metabolites of interest,
targeted metabolomics offers more straightforward tools.'

The metabolome has been extensively investigated
to identify characteristic signatures in many diseases.
Specific metabolic profiles have also been associated with
the different stages of AML patient management.29-22
Uncontrolled growth and proliferation of neoplastic cells
result in a wide spectrum of metabolic disturbances re-
flected in leukemic cell metabolism directly (single cell
metabolomics) but also in the bone microenvironment,
blood and other biological specimens. In AML settings,
there is a wealth of literature concerning metabolic altera-
tions in the context of oncogenic mutations and epigenetic
modifications.? However, the complexity of AMLSs issues,
from diagnosis to completion, is influenced by more so-
phisticated interactions at different levels. The metabolic
activities of the GM form an essential part of this machin-
ery. Recent studies have focused mainly on fecal metabo-
lites; therefore, a large-scale analysis of the relationship
between microbes and the metabolic profiles of various
tissues in an organism needs to be developed to provide
consistent and comprehensive characterization of AML
metabolic disturbances.

Does the microbiome drive AML?

Along with genetic and environmental factors, microor-
ganisms have been reported as the next leading carcino-
gens, responsible for approx. 20% of human neoplasms.?*
The existence of selected microorganisms can modulate
tumorigenesis via numerous mechanisms. At distant loca-
tions in the body, these effects are determined by the circu-
lation of microbiota-dependent activated or suppressed im-
mune cells, cytokines and metabolites. These last can play
a critical role as cancer promotors or inhibitors. The on-
cogenic mechanisms of these complex connections have
not yet been fully clarified.

Directly, microbiomes can produce toxic or carcinogenic
compounds that modify cellular processes and initiate
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signaling actions to control cell growth. Some products
of bacterial metabolism, such as microbial catabolism
of dietary proteins, polyamines, xenobiotics, or aromatic
amino acids, can induce tumor expansion through oxida-
tive stress and DNA instability.2>-?” Indirectly, they are
involved in the development and regulation of the immune
system, a basic anti-tumor tool in the human body. There
is evidence in favor of the role of the microbiota in the de-
velopment and regulation of B lymphocytes, T helper lym-
phocytes and tolerogenic dendritic cells. Both commensal
bacteria and their metabolites, such as butyric acid, are
necessary for the development of regulatory T cells.?%

A growing body of research has applied metabolomics
techniques to identify metabolites from different sample
sources associated with AML pathogenesis. However, there
is a lack of data on mechanistic insight into metabolite-
induced changes in specific pathways. Among the most
extensively studied, microbial-originated butyrate plays
a multilevel role in AML pathogenesis and outcomes.
Specifically, it activates suppressive regulatory T cells,
reduces the proinflammatory pathway of NF-kB, stimu-
lates G-protein-coupled receptors 41 and 43, influences
gene expression in cell growth and death at the epigenetic
level, and aids in the barrier function of the epithelium,
increasing the number of formations of tight junction pro-
teins through the modulation of AMP-activated protein
kinase.?0-3% Propionate, another SCFA, can promote fer-
roptosis and apoptosis through mitophagy and ferroptosis
mediated through acyl-CoA synthetase long-chain family
member 4. This elicits anti-leukemia immunity in AML.
Recent results showed that decreased levels of propio-
nate in the feces of AML patients correlated with GM
dysbiosis. Propionate suppressed AML progression both
in vivo and in vitro. Acyl-CoA synthetase long-chain fam-
ily member 4-induced ferroptosis increased the immu-
nogenicity of AML cells, induced the release of damage-
associated molecular patterns, and promoted dendritic
cell maturation.?*

Currently, using a variety of statistical tools or advanced
computational methods, studies are focused on the genera-
tion of paired metagenomic and metabolomic features from
the AML cohort to determine potential diagnostic profiles
correlated with leukemia onset, progression and relapse.
In a comprehensive study, Wang et al. explained the role
of microbiomes in AML progression in a metabolite-de-
pendent manner. Antibiotic treatment-induced dysbiosis,
a decrease in butyrate produced by the GM (especially Fae-
calibacterium), and the increased leakage of lipopolysaccha-
rides through the damaged intestinal barrier into the blood
accelerate AML progression.® As single-type samples may
not fully reflect overall changes in organismal metabolism,
Wu et al. investigated the differences in the metabolome
of human blood and mice serum, liver and feces under
conditions of AML. Significant differences in the serum
and fecal metabolomes between the AML group and con-
trol group of mice successfully distinguished 2 different
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profiles. Metabolic changes associated with AML primar-
ily affect amino acid and glucose metabolism. Through
cross-species validation, the study discovered the potential
involvement of the carnosine—histidine metabolic path-
way in the development and progression of AML. Analy-
sis of the GM showed a significant negative correlation
between the key metabolite carnosine and Peptococcaceae
and Campylobacteraceae. Finally, a significant decrease
in indole levels observed in mouse feces may contribute
to the development of AML via weakened immune surveil-
lance ability and exacerbation of intestinal inflammation.®

Increasing attention to the pathogenic relationship
between the microbiome and AML development in ex-
perimental and clinical studies has been drawn recently.
However, considering the complexity of the connections
between host metabolism, inflammation, immune re-
sponses, and hematopoiesis, many open questions remain
to be explored.

Treatment and microbiome
changes

The condition of AML patients is deeply complicated
by the large number of factors influencing microbiome
composition, which often makes it impossible to distin-
guish whether changes in microbiome composition are
caused by a disease or causally involved in its pathogenesis.

Antibiotics

Emerging evidence suggests that antibiotic therapy leads
to a reduction in microbiota diversity, promotion of anti-
biotic-resistant organisms, and disruption of the mucosal
barrier function, consequently resulting in recurrent Clos-
tridioides difficile or systemic infections, as well as altera-
tions in its metabolic activity. Bacterial taxa responsible for
essential metabolic functions, such as butyrate production,
have been shown to decrease after just 7 days of broad-
spectrum antibiotics. Beta-lactams and metronidazole, tar-
geting obligate anaerobes in the gut, exacerbate this effect.®”

Nutrition

Nutrition is one of the most fundamental factors in main-
taining a balanced human GM for patients undergoing
leukemia therapy. In a mouse study, caloric restriction
led to changes resembling those observed after cytotoxic
therapy, including expansion of Akkermansia and Bac-
teroides, reduction of Bacilli, mucin glycan degradation
with mucus layer thinning, decreased levels of acetate,
propionate and butyrate, and elevated succinate concen-
trations.?® In a small non-randomized study, in contrast
to parenteral nutrition (PN), enteral nutrition (EN) was
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found to expedite the recovery of microbiome diversity,
composition and SCFA production post-transplant in pe-
diatric patients.? Enteral nutrition exerts a trophic effect
on the gut epithelium, providing essential nutrients for
SCFA producers. Despite total PN being commonly uti-
lized to enhance the nutritional status of graft-versus-host
disease (GVHD) patients after allogeneic hematopoietic
stem cell transplantation (allo-HSCT), EN is currently
the preferred mode of nutritional support in cancer pa-
tients.* The adverse effects of parenteral feeding arise
from impaired gut-associated lymphoid tissue function,
including compromised adaptive immune cells, intesti-
nal epithelium damage, alterations in metabolic product
profiles, and changes in the intestinal microbiome. These
factors collectively heighten susceptibility to infections.*!
Conversely, EN-enhanced SCFA production shields against
intestinal mucosal atrophy and bacterial translocation.>-4*
A pilot study examining the effects of nutrition on post-
allo-HSCT GM found that PN was less effective than EN
in maintaining microbiota diversity and composition.
Patients receiving EN showed higher levels of Faecali-
bacterium and Ruminococcus E bromii, while prolonged
minimal oral intake reduced microbial diversity and de-
creased SCFA-associated taxa, such as Faecalibacterium
prausnitzii and Blautia. These findings support the prefer-
ence for EN over PN in allo-HSCT patient care.*>

Chemotherapy

An expanding body of research on acute leukemia pa-
tients has demonstrated a chemotherapy-induced adverse
influence on intestinal barrier integrity, permeability and
GM condition. Apart from notable differences in GM
profiles, chemotherapy-treated patients exhibit diverse
metabolite profiles. Reduced diversity and pathological
composition of the GM translate directly to metabolic
alterations that can potentially persist in survivors.1-5

Rashidi et al. provided patient- and sample-level longi-
tudinal GM and circulating microbiome data from AML
patients hospitalized to receive induction chemotherapy.
They showed a decrease in alpha diversity and a decline
in citrulline (a marker of functional enterocyte mass) until
approx. day 12, followed by a slow rise toward baseline.
A significant association between 11 genera of the GM
and 201 serum metabolites formed 2 distinct patterns.
The 1% group of genera contained obligate anaerobic com-
mensal genera in the Clostridia class. Metabolites were
enriched in amino acid and xenobiotic pathways and in-
cluded known microbial metabolites of dietary tryptophan
and tyrosine, as well as butyrate/isobutyrate. Frequently
pathogenic species, including Enterococcus, Pseudomonas,
Rothia, and Veillonella, contributed to metabolites con-
nected with the lipid pathway in the 2"¢ group.>? The pro-
files of the GM and metabolites in AML patients with
and without chemotherapy and control individuals were
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compared by Xu et al. Patients with AML presented an in-
creased ratio of Firmicutes to Bacteroidetes. Collinsella and
Coriobacteriaceae were significantly enriched in newly di-
agnosed AML patients, serving as AML biomarkers. Plenty
of bacteria showed correlations with specific amino acid
expressions. Among them, both Collinsella and Coribacte-
riaceae were linked to fecal hydroxyprolyl-hydroxyproline,
prolyl-tyrosine and tyrosyl-proline.>® Hueso et al. linked
induction chemotherapy (7+3 regimen) to intestinal bar-
rier injury, reflected by a decrease in citrulline levels and
significant loss of overall bacterial load and alpha and beta
diversities, with a switch from anaerobic to aerotolerant
bacteria. Gut impairment was associated with a reduc-
tion in fecal SCFAs, which mirrors its necessity in colo-
nocyte support, crypt depth regulation, mucus secretion,
tissue homeostasis maintenance, and intestinal repair.>*
Potgens et al. recently investigated the links between GM
changes and cachectic features in AML patients using
a multi-omics approach, including fecal, blood and urine
metabolome assessment. They observed that intensive
treatment led to elevated systemic inflammation, muscle
mass depletion, anorexia, and weight loss, along with tran-
sient impairment of gut barrier function and persistent al-
terations in GM composition marked by reduced diversity.
At the end of the induction, Lactobacillaceae and Cam-
pylobacter levels increased, whereas 3 SCFA producers
(Intestinibacter bartlettii, Odoribacter splanchnicus and
Gemmiger formicilis) were reduced. Contrarily, Entero-
coccus faecium and Staphylococcus levels were increased
at discharge. Metabolomics analyses indicated persistent
reductions in urinary hippurate and fecal bacterial amino
acid metabolites (2-methylbutyrate, isovalerate and phen-
ylacetate).>® New modalities, such as CPX-351, a liposomal
cytarabine plus daunorubicin combination, approved for
adults with newly diagnosed therapy-related AML or AML
with myelodysplasia-related changes enhanced survival
compared to the 7+3 regimen. In preclinical models,
CPX-351 averted mucosal damage, dysbiosis and morbid-
ity by activating the aryl hydrocarbon receptor—IL-22—
IL-10 host pathway and generating immunomodulatory
metabolites by anaerobes.>®

The bidirectional interplay between the microbiome and
anticancer chemotherapy is significant. Gut microbiota
and microbial metabolites influence both the effective-
ness and adverse effects of chemotherapeutics, including
immunotherapy. This relationship is further underscored
by the concept of pharmacomicrobiomics, where micro-
organisms can also alter the biotransformation of drugs,
affecting their bioavailability, bioactivity and toxicity
through metabolites. Moreover, due to their anti-tumor
activity, microbial-derived metabolites possess the prop-
erty to exert the tumoricidal effect of conventional thera-
peutics. For example, sodium butyrate, a histone deacety-
lase inhibitor, enhances the efficacy of venetoclax against
AML cells through an increase in apoptosis induction.®”
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The combination of sodium butyrate with exogenous re-
combinant tumor necrosis factor-related apoptosis-induc-
ing ligand (TRAIL) has demonstrated enhanced antipro-
liferative effects in leukemia cells harboring the t(8;21)
translocation. TRAIL, a member of the tumor necrosis
factor (TNF) cytokine family, functions in immune sur-
veillance and selectively induces apoptosis in various can-
cer cells. Histone deacetylase inhibitors upregulate TRAIL
receptor expression, increasing the susceptibility of target
cells to TRAIL-induced apoptosis. In leukemia cells with
the t(8;21) translocation, TRAIL expression is diminished,
making the combination of sodium butyrate and recombi-
nant TRAIL a promising therapeutic strategy for the clini-
cal management of t(8;21) AML.>8

Neutropenic fever

Dysbiosis is intricately linked to infectious complica-
tions, which represent a prevalent cause of mortality
among patients with hematologic malignancies. Neutro-
penic fever (NF) is a common clinical exacerbation, but its
clear etiology usually cannot be found.

Recent evidence indicates a link between the microbiota
and NF occurrence in AML patients. Rashidi et al. identified
ashiftin circulating metabolites after NF, of which 13 were
associated with the GM. The level of metabolites contribut-
ing to intestinal epithelial health (citrulline) and bacterial
metabolites of dietary tryptophan (indole) with known anti-
inflammatory and gut-protective effects decreased after
NF in parallel with an increase in mucolytic and a decrease
in butyrogenic bacteria.>® To better understand NF patho-
genesis, the authors profiled the GM in 2 cohorts of patients
with acute leukemia and showed that mucolytic species,
Akkermansia muciniphila, expansion in the gut was as-
sociated with an increased risk for NF. Serum metabolites
involved in the y-glutamyl cycle, known oxidative stress me-
diators, correlated both with A. muciniphila and NF. More-
over, the level of gut microbial-derived indole compounds
increased after A. muciniphila expansion and decreased
before NF, suggesting their anti-inflammatory effects. This
study suggests that NF relies on the pyrogenic and inflam-
matory effects of metabolites absorbed from the gut, and
compromised mucolytic function of A. muciniphila is cru-
cial in this process.®® Similar studies on allo-HSCT patients
with AML have yielded consistent evidence of the relation-
ship between A. muciniphila and NF. In addition, irradia-
tion, melphalan and caloric restriction increased the relative
abundance of A. muciniphila. Moreover, caloric restriction
of unirradiated mice reduced acetate, propionate and butyr-
ate. Treatment with an antibiotic targeting A. muciniphila
or propionate supplementation in mice preserved the mucus
layer. These results suggest that there are comprehensive
interactions between diet, metabolites, colonic mucus, and
the microbiome in NF risk.>
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Microbiota-based approaches
Nutrition

Nutritional status significantly influences the outcomes
of leukemia patients. Both malnutrition and obesity in-
duce changes in the GM and alter the production of det-
rimental bacterial metabolites, which implies negative
effects.®%2 Muscle mass serves as an independent fac-
tor in post-HSCT survival. The GM and its metabolites
play a role in regulating metabolism, affecting skeletal
muscle mass and function. A study implementing soy—
whey blended protein in HSCT patients demonstrated
improved muscle strength and area, along with increased
GM alpha-diversity. Lack of response was associated with
a reduction in butyrate-producing taxa, while taxa such
as Ruminococcus and Veillonella showed positive corre-
lations with muscle status. Furthermore, the group that
responded positively to the intervention exhibited charac-
teristics related to amino acid biosynthesis and the pentose
phosphate pathway, both crucial for the anabolic processes
involved in skeletal muscle regeneration.®?

Route of feeding

The documented role of EN in maintaining GM ho-
meostasis resulted in its recommendation by main in-
ternational guidelines. When comparing EN to total PN
in 20 pediatric post-HSCT patients, the EN cohort ex-
hibited rapid recovery of microbiome diversity, compo-
sition and SCFA production after transplantation. This
was characterized by the restoration of Faecalibacte-
rium, Dorea, Blautia, Bacteroides, Parabacteroides, and
Oscillospira.®

Diet

Disease-related alterations in eating habits and nu-
tritional protocols among leukemia patients can lead
to a depletion of dietary fiber, an essential nutrient for
the GM. Significantly, Maia et al. conducted a study com-
paring the microbiological and nutritional composition
of neutropenic and regular diets, revealing comparable
microbial loads but decreased fiber and vitamin C con-
tent in the strict neutropenic diet.®* Restriction of fruits
and vegetables can disrupt the balance of the GM and
increase the risk of bacterial overgrowth and translo-
cation. Under conditions where dietary accessible sub-
strates are limiting, host mucins serve as a source for
microbial fermentation, promoting gut barrier injury.
Given insufficient evidence supporting the beneficial ef-
fects of a low-bacterial diet on infection and mortality
in neutropenic patients, a standardized approach focused
on the safe handling of foods serves as a promising alter-
native to a restrictive diet.
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Probiotics

Among cancer patients, the utilization of dietary and
commercial probiotic supplements is becoming more com-
mon, but data are limited regarding the impact of probiot-
ics on the microbiome in acute leukemia. In murine models
of allo-HSCT, Sofi et al. demonstrated that administering
asingle strain of commensal bacteria, Bacteroides fragilis,
led to increased GM diversity and an abundance of ben-
eficial commensal bacteria, effectively alleviating the de-
velopment of acute and chronic GVHD. The mechanism
underlying this improvement was linked to elevated levels
of SCFAs, interleukin 22 (IL-22) and regulatory T cells,
which contributed to enhanced tight junction-related
gut integrity and reduced production of inflammatory
cytokines by pathogenic T cells.®® Considering the lim-
ited efficacy of single selective probiotic supplementation
in restoring AML-related dysbiosis, probiotic cocktails
are being explored as alternative strategies. In one study,
oral administration of a selected mixture of 17 butyrate-
producing Clostridia strains to adult mice improved gut
epithelial integrity, reduced GVHD severity and improved
survival.®®

The recent live biotherapeutic products category of drug
products relating to living organisms with notable effects
on diseases has been designed by FDA to clarify pharma-
ceutical expectations.®” Clostridium butyricum MIYAIRI
588 (CBM588), a spore-forming anaerobic bacterium,
has been categorized as a live biotherapeutic product.
In a prospective observational study, prophylactic CBM588
contributed to the preservation of intestinal microbiota
diversity. Specifically, it significantly increased the abun-
dance of C. butyricum while reducing cluster III micro-
biota early after HSCT.%® An ongoing phase I clinical trial
(NCT03922035) is evaluating the safety and tolerability
of administering C. butyricurm CBM 588 Probiotic Strain
during HSCT (from day +1 to +28), with secondary out-
comes including analysis of GM changes.

Prebiotics

Prebiotics, defined as “substrates selectively utilized
by host microorganisms, conferring health benefits”, en-
compass fermentable, non-digestible carbohydrates me-
tabolized by specific commensal bacteria in the colon.®’
Unlike probiotics, which contain live microbes, prebiotics
are non-living nutrients present in both food and supple-
ments. These include inulin, fructo-oligosaccharides, xylo-
oligosaccharides, galacto-oligosaccharides, potato starch,
conjugated linoleic acid, polyunsaturated fatty acids, human
milk, phenolics, phytochemicals, and other readily ferment-
able dietary fibers. Administration of prebiotics significantly
promotes beneficial groups of bacteria, especially SCFA
producers, by providing them with essential substrates for
microbial fermentation.”®”! Riwes et al. have successfully
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demonstrated that prebiotic treatment with resistant starch
in patients with allo-HSCT was feasible and promoted bu-
tyrogenic microbiota, increasing levels of intestinal butyrate
in longitudinal observation.”? Future studies investigating
prebiotic supplementation that include the measurement
of circulating SCFA concentrations are warranted.

Postbiotics

Given the potential infection risk associated with pro-
biotics and the requirement of a healthy gut microbial
community for prebiotic digestion, postbiotics have
emerged as a potentially safer and more efficient approach.
Postbiotics encompass functional bioactive components
derived from inactivated microbial cells or their con-
stituents, often supplemented with metabolites.” In vi-
tro and murine model studies have elucidated numerous
beneficial effects of postbiotics, notably encompassing
the preservation of the gastrointestinal tract barrier sur-
face, the modulation of intestinal epithelial cell damage,
and the regulation of innate and adaptive host immune
responses.” Short-chain fatty acids, particularly butyrate,
stand out as the most extensively researched postbiotics.
In a leukemia setting, local delivery of exogenous butyr-
ate has been shown to enhance the integrity of intestinal
epithelial cell junctions, reduce apoptosis and alleviate
GVHD in murine models, akin to the effects observed
with 17 carefully selected strains of Clostridia known for
their high butyrate production.” In addition to butyrate,
propionate, another SCFA, has been found to protect in-
testinal epithelial cells and reduce acute GVHD severity,
possibly through GPR43-mediated ERK phosphorylation
and NLRP3 inflammasome activation.”® Based on their
unique characteristics and superior safety, postbiotics
should be considered as a novel strategy for the improve-
ment of outcomes of AML patients at all stages of therapy.

Fecal microbiota transplantation

The transfer of fecal material from healthy donors into
the gastrointestinal tract of recipients, named fecal micro-
biota transplantation (FMT), imparts beneficial changes
in both the microbial community and in metabolic pro-
files. Growing interest in the application of FMT in vari-
ous clinical settings has led to its increasingly extensive
use in the field of hematology with a great future. Fecal
microbiota transplantation, being the ultimate probi-
otic, has provided clinical benefits to recipients of HSCT.
The experience of recent years has shown a number
of advantages of FMT in different indications, including
restoration of dysbiotic microbiota, prevention of severe
infections through eradication of antibiotic-resistant bac-
teria, treatment of GVHD, and prevention and treatment
of Clostridium difficile infection.”’-%° The risk of infec-
tion associated with the procedure remains the biggest
concern of applying FMT to highly immunosuppressed
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patients with hematologic conditions. Therefore, despite
the currently encouraging results in terms of efficacy and
safety, following the actual recommendations, FMT is indi-
cated only for the 2" recurrence of C. difficile infection.®!
To avoid recipient exposure to potentially pathogenic for-
eign microorganisms, Taur et al. investigated the admin-
istration of autologous FMT, harvested before obtaining
the restoration of microbiota diversity and composition
to pre-transplant levels with Lachnospiraceae, Rumino-
coccaceae and Bacteroidetes, in a treatment arm only.®?
Novel strategies for customizing the composition of FMT
to specific recipients and developments in the fecal in-
oculum preparation processes may improve the safety and
efficacy of the procedure. The infusion of selected bacteria
via synthetic bacterial suspension, defined as “bacterial
consortium”, with particular emphasis on SCFA produc-
ers, offers another potential solution.3 Promising clinical
outcomes encourage further evaluation of the use of FMT
in AML settings with a special focus on its metabolic and
immune effects.

Gut decontamination

Assuming that non-absorbable antibiotics can debulk
intestinal bacteria and, therefore, decrease bacteremia and
acute GVHD risk, some clinical centers practice gut decon-
tamination (GD) in the peri-HSCT period. The rationale
for this procedure is mainly based on promising results
from murine, early single-arm, retrospective studies, while
more recent research has presented varied results.34+-%7
In a prospective, randomized study, GD with vancomycin
and polymyxin B did not affect Shannon diversity or clini-
cal outcomes but decreased the prevalence or abundance
of gut pathogens and bloodstream infections (BSIs).58
By comparing 2 decontamination schedules, Weber et al.
did not show a difference in rates of infectious complica-
tions between ciprofloxacin/metronidazole and rifaximin;
however, rifaximin tended toward higher intestinal mi-
crobiota diversity along with enhancement of antibiotic-
induced dysbiosis.?” Due to the lack of evidence supporting
a clear benefit of this procedure and a proven link between
the use of some antibiotics and dysbiosis, current guidelines
do not recommend GD as a standard practice; however,
a precise understanding of the correlation between specific
bacterial strains and AML patient outcomes may change
our approach to this procedure. While broad-spectrum
antibiotics that attack non-specifically may exacerbate gut
dysbiosis, the use of antibiotics with a spectrum narrow
enough to target a specific negative bacterial species and
spare beneficial ones may induce favorable efficacy. More-
over, pretreatment profiling of the individual gut microbi-
ome composition may help facilitate decisions regarding
the proper choice of antibiotics. Future studies incorporat-
ing modern multi-omics approaches are needed to explore
the specific impact of different antibiotics on the GM and
clinical outcomes.
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Discussion
Future directions

As the GM is a complex ecological system that requires
community collaboration, the administration of a single
microbial strain alone may be ineffective. Holistic reshap-
ing of the composition of the keystone consortium of mi-
crobes could be a promising approach. Precise microbial
engineering technologies, including various CRISPR/Cas
systems, offer a comprehensive tool to produce higher
yields of bioactive metabolites and improve safety. Ac-
curate delivery of engineered bacteria to the target area
is the main challenge, and the use of an encapsulation sys-
tem is being investigated as one of the possible solutions.

Based on the current results of preclinical research
on the role of microbial metabolites in AML, a novel
concept of postbiotics represents a promising alternative
or complementary option to improve therapeutic response,
mitigate treatment-related toxicity, protect against infec-
tious complications, and even prevent disease progression.
Postbiotics refer to bioactive compounds, cell fractions
or metabolic products of bacterial origin. In the absence
of live microorganisms, postbiotics administration may
eliminate the risks of potential infections, providing
a safer solution compared to probiotics or FMT. The lack
of standardization in terms of formulation, optimal dos-
age, duration, and route of administration poses chal-
lenges in determining the best clinical implementation.
Therefore, prebiotics, probiotics and postbiotics are still
only classified as health products rather than medicines,
and regulatory rules limit their application in the medical
field. The safety of these microbiome-based interventions
is a critical consideration in immunocompromised pa-
tients and represents the main objective of ongoing tri-
als. Furthermore, individual variability due to dynamic
differences in the GM during treatment necessitates mi-
crobiome profiling in accordance with the assumptions
of next-generation personalized medicine.

Considering the unique and multiple mechanisms of ac-
tion of microbiota-derived metabolites, they provide an op-
portunity to overcome the limitations of current traditional
medicines, including risks of adverse reactions, interactions,
tolerance, and dependence, and they may reduce reliance
on antibiotics, leading to lower healthcare costs. A better
understanding of the complex interactions between the GM
and host health will facilitate breakthroughs in innovative
treatments that hold the potential to transform the coming
face of medicine. Promising results from small preliminary
studies highlight opportunities for future research.

Limitations
The lack of available or reliable prior research consid-

ering microbial metabolomics in the context of AML
is the main limitation of this review. Despite significant
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progress in understanding the role of microbial metabo-
lites in many diseases, AML settings remain an open area
for research. It is worth noting that in most of the above-
discussed studies, patients with a diagnosis of AML rep-
resented only a small percentage of the total study group.
Considering the unique metabolic profile of patients with
leukemia, conditioned by the circumstances of the indi-
vidual’s health, the nature of the disease and the implica-
tions of treatment, current findings on the mechanistic role
of microbial metabolites from different conditions cannot
be directly applied to the context of AML. Future random-
ized clinical trials should be extended to include a larger
sample and eliminate the influence of disturbing factors.
Our paper does not provide a comprehensive discussion
of mixed methods research, which involves combining
different data collection methods in a single study. There
are currently insufficient validated algorithms for use
in clinical practice. In this case, various methods, includ-
ing multi-omics-based strategies, should be applied more
widely for a more effective understanding and investigation
of microbiome-related changes in AML.

Conclusions

Metabolomics is becoming a dominant player
in the functional assessment of AML issues, and it pro-
vides a novel perspective on our insight into its patho-
genesis. Understanding the nature of the microbiome
has direct translational importance, as microbial-derived
products are both targets and modifiers of AML processes.
In the future, microbial metabolic patterns may provide
non-invasive biomarkers for early diagnosis, risk stratifica-
tion, relapse prediction and detection, and even the iden-
tification of patients more likely to respond to treatment.
Current personalized therapeutic approaches in AML
are based on identifiable and targetable genomic lesions.
Targeting specific individual microbiome-related features
emerges as the next opportunity for therapeutic inter-
ventions. Ongoing efforts focusing on standardization
in laboratory techniques and analysis are likely to result
in the widespread adoption of metabolomics technology
in clinical settings. Future efforts are needed to implement
an integrative functional multi-omics approach in AML
patient management. Despite treatment progress, address-
ing microbial metabolite challenges remains a crucial area
for ongoing study and improvement.
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Abstract

(ancer remains a health problem worldwide; therefore, developing new therapies to increase the effectiveness
of anticancer treatments is necessary. Two such methods are photodynamic therapy (PDT) and chemodynamic
therapy (CDT). The intensive growth and increased metabolism of tumors lead to elevated levels of reactive
oxygen species (ROS) within cancer cells. These cells develop several antioxidant mechanisms to protect them
from this oxidative stress. Antioxidants also make tumors more resistant to chemotherapy and radiation. Gluta-
thione (GSH) is an important and the most abundant endogenous cellular antioxidant. Photodynamic therapy
and CDT are new methods that are based on the production of ROS,- therefore increasing oxidative stress
in cancer cells. A significant problem with these therapies is the increased GSH levels, which is an adaptation
of cancer cells to augmented metabolic processes. This paper presents various GSH depletion strategies that
are used to improve PDT and CDT. While the main goal of GSH depletion in both PDT and (DT is to prevent
its interaction with the ROS generated by these therapies, it should be remembered that the reduction of its
level itself may initiate pathways leading to cancer cell death.
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Introduction

The production of reactive oxygen species (ROS)
is a natural consequence of oxygen metabolism and cel-
lular biochemical reactions. As signaling molecules, ROS
play an essential role in the activation of pathways that
lead to cell proliferation and survival. However, in higher
concentrations, they promote mutagenesis by damaging
DNA, and in sufficiently high concentrations, they lead
to oxidative stress, causing cell death. To prevent the ad-
verse effects of high ROS levels, cells employ several an-
tioxidant protective mechanisms to maintain cellular
redox homeostasis and ensure normal functioning and
survival.!

Contrary to normal cells, cancer cells are characterized
by significantly increased levels of ROS owing to their un-
restrained growth and increased metabolism.2 Moreover,
higher levels of ROS increase the proliferation of cancer
cells and tumor aggressiveness, promoting their ability
to invade and metastasize.? Increased ROS content forces
cancer cells to intensify the antioxidant mechanisms that
protect them from the negative effects of these oxidative
stresses.? It has also been postulated that cancer cells
maintain the concentration of ROS at a level that facilitates
their progression.* The increased amount of antioxidants
and constantly elevated levels of ROS found in cancer cells
make them resistant to chemotherapeutic agents and ra-
diation. It has also been shown that cancer cells are highly
dependent on their antioxidant systems to maintain an ap-
propriate redox level and are, therefore, sensitive to exter-
nal factors disrupting these systems.!

Among the various endogenous cellular antioxidants,
glutathione (GSH) is the most abundant. It is a major scav-
enger of ROS and plays an essential role in maintaining
cell redox homeostasis. Although GSH plays an important
role in the detoxification of carcinogens, its elevated con-
centration can be observed in many cancer types, which
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increases the resistance of such cells to the toxic effects
of many chemotherapeutic agents and radiation.!

Due to the different amounts of ROS in cancer cells
compared to normal cells, various tumor treatment strat-
egies exacerbating oxidative stress have been developed.?
Since GSH is a common cellular antioxidant whose main
function is to remove free radicals and maintain cellu-
lar redox balance, it appears to be the optimal target for
such anticancer therapies. There are many studies show-
ing that GSH depletion increases oxidative stress, which
leads to cancer cell death. Moreover, it has been shown that
the reduction of GSH content in cancer cells makes them
more susceptible to factors that increase ROS.!

Objectives

Here, we describe GSH depletion strategies that could
improve the effectiveness of 2 promising ROS-based treat-
ments for cancer: photodynamic therapy (PDT) and che-
modynamic (CDT) therapy.

Glutathione depletion strategies

Increased concentrations of GSH in tumor tissues com-
pared to normal tissues have been observed in many neo-
plastic diseases.” This increases the resistance of cancer
cells to therapies based on potentiated oxidative stress.®
Depletion of GSH in cancer cells makes them more sen-
sitive to therapeutic agents. Therefore, it should come
as no surprise that various strategies are being developed
to lower intracellular GSH levels to inhibit tumor growth
and increase the effectiveness of therapy. These approaches
include a reduction in the availability of substrates for
GSH biosynthesis, inhibition of GSH synthesis, GSH con-
jugation, or increases in its oxidized form (GSSG), as well
as promotion of GSH cellular efflux (Fig. 1).7-°

Fig. 1. Glutathione depletion strategies
in cancer cells
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Type Il PDT

Glutathione depletion
in photodynamic therapy

Photodynamic therapy (Fig. 2) is a new, developing an-
ticancer therapy that is of great interest. The reasons for
this are its undoubted advantages, such as low invasive-
ness, low toxicity, high effectiveness of therapy, and lack
of drug resistance.!%1* Reactive oxygen species play a key
role in PDT. They oxidize biological macromolecules, such
as nucleic acids, proteins and lipids, altering cell signal-
ing pathways and gene expression, as well as destroying
membrane structures.’® This leads to apoptosis of can-
cer cells. Moreover, ROS within tumor tissues can also
damage the microcirculation and cause immunogenic cell
death.'*-18 In this therapy, a photosensitizer (PS) is admin-
istered to the patient and activated with an appropriate
wavelength of light. Photodynamic reactions can be clas-
sified into 2 types. In type I, light energy is transferred
from excited molecules to biomolecules through a direct
contact reaction. The radicalization mechanism involves
the transfer of an electron or hydrogen, and the resulting
radicals can initiate a radical chain reaction. This also
produces superoxide radicals (O,") and hydroxyl radicals
("OH).Y Type II PDT is based on an indirect reaction,
in which the excited PS reacts with molecular oxygen.
As a result, singlet oxygen (10,) is generated, which is ex-
tremely electrophilic, causing damage to biomolecules
and, consequently, destroying neoplastic cells.??! Most
PDT in clinical applications are based on the second type
of reaction.?

Due to some limitations, PDT is not currently used
as a first-line therapy in cancer treatment.?* To func-
tion effectively, it requires large amounts of oxygen
in the tumor microenvironment (TME), which is unfor-
tunately hypoxic.?® In addition, cells trigger several de-
fense mechanisms in response to PDT, e.g., cancer cells
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Fig. 2. The principles of photodynamic
therapy

Type | PDT

increase the synthesis of various cytoprotective molecules.
Redox-sensitive transcription factors are activated, which
increases the amount of detoxification and antioxidant
enzymes. Activation of anti-apoptotic pathways and over-
expression of heat shock proteins prevent the formation
of active apoptosomes.2¢

New strategies to increase the effectiveness of PDT are
constantly being developed. These include an increase
in ROS production by reducing hypoxia in the TME,'"%
as well as reducing the efficiency of cancer cell antioxidant
systems, with particular emphasis on GSH.1%28

Hu et al. used docosahexaenoic acid (DHA) and 2,2-di-
methoxy-2-phenylacetophenone (DMPA) placed in a ROS-
sensitive dendrimer nanocarrier (RSV) to reduce intracel-
lular GSH concentrations and increase the effectiveness
of PDT.?® Zinc phthalocyanate (ZnPc) was used as the PS.
Irradiated by 665 nm light in the presence of endogenous
H,0, or ROS resulting from PDT, RSV is decomposed,
and DHA and DMPA are released. Under light irradiation,
DMPA becomes the initiator of the thiol-ene click reac-
tion, which consists of GSH conjugation to double bonds
within the DHA molecule. This directly reduces the cel-
lular concentration of GSH. Moreover, Hu et al. showed
that their therapeutic system significantly decreased
intracellular concentrations of ATP, which is a cofactor
for y-glutamylcysteine synthetase, resulting in inhibition
of GSH synthesis.

Cao et al. synthesized nanoparticles from an amphiphi-
lic branched copolymer (PEG) with pendant vinyl groups
containing chlorine e6 (Ce6) as a PS.3° The vinyl groups
form a hydrophobic core as the nanoparticle reacts with
GSH in the thiol-ene click reaction, lowering its intracel-
lular concentration while Ce6 is released.

Li et al. proposed the use of S-nitrosated human serum
albumin (HSA-SNO) to lower GSH concentrations and
increase the effectiveness of PDT therapy.?! HSA-SNO
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binds GSH molecules, releasing nitric oxide (NO), which
additionally occupies oxygen binding sites within the mi-
tochondria, thus reducing cellular respiration of cancer
cells and indirectly increasing the oxygen concentration
needed for PDT.1

The use of 5-aminolevulinic acid (ALA) as a clinically
approved PS has been attempted. Although it does not
have the ability to photosensitize itself, it undergoes me-
tabolism inside the cell, resulting in the formation of pro-
toporphyrin IX (PpIX), which already possesses such
properties.?*3% Compared to other PSs, ALA has low
toxicity and is quickly removed from the body. However,
at physiological pH, it is largely hydrophilic and, therefore,
hardly penetrates biological barriers.3*3* The use of ester
derivatives alleviates this drawback, but due to the pres-
ence of a nucleophilic amino group, these compounds are
still not very stable under physiological conditions. Li et al.
synthesized a number of ALA methyl ester derivatives
in which the substituents were linked to the amino group
via 2-hydroxyethyl disulfide.?® After entering the cell, these
derivatives react with GSH, which releases ALA and simul-
taneously lowers the intracellular GSH pool. Next, ALA
was transformed into protoporphyrin IX.

An interesting solution was proposed by Meng et al., who
created a metal-organic framework (MOF)-based nanocar-
rier using a disulfide-containing imidazole as an organic
ligand and zinc (Zn?**) as a coordination metal.>” The nano-
carrier was loaded with a PS (Ce6). To stabilize the MOF
in an aqueous environment, its surface was covered with
an amphiphilic polymer (pluronic F127). Glutathione
depletion was accomplished through a disulfide-thiol ex-
change reaction and the decomposition of the MOF releases
the PS. Meng et al. also demonstrated that the nanocarriers
they used had a double therapeutic effect. The PS induces
a typical PDT increase in ROS levels, leading to apoptosis.
Glutathione depletion not only supports this process but
also causes ferroptosis.®

Ferroptosis is a cell death pathway that includes an iron-
dependent Fenton reaction and lipid peroxidation.?® This
process is characterized by the accumulation of Lipids-OOH
due to the disruption of their scavenging systems. The scav-
enging of toxic Lipids-OOH is carried out by their reduction
to Lipids-OH by GSH peroxidase 4 (GPX4).%° Glutathione
is the reducing co-substrate of GPX4; therefore, GSH deple-
tion or GSH synthesis disorders can trigger ferroptosis.*!
There are many studies that have observed ferroptosis initi-
ated by GSH depletion in both PDT and CDT.3742-46

Curcumin, isolated from Curcuma longa, is a natural che-
mopreventive drug for cancer.*” Many studies have shown
that this compound significantly decreases the level of hy-
poxia-inducible factor 1a (HIF-1a), which is overexpressed
in several neoplastic diseases. Moreover, curcumin depletes
GSH.*% Zhang et al. used a curcumin derivative (Cur-S-
OA) to create a nanoparticle (ZnPc@Cur-S-OA), which
decomposes in cancer cells in a ROS-responsive manner
with the release of the PS (zinc phthalocyanate, ZnPC) and
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free curcumin.® The curcumin derivative serves 2 distinct
purposes. First, it acts as a PS stabilizer. Second, following
nanoparticle decomposition, it acts as a chemotherapeutic
agent, thereby improving PDT efficiency.

Liu et al. designed an oxidative stress amplifier (OSA), that
is activated in cancer cells by its interaction with H,O,.>!
It is a micelle (DPL@CC) consisting of cinnamaldehyde
(Cin), a GSH scavenger, and Ce6, a PS, coated with a ROS-
reactive amphiphilic polymer (DPL). Cinnamaldehyde con-
jugates with GSH and blocks its thiol group, which is re-
quired to react with ROS. After OSA application, the level
of GSH decreased to 18.9% compared to control cells.

Cysteine is an essential substrate in GSH biosynthe-
sis, and its deficiency significantly affects the formation
rate and cellular concentration. Cystine, the oxidized
form of cysteine, is present in the extracellular matrix
(ECM) and is taken up by the cell through the X. sys-
tem. It is an anti-port glutamate/cystine transporter found
in the cell membrane.>? The light chain of the X~ system
(xCT) is overexpressed in many types of neoplastic dis-
eases, which correlates with resistance to treatment and
a poor prognosis in patients.”>~¢ A reduction in extracel-
lular cystine uptake directly reduces the cellular concen-
tration of GSH; thus, inhibiting the X~ system is another
possible strategy for its depletion.®” One of the compounds
with the ability to inhibit the X~ system is erastin.?® Zhul
et al. designed a nanodrug containing erastin and Ce6
as the PS.% After entering cancer cells, erastin inhibited
GSH biosynthesis, lowering the intracellular pool, enhanc-
ing Fe-induced lipid peroxidation, and inducing cell death
via ferroptosis.?>8-62

Wang et al. synthesized nanoparticles consisting of py-
ropheophorbide (PPa) as a PS and clopidogrel, which was
responsible for increasing the effectiveness of PDT by GSH
depletion.®® Clopidogrel is a classic antiplatelet drug that
is metabolized by cytochrome P450 (CYP2C19) to form
a thiol metabolite.®* This metabolite conjugates with GSH,
lowering its intracellular pool and increasing the effective-
ness of PDT. The disadvantage of this approach is that
it is limited to cancer cells that overexpress CYP2C19.

Depletion of glutathione
in chemodynamic therapy

Chemodynamic therapy (Fig. 3) is highly selective to-
wards cancer cells with minimal side effects.®® It is based
on Fenton or Fenton-like reactions in which transition
metal ions (e.g., Fe, Co, Ni, Cu, and Mn) react with hydro-
gen peroxide to form highly cytotoxic hydroxyl radicals
(Fe** + HyO, — Fe3* + *OH + OH"). This reaction is ini-
tiated in the TME, characterized by the overproduction
of H,O,, low catalase activity and a weakly acidic pH.®¢”
Chemodynamic therapy is specific to cancer cells because
the Fenton reaction is significantly limited in a weakly al-
kaline environment, and the limited amount of hydrogen
peroxide is observed in normal cells.®® The Fenton reaction
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Fenton reaction

leads to oxidative stress, and the reactive hydroxyl radical
reacts with proteins, lipids, and DNA, disrupting their
function and leading to cancer cell death.®®

Compared to PDT, CDT is more selective and is initiated
by internal factors; therefore, it does not require external
energy in the form of light and does not depend on local ox-
ygen concentrations.®®”? Nevertheless, some factors limit
the effectiveness of CDT. The first is the limited amount
of endogenous H,0O, in cancer cells and the low catalytic
efficiency of chemodynamic agents.®® Another limitation
is the reaction environment. Most chemodynamic agents,
such as iron-based nanomaterials, transition metal ions,
and metal-organic frameworks, catalyze Fenton and Fen-
ton-like reactions better in a more acidic environment
(pH 3.0-5.0) than in the TME (pH 6.0-7.0).°>7! Finally,
overexpression of GSH in the TME significantly reduces
the production of hydroxyl radicals, reducing the effec-
tiveness of CDT.% Therefore, researchers have focused
on designing new nanomaterials that increase the effi-
ciency of CDT by modifying the TME, by lowering its
pH, increasing H,O, concentrations, and depleting GSH.

Lin et al. created nanoparticles consisting of mesopo-
rous silica coated with manganese dioxide (MnO,).”? After
internalization into cancer cells, the MnO, envelope un-
dergoes a redox reaction with GSH, resulting in the forma-
tion of the oxidized form of GSH (GSSG) and Mn?* ions.
Manganese ions in the presence of carbonate ions (HCOj3")
react with H,O,, forming hydroxyl radicals through a Fen-
ton-like reaction. Therefore, MnO, plays a dual role. Its
reaction with GSH lowers the intracellular pool, result-
ing in increased susceptibility of cancer cells to oxidative
stress. The same reaction leads to the formation of Mn
ions, which are responsible for ROS generation. The use
of a mesoporous silica core, on the other hand, ensures
the controlled release of the drug. It should be noted that
a similar strategy has been used by many researchers.”
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Fig. 3. Chemodynamic therapy basis

Compared with the classic Fenton reaction catalyzed
by Fe?* ions, a Fenton-like reaction is catalyzed by Cu* ions
and can be carried out with greater efficiency in a weakly
acidic environment. However, because of the low redox po-
tential of Cu*/Cu?, Cu* ions are easily oxidized to Cu?*.7+7
Ma et al. proposed the use of copper-amino acid mercap-
tide nanoparticles (Cu-Cys NPs).”® After endocytosis into
cancer cells, these nanoparticles oxidize GSH and the cop-
per is reduced to Cu* ions. These ions react with hydrogen
peroxide to form hydroxyl radicals. The use of Cu** ions not
only increases the efficiency of ROS production but is also
an effective way to reduce the ratio of GSH to oxidized GSH
(GSSQG). The GSH depletion strategy using transition metal
ions, which are reduced by GSH to substrates for the Fen-
ton-like reaction, has been used in many studies.”’~%°

Chen et al. designed nanoparticles containing Fe;O,
and B-lapachone (Lapa).®! The first of these compounds
is the source of Fe?* ions, which participate in the Fen-
ton reactions. Lapa undergoes a transition from qui-
none to hydroquinone in the futile cycle catalyzed
by NADPH:quinone oxidoreductase-1 (NQOL1). The over-
expression of NQOL1 in cancer cells, which occurs at a ra-
tio of 2—-100 times, results in greater selectivity for these
cells when Lapa is used.”? The futile cycle of Lapa not only
generates H,O,, increasing the efficiency of CDT, but also
significantly reduces the cellular concentration of NADPH
(60 mol/Lapa mol/5 min).”® Since NADPH is a coenzyme
of GSH reductase, reduction in its amount interferes with
the function of this GSSG-reducing enzyme. This leads
to increased oxidative stress in cancer cells.

Limitations
Article selection bias is a possible limitation of this study.

Due to the abundance of works on this review topic, despite
every effort, some works that should have been cited may
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Table 1. Glutathione depletion strategies during PDT and CDT

D. Wolny, M. Stojko, A. Zajdel GSH depletion in PDT and CDT

Type of therapy | Mode of action | Agent | References
docohexaenoic acid 22
pendant vinyl groups 30
S-nitrosated human serum albumin 3
curcumin 0
conjugation with GSH cinnamaldehyde S
thiol metabolite of clopidogrel 63
phenethyl isothiocyanate o
mesoporous polydopamine =
- quinone methide %
ALA derivative with disulfide bond 3697
disulfide-containing imidazole &
hemin 9899
GSH oxidation Cu?* ST
Mn4+ 89,102,103
Fe3+ 84
NO 104
inhibition of GSH biosynthesis erastin .
buthionine sulfoximine 105
conjugation with GSH 2-nitroimidazole and 1H-imidazole-4-carbonitrile Lt
Cu2+ 76,80,81,90,107,108
Mn4+ 72,86,109
ot GSH oxidation Fo3+ o110
NO 1m
decrease of GSH reductase activity B-lapachone o1
inhibition of GSH biosynthesis triptolide 12

PDT - photodynamic therapy; CDT — chemodynamic therapy; GSH - glutathione; ALA — 5-aminolevulinic acid; Cu2* - cupric ion; Mn4* — tetravalent

manganese ion; Fe3* — ferric ion; NO - nitric oxide.

have been omitted. In addition, many of the papers used
the same GSH depletion strategies, so the authors decided
not to cite some of them.

Conclusions

Cancer remains a global health problem despite the con-
stant development of new medicines. Numerous studies
focused on developing new therapeutic strategies to in-
crease the effectiveness of anticancer treatment. Methods,
such as PDT or CDT, are characterized by an increased
specificity and selectivity for cancer cells and reduced
side effects compared to traditional chemo- and radio-
therapy. Despite the undoubted advantages of these oxi-
dative stress-increasing therapies, they face certain prob-
lems in clinical applications. One of the most important
obstacles is the adaptation of cancer cells to an increased
concentration of ROS by increasing the production of GSH.
This requires the development of effective strategies to re-
duce the concentration of this thiol compound in cancer

cells (Table 1). A simple and direct way to deplete GSH
is to use compounds that react with GSH to form stable
derivatives or transform it into an oxidized form (GSSG).
This is also the most common strategy used by scientists
to develop new PDTs and CDTs, as presented in this paper.
Although the main goal of GSH depletion in both PDT
and CDT is to prevent its interaction with ROS generated
by these therapies, it should be remembered that reduc-
tions in GSH levels by itself may initiate pathways leading
to cancer cell death.
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Abstract

The increasing demand for an effective therapeutic modality in the form of organ transplantation leads
to the need to improve the long-term outcomes of the process. Ischemia/reperfusion injuries (IRI) are
an integral part of the kidney transplantation process, contributing to inflammation, oxidative stress and
activation of the immune system. Inflammasomes, as a component of the immune response, in the form
of inflammatory mediators during infection or tissue damage, initiate cell death called pyroptosis. In this
context, we have defined the process of inflammasome activation in response to IRI, which is a potential
cause of early kidney rejection due to increased susceptibility of the kidneys to ischemia. This review focuses
on analyzing the modulation of inflammasome activity in kidney transplants and the activation of the NLRP3
inflammasome as a crucial element of kidney injury during the transplantation procedure, which could be
a potential target for future preventive/therapeutic strategies.

Key words: organ transplantation, ischemia/reperfusion injury, inflammatory process, inflammasome, NLRP3
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Introduction

Organ transplants, including kidney transplants, are
one of the greatest achievements of modern medicine.!
The etymology of the term “transplantation” comes from
the Latin word transplantare, meaning “to graft” or “trans-
fer”. The mentioned concept is defined as “the transplan-
tation of an entire organ or only a specific part, desig-
nated tissue, or cells from one body to another or within
the same body”.? This dictionary definition is consistent
with the one proposed by the World Health Organization
(WHO), which adds the therapeutic function of restor-
ing organ function.® Understanding the concept of trans-
plantation according to both mentioned sources is also
accepted in the literature.*®

The 1°* successful kidney transplant was performed
in 1954 on identical twins. Currently, there is an increased
demand for kidney transplants among patients, resulting
in a higher number of transplants performed in Poland
and worldwide.! According to the latest data from Pol-
transplant, 2,058 people were enrolled for a transplant
procedure in 2021, of whom 749 underwent the procedure.®

Types of kidney transplants

The literature divides kidney transplants into 3 main
groups: autologous, xenogeneic and allogeneic. Autolo-
gous transplantation, also known as autograft, involves
the removal of a kidney and its re-implantation.*’” Xeno-
geneic transplantation is performed between 2 different
species. Challenges in xenotransplantation arise from
the differences between the 2 species, which are re-
lated to the distinct structures of coagulation proteins,
the occurrence of inflammatory reactions in the recipi-
ent’s body and the risk of virus transmission. The uti-
lization of this type of transplantation requires fur-
ther research before becoming an alternative to kidney
allograft.®

Allogeneic transplantation is antagonistic to xenogeneic
transplantation. This is the most widespread and involves
transplantation between a donor and recipient of the same
species.t

Another criterion for classification is the origin of the or-
gan. Transplantology allows for the transplantation
of akidney from either a living or deceased donor.? Kidneys
from living donors can come from related individuals and
anonymous individuals. An anonymous donor can donate
their organ to a specified recipient or the first recipient
on the waiting list for transplantation.!

A crossmatch transplant is used in cases of immuno-
logical mismatch between the donor and recipient. This
method involves the exchange of organs between 2 pairs.
A specific variation of crossmatch transplant is a chain
transplant, which involves more than 2 pairs in the trans-
plant process.!!!
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Kidney transplantation
as a therapeutic method

Currently, the number of patients suffering from severe
kidney diseases is continuously increasing. Lifestyle dis-
eases such as type 2 diabetes (T2D), hypertension and obe-
sity are predisposing factors for the development of chronic
kidney disease (CKD). The diagnosis is established based
on an estimated glomerular filtration rate (eGFR) value
below 60 mL/min/1.73 m?, abnormalities detected in urine
tests, as well as kidney structure abnormalities observed
through imaging and/or histopathological examinations,
that persist for more than 3 months.!? The progressive
course of the disease may be associated with a steady de-
cline in glomerular filtration efficiency. Estimated glo-
merular filtration rate values below 15 mL/min/1.73 m?
qualify for the diagnosis of end-stage renal disease (ESRD).
This stage, with a range of complications such as metabolic
disorders, water-electrolyte disturbances, as well as car-
diovascular (CV) disorders, requires renal replacement
therapy (RRT). Despite the use of modern hemodialysis
techniques, mortality among such patients ranges from
20% to 50% within 24 months.!® A significantly longer
survival and improved quality of life compared to dialy-
sis therapy are achieved by transplanting a failing organ.
The greatest benefits are observed in patients with dia-
betes, especially young ones. Patients aged 20—39 years
and treated with dialysis have an average life expectancy
of 8 years, compared to 25 years after transplantation.!*1>
Preemptive organ transplantation significantly extends
the survival time of patients and transplant efficacy while
reducing the risks of adverse side effects of dialysis. It also
allows avoiding the need to create an arteriovenous fistula
(AVF) for hemodialysis or implanting a catheter for peri-
toneal dialysis.'

The conditions for achieving the expected results of RRT
are the appropriate qualification of the patient for trans-
plantation, done through health assessment and the iden-
tification of contraindications.!”

An essential clinical aspect in achieving therapeutic
benefits from a transplant is immunologic compatibil-
ity. Antibodies directed against human leukocyte antigen
(HLA) and red blood cells antigens (ABO) incompatibil-
ities between the donor and recipient initiate rejection
of the graft in approx. 30% of cases. For many years, ABO
incompatibility was an absolute contraindication for trans-
plantation. The reaction of iso-agglutinins with ABO blood
group antigens induces complement system activation.'8
The 2" important element in donor-recipient selection
based on immunological factors is minimal HLA mis-
match, absence of panel reactive antibodies (PRA) and
negative results in the donor lymphocyte crossmatch with
the recipient’s serum. These methods provide an opportu-
nity to detect donor-specific antibodies (DSA), allowing for
risk stratification of graft rejection.!® Removal of circulat-
ing antibodies or a reduction in their production are known
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as desensitization processes, making transplantation ac-
ceptable despite partial compatibility. This effect is mainly
achieved through plasmapheresis or immunoadsorption
(IA). An alternative for immunologically incompatible
pairs is the possibility of undergoing crossmatch/chain
transplant, as described above.!81°

Appropriate immunosuppression is a key element
in maintaining the function of the transplanted organ
while preventing rejection. Currently, a treatment regi-
men combining several medications is used, achieving
an appropriate level of immunosuppression while reducing
the risk of drug toxicities.?°

Transplantation efficacy and
complications

In recent years, the effectiveness of transplantation, par-
ticularly proper graft function, has improved. However,
improvements in long-term outcomes remain a challenge
in the field of transplantology.?! In Poland, according
to data from Poltransplant, the 5-year patient survival
rate (2001-2015) was 88%, while the 10-year survival rate
was 74%.° The most common factors that negatively affect
allografts in the 1% year after transplantation include CV
failure, infections and acute rejection (AR). After the 1%
year, chronic rejection contributes to the loss of proper
kidney function.?? Episodes of organ rejection can be
caused by cell-mediated responses involving T lympho-
cytes or the presence of antibodies, such as ABMR.?% De-
layed graft function (DGF), which lacks a precise defini-
tion, is associated with acute kidney injury (AKI) requiring
dialysis therapy.>* The incidence of DGF after deceased-
donor kidney transplants ranges from 5% to 50%, with
an increasing trend.?” Chronic kidney transplant rejection
(CKTR) is described by progressive deterioration of graft
function, usually emerging 1 year after transplant, along
with hypertension and proteinuria. Chronic kidney trans-
plant rejection typically occurs in patients with insufficient
immunosuppression; however, the main cause remains
the sustained allogeneic immune response.2¢

Technological advancements and the development
of surgical techniques have significantly reduced adverse
effects associated with the operation. These mainly involve
vascular complications and urological complications.?”28

Acute kidney injuries
in the transplant process

The transplanted organ is predisposed to multiple in-
juries related to the body’s immune response, toxicity
resulting from pharmacotherapy or ischemia/reperfu-
sion (I/R) injuries (IRI),?’ which will be further discussed
in the context of this study, given the subject of the re-
search conducted.
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Ischemia/reperfusion injuries are defined as a series
of cellular processes consisting of 2 distinct stages: isch-
emia — following the cessation of blood flow to the organ
—and the action of restoring the flow of blood to the organ,
otherwise known as reperfusion. Paradoxically, reperfu-
sion exacerbates the injury by activating various biochemi-
cal mechanisms. These processes lead to endothelial cell
damage, contributing, among other things, to the genera-
tion of reactive oxygen species (ROS) and activation of neu-
trophils and platelets, which are significant clinical prob-
lems during myocardial infarction (MI), ischemic stroke
and AKL.3%3 There is a higher frequency of IRI in donors
after cardiac death (DCDs) and expanted criteria donors
(ECDs), which correlates with a longer warm ischemia time
(WIT).32 Modern transplantology defines WIT as the pe-
riod counted from the time the organ is dissected free
from the donor until it is cooled (WIT I). Subsequently,
there is a cold ischemia time (CIT) during kidney preser-
vation in a hypothermic preservation solution, followed
by the 2"¢ episode of warm ischemia during organ im-
plantation in the recipient (WIT II).333% A prolonged CIT
contributes to DGF and potentially shortens the long-term
survival of the graft. The DCDs are particularly susceptible
to the negative consequences of CIT; hence, this period
should be minimized.?®

Mechanism of injury

Ischemia/reperfusion injuries are associated with vas-
cular dysfunction, leading to increased vascular perme-
ability and recruitment of inflammatory cells, contribut-
ing to multiple injuries.?® Insufficient exposure of cells
to oxygen initiates a metabolic shift to anaerobic me-
tabolism, accompanied by tissue acidosis. The resulting
acidosis, associated with lactate-dependent adenosine
triphosphate (ATP) production, is due to the accumu-
lation of lactic acid that is not removed by the circula-
tion. The change in the direction of ATP synthase, with
a noticeable increased hydrolysis, results in a decrease
in intracellular ATP levels and the accumulation of ATP
metabolites, such as hypoxanthine. These processes lead
to negative consequences, including destabilization of ly-
sosomal membranes, leakage of lysosomal enzymes, and
subsequent cell structure breakdown.?"*” To compensate
for the disturbed acid-base and water-mineral balances,
the activity of the Na*-K*-ATPase ion pump is inhibited,
with a simultaneous increase in the role of the Na*/H*
exchanger, contributing to an intracellular increase in so-
dium ions and water, leading to osmotic swelling. Dysfunc-
tion of the Na*/Ca%* pump leads to increased Ca?* levels,
resulting in the activation of calcium-dependent proteases,
such as calpains, upon reperfusion. The resulting calcium
overload initiates the synthesis of ROS (Fig. 1).5”% During
reperfusion, the mitochondrial burst of ROS is responsible
for adverse protein carbonylation and lipid peroxidation.
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Fig. 1. Simplified diagram of the effect of ischemia/reperfusion on the cell

Simultaneously, an inflammatory response is initiated,
activating cell adhesion receptors. Neutrophils migrate
through the endothelial wall into the tissue parenchyma,
releasing cytotoxic mediators such as tumor necrosis fac-
tor (TNF) and interleukins (ILs), and directly or indirectly
leading to the production of highly reactive species such
as superoxide anion (O,'"), hydrogen peroxide (H,O,)
and peroxynitrite (ONOO~). Normalization of pH affects
calpain activation along with the sustained high calcium
levels, contributing to the opening of the mitochondrial
permeability transition pore (mPTP) and the release of cy-
tochrome C enzymes, inducing cell death through apop-
tosis and necrosis.>>*0

Mitochondria play a significant role in the cascade
of kidney injuries and other organ injuries resulting from
I/R. During ischemia, ATP hydrolysis leads to an increase
in free inorganic phosphate, which increases membrane
permeability. After 60 min of WIT, the electron trans-
port system complexes show reduced activity, resulting
in the reduction of iron-sulfur proteins associated with
complex I (NADH dehydrogenase) or complex II (succinate
dehydrogenase) of the electron transport chain, leading
to the release of iron ions (Fe?*), reduction of hydrogen
peroxide (H,O,) and ROS generation.*! Further confor-
mational changes in the complexes during acute ischemia
lead to their inhibition and arrest of electron flow. Dur-
ing reperfusion, the availability of oxygen and energetic
substrates fuels oxidative metabolism, leading to a sig-
nificant increase in electron leakage through the mito-
chondria compared to normal function levels.*?43 Matrix
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ROS - reactive oxygen species; NOS — nitric oxide synthase; NOX — NADPH oxidases; XOR — xanthine oxidoreductase; mPTP — mitochondrial mega-channel PTP3?

metalloproteinases (MMPs) demonstrate a significant im-
pact on kidney injury during transplantation by degrading
extracellular matrix (ECM) components, responsible for
disrupting the integrity of tissues and facilitating inflam-
matory cell infiltration. This enzymatic activity intensifies
tissue damage and promotes fibrosis, complicating the re-
covery process post-transplant.** Dendritic cells (DCs) act
as a link between innate and adaptive immune responses,
directly through antigen presentation to B and T cells
or indirectly through cytokine signaling. In the context
of kidney transplantation, CD4* T lymphocytes play a cru-
cial role in the pathophysiology. Normally, T cell activation
occurs through antigen binding, but the effects of ROS
and cytokines on this process were also demonstrated.
The required antigen presentation by DCs or B cells was
targeted in therapy, where the blockade of the costimula-
tory system inhibited T cell activation and alleviated IRI
in animal models.*

Cellular damage as a result of I/R triggers various
types of cell death, including apoptosis, necrosis and
autophagy. Renal I/R initiate apoptosis in proximal tu-
bular cells.*® Caspases, which are serine proteases, act
as the main regulators and molecular effectors activated
by pro-apoptotic stimuli (dependent on either the intrin-
sic mitochondrial pathway or death receptors), leading
to the initiation of events that result in the release of mi-
tochondrial cytochrome c into the cytosol, chromosomal
DNA fragmentation, and morphological changes that are
typical of apoptosis.*” Autophagy is a process involving
self-degradation and the rebuilding of damaged organelles
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and proteins, protecting the cell from apoptosis after AKI
and supporting regeneration. Autophagy, involving in-
tracellular lysosomal degradation, is a series of catabolic
processes, starting with a small membrane phagophore
in the cytoplasm, then elongating to become, at the final
stage, a double-membrane structure called an autophago-
some, which fuses with lysosomes to form an autopha-
golysosome. Activated mammalian target of rapamycin
(mTOR) signaling leads to the degradation of intracellular
components, transporting them back to the cytoplasm for
the reuse of macromolecules. Prolonged autophagy activa-
tion, however, can have adverse effects after an ischemic
incident, triggering pathways leading to kidney cell death
and exacerbating kidney injury (KI).*® The use of murine
models with deficiencies of autophagy-related (ATG) pro-
teins that play a crucial role in autophagosome formation
to study the effect of autophagy in I/R helped more defini-
tively demonstrate the protective function of this process
in the preservation of tubular integrity.’

Markers of kidney injury during
transplantation

There is a continuous need to define new markers used
in routine monitoring of patients to serve as warning
signals at different time points during transplantation.
Currently, the gold standard for assessing kidney function
is eGFR, which is calculated based on serum creatinine lev-
els. However, due to the influence of various additional fac-
tors, such as diet, muscle mass, metabolism, and sex, serum
creatinine measurements have limited utility. In addition,
creatinine levels will increase in 50% of renal failure and
AKI and may not reflect renal tubular damage.>! Cystatin
Cis another commonly used functional biomarker of glo-
merular filtration, with increased sensitivity in detecting
early renal dysfunction (within 24 h) compared to serum
creatinine.®? The most promising new biomarkers, as re-
flected in the literature, with the clinical application are
neutrophil gelatinase-associated lipocalin (NGAL) and
kidney injury molecule-1 (KIM-1).5

Neutrophil gelatinase-associated lipocalin is a protein
produced by cells of the gastrointestinal, respiratory and
immune systems, hepatocytes, and also by renal distal tu-
bular epithelial cells. Toxic KI and I/R lead to the increased
urinary excretion of NGAL, making it one of the earliest
markers of KI. During acute tubular injury, NGAL also
plays a protective role by enhancing autophagy in distal tu-
bular cells, inhibiting apoptosis and inducing regeneration.
Recently, attention has been drawn to the use of NGAL
as a marker for CKD, including diabetic nephropathy,
as well as a marker for CV risk. In kidney transplanta-
tion, NGAL, measured in the early post-transplant pe-
riod, is considered a predictor of DGF.**>* Studies revealed
lower urine NGAL (uNGAL) levels in kidney transplant
recipients in the early days after transplantation, which,
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in combination with other parameters, serves as a help-
ful marker in the early assessment of kidney function.>
Moreover, both uNGAL levels and serum NGAL levels
were found to be useful in determining and predicting
early-stage KI.7>8 The lack of standardization of the mea-
surements, the excretion of a large amount of urine and its
dilution, as well as the induction of NGAL by some drugs
such as cephalosporins, cisplatin and bisphosphonates
limit its clinical application.”>

The 2™ widely documented marker is KIM-1, a trans-
membrane type I glycoprotein, a sensitive and reproducible
biomarker of AKI with nephrotoxic and ischemic origins.
It is expressed on the surface of the renal proximal tubular
epithelial cells (PTECs). Its extracellular domain is cleaved
by metalloproteinases and secreted into the urine in re-
sponse to hypoxia or damage to the renal tubules.>
The use of KIM-1 levels is currently being investigated
for monitoring kidney transplant recipients, contributing
to the early detection of organ rejection.>*¢°

Interleukin 18, a pro-inflammatory cytokine, is activated
by caspase-1. In healthy individuals, serum and urine levels
remain generally low; however, these levels significantly
increase in damaged kidney tissues. Interleukin-18 is often
measured as a mediator and biomarker of ischemic tissue
damage causing AKL.5!

YKL-40 is a glycoprotein that plays an important role
in tissue damage, inflammation, tissue remodeling, and
protection against apoptosis. According to studies, YKL-
40 influences organ repair mechanisms after ischemic
injury in mice, making it a potentially useful marker for
injury in transplants and as a prognostic marker for assess-
ing the suitability of donor kidneys for transplantation.®-62

Fatty acid-binding protein (FABP) is a cytoplasmic
protein involved in fatty acid metabolism, contributing
to the reduction of oxidative stress during I/R. Its high-
est expression is found in the distal tubular cells, mak-
ing it a major marker of injury in the transplanted organ.
Its levels in perfusion solutions were found to correlate
with high vascular resistance and early graft dysfunction;
however, their sensitivity and specificity are insufficient
to make decisions about graft rejection.®®

In several experimental and clinical models, the util-
ity of urine biomarkers such as uNGAL, urinary KIM-1
(uKIM-1), urinary IL-18 (uIL-18), and urinary FABP (u-
FABP) was identified in AKI and/or IRL.%*

A promising kidney-related biomarker is the Klotho pro-
tein. It exhibits diverse physiological actions, such as re-
ducing oxidative stress and inhibiting the apoptosis and
fibrotic processes. During I/R, Klotho is an early biomarker
of AKI and shows decreased levels in urine and blood, pre-
ceding the rise in creatinine levels. Furthermore, in studies
on its expression, Klotho correlated with eGFR 1 week after
transplantation. Albuminuria, certain medications and
local or systemic inflammation can reduce its expression.
However, the standardization of soluble Klotho measure-
ment methods remains an unresolved issue, necessitating
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further research on the potential use of Klotho as a marker
for AKI.6>66

A major challenge still lies in implementing discovered
biomarkers into clinical practice due to the lack of stan-
dardized guidelines for method validation and the com-
plexity and multifactorial nature of injuries. Larger,
multicenter validation studies are necessary before new
solutions can be widely used in practice.®”

Methods of injury prevention

Reducing the effect of IRI during the transplantation
process involves several approaches: proper preparation
of the donor and recipient, minimizing CIT and optimiz-
ing perfusion of the transplanted organ. Recommended
supplementation for the recipient includes Thymoglob-
ulin (Sanofi, Paris, France), whose short-term effective-
ness in preventing the risk of AR is widely documented
in the literature.31:68

Protein Klotho and its role in reducing the expression
of MMPs provide an alternative for kidney protection dur-
ing transplantation. Matrix metalloproteinases, as proteo-
lytic enzymes, can degrade extracellular proteins and play
a crucial role in the remodeling of the ECM.® Therefore,
the use of MMP inhibitors may demonstrate a protective
effect on kidney grafts, making it a subject for further
research.”%’! Klotho can protect against both AKI and
CKD through gene therapy or administration of its soluble
form, reducing unfavorable treatment outcomes regardless
of the etiology, as shown in preclinical studies. Research
findings support the protective protein concept; however,
its clinical application in humans remains uncertain and
clinical efficacy needs confirmation.®

Innovative techniques continue to be a challenge and
a focus for researchers in the field of graft protection.
In one of the latest studies, an electric field was used
to activate Na*/K* pumps, thus maintaining optimal ATP
levels. In murine AKI models during WIT and CIT, this
technique reduced KI, suggesting its potential usefulness
in minimizing allograft dysfunction.”

Inflammasome

In response to molecular patterns, a protein complex
called the inflammasome coordinates the body’s immune
response to engage protective mechanisms against infec-
tious agents and initiates them during physiological dis-
turbances. Inflammasome activation is part of the innate
immune process, leading to the secretion of pro-inflam-
matory cytokines such as IL-1p and IL-18, thus participat-
ing in the inflammatory process.”> Mature IL-1f is a po-
tent mediator in various immune reactions, recruiting
and shaping immune system cells to the site of infection,
while IL-18 is responsible for producing interferon gamma
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(IFN-y) and enhancing the cytolytic activity of NK cells
and T lymphocytes. Active caspase, which is a product
of inflammasome assembly, contributes to the secretion
of interleukins and cell death, known as pyroptosis, ex-
erting a significant effect on the defense against bacteria
and viruses.”

Various stimuli, including pathogen-associated molecu-
lar patterns (PAMPs) and damage-associated molecular
patterns (DAMPs), activate inflammasome formation pro-
cesses through pattern recognition receptors (PRRs), which
are regarded as sensors. In most cases, each inflammasome
contains an adaptor protein called an apoptosis-associated
speck-like protein containinga CARD (ASC) and a procas-
pase enzyme that acts as an effector. Currently, 5 main rep-
resentatives of PRRs have been identified: NLRP1, NOD-
like receptor family pyrin domain-containing 3 (NLRP3),
NLRC4 (belonging to the nucleotide oligomerization do-
main (NOD)-like receptor family — NLR), pyrin, and ab-
sent in melanoma 2 (AIM2), which serve as the basis for
inflammasome assembly.”>”® Inflammasomes represented
by these 5 sensors, known as canonical inflammasomes,
can directly activate caspase-1 and are found in many tis-
sues. Their presence is increased in bone marrow, lymphoid
tissues and immune cells such as neutrophils, monocytes
and macrophages. Furthermore, NLRP3 inflammasomes
are activated in endothelial, epithelial and mesenchymal
cells. Non-canonical inflammasomes participate in the ac-
tivation of caspase-4/5 (in humans) and -11 (in mice) in re-
sponse to lipopolysaccharides (LPSs) of Gram-negative
bacteria. Recently, several new intracellular complexes
have been discovered: NLRP6, NLRP7, NLRP12, and inter-
feron gamma-inducible protein 16 (IF116), whose activation
mechanisms require further research.”””8

Structurally, members of the NLR family consist of an N-
terminal pyrin domain — PYD (for NLRPs) or a caspase
recruitment domain — CARD (for NLRCs), a central nu-
cleotide-binding oligomerization domain called NACHT,
and C-terminal leucine-rich-repeats (LRRs). The NLR ac-
tivation triggers a rapid oligomerization process, leading
to the recruitment and binding of inactive pro-caspase-1,
directly (NLRC4) or via the adaptor protein ASC, which
is typical of NLRP3.” Different inflammasomes may exhibit
differences in overall structure. Unlike NLRP3 and AIM?2,
NLRC4 representatives may contain only a CARD domain,
not requiring the ASC domain for procaspase recruitment.
On the other hand, AIM2 belongs to the AIM2-like recep-
tor family (ALR) possessing 2 main components — HIN200
and PYD.8°

A peptidoglycan fragment derived from both Gram-pos-
itive and Gram-negative bacteria directly binds to human
NLRP1, causing its structural change. It plays a significant
role in human keratinocytes, where UVB radiation induces
activation, contributing to skin inflammation and increas-
ing susceptibility to cancer development.®! The NLRC4
inflammasome responds to bacterial infections, during
which, after ligand binding by the NAIP part, it initiates
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the assembly of the NAIP/NLRC4 inflammasome. Due
to its ability to recognize host DNA, AIM2 is crucial for
protecting the body against DNA viruses, other pathogens
and the abnormal accumulation of self-DNA in the cyto-
sol. Its involvement in the pathogenesis of systemic lupus
erythematosus (SLE) and tumors was also found.%283

The NLRP3 inflammasome is the most widely described
in the literature and serves as a key focus of research.
It consists of 3 essential components typical of the NLR
group: NLRP3 receptor, ASC adaptor and pro-caspase-1.
The receptor has a NACHT domain (named after NAIP,
CIITA, HET-E, and TEP-1 components) that is capable
of oligomerization and functions as an ATPase; a PYD
domain that enables interaction with ASC (forming pro-
tein-protein interactions); and leucine-rich repeat domains
(LRRs) at the C-terminal end, recognizing microbial sig-
nals and microbial ligands (Fig. 2). In the ASC protein,
there is also a distinguishable part responsible for the bind-
ing of procaspase — the CARD domain.?*% The molecu-
lar signal associated with danger is received by the LRR
domain, leading to the oligomerization of NLRP3 mono-
mers through their NACHT domains. This is followed
by interaction between the NLRP3 PYD and ASC domains,
resulting in the assembly of many ASC filaments into
a single aggregate of macromolecules, forming a “speck”
within the activated cell. Finally, pro-caspase-1 is recruited
to the complex through interactions between the CARD
domains (CARD-CARD interactions), facilitated by ASC.
Full-length pro-caspase-1 has an N-terminal CARD, a cen-
tral large catalytic domain (p20) and a C-terminal small
catalytic subunit domain (p10). This unit is subsequently
cleaved at the p20—p10 junction, and further processed
between the CARD and p20, ultimately releasing the ac-
tive form, the p20-pl0 heterotetramer, from the inflam-
masome.?8687 NEK7, a serine/threonine kinase, is often
cited as a key NLRP3-specific component required for
activation. However, recent research shows that in vari-
ous cell systems, the polymerization of the ASC domain
is independent of NEK?7.88:8°

Activation of the NLRP3 inflammasome is crucial for
host defenses against pathogen invasion and maintain-
ing homeostasis. However, excessive response additionally

LRRs CARD-CARD
: ASC- Pro-caspase-1
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contributes to the progression of various inflammatory
diseases, such as arthritis, atherosclerosis, T2D, and can-
cers. Many studies imply that neuroinflammatory and
neurodegenerative diseases, such as Alzheimer’s disease
and Parkinson’s disease, are also linked to the NLRP3 in-
flammasome. Dysregulation of the activation of this multi-
dimensional complex can also lead to several autoimmune
diseases, including multiple sclerosis; thus, activation must
be tightly regulated, and the molecular mechanisms of this
process and their connection to disease pathogenesis are
becoming an increasingly popular subject for researchers.”

Inflammasome activation

Inflammasome activation, with particular emphasis
on NLRP3, in response to the release of molecules (from
infected cells and damaged tissues), through PRR, is tightly
regulated in resting cells. Canonical activation follows
a standard 2-step model in which 2 signals are required
for optimal activation of the NLRP3 inflammasome. Cy-
tokine receptors, toll-like receptors (TLRs) and tumor
necrosis factor receptors (TNFR) are stimulated by mol-
ecules such as IL-1B, LPS and TNE. This leads to the ini-
tiation of a cell pathway involving nuclear factor kappa
B (NF-kB), triggering the transcription of NLRP3 compo-
nents.”! This stage, referred to as the priming or initiating
signal, is 1 of 2 necessary factors for initiating the complex
process of inflammasome activation and assembly. Some
studies indicate that the transcription process is unneces-
sary during priming, as evidenced by time observations
between NLRP3 inflammasome activation and the in-
crease in its expression. Furthermore, while TLR-related
signaling is essential for rapid NLRP3 activation, current
attention is primarily focused on the dependence of this
receptor on the MyD88 adaptor protein and IL-1 receptor-
associated kinases, IRAK-1 and IRAK-4.”7 Increasing evi-
dence implies that the initiating signal, additionally serving
as an inducer of posttranslational modifications (PTMs),
enables NLRP3 activation.”!

However, to initiate functional inflammasome assembly,
a 2" stimulus is required, such as ATP, ROS, viral proteins,

Fig. 2. The general structure of the NLRP3 inflammasome.

NLRP3 — NOD-like receptor 3, containing the pyrin domain; ASC — adaptor protein; LRRs — leucine-rich repeats; NACHT — oligomerization domain
(components: NAIP, CIITA, HET-E, and TEP1); PYD — pyrin domain; CARD - caspase activation and recruitment domain.
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toxins, or uric acid released by neighboring necrotic cells
or damaged tissues.”

An essential element in the activation pathways is ion flow
within the cell, particularly involving potassium, calcium,
sodium, and chloride ions. A decrease in intracellular po-
tassium concentration occurs, in part, through the P2X7R
receptor and TWEAK2 in response to the accumulated
extracellular reservoir of ATP, indirectly triggering inflam-
masome activation. Nigericin, a commonly used NLRP3
inflammasome agonist, correlates with potassium efflux.”
Consequently, high cytoplasmic K* levels inhibit inflamma-
somes. However, it has not been determined how K* efflux
is detected by NLRP3 and enables the assembly and activa-
tion of the inflammasome. The role of potassium ion flow
from the cytosol to the extracellular compartment seems
to be associated with other types of triggers, such as lyso-
somal destabilization and the action of its enzymes. Despite
its significant role in NLRP3 activation, the exact nature
underlying potassium flow remains to be fully understood.”®

Signaling associated with calcium flow is often empha-
sized as critical for the activation of the NLRP3 inflam-
masome. It is hypothesized that calcium influx into mi-
tochondria enhances mitochondrial stress and intensifies
its activation. However, contrary to earlier data, recent
systematic studies have revealed that calcium flux does not
occur in response to most NLRP3 activators. Moreover,
itis neither necessary nor sufficient for its activation; thus,
the interconnections in the cell pathway remain a subject
of ongoing research. The flow of chloride ions and the as-
sociated intracellular channel proteins, such as chloride
intracellular channel 1 (CLIC1) and 4 (CLIC4), are required
for NLRP3 activation.”**®

The release of both mitochondrial DNA (mtDNA) and
mitochondrial ROS (mtROS) from damaged mitochondria
is a process also associated with the NLRP3 activation path-
way. Reactive oxygen species generation, especially from
mitochondria, was one of the first identified factors that
could contribute to inflammasome activation. However, re-
cent studies imply that mtROS might be released by NLRP3
activators but is not the cause of its activation. In another
study concerning mitochondria, it was found that mtDNA
must first be oxidized (ox-mtDNA) to activate NLRP3. Fur-
thermore, many scientific reports suggest a hypothesis that
preventing the removal of damaged mitochondria initi-
ates NLRP3 activity, implying that these organelles play
an important role in the activation pathway.”>% Cardiolipin
is a highly negatively charged lipid located on the inner
side of the mitochondrial membrane. In response to cel-
lular stress, its externalization occurs, which is necessary
for autophagy and cell death. It was found that mitochon-
drial dysfunction allows direct interaction between car-
diolipin and NLRP3 through the LRR domain, activating
the inflammasome. In another study, the effect of LPS
on the binding of cardiolipin with caspase-1 was identi-
fied, leading to inflammasome activation.®**” Adenosine
triphosphate is a central product of the mitochondria and
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a known activator of NLRP3 through the involvement
of the P2X7R receptor. Adenosine triphosphate can also
enhance the inflammasome-induced production of IL-1
and IL-18 in innate immune cells.”® It should be noted
that NLRP3 has a motif that binds and hydrolyzes ATP
in the NACHT domain, called Walker B, which is required
for inflammasome activity. Recent studies have identified
that MCC950 — a common inhibitor — binds to this motif,
preventing NLRP3 from attaining an active conformation.”®

NLRP3 activation in response to lysosome destabiliza-
tion correlates with lysosomal membrane permeabilization
(LMP) and the release of lysosomal hydrolases, such as ca-
thepsins, into the cytosol. Lysosomal membrane permea-
bilization is induced by a wide range of pro-inflammatory
stimuli, e.g., monosodium urate (MSU) and crystalline
cholesterol. This leads to a potassium efflux, consequently
increasing mtROS and cardiolipin externalization.’

As mentioned at the beginning of the chapter, post-
translational processes of NLRP3 are likely to play an im-
portant role in its assembly. Ubiquitination contributes
to inflammasome activation through deubiquitinating
enzymes (DUBs). Phosphorylation events, in turn, control
the assembly and activation of inflammasomes.?

During activation, as a result of the previously described
structural changes in NLRP3, activated caspase-1 trans-
forms pro-IL-1p and pro-IL-18 into their mature forms.
Another critical and direct substrate of caspase-1 is gas-
dermin D (GSDMD) — the principal executor of pyrop-
tosis. Caspase-1 processes cytosolic GSDMD to release
its N-terminal domain with a high affinity for the cell
membrane, where it inserts and forms pore-like struc-
tures on the membrane. This particular structure allows
the release of IL-1p and IL-18 into the extracellular space
(Fig. 3). Besides releasing pro-inflammatory cytokines and
other contents, the pores in the membrane lead to patho-
logical ion flows, ultimately resulting in cell death, known
as pyroptosis.'? Pyroptosis is characterized by nuclear
shrinkage and nuclear DNA fragmentation. The genetic
material damage during pyroptosis is limited, and the over-
all nuclear structure remains intact. Inflammatory me-
diators that are released during the process recruit and
activate immune cells, enhancing the body’s immune re-
sponse. Unbalanced activation of this form of cell death
can lead to an inflammatory response that disrupts host
homeostasis.'?*

The apoptotic effectors BAX and BAK induce NLRP3
inflammasome activation and IL-1p secretion. It is worth
noting that a large number of cell death effectors, such
as caspase-8, MLKL and GPX4, directly or indirectly
regulate NLRP3 inflammasome activation in response
to various PAMPs and DAMPs.1%2 NLRP3 activation may
affect the induction of autophagy, and, on the other hand,
autophagy may modulate the inflammasome, reducing
its activity. According to researchers, this bidirectional
regulation ensures a balance between the required host
defenses and the prevention of excessive inflammation.1%?
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mitochondrial DNA.”

There are also inhibitory factors related to these protein
complexes. An example is the cytokine IFN-y, which af-
fects the immunopathologic response by regulating nitric
oxide production and inhibiting NLRP3 inflammasome
formation through its nitrosylation. Moreover, carbon
monoxide (CO) acts as an inhibitor of caspase-1 activa-
tion and the secretion of IL-1f and IL-18.13

The cytosolic response pathway to LPS, involving cas-
pase-4/5 in humans and caspase-11 in mice, was termed
non-canonical due to the signal received by TLR4-TRIF.
Lipopolysaccharides from Gram-negative bacteria, which
is delivered into the cytosol via outer membrane vesicles
(OMVs), are taken up by cells, with the simultaneous
initiation of interferon type I, which affects caspase-11
expression and generates specific guanylate-binding pro-
teins (GBPs) and immunity-related GTPase family member
b10 proteins (IRGB10) that directly target the cell mem-
brane of the engulfed bacteria in a GBP-dependent man-
ner, disrupting the microorganism’s structural integrity
and releasing LPS and lipid A into the cytoplasm. Part
of the lipid A molecule directly interacts with the proper
caspase-4/5/11 recruitment domain, leading to their

oligomerization and activation. The subsequent steps
of the process resemble the canonical pathway.”

Alternative NLRP3 inflammasome activation requires
only 1 signal. Toll-like receptors ligands are sufficient
to initiate NLRP3 inflammasome activation in human
monocytes. The main differences between alternative
and classical inflammasome activation (canonical and
non-canonical) involve a lack of dependence on the flow
of potassium and pyroptosis.*°

Functions of the inflammasome
in the body

The inflammasome plays a crucial role in regulat-
ing the inflammatory state and protecting the body.
The NLRP3 inflammasome can be activated by bacterial
and viral components, as well as intracellular signals such
as mitochondrial damage, protein aggregates or abnormal
ion levels. Cell death following inflammasome activation,
known as pyroptosis, also serves as an important protec-
tive mechanism against bacterial infections. It inhibits
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pathogen replication within cells, promotes the phago-
cytosis of remaining bacteria, and induces the release
of pro-inflammatory proteins involved in the pathogenesis
of various chronic inflammatory diseases.!®* The NLRP3
inflammasome is activated in the presence of bacte-
rial infections, including Staphylococcus aureus, group
B Streptococcus, Listeria monocytogenes, and Neisseria
gonorrhoeae. Meanwhile, the AIM2 inflammasome plays
a critical role in alerting the innate immune system during
invasion by certain extracellular and intracellular bacteria,
as exemplified by Streptococcus pneumoniae.®31%° Viral
nucleic acids are typically detected by AIM2 (ALR) inflam-
masomes; however, several viruses and their components,
including the influenza virus, poliovirus and enterovirus,
are sufficient to stimulate the NLRP3 inflammasome.
Consequently, NLRP3 inflammasome activation inhibits
virus replication, reducing mortality in murine models.1%

Dysregulation of NLRP3 inflammasome complex for-
mation may promote chronic inflammation by increasing
IL-1p release. However, improper activation of the complex
may also lead to severe pathological damage.!** The re-
sponse to DAMPs in the absence of a microbial factor
is termed sterile inflammation, occurring in conditions
such as atherosclerosis, T2D, neurodegenerative disorders,
and cancer.”

The inflammasome coordinates the body’s immune re-
sponse to engage protective mechanisms during distur-
bances in physiological processes. There is evidence linking
the NLRP3 inflammasome to organ injury, neurologic dis-
eases and CV diseases.1?*1% [ncreased NLRP3 expression
was documented in atherosclerotic plaques, correlating
with the severity of coronary artery disease (CAD). Inflam-
masome activation in endothelial cells is associated with
impaired coronary flow, while IL-1p and IL-18 may lead
to improper vasodilation. Activation of the NLRP3 inflam-
masome was identified as a potent mediator of the inflam-
matory response, releasing pro-inflammatory mediators
IL-1p and IL-18 that enhance lipid deposition and foam cell
accumulation, ultimately contributing to the progression
of atherosclerosis.!?”1% Furthermore, there was NLRP3
inflammasome activation in cardiomyocytes during acute
myocardial infarction (AMI). This results in inflammation
and cell death in the form of pyroptosis. In neutrophils,
interleukins promote the release of ROS and enzymes,
causing damage to cardiomyocytes.!%

Chronic inflammation is a significant aspect
of the pathogenesis of T2D. Activation of the NLRP3 in-
flammasome occurs in response to glucose, free fatty acids
and mtROS.M° The production of IL-1f also plays a crucial
role, leading to the induction of insulin resistance and
impaired pancreatic B-cell function.!!

In many studies investigating inflammasome activation
during cerebral I/R events in rodents, there was an in-
creased expression of inflammasome components such
as NLRP3, caspase-1, IL-1p, and IL-18 already in the ini-
tial hours, which is consistent with the hyperacute and
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acute phases of strokes in humans.!>-1* Therefore, there
were harmful inflammatory effects of complex activation.
The use of an inflammasome inhibitor reduces the expres-
sion of inflammatory mediators. Franke et al. induced
ischemic strokes in mice through a 60-min middle cerebral
artery occlusion followed by 3-h, 7-h and 23-h reperfusion
periods. Besides confirming the effectiveness of the inhibi-
tor, they observed reduced infiltration of immune system
cells in the ischemic hemisphere, along with preserved
blood-brain barrier (BBB) integrity.!'®> Furthermore,
in a more recent study, it was proved that the addition
of the MCC950 inhibitor resulted in a reduction in brain
injury caused by oxidative stress in rats.}*

Inflammasome in the kidney
transplant process

Improving the effectiveness of RRT in the form of trans-
plantation involves, among other things, reducing IRI,
which is also the underlying pathophysiology of dysfunction
in many organs. Increased production of ROS, cell damage
and cell death can mobilize DAMPs that are necessary for
initiating the inflammasome activation pathway, thus lead-
ing to an intensified cascade of the inflammatory process.!'?

Ischemia/reperfusion is a potential cause of early kid-
ney rejection due to increased susceptibility of the kidneys
to ischemia. A complex sequence of biochemical events
resulting in renal cell death due to reduced oxygen lev-
els and subsequent reperfusion determines the severity
of the damage and initiation of the inflammatory response,
leading to renal dysfunction.?'~*> Currently, there are few
scientific studies related to NLRP3 inflammasome activa-
tion during the kidney transplant process. In 1 publication,
there was a decline in transplant efficacy due to the inten-
sified effects of WIT, which was associated with increased
NLRP3 expression resulting from prolonged organ storage
in hypothermia.lt®

Tissue ischemia, which is a main cause of AKI, serves
as a potential source of ligands for NLRP3 activation.
Inflammasome-related studies were conducted on both
murine and human renal tissues subjected to I/R, where
effectors in the form of caspase-1, IL-1p and IL-18 were
also measured. High levels of NLRP3 and its effectors
in human and murine renal tubular epithelial (RTE) cells
indicate a crucial role in initiating inflammatory responses
during tissue damage. Lack of NLRP3 provides protec-
tion against renal cell death during IRI and loss of kid-
ney function; however, silencing the ASC domain alone
or effectors (caspase-1, IL-1p and IL-18) did not yield
such positive effects.!’®!” Confirmation of these obser-
vations was obtained in another study, where various re-
nal tubular cell lines, primary mouse renal tubular cells
lacking NLRP3 (knockout, KO) and a unilateral ureteral
obstruction (UUO) model were used in vitro. Cellular hy-
poxia induced a significant increase in NLRP3 regardless
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of ASC, caspase-1 and IL-1P. During oxygen deprivation,
NLRP3 in renal tubular cells was relocated from the cyto-
sol to the mitochondria and was bound to mitochondrial
antiviral signaling protein (MAVS). Deletion of NLRP3
or MAVS weakened mtROS production and depolariza-
tion of mitochondrial membrane potentials under hypoxic
conditions. In response to unilateral ureteral obstruction,
mice with silenced NLRP3 exhibited less fibrosis and apop-
tosis compared to wild-type mice.!'® Findings from a more
recent study on the acute and chronic phases of ischemic
AKlindicated persistent overexpression of NLRP3, which
is associated with abnormal renal tubular repair and cor-
related with infiltrating macrophages and fibrosis. The hy-
pothesis was raised that elevated NLRP3 levels after AKI
could serve as a new biomarker for chronic kidney lesions,
predicting the transition from AKI to CKD, and a marker
for monitoring long-term effects, similar to KIM-1 and
NGAL. However, this requires confirmation in further
clinical studies.’® One promising therapeutic strategy for
renal IRI is to prevent NLRP3 activation through the use
of inhibitors. An example is a study using H,S, which acts
to inhibit cell pyroptosis via the NLRP3/caspase-1 path-
way and reduce I/R-induced AKI. The exact mechanism
of action remains subject to further research.!?° An al-
ternative approach involves using endothelial progenitor
cells (EPCs), which play an important role in maintaining
vascular integrity and endothelial repair. The EPCs were
cultured from human peripheral blood and administered
to mice 5 min before reperfusion. This resulted in a reduc-
tion in NLRP3 expression levels and cleaved caspase-1
compared to the control group. Inflammasome-induced
inflammation is a potential target of EPCs to treat I/R-
induced AKI and prevent progression to CKD.121:122

Conclusions

Kidney transplants are one of the greatest achievements
of modern medicine, since the number of patients suffering
from severe kidney diseases is continuously increasing.
However, improvements in long-term outcomes remain
a challenge in the field of transplantology. The trans-
planted organ is predisposed to multiple injuries related
to the body’s immune response, toxicity resulting from
pharmacotherapy, and IRI. This review proved that the ac-
tivation of NLRP3 inflammasomes is a crucial element
of kidney injury during transplant procedures. We have
described the pathways of inflammasome activation in-
dicating the NLPR3 inflammasome as a potential target
for future preventive/therapeutic strategies.
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