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Abstract

Objectives: Reduced physical activity and kinesiophobia may further impair quality of life and functional indepen-
dence in individuals with MS. The aim of this study is to investigate the effects of a structured physiotherapy program
on anxiety, depression, gait speed, kinesiophobia, and quality of life in individuals with MS.

Methods: This prospective clinical study included 25 ambulatory individuals. All participants completed a 10-week re-
habilitation program consisting of 30 supervised sessions. Assessments performed before and after treatment included
the Multiple Sclerosis Quality of Life Scale (MSQoL-54), Timed 25-Foot Walk Test (T25FW), Beck Anxiety Inventory (BAI),
Beck Depression Inventory (BDI), Tampa Scale for Kinesiophobia (TSK), International Physical Activity Questionnaire—
Short Form (IPAQ-SF), and Expanded Disability Status Scale (EDSS).

Results: Significant improvements were observed in anxiety and depression scores following rehabilitation (p<0.05).
The pain subscale of MSQoL-54 also improved significantly. No significant changes were observed in other subscale
scores. However, no statistically significant changes were found in T25FW, TSK, or EDSS scores.

Conclusion: Structured rehabilitation programs may improve psychological symptoms and certain aspects of quality of
life in individuals with MS. Additionally, no significant improvement was observed in walking speed, kinesiophobia, and
disability levels. Further studies could be conducted to determine the effectiveness of longer-term, structured physio-
therapy programs or studies incorporating different therapy methods.
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ultiple sclerosis (MS) is a chronic, inflammatory, and

degenerative disease affecting the central nervous
system. Typically emerging in young adulthood, this dis-
ease leads to impairments in motor, sensory, cognitive,
and psychological functions, significantly affecting individ-
uals’ quality of life. During the clinical course of MS, psy-
chological symptoms such as anxiety and depression are

frequently observed alongside physical disability. These
psychological conditions complicate disease management
and negatively affect individuals’ social, occupational, and
personal lives."

The prevalence of depression and anxiety in individuals

with MS is higher than in the general population. Studies
have shown that approximately 30-50% of MS patients
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experience depression, while 20-40% experience anxiety.
These psychological disorders may arise not only from
the direct effects of the disease but also from the stress
and uncertainty associated with coping with a chronic ill-
ness.” Furthermore, depression and anxiety may lead to
decreased quality of life, reduced treatment adherence,
and increased social isolation in MS patients. In individu-
als with chronic diseases, disease-specific barriers related
to disease type, stage of progression, and functional lim-
itations exist in addition to barriers commonly observed
in the general population.®! Fear of movement in MS pa-
tients represents a barrier not only to regular physical ac-
tivity but also to the maintenance of normal daily habits,
thereby negatively affecting quality of life and biopsycho-
social well-being.”

Quality of life (Qol) is a multidimensional concept encom-
passing an individual’s physical health, psychological state,
social relationships, and interaction with environmental
factors. In patients with MS, quality of life is influenced not
only by physical symptoms but also by psychological and
social factors.”! Depression and anxiety are among the pri-
mary psychological factors negatively affecting quality of
life. Therefore, it is important that MS treatment address-
es not only physical symptoms but also the psychological
state of patients.!

Considering the high prevalence of psychological symp-
toms such as depression and anxiety in MS patients and
their negative impact on Qol, it is of great importance
that rehabilitation programs focus on these areas. The
existing literature suggests that psychological interven-
tions and physical activity can improve psychological
well-being and enhance quality of life in patients with

MS.671But the effect of a structured physiotherapy pro-
gram on all areas of anxiety, depression, kinesiophobia,
and physical activity has not been investigated in pa-
tients with MS.

The aim of this study is to investigate the effects of a struc-
tured physiotherapy program on anxiety, physical activity
levels, kinesiophobia, depression, gait speed, and quality of
life in individuals with MS.

Materials and Methods

Study Design

This study was conducted as a prospective, quantitative
clinical study. The study was carried out in Marmara Uni-
versity Hospital Physical Medicine and Rehabilitation Clinic
between July 2025 and January 2026. All patients were in-
formed in detail about the treatment before participating
in the study, and written informed consent was obtained.
The study protocol was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained from
the Marmara University Faculty of Medicine Clinical Re-
search Ethics Committee (Approval No: 09.2025.25-05.12).

Participants

A total of 30 patients who had been diagnosed with mul-
tiple sclerosis for more than one year and met the inclu-
sion criteria were initially included in the study. Due to the
withdrawal of 5 patients during the treatment period, 25
patients were included in the final analysis. Two patients
left the study because they experienced an attack, and
three patients left because they discontinued treatment
(Fig. 1).

30 patients were recruited for the study

3 patients
discontiued the
treatment

v

program and included in the final
analyses

25 patients finished the physiotherapy

" 2 patients
experienced a new
attack

Figure 1. Flow diagram of patient recruitment and inclusion in the final analysis.
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Inclusion Criteria

1. Age between 18-65 years

2. Being followed for at least one year with a diagnosis
of multiple sclerosis

3. EDSS score below 7

4. Ability to ambulate

Exclusion Criteria

1. Non-ambulatory status

2. Presence of another neurological disease in addition
to multiple sclerosis

3. Presence of severe physical, emotional, or cognitive

impairment that could significantly interfere with
the evaluation

4. History of surgery within the past year

Assessment Methods

Patients’ demographic data and medical histories were re-
corded in the patient follow-up form.

After clinical evaluation, patients who were found eligible
for the study underwent the predetermined rehabilitation
program. Evaluation and questionnaire results were record-
ed both at baseline and after the completion of the 30-ses-
sion rehabilitation program. To ensure standardization, all
assessments were conducted by the same researcher.

The following assessment tools were used:
«  Multiple Sclerosis Quality of Life Scale (MSQoL-54)
«  Timed 25-Foot Walk Test (T25FW)
«  Beck Anxiety Inventory (BAI)
+  Beck Depression Inventory (BDI)
«  Tampa Scale for Kinesiophobia (TSK)
« International Physical Activity Questionnaire-Short
Form (IPAQ-SF)
- Expanded Disability Status Scale (EDSS)

Assessments

Multiple Sclerosis Quality of Life Scale

The Multiple Sclerosis Quality of Life Scale (MSQolL-54)
questionnaire was used to assess quality of life. MSQoL-54
consists of two main composite scores (physical health and
mental health), 12 subscales, and 2 independent items. Ad-
ditionally, four MS-specific domains are included: cognitive
function, health distress, sexual function, and overall qual-
ity of life. Scores range from 0 to 100, with higher scores
indicating better quality of life.®

Timed 25-Foot Walk Test

This test measures lower extremity function. Patients are
asked to walk a predetermined distance, and the time tak-

en to complete the walk in both directions is recorded. The
average of the two measurements is used.”!

Beck Anxiety Inventory

The Beck Anxiety Inventory consists of 21 items, each
scored on a 4-point Likert scale (0-3), ranging from “not at
all”"to“severely."Total scores range from 0 to 63, with higher
scores indicating greater anxiety severity. Scores are cate-
gorized as follows: 8-15 mild anxiety, 16-25 moderate anx-
iety, and 26-63 severe anxiety.l'”

Beck Depression Inventory

The Beck Depression Inventory consists of 21 items, each
scored between 0 and 3. Total scores range from 0 to 63.
Scores are interpreted as follows: 0-9 minimal, 10-16 mild,
17-29 moderate, and 30-63 severe depressive symptoms.
A score of 17 or above indicates the presence of depres-
sion. 12

Tampa Scale for Kinesiophobia

The Tampa Scale for Kinesiophobia is a 17-item question-
naire used to assess fear of movement and re-injury after
an initial event. It uses a 4-point Likert scale (1=strongly dis-
agree, 4=strongly agree). After reverse scoring of items 4, 8,
12, and 16, the total score ranges from 17 to 68. A score of
37 or higher indicates a high level of kinesiophobia.!™

International Physical Activity Questionnaire-
Short Form (IPAQ-SF)

IPAQ-SF evaluates time spent sitting, walking, and engag-
ing in moderate and vigorous physical activities during the
past week. Energy expenditure is calculated as MET-min-
utes/week. Based on the total score, <600 MET-min/week
indicates inactive, 600-3000 indicates moderately active,
and >3000 indicates sufficiently active.l'”

Expanded Disability Status Scale (EDSS)

EDSS ranges from 0 (normal neurological examination) to 10
(death due to MS). It evaluates eight functional systems affect-
ed by MS, with scoring based on the level of impairment.l'>¢l

Treatment Protocol

Rehabilitation Program

All patients participated in a rehabilitation program con-
sisting of 30 sessions over 10 weeks, performed three times
per week, each lasting 40 minutes (5 minutes warm-up, 30
minutes exercise, 5 minutes cool-down), under the super-
vision of a physiotherapist. All exercises were administered
by the same physiotherapist. Patients were instructed not
to receive additional MS-related treatment from other cen-
ters during the study period.
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Breathing exercises were performed at the beginning of
each session and between exercises to facilitate relaxation
and transition.

1. Inhale through the nose for 4 seconds, hold for 4 sec-
onds, and exhale through the nose for 8 seconds.

Flexibility exercises aimed to improve or maintain the
range of motion in muscles and joints. Exercises were per-
formed for the quadratus lumborum, hamstrings, and piri-
formis muscles.

2. Quadratus Lumborum Stretch: While lying in the su-
pine position, the patient is rotated to the right and
left sides with assistance from the physiotherapist.

3. Hamstring Stretch: While lying supine, the patient’s
leg is raised straight with assistance from the physio-
therapist. Repeated for both extremities.

4. Piriformis Stretch: While lying supine with knees
flexed, one leg is placed over the other. The patient
supports the lower leg with their arms, and the
knees are brought toward the abdomen with assis-
tance. Repeated for both extremities.

Strengthening exercises were performed to improve mus-
cle strength. In patients who could not actively complete
the range of motion during strengthening exercises, the
exercises were performed actively assisted with the help of
a physiotherapist. In patients who could actively complete
the range of motion, the exercises were performed using
resistance bands of different colors according to their tol-
erance level.

5. Gluteus Maximus and Medius Strengthening: Per-
formed in standing, moving the leg backward and
laterally.

6. lliopsoas Strengthening: While lying supine, one leg
is stabilized while the other is pulled toward the ab-
domen.

7. Hamstring Strengthening: While lying prone, knee
flexion and extension are performed.

8. Gastrocnemius Strengthening: While lying supine,
ankle plantarflexion is performed.

9. Tibialis Anterior Strengthening: While lying supine,
ankle dorsiflexion is performed.

Balance exercises were included due to postural instabili-
ty and fall risk in MS patients. Exercises were selected and
administered taking into account the participants’ balance
levels.

10. Tandem stance (eyes open and closed, 5-10 sec-
onds)

11. Single-leg stance (eyes open and closed, 5-10 sec-
onds)

12. Tandem stance (eyes open and closed, 5-10 sec-
onds)

All exercises were performed under physiotherapist
supervision for safety.

The exercise program was designed based on common
problems observed in individuals with MS. The number
of repetitions was individualized, and additional rest was
provided for participants experiencing fatigue. Participants
were asked to rate their perceived exertion during sessions
using the Modified Borg Scale (O=very, very light; 10 = very,
very hard). A rest break was given when the patient’s fa-
tigue level reached 5.

Statistical Analysis

Based on a previous meta-analysis reporting a pooled stan-
dardized mean difference, with an average change rate of
0.16+0.3 in anxiety scores, it was calculated that 25 patients
should be included in the study to achieve 80% power, with
a margin of error of 0.05. Considering a 20% dropout rate,
the goal was to invite a total of 30 patients to the study.”

Statistical analyses were performed using SPSS Statistics
version 20.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were expressed as meanzxstandard deviation (SD),
whereas categorical variables were presented as frequency
and percentage values.

The distribution of data was assessed using visual (histo-
grams and probability plots) and analytical methods. Pre-
and post-treatment comparisons were performed using
paired-samples t-tests for normally distributed variables.
Changes in physical activity levels between baseline and
post-rehabilitation assessments were evaluated using the
Wilcoxon signed-rank test, as IPAQ-SF categories (low,
moderate, and high physical activity) represent paired ordi-
nal data. Categorical variables were presented as frequen-
cies and percentages.

A p value of <0.05 was considered statistically significant.

Results

Data from 25 patients were analyzed. The mean age of
the patients was 47.36+10.58. Twenty-one of the patients
(80.8%) were female. Detailed demographic data are given
inTable 1.

When the patients’initial evaluations were compared with the
final evaluations, the patients'MSQoL pain subscale improved
significantly, from a mean score of 7.08+2.94 to 8.08+2.96
(p=0.04). There were no other significant changes in QoL. The
results of QoL assessments are summarized in Table 2.

According to the IPAQ-SF classification, at baseline, 15 pa-
tients (60.0%) had low physical activity levels, 9 (36.0%) had
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Table 1. Demographic properties of the patients.

Mean £SD Min- Max
Age (year) 47.36 +10.58 22-66
Body-mass index (kg/m2) 25.5+4.59 18.70-33.30
Disease duration (years) 16.64+6.52 3-31
Female Male
Gender
21 (80.8%) 4 (19.2%)
RRMS PPMS SPMS
Disease subtype (percent)
17 (65%) 6 2
None Cane Walker
Presence of walking aid (percent)
18 (72%) 3(12%) 4 (16%)

Medications used by the patients (percent)

Ocrelizumab, n=18 (72.0%)

Fingolimod, n=2 (8.0%)
Fampridine, n=1 (4.0%)
Teriflunomide, n=1 (4.0%)

Cladribine, n=1 (4.0%)
Ozanimod, n=1 (4.0%)

Tolebrutinib, n=1 (4.0%)

SD: Standard deviation; RRMS: Relapsing remitting multiple sclerosis; PPMS: Primary progressive multiple sclerosis; SPMS: Secondary progressive multiple sclerosis.

moderate physical activity levels, and 1 (4.0%) had high
physical activity levels. Following the rehabilitation pro-
gram, the number of patients with low physical activity lev-
els decreased to 10 (40.0%), while the number of patients
with moderate and high physical activity levels increased
to 12 (48.0%) and 3 (12.0%), respectively. Wilcoxon signed-

rank analysis demonstrated a significant improvement in
physical activity levels after rehabilitation compared with
baseline (W=12.0, p=0.035).

Patients’ anxiety and depression levels also showed sig-

nificant improvement, documented by Beck Depression
and Anxiety Scales. The mean Beck Depression Scale score

Table 2. Change in multiple sclerosis quality of life scale (MSQoL) scores

Mean Before treatment (SD) Mean After Treatment (SD) p

%95 Confidence Interval

MSQol physical function 8.33(4.92)
MSQol rol limitations-physical 5.40 (5.34)
MSQol pain 7.08 (2.95)
MSQol energy 5.07 (3.06)
MSQol social function 7.96 (2.98)
MSQolL health perceptions 8.67 (3.99)
MSQol health distress 5.57 (3.85)
MSQol sexual function 5.65 (2.53)
MSQOL BFS 53.65 (21.39)
MSQol role limitations-emotional 11.20(10.07)
MSQoL Emotional well-being 17.59 (4.76)
MSQoL health distress 7.08 (4.91)
MSQol cognitive function 9.57 (4.32)
MSQoL Overall quality of life 10.55 (3.27)
MSQoL BMLS 54.92 (20.70)

9.49 (5.38) 0.10 -2.57-0.26
4.92 (5.47) 0.65 -1.69 - 2.65
8.08 (2.96) 0.04 -1.98 --0.01
5.34 (2.95) 0.42 -0.96 - 0.42
7.32(3.05) 0.24 -047 -1.75
9.25(3.47) 0.33 -1.78 - 0.62
5.90 (3.63) 0.47 -1.27 -0.61
5.63 (2.36) 0.87 -0.32-0.38
55.55 (21.94) 0.44 -6.91-3.12
9.92(11.38) 0.597 -3.64 -6.20
17.08 (5.58) 0.567 -1.30-2.32
7.50 (4.62) 0.474 -1.61-0.77
9.45 (3.62) 0.841 -1.10-1.34
11.00 (4.11) 0.531 -1.92-1.02
54.95 (22.93) 0.993 -8.55-8.47

Significant changes are marked in bold.
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improved from 13.56+10.34 to 10.48+9.69 (p=0.02). The
mean Beck Anxiety score changed from 17.32+9.68 to
14.92+12.21 (p=0.04). There were no significant changes in
the 25FWT, Tampa Scale for Kinesiophobia, or EDSS levels
of the patients. These findings are summarized in Table 3.

In subgroup analyses, only the change in scores between the
PPMS and RRMS groups was analyzed, since there were only
two patients with SPMS in the study. The changes in depres-
sion scores and MSQoL energy subscales were significantly
better in patients in the PPMS group compared with the RRMS
group, while there were no significant differences between
other parameters. All changes are summarized in Table 4.

Discussion

This study demonstrates that a physiotherapy program may
be helpful for patients with MS in terms of depression, anx-
iety, and physical activity levels, while it does not affect ki-
nesiophobia and can only minimally improve quality of life.

The demographic profile of our participants was compara-
ble to that reported in previous studies.'? In particular, male
individuals and less common MS phenotypes are generally
underrepresented in the literature, and the findings of this
study should therefore be interpreted within this context.
The physical and psychological characteristics of the patients

Table 3. Changes in anxiety, depression, kinesiophobia, and 25 feet walk test (25FWT) and EDSS scores before and after treatment.

Variable Mean Before Treatment (SD)  Mean After Treatment (SD) ) %95 Confidence interval
Beck anxiety 17.32(9.69) 14.92 (12.22) 0.04 0.15-4.95
Beck depression 13.56 (10.35) 10.48 (9.69) 0.02 0.42-5.74
Tampa kinesiophobia scale 37.12(5.30) 39.36 (6.72) 0.12 -5.13 - 0.65
25FWT 79.31(99.21) 69.93 (78.45) 0.10 -2.20-20.96
EDSS 3.96 (1.62) 4.02 (1.69) 0.37 -0.20 - 0.08

Significant changes are marked in bold.

Table 4. Comparison of changes in QoL, 25 m walk test, depression and anxiety levels between patients with primary progressive multiple

sclerosis (PPMS) and relapsing remitting multiple sclerosis (RRMS)

RRMS (n=6) Mean (SD) p %395 Confidence interval

Variable PPMS (n=17) Mean (SD)
delta Tampa kinesiophobia scale 3.35(7.21)
delta Beck anxiety scale 1.17 (7.57)
delta Beck Depression scale -6.83 (6.85)
delta 25fwt -9.98 (11.26)
Delta MsQoL pain 0.83 (2.28)
Delta MsQoL Physical function 2.27 (2.13)
delta MsQoL Role limitations - physical -1.00 (5.90)
Delta MsQoL Energy 1.92(1.77)
delta MsQol Social function 0.33(2.34)
delta MsQoL Health perceptions 2.13 (2.45)
delta MsQoL Sexual function -0.33 (0.70)
delta MsQoL combined physical score 6.42 (6.77)
delta MsQoL Role limitations - emotional 0.00 (15.18)
Delta MsQoL Emotional well-being 2.71 (4.50)
delta MsQoL Health distress -0.23 (1.14)
Delta MsQoL Cognitive function 1.25 (2.95)
delta MsQoL Overall quality of life 0.95 (5.58)
delta MsQoL combined mental score 4.67 (18.89)

1.83 (4.7) 0.638 -8.14-5.10
-3.59(5.73) 0.122 -1.39-10.90
-0.76 (2.86) 0.006 -10.19--1.95
-10.37 (33.51) 0.979 -29.01-29.78
0.60 (2.11) 0.831 -1.91-235
0.40 (3.73) 0.263 -1.51-5.24
0.00 (5.30) 0.703 -6.38 -4.38
-0.17 (1.34) 0.006 0.66 - 3.52
-0.82 (2.90) 0.390 -1.58 -3.90
-0.20 (2.71) 0.079 -0.29 - 4.94
0.24 (0.62) 0.076 -1.20 - 0.06
-0.25 (13.54) 0.265 -5.45-18.79
-0.94 (11.27) 0.874 -11.22-13.10
-1.16 (3.67) 0.048 0.03-7.70
0.37 (3.34) 0.673 -3.54-2.33
-0.35(3.02) 0.274 -1.37-4.57
0.56 (2.72) 0.822 -3.18-3.96
0.06 (22.21) 0.655 -16.58 - 25.81

Significant differences are marked in bold.
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included in our study were largely consistent with those re-
ported in previous studies. Differences between studies may
be explained by variations in disease subtype, medication
use, and emotional status. Overall, the clinical profile of the
MS patients included in our study reflects findings common-
ly reported in the general MS population.

Previous studies have consistently demonstrated that
physical inactivity is one of the most important modifiable
problems affecting individuals with MS and is closely asso-
ciated with poorer quality of life, reduced functional inde-
pendence, and increased psychological burden. Although
different studies have used various instruments to evaluate
physical activity, including self-reported questionnaires
and objective activity monitoring, the overall conclusion
has remained remarkably consistent: people with MS are
generally less physically active than healthy individuals,
even during the early stages of the disease. The baseline
findings of our study are in agreement with these obser-
vations, as most participants demonstrated low physical
activity levels before rehabilitation. Marck et al."™! demon-
strated that increased physical activity levels measured
using the IPAQ were associated with significant improve-
ments in quality of life.In contrast, Reguera-Garcia et al."™
reported that during the COVID-19 pandemic, 33.3% and
34.3% of MS patients demonstrated vigorous and moder-
ate physical activity levels, respectively, according to the
IPAQ-Short Form.'"1These findings are not consistent with
the results of our study. The low physical activity levels ob-
served in our participants may be related to fear of falling
and fear of movement. Previous studies have suggested
that this issue may be addressed through educational in-
terventions aimed at improving coping strategies in pa-
tients with MS.

An interesting observation in the present study is that
physical activity improved without parallel improvements
in overall quality of life. Although this finding may initially
appear contradictory, quality of life in MS is influenced by
numerous physical, psychological, cognitive, and social de-
terminants that cannot be fully modified within a relatively
short rehabilitation program. Consequently, improvements
in only one component, such as physical activity, may not
immediately translate into higher overall quality-of-life
scores. Longer follow-up periods may be necessary be-
fore behavioral changes become reflected in broader pa-
tient-reported outcome measures. Kubsik- Gidlewska et
all'® demonstrated that exercise contributes not only to
the physical abilities of MS patients but also to mood and
attitudes toward exercise. Similarly, Grazioli et al." report-
ed that multicomponent exercise training improves quali-
ty of life, walking ability, and balance, while also reducing

depression, fatigue, and disease severity in MS patients.
Resistance and aerobic exercise have been identified as
the most effective interventions for improving fatigue and
quality of life, respectively. In this study, the results did not
show a simultaneous increase in physical activity and qual-
ity of life with the application of a physiotherapy program.
However, the long-term effects of such a program are still
debatable due to the limited time frame of this study."”!

There are reports suggesting that long-term and system-
atic physical activity may reduce relapse frequency and
disease progression in some patients with MS. Despite the
well-established beneficial effects of physical activity (PA)
on functionality and quality of life in MS patients, several
studies have demonstrated that PA levels in this popula-
tion are generally lower than those observed in the healthy
population.'® Several exercise studies have demonstrated
beneficial effects of rehabilitation on physical function-
ing, fatigue, mood, and health-related quality of life in MS.
However, improvements across these domains are not nec-
essarily expected to occur simultaneously. While some out-
comes, such as psychological well-being or habitual physi-
cal activity, may respond within weeks, changes in walking
performance, disability, or broader quality-of-life domains
often require longer intervention periods or prolonged
maintenance of an active lifestyle. Therefore, the absence
of significant improvements in EDSS or T25FW in our study
should not be interpreted as evidence that rehabilitation
was ineffective. Rather, it may indicate that the duration
of the intervention was sufficient to modify behavior and
emotional status but insufficient to produce detectable
neurological or functional changes.

In the 2012 study by Sandroff et al.®, 77 individuals with MS
and 77 matched healthy controls were included. Physical
activity was assessed using the Godin Leisure-Time Exer-
cise Questionnaire (GLTEQ), the International Physical Ac-
tivity Questionnaire (IPAQ), accelerometer activity counts,
daily step counts, and time spent in moderate-to-vigorous
physical activity (MVPA). There were statistically significant
differences between the groups in accelerometer activity
counts, step counts, time spent in moderate-to-vigorous
physical activity, GLTEQ scores, and IPAQ scores. Significant
differences in free-living physical activity were identified
between the MS and control groups across all five mea-
sures. Although the authors suggested that the degree of
physical inactivity in minimally disabled MS patients may be
lower than previously reported in the literature, inactivity
levels remain concerning when considering the well-doc-
umented prevalence of physical inactivity in the general
population. Similarly, the individuals included in our study
also demonstrated low physical activity levels on average.
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However, the increase with the physiotherapy program is
remarkable, and patients can be advised to adhere to such
programs to increase physical activity and the additional
benefits of this increase. An additional point worth consid-
ering is that increasing physical activity in individuals with
MS may have benefits extending beyond simple improve-
ments in exercise capacity. Participation in a structured re-
habilitation program provides patients with regular super-
vision, individualized exercise progression, and continuous
encouragement, all of which may enhance confidence in
performing daily activities. This increased confidence may
partially explain the improvement observed in physical ac-
tivity levels despite the absence of measurable changes in
disability or gait performance. It is possible that patients
became more willing to engage in everyday activities be-
cause they perceived exercise as safe and manageable
under professional guidance. Such behavioral adaptations
may not be fully reflected by neurological disability scales
but may nevertheless represent clinically meaningful out-
comes. From a rehabilitation perspective, encouraging sus-
tained participation in structured exercise programs may
therefore contribute to maintaining an active lifestyle even
before measurable functional gains become apparent.

In their 2023 study, Margoni et al.' suggested that MS
diagnosis itself may represent a risk factor for the devel-
opment of anxiety disorders, reporting that the preva-
lence of self-reported anxiety symptoms increased from
2.7% at disease onset to 6.2% at the time of diagnosis. In
the cross-sectional study conducted by AlSaeed et al.'™
in Saudi Arabia, 323 MS patients were included. Anxiety
and depression levels were evaluated using the Hospital
Anxiety and Depression Scale (HADS). According to the
results, 25.7% of patients demonstrated symptoms of anx-
iety, while 13.6% demonstrated symptoms of depression.
The majority of patients had anxiety and depression scores
within normal limits (57% and 70%, respectively). Although
the mean depression score was within the normal range,
the mean anxiety score corresponded to borderline anxi-
ety symptoms. These findings suggest that MS patients
may be more likely to experience anxiety than depression.
The findings from this study are important in the sense that
a structured physiotherapy program may aid in improving
anxiety in patients with MS. In the meta-analysis conduct-
ed by Zhang et al.?%, the prevalence of anxiety in MS pa-
tients and the major risk factors contributing to anxiety
development were evaluated. The authors estimated that
approximately 36% of MS patients suffer from anxiety. Fur-
thermore, age at assessment, female sex, living with family,
psychiatric history, depression, adherence to MS medica-
tions, relapsing-remitting MS (RRMS), and baseline EDSS

scores were identified as significant risk factors for anxiety
in MS patients.

Considering the characteristics of the individuals included
in our study, it may be stated that many participants be-
longed to these identified risk groups. In our study, anxiety
and depression were evaluated using the Beck Anxiety In-
ventory and Beck Depression Inventory. Improvements in
both anxiety and depression scores were observed follow-
ing the rehabilitation program. These findings suggest that
participation in a regular rehabilitation program may con-
tribute to improvements in neuropsychiatric symptoms.
The mechanisms underlying these psychological improve-
ments are probably multifactorial. Besides the physiologi-
cal effects of exercise on neuroplasticity and inflammato-
ry pathways, regular rehabilitation may reduce emotional
distress by improving self-efficacy, increasing social inter-
action, establishing daily routines, and providing continu-
ous feedback from healthcare professionals. For many indi-
viduals with MS, participation in supervised rehabilitation
also creates a sense of control over a disease that is oth-
erwise characterized by unpredictability. Although these
mechanisms were not specifically evaluated in the present
study, they may explain why improvements in anxiety and
depression were observed despite relatively stable disabil-
ity scores. Future studies incorporating patient-reported
measures of self-efficacy, exercise confidence, or perceived
disease control may further clarify the pathways through
which rehabilitation exerts its psychological benefits.

In the study conducted by Ruiz Sanchez et al.?", which in-
cluded 58 MS patients and 58 healthy controls, the TSK-11
questionnaire was used to evaluate fear of movement. Ac-
cording to the results, many MS patients were affected by
kinesiophobia, and kinesiophobia levels were higher in MS
patients compared with healthy controls. Further studies
are needed to determine whether gait and balance impair-
ments trigger fear of movement in MS patients and to evalu-
ate the effectiveness of interventions aimed at reducing this
fear. Similarly, in the study conducted by Wasiuk-Zowada et
all'® 80 individuals with MS aged between 35 and 69 years
were evaluated. The authors demonstrated that kinesiopho-
biais an importantissue in MS patients and that low physical
activity levels may represent one of its major determinants.

Mikuldkova et al.”? reported in their cross-sectional study,
which included 148 MS patients (105 women), that the
mean kinesiophobia score was 39.27 points on the TSK
scale. Higher levels of kinesiophobia were identified in
58.78% of participants, while lower levels were found in
41.22%. Additionally, 50% of participants reported mod-
erate or severe anxiety. The authors identified three major
independent predictors of kinesiophobia in patients with
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MS: age, anxiety, and physical activity. Higher anxiety lev-
els were associated with greater kinesiophobia, while low-
er physical activity levels measured using GLTEQ demon-
strated the strongest association with kinesiophobia.
Furthermore, older age was positively associated with fear
of movement, whereas more physically active individuals
reported lower levels of kinesiophobia. These findings are
consistent with previous reports indicating that approxi-
mately 60% of MS patients demonstrate moderate-to-se-
vere levels of kinesiophobia.

This study did demonstrate a significant increase in physi-
cal activity and an improvement in anxiety, but this change
was not reflected in kinesiophobia. The reason might be the
limited time frame and the possibility of not overcoming ki-
nesiophobia despite an increase in physical activity. Fear of
falling, movement avoidance, fatigue-related avoidance be-
havior, and uncertainty regarding relapse might still cause
kinesiophobia. This study also did not demonstrate any sig-
nificant difference in change in Tampa kinesiophobia scores
between different patient groups, but considering the lim-
ited size of our sample, kinesiophobia or change within this
parameter may still be dependent on the disease subtype.
The exact factors that influence kinesiophobia in patients
with MS still need to be studied. Another possible explana-
tion is that kinesiophobia may not improve at the same rate
as anxiety or depression because it reflects a learned behav-
ioral response rather than an isolated emotional symptom.
Fear of movement often develops gradually following re-
peated experiences of imbalance, falls, excessive fatigue, or
symptom worsening, and these experiences may reinforce
long-term avoidance behaviors. Consequently, patients may
become more physically active during supervised rehabilita-
tion sessions while continuing to avoid movement in unsu-
pervised daily environments. Therefore, future rehabilitation
protocols for MS may benefit from combining exercise ther-
apy with educational interventions, cognitive-behavioral
approaches, motivational interviewing, or graded exposure
techniques specifically targeting maladaptive beliefs related
to movement. Such multidimensional rehabilitation strat-
egies may prove more effective in reducing kinesiophobia
than exercise interventions alone.

An important strength of the present study is the simul-
taneous evaluation of physical, psychological, and behav-
ioral outcomes following the same rehabilitation program.
While previous studies have frequently focused on individ-
ual outcomes such as quality of life, fatigue, or walking per-
formance, fewer studies have examined anxiety, depres-
sion, physical activity, kinesiophobia, disability, and quality
of life together within a single rehabilitation protocol. This
comprehensive approach provides a broader understand-

ing of the multidimensional effects of physiotherapy in
people with MS and highlights that different clinical do-
mains may respond differently to the same intervention.

Our study has several limitations. First, the absence of
a control group prevents us from clearly distinguishing
whether the results are due to the effect of physiotherapy
or the effect of the time factor. Second, the fact that the
participants belonged to different MS subtypes, the rela-
tively small sample size, and the wide age range limit the
generalizability of the findings. Furthermore, the inclusion
of patients with different disease durations may have in-
troduced clinical heterogeneity that could have influenced
the observed outcomes. Additionally, the relatively short
duration of the rehabilitation program and the lack of long-
term follow-up assessments may have limited our ability
to detect changes in disability, walking performance, and
kinesiophobia. Future studies should address these limita-
tions by including larger and more homogeneous patient
populations with longer follow-up periods.

Conclusion

This study, conducted to examine the effect of a structured
physical therapy and rehabilitation program on physical
activity level, anxiety, and kinesiophobia, found a signif-
icant decrease in participants’ anxiety and depression
levels. Partial improvement was observed in participants’
quality of life. However, no significant improvement was
found in participants’ walking speed, kinesiophobia, and
disability levels. In conclusion, the structured physiother-
apy program used in our study reduced neuropsychiatric
symptoms but did not provide significant improvement in
disability level, walking speed, and kinesiophobia param-
eters. Nevertheless, considering the progressive nature of
the disease, we believe that the lack of significant deterio-
ration in disability level, walking speed, and kinesiophobia
parameters can also be considered a positive outcome.
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Abstract

Objectives: Spontaneous bacterial peritonitis (SBP) is a serious infectious complication in patients with decompen-
sated cirrhosis. Although serum procalcitonin (PCT) has been evaluated as a potential indicator of bacterial infection,
its clinical value in the diagnosis of SBP remains uncertain. This study investigated the diagnostic contribution of serum
procalcitonin in cirrhotic patients with SBP.

Methods: This prospective, single-center study included 100 participants: 50 patients with SBP, 25 patients with sterile
ascites, and 25 healthy controls. The diagnosis of SBP was established according to the ascitic fluid polymorphonuclear
leukocyte (PMNL) count and/or positive ascitic fluid culture findings. Serum procalcitonin levels and ascitic inflamma-
tory parameters were compared among the study groups.

Results: Serum procalcitonin levels were numerically higher in patients with SBP than in patients with sterile ascites
and healthy controls; however, the differences were not statistically significant (p>0.05). In contrast, ascitic fluid leuko-
cyte and PMNL counts were significantly elevated in the SBP group (p<0.05). No significant association was observed
between serum procalcitonin concentrations and the Child-Turcotte-Pugh classification.

Conclusion: Serum procalcitonin alone showed limited diagnostic performance in distinguishing spontaneous bacte-
rial peritonitis in patients with decompensated cirrhosis. Ascitic fluid inflammatory parameters, particularly the PMNL
count, remained more informative for diagnostic evaluation.
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Cirrhosis represents the end stage of chronic liver injury  nal barrier function, and enhanced bacterial translocation.>#
and is marked by progressive hepatic fibrotic changes,  Among these infectious complications, spontaneous bacterial
distortion of the normal liver architecture, and portal hyper-
tension, ultimately resulting in impaired hepatic function and
systemic complications. Bacterial infections occur more
frequently in patients with decompensated cirrhosis because ~ Spontaneous bacterial peritonitis is defined as an infection
of cirrhosis-associated immune dysfunction, impaired intesti-  of ascitic fluid without an evident, surgically treatable in-

peritonitis (SBP) remains one of the most clinically significant
conditions, particularly in individuals with ascites.”
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tra-abdominal source.>® Despite improvements in antimi-
crobial therapy and supportive care, SBP continues to be
associated with considerable morbidity and unfavorable
clinical outcomes in advanced liver disease.”? Diagnostic as-
sessment mainly depends on paracentesis and evaluation
of the ascitic polymorphonuclear leukocyte (PMNL) count,
with a PMNL threshold of >250/mm? accepted as the stan-
dard diagnostic criterion.>® Nevertheless, interest in alter-
native supportive biomarkers for the earlier identification
of infection continues.

Procalcitonin (PCT), the precursor molecule of calcitonin,
has been investigated as a biomarker of bacterial infection
and systemic inflammatory activation.”'" Previous studies
have suggested that serum PCT concentrations may in-
crease in cirrhotic patients with SBP.I"2"*However, findings
regarding its diagnostic performance remain inconsistent,
especially in advanced cirrhosis, where chronic inflam-
mation and immune dysregulation may influence serum
biomarker levels independently of active infection.['*"
Furthermore, the association between serum procalcitonin
concentrations and the severity of hepatic dysfunction has
not yet been clearly established.

Accordingly, this prospective study was designed to
evaluate the diagnostic utility of serum procalcitonin in
spontaneous bacterial peritonitis and to investigate its
relationship with liver disease severity in patients with de-
compensated cirrhosis.

Methods

Study Population and Design

This prospective, observational, single-center study was
carried out between January 2011 and December 2013
and included patients with decompensated cirrhosis and
healthy control subjects.

A total of 100 participants were enrolled and divided into
three study groups:
« Group 1 (n=50): patients diagnosed with sponta-
neous bacterial peritonitis (SBP)

+ Group 2 (n=25): patients with sterile ascites
« Group 3 (n=25): healthy control subjects

The diagnosis of SBP was established based on the pres-
ence of an ascitic fluid polymorphonuclear leukocyte
(PMNL) count of =250/mm?® and/or positive ascitic fluid
culture findings in the absence of a surgically treatable in-
tra-abdominal infectious source.

Sterile ascites was defined as an ascitic PMNL count be-
low 250/mm? together with negative ascitic fluid culture
results.

Healthy individuals without known chronic systemic dis-
eases were included in the control group.

Data Collection and Laboratory Evaluation

Peripheral venous blood and ascitic fluid specimens were
obtained at hospital admission before the initiation of anti-
microbial treatment.

Ascitic fluid evaluation included:
- Total leukocyte count
+ Polymorphonuclear leukocyte count
+ Microbiological culture analysis

Serum procalcitonin concentrations were measured in the
institutional biochemistry laboratory using routinely ap-
plied laboratory procedures.

Demographic, clinical, and laboratory findings were ob-
tained from archived patient records. The severity of liver
disease was determined according to the Child-Turcotte-
Pugh (CTP) classification.

Ethical Approval

Ethics committee approval was obtained from the Ethics
Committee of Atatlrk University before the initiation of the
study (approval date: August 18, 2011; session no. 7; deci-
sion no. 12). Written informed consent was obtained from
all study participants before enrollment. All procedures
were conducted in accordance with the ethical standards
of the Declaration of Helsinki.

Statistical Analysis

Statistical analyses were performed using SPSS software,
version 20.0 (IBM Corp., Armonk, NY, USA). Continuous
variables are presented as the meantstandard deviation,
whereas categorical variables are expressed as numbers
and percentages. Distribution normality was evaluated us-
ing appropriate statistical methods. Comparisons between
groups were carried out using one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test for continuous variables
and the chi-square test for categorical variables, where ap-
propriate. A two-sided p-value of <0.05 was considered sta-
tistically significant.

Results

A total of 100 participants were included in the analysis,
comprising 50 patients with spontaneous bacterial perito-
nitis (SBP), 25 patients with sterile ascites, and 25 healthy
control subjects. Baseline demographic and clinical find-
ings of the study population are summarized in Table 1.
Viral hepatitis represented the most common etiology of
cirrhosis in both patient groups, whereas alcohol-related
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Table 1. Baseline clinical characteristics of the study population

Variable SBP group (n=50) Sterile ascites group (n=25) Control group (n=25)

Clinical status Decompensated cirrhosis with SBP  Decompensated cirrhosis with sterile ascites Healthy controls

Ascitic fluid PMNL criterion >250/mm? and/or positive culture  <250/mm? and negative culture NA
Predominant cirrhosis Viral hepatitis (~70-80%) Viral hepatitis (~70-80%) NA
etiology

Alcohol-related cirrhosis Less frequent (~10-15%) Less frequent (~10-15%) NA
Cryptogenic cirrhosis Less frequent (~10-15%) Less frequent (~10-15%) NA
Child-Turcotte-Pugh status ~ Predominance of Child B/C stages Lower predominance of advanced Child-Tur- NA

cotte—Pugh stages

SBP: Spontaneous bacterial peritonitis; PMNL: Polymorphonuclear leukocyte; NA: Not applicable. Detailed subgroup distributions were unavailable in the archived thesis

dataset; therefore, approximate proportional descriptions are provided for selected historical variables.

and cryptogenic cirrhosis were encountered less common-
ly. Advanced Child-Turcotte-Pugh stages were observed
more frequently in the SBP group than in patients with
sterile ascites.

Serum procalcitonin concentrations tended to be higher
in patients with SBP than in the remaining study groups.
Mean serum PCT values were 898.41+573.06 pg/mL
(0.898+0.573 ng/mL) in the SBP group, 674.74+582.68 pg/
mL (0.675+0.583 ng/mL) in patients with sterile ascites,
and 436.99+210.71 pg/mL (0.437+£0.211 ng/mL) in healthy
controls. Nevertheless, the observed differences between
the groups did not demonstrate statistical significance
(p>0.05) (Table 2).

Ascitic fluid evaluation demonstrated markedly increased
inflammatory cell counts in patients diagnosed with SBP.
Mean ascitic leukocyte counts were significantly great-
er in the SBP group than in the sterile ascites group
(1143.54+132.77/mm* vs. 356.68+125.51/mm> respec-

tively; p<0.05). Likewise, ascitic fluid polymorphonucle-
ar leukocyte (PMNL) counts were significantly elevated
in patients with SBP relative to those with sterile ascites
(601.72+97.09/mm?> vs. 125.68+61.13/mm?, respectively;
p<0.05) (Table 3).

The association between serum procalcitonin concentra-
tions and liver disease severity was further examined ac-
cording to the Child-Turcotte-Pugh classification. Serum
PCT levels were not significantly associated with Child-Tur-
cotte-Pugh stages (p>0.05). Although serum procalcitonin
concentrations demonstrated a gradual numerical increase
from the Child A to the Child C groups, the observed trend
did not achieve statistical significance. Mean serum PCT
levels were 0.61+0.32 ng/mL in Child A patients, 0.74+0.41
ng/mL in Child B patients, and 0.88+0.56 ng/mL in Child C
patients (Table 4).

Overall, serum procalcitonin concentrations demonstrated
a numerical increase in patients with spontaneous bacte-

Table 2. Comparison of serum procalcitonin levels among the study groups

Parameter SBP group (n=50) Sterile Ascites group (n=25) Control group (n=25) p
Serum procalcitonin (pg/mL) 898.41+573.06 674.74+582.68 436.99+210.71 >0.05
Serum procalcitonin (ng/mL) 0.898+0.573 0.675+0.583 0.437+0.211 >0.05

SBP: Spontaneous bacterial peritonitis. Data are expressed as mean =+ standard deviation. Original laboratory measurements were recorded in pg/mL; corresponding ng/

mL values are additionally provided for consistency with contemporary literature.

Table 3. Comparison of ascitic fluid findings between SBP and sterile ascites groups

Parameter

SBP group (n=50)

Sterile ascites group (n=25) P

Ascitic fluid total leukocyte count (/mm?)
Ascitic fluid PMNL count (/mm?3)

Positive ascitic fluid culture

1143.54+£132.77
601.72+97.09

Included in diagnostic criteria

356.68+£125.51
125.68+61.13

<0.05
<0.05

Negative —

SBP: Spontaneous bacterial peritonitis; PMNL: Polymorphonuclear leukocyte. Values are presented as mean =+ standard deviation. Detailed culture positivity data were

unavailable in the archived dataset.
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Table 4. Serum procalcitonin levels according to Child-Turcotte—
Pugh classification

Child-Turcotte-Pugh class Serum procalcitonin (ng/mL) p

Child A 0.61+0.32
Child B 0.74£0.41 >0.05
Child C 0.88+0.56

CTP: Child-Turcotte-Pugh. Values are presented as mean =+ standard deviation.

rial peritonitis; however, serum PCT alone did not reliably
differentiate SBP from sterile ascites or healthy controls
within the present cohort. In contrast, conventional ascit-
ic inflammatory markers, particularly leukocyte and PMNL
counts, remained clearly different between the SBP and
sterile ascites groups.

Discussion

Spontaneous bacterial peritonitis continues to represent
a clinically significant infectious complication in patients
with decompensated cirrhosis despite advances in sup-
portive management and antimicrobial therapy.®”'"1 De-
layed recognition of infection may contribute to progres-
sive hepatic dysfunction, renal impairment, and systemic
complications, highlighting the importance of early diag-
nostic evaluation in this patient population.'® Therefore,
interest in supportive biomarkers that may facilitate earlier
detection of SBP has continued to increase.

In the present study, serum procalcitonin concentrations
tended to be higher in patients with spontaneous bac-
terial peritonitis than in patients with sterile ascites and
healthy controls. Nevertheless, these differences did not
achieve statistical significance. In contrast, conventional
ascitic inflammatory markers, particularly leukocyte and
polymorphonuclear leukocyte counts, clearly differentiat-
ed patients with SBP from those with sterile ascites. These
findings suggest that serum procalcitonin alone may pro-
vide limited diagnostic benefit in patients with advanced
cirrhosis.

Procalcitonin has been widely investigated as a biomark-
er reflecting bacterial infection and systemic inflammato-
ry activation.”-"Viallon et al."? reported elevated serum
and ascitic fluid procalcitonin concentrations in cirrhotic
patients with spontaneous bacterial peritonitis and sug-
gested a possible diagnostic role for PCT in this setting.
Likewise, Connert et al."®demonstrated an association be-
tween increased serum procalcitonin levels and bacterial
infections in decompensated cirrhosis.In contrast, Spahr et
al.'! observed that serum procalcitonin had limited useful-
ness in distinguishing SBP among cirrhotic patients. Over-

all, the findings of the current study appear to be more con-
sistent with reports describing the limited diagnostic utility
of serum PCT in advanced liver disease.

Several pathophysiological mechanisms may contribute
to the restricted diagnostic performance of serum procal-
citonin in advanced cirrhosis. Even in the absence of clin-
ically apparent infection, patients with decompensated
cirrhosis frequently exhibit chronic systemic inflammation,
endotoxemia, bacterial translocation, and cirrhosis-associ-
ated immune dysregulation."® These persistent inflamma-
tory alterations may result in elevated baseline biomarker
concentrations and reduce the specificity of serum pro-
calcitonin for differentiating infected from noninfected
patients.?% Consistent with this interpretation, serum PCT
concentrations were also relatively increased in patients
with sterile ascites in the present cohort.

Another important finding of the present study was the
absence of a statistically significant association between
serum procalcitonin levels and the Child-Turcotte-Pugh
classification. Although serum PCT concentrations demon-
strated a gradual numerical increase across the Child A,
Child B, and Child C groups, this trend did not achieve sta-
tistical significance. Similar observations have been report-
ed in previous studies evaluating inflammatory biomarkers
in advanced cirrhosis.'*'%2" These findings suggest that
serum procalcitonin may not reliably reflect the severity of
hepatic dysfunction.

In contrast, conventional ascitic inflammatory markers re-
tained substantial diagnostic importance in the current
study. Both total leukocyte and PMNL counts were signifi-
cantly increased in patients with SBP compared with pa-
tients with sterile ascites. These findings further support
the continuing clinical importance of diagnostic paracen-
tesis and ascitic PMNL assessment in patients with suspect-
ed SBP.5#] Although serum inflammatory biomarkers may
provide adjunctive clinical information, ascitic fluid analy-
sis continues to represent the cornerstone of routine SBP
diagnosis.*?

Certain limitations should be considered when interpret-
ing the findings of the present study. First, the study pop-
ulation was relatively limited, particularly for subgroup
analyses. Second, the single-center design may limit the
external generalizability of the results. Third, serum procal-
citonin measurements were assessed only at baseline, and
serial follow-up evaluations were unavailable. In addition,
archived individual-level data were insufficient for receiver
operating characteristic analysis and the determination of
an optimal diagnostic cutoff value. Comparative inflamma-
tory markers, including C-reactive protein, were not avail-
able for all study participants.



EJMA

15

Nevertheless, several strengths of the present study should
also be acknowledged. The prospective design, the in-
clusion of both sterile ascites and healthy control groups,
and the standardized evaluation of ascitic inflammatory
parameters increase the clinical relevance of the findings.
Furthermore, the study reflects the real-world characteris-
tics of patients with decompensated cirrhosis encountered
in routine clinical practice.

Conclusion

In conclusion, serum procalcitonin demonstrated limited
diagnostic utility as an isolated biomarker for spontaneous
bacterial peritonitis in patients with advanced cirrhosis.
Conventional ascitic fluid inflammatory parameters contin-
ue to represent the most reliable diagnostic approach in
routine clinical practice.

In the current prospective study, patients with spontaneous
bacterial peritonitis demonstrated numerically increased
serum procalcitonin levels compared with patients without
SBP. However, serum PCT alone did not reliably differentiate
SBP from sterile ascites. Conventional ascitic inflammato-
ry parameters, particularly polymorphonuclear leukocyte
counts, remained more informative and clinically useful for
diagnostic evaluation. Additional large-scale prospective
studies may help further clarify the clinical utility of serum
procalcitonin in cirrhotic patients with suspected SBP.

Disclosures

Ethics Committee Approval: Ethics committee approval was
obtained from the Ethics Committee of Atatlrk University before
the initiation of the study (approval date: August 18, 2011; ses-
sion no.: 7; decision no.: 12).

Informed Consent: Written informed consent was obtained
from all study participants before enrollment

Conflict of Interest: The authors declare no conflict of interest.
Funding: No funding was received for this study.

Use of Al for Writing Assistance: Artificial intelligence-assist-
ed tools were used only to support language editing and man-
uscript organization. All scientific content, interpretations, and
final approval of the manuscript were performed by the authors.

Author Contributions: Concept: ES, OT, NO; Design: ES, OT, NO;
Supervision: ES, OT, NO; Fundings: ES, OT, NO Materials: ES, OT,
NO; Data Collection and/or Processing: ES, OT, NO; Analysis and/
or Interpretation: ES, OT, NO; Literature Review: ES, OT, NO; Writ-
ing: ES, OT, NO; Critical Review: ES, OT, NO.

Acknowledgement: This article was derived from the specialty
thesis of Dr. Erdogan Seyran, entitled “Spontan bakteriyel peri-
tonit gelisen sirotik hastalarda prokalsitoninin tani ve siddetinin
belirlenmesindeki yeri,” completed at Atatlirk University Faculty
of Medicine in 2013.

Peer-review: Externally peer-reviewed.

References

1. Schuppan D, Afdhal NH. Liver cirrhosis. Lancet
2008;371(9615):838—51. [CrossRef]

2. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic re-
view of 118 studies. J Hepatol 2006;44(1):217—31. [CrossRef]

3. Albillos A, Lario M, Alvarez-Mon M. Cirrhosis-associated im-
mune dysfunction: distinctive features and clinical relevance.
J Hepatol 2014;61(6):1385—96. [CrossRef]

4. Jalan R, Fernandez J, Wiest R, Schnabl B, Moreau R, Ange-
li P, et al. Bacterial infections in cirrhosis: a position state-
ment based on the EASL Special Conference 2013. J Hepatol
2014;60(6):1310—24. [CrossRef]

5. Runyon BA. Management of adult patients with ascites due
to cirrhosis: an update. Hepatology 2009;49(6):2087—-107.
[CrossRef]

6. Such J, Runyon BA. Spontaneous bacterial peritonitis. Clin In-
fect Dis 1998;27(4):669—74. [CrossRef]

7. Fiore M, Maraolo AE, Gentile |, Borgia G, Leone S, Sansone P, et
al. Current concepts and future strategies in the antimicrobi-
al therapy of emerging gram-positive spontaneous bacterial
peritonitis. World J Hepatol 2017;9(30):1166—175. [CrossRef]

8. European Association for the Study of the Liver. EASL Clini-
cal Practice Guidelines for the management of patients with
decompensated cirrhosis. J Hepatol 2018;69(2):406—60. Erra-
tum in: J Hepatol 2018;69(5):1207. [CrossRef]

9. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon
C. High serum procalcitonin concentrations in patients with
sepsis and infection. Lancet 1993;341(8844):515—8. [CrossRef]

10. Meisner M. Procalcitonin: experience with a new diagnostic
tool for bacterial infection and systemic inflammation. J Lab
Med 1999;23(5):263—72. [CrossRef]

11. Becker KL, Snider R, Nylen ES. Procalcitonin assay in systemic
inflammation, infection, and sepsis: clinical utility and limita-
tions. Crit Care Med 2008;36(3):941-952. [CrossRef]

12. Viallon A, Zeni F, Pouzet V, Lambert C, Quenet S, Aubert G, et
al. Serum and ascitic procalcitonin levels in cirrhotic patients
with spontaneous bacterial peritonitis. Intensive Care Med
2000;26(8):1082—8. [CrossRef]

13. ConnertS, Stremmel W, Elsing C. Procalcitonin is a valid mark-
er of infection in decompensated cirrhosis. Z Gastroenterol
2003;41(2):165—70. [CrossRef]

14. Spahr L, Morard |, Hadengue A, Vadas L, Pugin J. Procalci-
tonin is not an accurate marker of spontaneous bacterial
peritonitis in patients with cirrhosis. Hepatogastroenterolo-
gy 2001;48(38):502-5.

15. Wu H, Chen L, SunY, Meng C, Hou W. The role of serum pro-
calcitonin and C-reactive protein levels in predicting spon-
taneous bacterial peritonitis in patients with advanced liver
cirrhosis. Pak J Med Sci 2016;32(6):1484—8. [CrossRef]



16

Seyran et al. Procalcitonin in SBP / doi: 10.14744/ejma.267011

16.

17.

18.

Lazzarotto C, Ronsoni MF, Fayad L, Nogueira CL, Bazzo ML,
Narciso-Schiavon JL, et al. Acute phase proteins for the diag-
nosis of bacterial infection and prediction of mortality in acute
complications of cirrhosis. Ann Hepatol 2013;12(4):599-607.
[CrossRef]

Piano S, Singh V, Caraceni P, Maiwall R, Alessandria C, Fer-
nandez J, et al. Epidemiology and effects of bacterial infec-
tions in patients with cirrhosis worldwide. Gastroenterology
2019;156(5):1368—80.e10.

Fernandez J, Acevedo J, Wiest R, Gustot T, Amoros A, Deulo-
feu C, et al. Bacterial and fungal infections in acute-on-chron-
ic liver failure: prevalence, characteristics and impact on
prognosis. Gut 2018;67(10):1870—80. [CrossRef]

19.

20.

21.

22.

Arroyo V, Moreau R, Jalan R. Acute-on-chronic liver failure. N
Engl J Med 2020;382(22):2137—-45. [CrossRef]

Tandon P, Garcia-Tsao G. Prognostic indicators in hepatolo-
gy: a review of cirrhosis-associated immune dysfunction and
bacterial infections. Hepatology 2021;74(2):999-1012.

Papp M, Vitalis Z, Altorjay |, Tornai |, Udvardy M, Harsfalvi
J, et al. Acute phase proteins in the diagnosis and predic-
tion of cirrhosis associated bacterial infections. Liver Int
2012;32(4):603—11. [CrossRef]

Fiore M, Maraolo AE, Gentile |, Borgia G, Leone S, Sansone P, et
al. Current concepts and future strategies in the antimicrobi-
al therapy of emerging Gram-positive spontaneous bacterial
peritonitis. World J Hepatol 2017;9(30):1166—75. [CrossRef]



EJMA

DOI:10.14744/ejma.267017
EJMA 2026;6(1):17-20

Early Vascular Remodeling and Hemorheological Alterations
in Biopsy-Proven MASLD

Serife Sivridemir’, @ Mustafa Yasan?, ® Gokmen Zararsiz®, @ Sacide Yildiz Taskiran®, © Serap Dogan’,
Ali Dogan®, ©® Mustafa Alper Yurci’

'Department of Medical Oncology, Osmaniye Training and Research Hospital, Osmaniye, Tiirkiye
2Department of Cardiology, VM Medicalpark Hospital, Samsun, Tiirkiye

3Department of Biostatistics and Medical Informatics, Erciyes University Faculty of Medicine, Kayseri, Tiirkiye
‘Department of Physiology, Erciyes University Faculty of Medicine, Kayseri, Tiirkiye

*Department of Radiology, Erciyes University Faculty of Medicine, Kayseri, Turkiye

*Department of Cardiology, Erciyes University Faculty of Medicine, Kayseri, Tiirkiye

’Department of Gastroenterology, Erciyes University Faculty of Medicine, Kayseri, Turkiye

Abstract

Objectives: Metabolic dysfunction-associated steatotic liver disease (MASLD) is increasingly associated with cardio-
vascular complications and early vascular injury. This study evaluated carotid intima-media thickness (CIMT) and its
association with hemorheological parameters in patients with biopsy-proven MASLD.

Methods: This cross-sectional study included 25 patients with histologically confirmed metabolic dysfunction-associat-
ed steatohepatitis (MASH) and 28 age- and sex-matched healthy controls. CIMT was assessed using high-resolution ul-
trasonography. Whole blood viscosity and plasma viscosity were measured using a rotational viscometer at shear rates
of 45 s™"and 225 s~ . Multivariable regression analyses were performed to determine independent predictors of CIMT.
Results: Patients with MASLD had significantly higher CIMT values than controls (0.92+0.16 mm vs. 0.76+0.13 mm,
p=0.002). Whole blood viscosity at both shear rates was significantly increased in the MASLD group, whereas plasma
viscosity did not differ significantly. In multivariable analyses, systolic blood pressure and waist circumference indepen-
dently predicted CIMT, while hemorheological parameters were not independently associated with CIMT.

Conclusion: Biopsy-proven MASLD is associated with increased CIMT and altered hemorheological profiles, supporting
the presence of early vascular remodeling and increased cardiovascular risk.

Keywords: Blood viscosity, cardiovascular risk, carotid intima-media thickness, MASLD, subclinical atherosclerosis
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etabolic dysfunction-associated steatotic liver dis- extending beyond hepatic involvement.”? Cardiovascular
Mease (MASLD) is currently the most prevalent chronic  complications are considered the leading cause of mortali-
liver disorder and is closely linked to obesity, insulin resis-  ty in affected individuals.>*
tance, and metabolic syndrome.In recent years, MASLD  Early vascular alterations may occur before clinically overt
has been increasingly recognized as a multisystem disease  cardiovascular disease develops in MASLD. Carotid inti-
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ma-media thickness (CIMT) is widely used as a noninvasive
marker reflecting subclinical arterial remodeling and ath-
erosclerotic burden.® Increased CIMT values have previ-
ously been demonstrated in patients with metabolic liver
disease; however, the underlying biological mechanisms
remain incompletely understood.>2'

Abnormal blood rheology may contribute to vascular dys-
function in MASLD. Increased blood viscosity can impair
endothelial function, alter shear stress, and reduce micro-
vascular perfusion.”' Nevertheless, evidence regarding
the association between hemorheological disturbanc-
es and vascular structural changes in biopsy-confirmed
MASLD remains scarce.'

The aim of the present study was to investigate carotid in-
tima-media thickness and evaluate its relationship with
hemorheological parameters in patients with histologically
confirmed MASLD.

Methods

Study design and participants

Twenty-five individuals with biopsy-confirmed metabol-
ic dysfunction-associated steatohepatitis (MASH) and 28
healthy control subjects were included in this cross-sec-
tional study. Histopathological evaluation was performed
according to the Brunt classification system.

Individuals with chronic inflammatory disorders, secondary
liver disease, significant alcohol intake, active infection, ma-
lignancy, hematologic disease, or clinically evident cardio-
vascular disease were excluded from the study population.

Ethics committee approval was obtained from the Erciyes
University Ethics Committee (Approval No. 373; Date: Feb-
ruary 12, 2014). The study protocol complied with the ethi-
cal principles outlined in the Declaration of Helsinki.

Clinical and biochemical evaluation

Anthropometric assessment included body mass index
and waist circumference measurements. Blood pressure
was measured after an adequate resting period under stan-
dardized conditions.

Fasting venous blood samples were analyzed for glucose,
insulin, lipid parameters, liver enzyme levels, ferritin concen-
trations, and hematologic indices. Insulin resistance was cal-
culated using the homeostasis model assessment formula.

Assessment of Carotid Intima-Media Thickness

CIMT measurements were performed by an experienced
radiologist who was blinded to the participants’ character-
istics. High-resolution B-mode ultrasonography was used
for vascular imaging. Bilateral measurements were obtained

from the distal segment of the common carotid artery proxi-
mal to the bifurcation, and mean values were recorded.

Hemorheological Analysis

Whole blood and plasma viscosity measurements were ob-
tained using a rotational viscometer at shear rates of 45 s~
and 225 s ". Lower shear rates were considered representa-
tive of microcirculatory conditions.!'"

Statistical Analysis

All statistical analyses were conducted using SPSS software,
version 25.0. Continuous variables were expressed accord-
ing to their distribution characteristics. Between-group
comparisons were performed using appropriate parametric
or nonparametric statistical tests. Independent predictors of
CIMT were evaluated using multivariable linear regression
analysis. Statistical significance was defined as p<0.05.

The overall study design and analytical workflow are sum-
marized in Figure 1.

Results

Compared with controls, patients with MASLD exhibited
significantly greater waist circumference, systolic blood

STUDY POPULATION

{ Patients with biopsy-proven MASH { Healthy controls l

(n=25) (n =28)

I |
¥

Clinical and Laboratory Assessment
Anthropometry, blood pressure,
fasting laboratory parameters, HOMA-IR

-

Carotid Intima-Media Thickness (CIMT)
High-resolution B-mode ultrasonography
(bilateral measurements)

¥
D Hemorheological Measurements

Whole blood viscosity and plasma viscosity
at shear rates 45 s™" and 225 57"

¥

// Statistical Analysis
I Group comparisons, correlation analyses,

multivariable linear regression

Association between hemorheological alterations

and early vascular remodeling in biopsy-proven MASLD

Figure 1. Study design and analytical workflow.

MASH: Metabolic dysfunction-associated steatohepatitis; MASLD: Metabolic
dysfunction-associated steatotic liver disease; HOMA-IR: Homeostasis model
assessment of insulin resistance
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Table 1. Liver histology distribution according to Brunt classification

Histological feature n (%)
Steatosis 5-33% 13 (52%)
Steatosis 33-66% 10 (40%)
Steatosis >66% 2 (8%)
Fibrosis FO 9 (36%)
Fibrosis F1 11 (44%)
Fibrosis F2 3 (12%)
Fibrosis F3 2 (8%)
Fibrosis F4 0

pressure, insulin resistance indices, liver enzyme levels, and
ferritin concentrations (Table 2).

CIMT measurements were significantly higher in the
MASLD group, suggesting the presence of early arterial
wall remodeling (Fig. 2).

Whole blood viscosity values obtained at both shear rates
were elevated in patients with MASLD, whereas plasma vis-
cosity values were similar between the study groups (Table 3).

Multivariable regression analysis demonstrated that systol-
ic blood pressure and waist circumference independently
predicted CIMT values (Table 4). Hematocrit was identified
as an independent determinant of whole blood viscosity
(Table 5).

Table 2. Baseline clinical and laboratory characteristics of patients
with biopsy-proven MASH and controls

Variable MASH (n=25) Controls (n=28) p

Age (years) 44.12+9.57 39.14+12.32 0.110
Male sex, n (%) 16 (64) 13 (46) 0.200
BMI (kg/m?) 29.70£5.00 26.32+4.93 0.170
Waist circumference (cm) 103.80+11.53  89.68+20.53  0.003
Systolic BP (mmHg) 132.40+£15.68 116.61+£19.10 <0.001
Diastolic BP (mmHg) 81.00+£12.74  80.00+17.37  0.204
Hematocrit (%) 46.00+3.60 43.21+4.16 0.013
LDL cholesterol (mg/dL) 122.52+29.57 100.82+34.00 0.017
Insulin (uU/mL) 19.00+9.78 8.80+3.97 <0.001
HOMA-IR 4.61+2.16 1.93+0.91 <0.001
ALT (U/L) 57.92+38.93 18.25+7.65 <0.001
AST (U/L) 35.24+£15.13 18.79+4.69 <0.001
Ferritin (ng/mL) 141.40+£109.55 87.78+87.12  0.026

Values are presented as mean+SD or n (%). Statistically significant values are
shown in bold (p<0.05). BMI: Body mass index; BP: Blood pressure; LDL: Low-den-
sity lipoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
HOMA-IR: Homeostasis model assessment of insulin resistance.

1.6 4 p = 0.002
[ 1
1.4 4
o.'
= 1.2 4
E .
E HE !
5 10 - ¢ (30 s
o= 0,00
Q ...:.
ol 1.d
0.8 4 H :
—la
06 - .
L]
0.4
MASLD patients Controls
(n =25) (n=28)

Figure 2. Comparison of carotid intima—media thickness between
groups.

CIMT: Carotid intima-media thickness; MASLD: Metabolic dysfunction-
associated steatotic liver disease

Discussion

The present study demonstrated increased carotid intima-
media thickness and elevated whole blood viscosity values
in patients with biopsy-confirmed MASLD. These findings
indicate that vascular and hemorheological alterations
may accompany metabolic liver disease even before overt
cardiovascular events become clinically apparent.

Growing evidence suggests that MASLD contributes to accel-
erated vascular aging and subclinical atherosclerosis.*-# Con-
sistent with previous reports, our study identified significantly

Table 3. Comparison of vascular and hemorheological parameters
between groups

Parameter MASH

Controls p

CIMT (mm) 0.92+0.16

6.84+0.98

0.76%0.13
6.14+0.76

0.002

Whole blood viscosity - 45 s ™" (cP) 0.010

Whole blood viscosity — 22557 ' (cP) 5.10£0.81 4.66+0.66 0.040

1.79+£0.23 1.73£0.23 0.631

Plasma viscosity — 45 s~ (cP)

Values are presented as mean+SD. CIMT: Carotid intima—media thickness; cP:
Centipoise.

Table 4. Multivariable regression analysis identifying independent
predictors of carotid intima—media thickness

Variable B Standardized 8 ¢)

Systolic BP 0.003 0.41 0.006
Waist circumference 0.002 0.35 0.018
Whole blood viscosity NS - >0.05

Model R>=0.42; Adjusted R’=0.38; Model p<0.001; BP: blood pressure; B: Regres-
sion coefficient; R%: Coefficient of determination
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Table 5. Multivariable regression analysis identifying determinants
of whole blood viscosity

Variable B Standardized ¢)

0.67

Hematocrit 0.082 <0.001

Model R>=0.58; Adjusted R*=0.54; B: Regression coefficient; R%: Coefficient of
determination.

higher CIMT measurements in the MASLD group. Chronic in-
flammation, oxidative stress, endothelial dysfunction, insulin
resistance, and metabolic imbalance may collectively contrib-
ute to vascular remodeling in these patients.2321%

A major strength of the present study is the histopathological
confirmation of the disease. Many previous investigations re-
lied primarily on imaging modalities or surrogate biochemical
markers for diagnosis. Liver biopsy increases diagnostic preci-
sion and strengthens the reliability of the present findings.®'?

Whole blood viscosity was also significantly elevated in
patients with MASLD. Increased viscosity may adversely af-
fect endothelial physiology and microvascular blood flow.
-1 However, viscosity-related variables did not remain
independently associated with CIMT after adjustment for
cardiometabolic risk factors. This finding suggests that
hemorheological abnormalities may reflect systemic met-
abolic dysregulation rather than act as direct determinants
of vascular structural change.

Several limitations should be considered when interpret-
ing these findings. The cross-sectional design prevents
causal interpretation, and the relatively modest sample
size may have limited statistical power. In addition, residual
confounding factors associated with metabolic risk cannot
be fully excluded.

Conclusion

Patients with biopsy-confirmed MASLD demonstrated
increased carotid intima-media thickness together with
altered hemorheological characteristics. These findings
support the concept that MASLD is associated with early
vascular remodeling and increased cardiovascular risk.
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Abstract

Objectives: Our intention is to assess the effects of routine control and diabetes education on diabetes-related compli-
cations, anthropometric measurements, and laboratory tests.

Methods: The research enrolled patients over 18 years of age who presented to the Endocrinology and Metabolic
Diseases Outpatient Clinic, including both those undergoing regular control and those not undergoing regular control.
Results: Patients enrolled in this research were separated into two groups: those under irregular control and those
under regular control. There were no remarkable discrepancies in the characteristics of the two groups. Those in the
irregular monitoring group had a longer duration of diabetes (11.6+7.5 vs. 8.3+7.1, p<0.001). When evaluated in terms
of diabetes-related complications and comorbidities, the irregular control group showed higher rates of diabetic foot,
peripheral neuropathy, diabetic kidney disease, and coronary artery disease (p=0.002, p=0.001, p=0.001, and p=0.002,
respectively).

Conclusion: The prevention of diabetes-related complications, illnesses, and deaths can be achieved through regular
patient follow-up. Regular follow-up enables the early detection of alterations in HbA1c levels and allows for early
intervention before glycemic control deteriorates; it also ensures that patients receive face-to-face information about
diabetes and the risks of diabetes-related complications. Regular control also contributes to raising patient awareness
about diabetes and improving dietary adherence.
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he number of diabetes cases worldwide is estimated

at 828 million, corresponding to a global prevalence of
14%." Type 2 diabetes (T2DM) accounts for 98% of all dia-
betes diagnoses.? The increase in childhood obesity raises
concerns that the prevalence of diabetes will increase. Di-
abetes cases increased by 39% globally from 1990 to 2019.
I Furthermore, one study showed increased rates of T2DM
among young adults and adolescents.”!

Diabetes is a chronic condition associated with decreased
insulin secretion and impaired insulin activity. Chronic hy-
perglycemia associated with diabetes leads to dysfunction
and failure in many organs over the long term. Abnormal
blood glucose levels are caused by impaired insulin secre-
tion in pancreatic islet 3-cells or insulin resistance in insu-
lin-sensitive tissues (the liver, muscles, and adipose tissue).
BlIn type 2 DM, insulin resistance causes increased glucose
release from the liver while reducing glucose uptake in ad-
ipose tissue and muscles. Additionally, B-cell dysfunction
causes decreased insulin secretion and abnormal glucose
levels.® Various studies have shown that both adolescents
and adults lose approximately 80% of their pancreatic
[3-cell function before receiving a diagnosis of type 2 DM.#

Long-standing complications of diabetes can lead to organ
dysfunction and limb amputation. Nephropathy causes
kidney failure, while peripheral neuropathy can have seri-
ous consequences ranging from foot ulcers to amputation.
Autonomic neuropathy causes sexual dysfunction and gen-
itourinary, gastrointestinal, and cardiovascular symptoms.
The incidence of atherosclerotic heart disease, peripheral
artery disease, and cerebrovascular disease is increased in
patients with diabetes. Hypertension and abnormalities in
lipoprotein metabolism are also frequently found in indi-
viduals with diabetes.”

Diabetes mellitus (DM) is classified based on the pathogen-
ic process leading to hyperglycemia. The two major classes
of diabetes mellitus are called type 1 and type 2 diabetes.
Both types are preceded by abnormal glucose homeostasis
that worsens as the pathological processes progress.

Diabetes-related morbidity and mortality are associated
with acute complications of diabetes (hypoglycemia, dia-
betic ketoacidosis, and hyperosmolar hyperglycemic state)
and chronic microvascular (retinopathy, nephropathy, and
neuropathy) and macrovascular (atherosclerosis) compli-
cations. The onset of type 2 diabetes is insidious, and di-
agnosis is often delayed. Consequently, diabetes-related
complications may be present when a diagnosis is made."”
The progression of these complications can be prevented
by regulating glycemia, blood pressure, and fasting lipid
levels. Laser treatment can be applied for advanced reti-
nopathy, and ACE inhibitors (angiotensin-converting en-

zyme inhibitors) and ARBs (angiotensin receptor blockers)
can be given for nephropathy. These interventions reduce
the incidence of various diabetes-related complications,
such as stroke, myocardial infarction (MI), end-stage renal
disease, and limb amputation.'!

The aim of this study is to examine the relationship be-
tween diabetes education, regular clinical check-ups at
specific intervals, timely interventions, and the prevention
of the onset and progression of diabetes-related compli-
cations in patients diagnosed with diabetes. Furthermore,
laboratory tests, such as complete blood count, lipid pro-
file, glycemic control, and renal function tests, as well as
anthropometric measurements, such as body mass index
(BMI), body weight, waist circumference, and hip circum-
ference, will also contribute to this relationship.

Methods

Patient selection and study design

The study enrolled individuals aged 18 years and older
who had been diagnosed with type 2 diabetes, had visit-
ed the Endocrinology and Metabolic Diseases Outpatient
Clinic over a five-year period, and had sufficient recorded
data, including both those attending regular follow-up and
those not attending regular follow-up.

For patients with HbA1c<7, those attending follow-up
every 6 months or less frequently were included in the
ordered check-ups group, whereas those attending check-
ups at intervals of more than 6 months were included in
the disordered check-ups group.

For patients with HbA1c>7, those attending follow-up
every 3 months or less frequently were included in the
ordered check-ups group, whereas those attending check-
ups at intervals of more than 3 months were included in
the disordered check-ups group.

It is recommended that patients with type 2 DM have
their HbA1c checked every 3-6 months, their lipid profiles
checked annually, and their kidney function tests (com-
plete urinalysis and spot urine microalbumin/creatinine
ratio) and liver function tests performed.

Patients whose check-up time was due and who had un-
dergone these tests were reviewed.

The patients’ age, sex, smoking status, duration of diabe-
tes, comorbid diseases, and presence of type 2 DM compli-
cations (retinopathy, nephropathy, and neuropathy) were
evaluated according to their medical histories and medi-
cations used.

BMI, body weight, waist circumference, and hip circumfer-
ence were recorded as anthropometric values.
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Patients with type 1 diabetes mellitus, pregnant women,
and patients with insufficient data were excluded from the
study.

Anthropometric and clinical measurements

BMI was calculated by dividing body weight in kilograms
by the square of height in meters. Measurements were per-
formed using methods recommended by the World Health
Organization (WHO).

Blood pressure measurements were taken from the right
brachial artery using a standard Erka-brand sphygmoma-
nometer after the patient had rested in a seated position
for at least 5 minutes before the examination.

Assessment of diabetes complications

The presence of diabetic retinopathy in patients was de-
termined based on their medical histories. The presence
of peripheral neuropathy was investigated. The presence
of diabetic kidney disease was determined using the mi-
croalbumin/creatinine ratio in spot urine, the eGFR value
[calculated using the MDRD (Modification of Diet in Renal
Disease) formula], and the patients’ medical histories.

Statistical Analysis

Statistical analyses were performed using the IBM SPSS
Version 21.0 software package. Numerical variables are
presented as the meanzstandard deviation, while categor-
ical variables are presented as counts and percentages. We
checked the normality of the numerical values using the
one-sample Kolmogorov-Smirnov test. To compare cate-
gorical data across groups, the chi-square test and Fisher’s
exact test were used. The independent-samples Student’s
t-test was used to compare numerical data that followed
a normal distribution, while the Mann-Whitney U test was
used for data that did not follow a normal distribution. A
p-value of <0.05 was considered statistically significant.

Ethics Committee Approval

The study commenced after receiving approval from the
Necmettin Erbakan University Faculty of Medicine Clinical
Research Ethics Committee, dated January 19, 2018, and
numbered 2018/1167. Written informed consents were ob-
tained from patients who participated in this study.

Results

Clinical and demographic findings of all patients

The mean age of the 361 patients included in the study was
56.9+10.2 years (range, 32-80 years). Of the patients, 222
(61.5%) were female, and 139 (38.5%) were male. The mean
body weight of the patients was 84.1+13.8 kg, and the mean

BMIwas 31.7+5.6 kg/m* Based on the mean BM|, the patients
were classified as “obese!” Based on BMI, 30 (8.3%) patients
were classified as morbidly obese (BMI>40), 187 (51.8%) as
obese (BMI, 30-40), and 114 (31.5%) as overweight (BMI, 25—
30). Only 27 (7.4%) patients were found to be within the nor-
mal BMIrange (BMI, 18-25). The mean BMI of female patients
was 34.1+13.2 kg/m? and that of male patients was 29.3+4.5
kg/m? (p<0.001). The mean waist circumference of female
patients was 104.3£14.1 cm, and that of male patients was
99.7+15 cm. The mean hip circumference of female patients
was 117.2+13 cm, and that of male patients was 102+11.4
c¢m. The mean duration of diabetes was 9.5+7.4 years (range,
4 months-50 years). The patients’ mean systolic blood pres-
sure was 132.8+17.1 mmHg, and their mean diastolic blood
pressure was 82.7+11.1 mmHg (Table 1).

Of the patients, 55 (15.2%) had coronary artery disease
(CAD), 193 (53.5%) had hypertension (HT), 3 (0.8%) had pe-
ripheral artery disease (PAD), and 3 (0.8%) had a history of
cerebrovascular events (CVA).

When the patients were evaluated for diabetes-related
complications, 147 (40.7%) had diabetic kidney disease, 43
(11.9%) had diabetic retinopathy, 127 (35.2%) had diabet-
ic neuropathy, 12 (3.3%) had diabetic foot, and 41 (11.4%)
had a history of hypoglycemia. Regarding proteinuria lev-
els, 117 (32.4%) had microalbuminuria, and 28 (7.8%) had
overt proteinuria. Additionally, 39 (10.8%) patients had a
history of urinary tract infection (UTI) (Table 2).

Of the patients, 107 (29.6%) were on a diet, 87 (24.1%) exer-
cised, and 37 (10.2%) were smokers.

Regarding the diabetes medications used by the patients,
193 (53.4%) were taking oral antidiabetic drugs, 56 (15.5%)
were receiving insulin, and 109 (30.1%) were receiving oral
antidiabetic drugs plus insulin therapy. Three (0.8%) pa-
tients were not taking any medication.

Laboratory findings of all patients

The mean fasting plasma glucose (FPG) level of the patients
was 157.8+66 mg/dL, the mean HbA1c level was 7.9+1.8%,

Table 1. Clinical and demographic findings of the patients

Parameters Mean+SD
Age in years 56.9+£10.2
Gender (F/M) 222/139
Diabetes duration (years) 9.5+7.4
Body weight (kg) 84.1£13.8
BMI (kg/m2) 31.7£5.6
Systolic blood pressure (mmHg) 132.8+17.1
Diastolic blood pressure (mmHg) 82.7+11.1
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the mean total cholesterol level was 196.8+46.1 mg/dL, the
mean LDL cholesterol level was 117+35.4 mg/dL, the mean
HDL cholesterol level was 44.2+12.3 mg/dL, the mean cre-
atinine level was 0.86+0.32 mg/dL, and the mean microal-
bumin/creatinine ratio in spot urine was 149.7+544.6 mg/qg.
Other laboratory findings are shown in Table 3.

Comparison of diabetes-related complications ac-
cording to the diabetes medications used by the
patients

Of the patients included in the study, 163 (45.2%) were re-
ceiving insulin therapy, while 198 (54.8%) were not receiv-
ing insulin therapy. When the patients were divided into

Table 2. Diabetes complication rates of patients

Parameters n (%)
Retinopathy 43(11.9)
Neuropathy 127 (35.2)
Diabetic kidney disease 147 (40.7)
Microalbuminuria 117 (32.4)

Overt proteinuria 28 (7.8)
Hypoglycemia 41 (11.4)
Diabetic foot 12(3.3)

Table 3. Laboratory findings of the patients

Parameters Mean+SD
APG (mg/dL) 157.8+66
HbA1C (%) 7.9+1.8
Total chol. (mg/dL) 196.8+46.1
LDL chol. (mg/dL) 117+35.4
HDL chol. (mg/dL) 44.2+12.3
Triglycerides (mg/dL) 187.3£136.3
Creatinine (mg/dL) 0.86+0.32
GFR (ml/min) 87.9+21.2
ALT (IU/mL) 24.5+17.3
Hemoglobin (g/dL) 13.6+1.6
WBC (ul) 8185+2064
Platelets (103/pl) 288+78.1
TSH (ulU/mL) 2.1£1.9
Microalbumin/creatinine in spot urine (mg/g) 149.7£544.6
Vitamin D (ng/mL) 13+£9.8
Vitamin B12 (pg/ml) 408+330.4

two groups, those receiving insulin therapy and those not
receiving insulin therapy, and diabetes-related complica-
tions were compared, the rates of diabetic neuropathy, di-
abetic retinopathy, diabetic kidney disease, hypoglycemia,
and coronary artery disease were found to be significantly
higher in the insulin-using group than in the other group
(p<0.001, p<0.001, p=0.002, p=0.002, and p<0.001, respec-
tively) (Table 4).

Comparison of the clinical and demographic find-
ings of patients attending regular and irregular
follow-ups

Patients enrolled in this research were separated into two
groups: those attending regular follow-ups and those attend-
ingirregular follow-ups. A total of 222 (61.4%) patients attended
regular follow-ups, while 139 (38.6%) attended irregularly. The
groups were observed to be similar in terms of sex distribution,
age, and diastolic and systolic blood pressure measurements.
The mean duration of diabetes was longer in patients who at-
tended irregular check-ups than in those who attended regular
check-ups (11.6+7.5 vs. 8.3%7.1 years, p<0.001) (Table 5). The
mean BMI of the group attending irregular health check-ups
was 32.4+6.4 kg/m? while the mean BMI of the other group was
31.3+5 kg/m? (p=0.14). The mean body weight of the group at-
tending irregular follow-up examinations was 87416 kg, while
the mean body weight of the other group was 82.2+11.9 kg
(p=0.003). Waist circumference was greater in patients who
attended irregular check-ups, but no difference was found be-
tween the groups in terms of hip circumference (105.4+15.7 vs.
100.7+13.7 cm, p=0.005) (Table 5).

Although there was no difference between the groups
regarding exercise and smoking rates, the rate of dieting

Table 4. Comparison of diabetes complications according to the
diabetes medications used by patients

Parameters Insulin (n/%*) Others (n/%%*) p
Diabetic retinopathy 35/%21.5 8/%4 <0.001
Diabetic kidney disease 80/%50 67/%34 0.002
Diabetic neuropathy 74/%45.4 53/%26.8 <0.001
Hypoglycemia 28/%17.2 13/%6.6 0.002
Diabetic foot 6/%3.7 6/%3 0.731
CAD 43/%26.4 12/%6.1 <0.001
PAH 2/%1.2 1/%0.5 0.591
STROKE 3/%1.8 0/%0 0.091
UTI 23/%14.6 16/%8.1 0.054

APG: Admission plasma glucose; HbA1C: Hemoglobin A1C; LDL: Low-density li-
poprotein; HDL: High-Density Lipoprotein; GFR: Glomerular filtration rate; ALT: Al-
anine transaminase; WBC: White blood count; TSH: Thyroid-stimulating hormone.

*: Percentage within the group. CAD: Coronary artery disease; PAH: Pulmonary
arterial hypertension; STROKE: Symptoms, causes, types, and recovery; UTI: Uri-
nary tract infection.
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Table 5. Comparison of clinical and demographic findings of
patients attending regular and irregular follow-up

Parameters Regular (n=222) Irregular (n=139) p
Age 57.1+£10.1 56.8+10.5 0.820
Gender (F/M) 142/80 80/59 0.223
Duration of diabetes 8.317.1 11.6£7.5 <0.001
(years)

Body weight (kg) 82.2+11.9 87+16 0.003
BMI (kg/m2) 31.3+5 324+6.4 0.140
Waist circumference 100.7+£13.7 105.4+15.7 0.005
Hip circumference 110.3x13.4 113.1+15.9 0.093
Systolic BP (mmHg) 132.2+16.7 133.7+17.8 0.669
Diastolic BP (mmHg) 82.4+10.9 83.3+11.4 0.579
Smoking (%) 8.6 12.9 0.181
Exercise (%) 26.1 209 0.255
Diet (%) 36.5 18.7 <0.001

BP: Blood pressure.

was higher in the group that attended regular follow-ups
(36.5% vs. 18.7%, p<0.001) (Table 5).

When the groups were compared in terms of diabetes-relat-
ed complications and comorbidities, diabetic kidney disease,
diabetic foot, coronary artery disease, and diabetic neurop-
athy were more prevalent in the group with irregular atten-
dance at follow-up visits (p=0.001, p=0.002, p=0.002, and
p=0.001, respectively). There were no differences between
the groups in the frequency of stroke, peripheral artery dis-
ease, hypertension, diabetic retinopathy, hypoglycemia, or a
history of urinary tract infection (Table 6).

Table 6. Comparison of comorbid diseasesand diabetic complications
in patients who attended regular and irregular control

Parameters Regular Irregular p

Diabetic retinopathy (n/%*) 21/%9.5 22/%158 0.176
Diabetic kidney disease (n/%*) 77 /%347 70/%51.9 0.001
Diabetic neuropathy (n/%*) 63/%284  64/%46 0.001
Hypoglycemia 24/%10.8 17/%12.2 0.679
Diabetic foot 2/%0.9 10/%7.2 0.002
Hypertension 111/ %50 82/%59  0.096
CAD 25/%11.3 30/%21.6 0.002
PAH 1/%0.5 2/%1.4 0.561
STROKE 0/%0 3/%22  0.056
UTI 19/ %8.6 20/%14.9 0.065

Comparison of laboratory findings of patients at-
tending regular and irregular follow-up

According to the comparison of laboratory parameters, the
mean levels of FPG, urine microalbumin-to-creatinine ratio,
HbA1c, and triglycerides were statistically significantly higherin
patients attending irregular check-ups than in those attending
regular check-ups (p<0.001, p=0.017, p<0.001, and p=0.023, re-
spectively). Among individuals attending regular follow-up, the
mean serum vitamin D level was higher than that in the other
group (14.5+10.2 vs. 10.7+8.9, p=0.006). No remarkable dispar-
ities were found between the groups according to the other
laboratory parameters evaluated (Table 7).

In the group attending regular check-ups, microalbuminuria
was detected in 65 (31%) patients during spot urine evaluation,
compared with 52 (39.7%) patients in the group attending ir-
regular check-ups. Similarly, macroalbuminuria was detected
in 12 (5.7%) patients in the group attending regular check-ups
and 16 (12.2%) patients in the group attending irregular check-
ups. The difference was significant (p=0.003) (Table 8).

Comparison of patients grouped according to fol-
low-up duration

There was a significant difference in disease duration be-

Table 7. Comparison of laboratory findings of patients who
attended check-ups regularly and irregularly

Parameters Regular Irregular p
FPG (mg/dL) 132+£35.2 198.7+£81.3 <0.001
HbA1C (%) 7%1 9.5£1.9 <0.001
Total Chol. (mg/dL) 193.7£47.5 201.6+43.6 0.111
LDL Chol. (mg/dL) 114.8+35.3 120.4+£35.4 0.149
HDL Chol. (mg/dL) 44.7+£11.7 43.5+£13.1 0.112
Triglycerides (mg/dL) 177£129.9 203.6+144.8 0.023
Creatinine (mg/dL) 0.82+0.23 0.91+0.44 0.051
GFR (ml/min) 89.1£18.6 86.1+£24.7 0.214
ALT (IU/mL) 23.8+14.5 25.7+21.1 0.622
Hemoglobin (g/dL) 13.5£1.5 13.7£1.8 0.437
WBC (ul) 8043.4+£1996.7 8412.9+2156.7 0.109
Platelets (103/pl) 288+79 288+76 0.999
TSH (pulU/mL) 2.1£1.7 2.2+23 0.873
M?croal!:)umin/cr(.e- 89.1+£318.1 246.9+773 0.017
atinine in spot urine

(mg/qg)

Vitamin D (ng/mL) 14.5+£10.2 10.7+8.9 0.006
Vitamin B12 (pg/ml) 375.2+289 477.4+397.3 0.057

*: Percentage within the monitoring group. CAD: Coronary artery disease; PAH:
Pulmonary arterial hypertension; STROKE: Symptoms, causes, types, and recov-
ery; UTI: Urinary tract infection.

FPG: Fasting plasma glucose; HbA1C: Hemoglobin A1C; LDL: Low-density lipo-
protein; HDL: High-Density Lipoprotein; GFR: Glomerular filtration rate; ALT: Ala-
nine transaminase; WBC: White blood count; TSH: Thyroid-stimulating hormone.
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tween the groups attending regular and irregular check-ups.
To reduce the impact of this difference on the variables, pa-
tients were separated into four groups according to diabetes
duration (Group 1=0-5 years, Group 2=6-10 years, Group
3=11-15 years, and Group 4=16-20 years). In each group, it
was investigated whether there were differences between
those attending regular and irregular follow-ups in terms of
the parameters that were found to differ when all patients
were evaluated. In all groups, the mean HbA1c level was sig-
nificantly higher among patients attending irregular check-
up visits. In the third group (11-15 years), the rates of diabet-

Table 8. Comparison of albuminuria levels in patients who attended
regular and irregular check-ups

Albuminuria level Regular Irregular p
None 133 (%63.3) 63 (%48.1)
Microalbuminuria 65 (%31) 52 (%39.7) 0.003
Macroalbuminuria 12 (%5.7) 16 (%12.2)

Table 9. Comparison of patients with a diabetes duration of “0-5
years”

Parameters Regular (n=101) Irregular (n=33) p
Diabetic retinopathy 3/%3 1/%3 0.968
(n/%%)

Diabetic kidney 30/%29.7 11/%35.5 0.543
disease (n/%%)

Diabetic neuropathy 27/%26.7 6/%18.2 0.322
(n/%*)

Diabetic foot (n/%*) 1/%1 2/%6.1 0.150
CAD (n/%*) 8/%7.9 6/%18.2 0.096
HbA1C (%) 6.7£0.9 9.7+£2.2 <0.001

*: Percentage within the monitoring group. CAD: Coronary artery disease; Hb1AC:
Hemoglobin A1C.

Table 10. Comparison of patients with diabetes duration of “6-10
years”

Parameters Regular (n=57) Irregular (n=46) p
Diabetic retinopathy 5/%8.8 6/%13 0.090
(n/%*)

Diabetic kidney 22/%38.6 22/%48.9 0.297
disease (n/%%*)

Diabetic neuropathy 16/%28.1 19/%41.3 0.159
(n/%%)

Diabetic foot (n/%*) 0/%0 3/%6.5 0.086
CAD (n/%*) 6/%10.5 7/%15.2 0.183
HbA1C (%) 7.3£0.9 9.4+1.9 <0.001

*: Percentage within the monitoring group.

Table 11. Comparison of patients with diabetes duration of “11-15
years”

Parameters Regular (N=32) Irregular (N=30) p
Diabetic retinopathy 6/%18.8 6/%20 0.692
(n/%%)

Diabetic kidney 12/%37.5 19/%65.5 0.029
disease (n/%%*)

Diabetic neuropathy 8/%25 19/%63.3 0.002
(n/%%)

Diabetic foot (n/%*) 0/9%0 3/%10 0.107
CAD (n/%*) 4/%12.5 10/%33.3 0.146
HbA1C (%) 7.2%1.2 9.3%£1.5 <0.001

*: Percentage within the monitoring group. CAD: Coronary artery disease; Hb1AC:
Hemoglobin A1C.

Table 12. Comparison of patients with diabetes duration of “16-20
years”

Parameters Regular (N=23) Irregular (N=18) P
Diabetic retinopathy 2/%8.7 5/%27.8 0.083
(n/%%)

Diabetic kidney 8/%34.8 11/%61.1 0.093
disease (n/%%*)

Diabetic neuropathy 7/%30.4 12/%66.7 0.021
(n/%%)

Diabetic foot (n/%*) 1/%4.3 1/%5.6 1.000
CAD (n/%*) 5/%21.7 3/%16.7 0.109
HbA1C (%) 7.2+£0.9 9.6£1.6 <0.001

* Percentage within the monitoring group. CAD: Coronary artery disease; Hb1AC:
Hemoglobin A1C.

ic kidney disease and neuropathy were significantly higher
(p=0.029 and p=0.002, respectively), and in the fourth group
(16-20 years), the frequency of diabetic neuropathy was sig-
nificantly higher (p=0.021) among patients who did not at-
tend check-up visits regularly (Tables 9-12).

Discussion

In recent years, the significant increase in the diabetic pa-
tient population, the presence of important diabetes-relat-
ed complications, and the substantial financial burden asso-
ciated with diabetes have made diabetes mellitus a serious
social problem. The prevention of diabetes-related compli-
cations, illnesses, and deaths can be achieved through reg-
ular patient follow-up. Regular follow-up enables the early
detection of alterations in HbA1c levels and allows for ear-
ly intervention before glycemic control deteriorates; it also
ensures that patients receive face-to-face information about
diabetes and the risks of diabetes-related complications.
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Diabetes is a chronic condition. Doctors and diabetes edu-
cators have no influence over patients’ daily lives or dietary
control.

The American Diabetes Association (ADA) describes diabe-
tes self-management education as the process of equip-
ping individuals with the knowledge and skills necessary to
manage their own care, handle crises, and implement life-
style changes.'>"® Diabetes health education is crucial for
long-term success. Although only limited studies exist, it is
thought that diabetes education can be cost-effective and
improve outcomes.['¥

In a study involving 88 patients with diabetes, comprising
a study group of 44 patients and a control group of 44 pa-
tients, diabetes education was provided to patients in the
study group after the initial consultation, and they were
followed up by telephone for 3 months. It was found that
education and telephone follow-up reduced the values of
various metabolic control variables, such as hemoglobin
Alc, total cholesterol, triglycerides, low-density lipoprotein
cholesterol, and systolic blood pressure.s!

In the study conducted by Anjana et al.'¥, 1,798 patients
with diabetes attending irreqular check-ups and 1,783 pa-
tients with diabetes attending regular check-ups were ret-
rospectively evaluated over a nine-year follow-up period.
The irregularly followed group was found to have higher
HbA1c, fasting plasma glucose, postprandial plasma glu-
cose, total and LDL cholesterol, and triglyceride levels at
each control visit than the regularly followed group.

Furthermore, this study observed that the glycemic load
was twice as high in the group with irregular follow-up and
that the risks of retinopathy and nephropathy were also
increased. This study indicated that regular follow-up was
associated with a favorable cardiovascular risk profile and a
lower risk of developing retinopathy and nephropathy.

Kumar et al.'"revealed a relationship between microvascu-
lar complications and triglyceride levels. Triglyceride levels
and aging have been identified as independent risk factors
for neuropathy. A study by Wiggin et al.'® also showed a
similar relationship between triglyceride levels and neu-
ropathy.['9291

Other studies have also observed that patients with diabet-
ic nephropathy have higher triglyceride levels.?"?2 There-
fore, it is suggested that lipid-induced kidney damage
may occur through the stimulation of TGF- (transforming
growth factor-beta), thereby inducing the production of
reactive oxygen species that damage the glomerulus and
glomerular glycocalyx.”*

The association between hypertension and microvascular
complications observed in other populations was also ob-

served in the Thai population.?*?*I This study also demon-
strated that advanced age and duration of diabetes are as-
sociated with microvascular complications in patients with
T2DM.?¢2T However, in another study, no association was
observed between the duration of diabetes and microvas-
cular complications.’?4

Furthermore, large epidemiological studies have revealed
the advantages of glycemic control in preventing compli-
cations.2829

Timely assessment of HbA1c allows physicians to identify
trends in disease progression and initiate corrective mea-
sures for glycemic control at the most appropriate time.2

Furthermore, reinforcing healthy behaviors through con-
sultations with physicians, diabetes educators, dietitians,
and exercise consultants at each visit can contribute to bet-
ter glycemic control and a lower glycemic load in regularly
monitored patients."

Conclusion

As recommended by the American Diabetes Association
(ADA) and the European Association for the Study of Dia-
betes (EASD), a patient-centered approach is necessary for
diabetes management. Preventing microvascular and mac-
rovascular complications and ensuring a high quality of life
for patients require not only good glycemic control but also
the prevention of other controllable risk factors. Further-
more, the importance of lifestyle changes should be better
explained to patients, and they should be encouraged to
be more willing to adopt them. Therefore, patient educa-
tion or an assessment of patient awareness regarding this
issue is necessary at each follow-up appointment.
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Abstract

Objectives: This study aimed to assess postoperative changes in renal anemia parameters and erythropoietin-stimulat-
ing agent (ESA) requirements. The focus was on dialysis patients who underwent parathyroidectomy (PTx) for second-
ary hyperparathyroidism (SHPT).

Methods: This retrospective study included 22 dialysis patients who underwent PTx for SHPT. Demographic, biochemi-
cal, and hematological data were recorded preoperatively and at 1, 3, 6, and 12 months postoperatively. Changes in
hemoglobin (Hgb), platelet (PIt) levels, and ESA doses were analyzed using appropriate parametric and nonparametric
tests, and correlations between variables were assessed using Pearson’s or Spearman'’s coefficients.

Results: The mean preoperative PTH level decreased from 2248+308 pg/mL to 468+165 pg/mL at 3 months (p<0.001).
The mean Hgb level increased from 9.3+1.5 g/dL to 11.7+2.0 g/dL at 12 months (p<0.05). The ESA requirement de-
creased by 48%, from 22,500+13,000 IU/month to 11,700+10,400 IU/month (p<0.05). A moderate negative correlation
was observed between increases in Hgb levels and decreases in ESA doses (p<0.05). In the subgroup with a biochemical
response, the platelet count significantly increased at 12 months (p<0.035).

Conclusion: Parathyroidectomy enhances hematological parameters by increasing erythropoietin sensitivity in dialysis
patients with SHPT. The reduction in ESA requirements and the increase in Hgb levels reflect improved postoperative
erythropoiesis.

Keywords: Chronic kidney disease, erythropoietin resistance, erythropoiesis, parathyroidectomy, renal anemia, second-
ary hyperparathyroidism
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any organ systems can be negatively affected by

metabolic disorders that develop after chronic kid-
ney disease (CKD)."m Although various complications of
the hematopoietic system develop, renal anemia is one of
the most common and earliest-onset findings.'>* Multifac-
torial causes have been implicated in the development of
anemia associated with CKD.B# It has been suggested that
many factors, including a shortened erythrocyte lifespan,
chronic blood loss, increased erythropoiesis inhibitors, ure-

mic toxins, iron and vitamin deficiencies, hemolysis, and
hyperparathyroidism, contribute to anemia. Still, the most
crucial factor is decreased erythropoietin production.®®In
these patients, elevated parathyroid hormone (PTH) lev-
els have been shown to suppress bone marrow function,
leading to osteitis fibrosa cystica and bone marrow fibrosis
and thereby decreasing erythrocyte mass.’-? Additionally,
a significant increase in hemoglobin levels and a decrease
in ESA requirements were reported after parathyroidecto-

Address for correspondence: Sendag Yaslikaya, MD. Department of Oncology, Giresun Training and Research Hospital, Giresun, Turrkiye

Phone: +90 454 310 20 20 E-mail: drysendag@gmail.com
Submitted Date: June 24, 2026 Accepted Date: July 17,2026

©Copyright 2024 by Eurasian Journal of Medical Advances - Available online at www.ejmad.org
OPEN ACCESS This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.




EJMA

31

my (PTx) in patients receiving dialysis treatment and using
erythropoietin-stimulating agents (ESAs)."®

Renal anemia not only reduces quality of life but can also
lead to increased cardiovascular morbidity and mortality, as
well as significant clinical problems.""'2 Given these risks, the
effectiveness of different approaches to anemia treatment
in patients with CKD can directly determine prognosis.''?
Despite the importance of this issue, clinical data regarding
changes in anemia parameters and their effects on erythro-
poietin sensitivity after PTx are limited. To address this gap,
our study aimed to evaluate changes in renal anemia param-
eters and ESA doses during a 12-month follow-up of patients
with CKD receiving dialysis treatment after PTx.

Methods

This study was approved by the inénii University Health
Sciences Non-Interventional Clinical Research Ethics Com-
mittee (Ethics Committee No. 2018-B17/18.09.2018). The
study was conducted in accordance with the principles of
the Declaration of Helsinki. In our study, we retrospectively
analyzed patients with end-stage renal disease (ESRD) who
underwent hemodialysis (HD) or peritoneal dialysis (PD)
treatment in our clinic between January 2009 and Decem-
ber 2018. Patient data were retrieved from an electronic da-
tabase. Patients with ESRD aged >18 years who underwent
PTx for secondary or tertiary hyperparathyroidism, had
renal anemia, and were using ESAs were included in the
study. Anemia was diagnosed based on the Kidney Disease:
Improving Global Outcomes (KDIGO) criteria (hemoglobin
<13.5 g/dL in men and <12 g/dL in women).'"¥ Transferrin,
ferritin, B12, folate, and thyroid hormone levels were mea-
sured to rule out other causes of anemia, and patients with
etiologies other than renal anemia were excluded from the
study. Additionally, patients aged <18 years, those with a
history of kidney transplantation before or after PTx, those
with dialysis insufficiency, those with a diagnosis of malig-
nancy, and those receiving immunosuppressive therapy for
any reason were excluded. Dialysis adequacy was assessed
using the Kt/V ratio, which is based on urea clearance (K),
dialysis duration (t), and the patient’s urea volume of distri-
bution (V). Dialysis insufficiency was defined as Kt/V<1.2in
HD patients and Kt/V<1.7 in PD patients.

Patient demographics, dialysis duration, dialysis adequacy
ratio, CKD etiology, and comorbidities were recorded. ESA
doses, PTH, hemoglobin (Hgb), mean corpuscular volume
(MCV), mean corpuscular hemoglobin content (MCH),
platelet (PIt) levels, and ESA doses were measured before
PTx and at 1, 3, 6, and 12 months after PTx. To ensure the
standardization of ESA doses, the formula 1 ug darbepoe-
tin alfa=200 IU epoetin alfa was used for patients receiving

darbepoetin alfa. Patients who were converted from peri-
toneal dialysis to hemodialysis were evaluated based on
their dialysis modality at the time of surgery. Additionally,
transferrin, ferritin, B12, folic acid, and thyroid hormone
levels were determined.

Statistical Analysis

Based on the sample size analysis, a minimum of 16 patients
would be sufficient to achieve 95% confidence (a=0.05) and
80% power (=0.20). The 22 patients included in the study
exceeded this value, demonstrating that the sample had suf-
ficient statistical power. Data are expressed as the meanz-
standard deviation or median (min-max). Normality was
assessed using the Shapiro-Wilk test. The Mann-Whitney U
test, dependent- and independent-samples t-tests, Wilcoxon
and Kruskal-Wallis tests, one-way analysis of variance (ANO-
VA), and Pearson or Spearman correlation coefficients were
used when appropriate. Statistical significance was accepted
at p<0.05. Analyses were performed using IBM SPSS Statis-
tics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 22 patients were included in the study. Of these, a
subgroup of 18 patients was defined based on the achieve-
ment of an adequate biochemical response at 1 month af-
ter PTx; specifically, four patients were excluded from the
subgroup because their PTH levels remained above 300
pg/mL at that time point. Fifteen patients received HD, and
seven received PD. No significant differences were found
in pre- and post-PTx Hgb levels or ESA doses according to
dialysis type (p>0.05) (Table 1).

Total PTx was performed in eight patients, total PTx plus au-
totransplantation in six, and subtotal PTx in eight. The mean
preoperative PTH level was 2248+308 pg/mL. It dropped
sharply in the first month after surgery, reaching its low-
est level of 468+165 pg/mL by month 3, and remained
stable thereafter. PTH declines were statistically significant
at all follow-up points compared with preoperative values
(p<0.001). The mean pre-PTx Plt count was 206+15/mm?,
rising to 249+22/mm? at month 12, but this increase was
not significant (p>0.05). The mean pre-PTx Hgb level was
9.3+1.5 g/dL. It increased significantly during follow-up,
reaching 11.7+2.0 g/dL at month 12 (p<0.05). ESA doses
decreased from 22,500+13,000 U/month before surgery to
11,700£10,400 U/month at month 12. This 48% reduction
was significant (p<0.05) (Table 2). A moderate negative cor-
relation was found between the increase in Hgb levels after
PTx and the decrease in ESA doses (p<0.05) (Fig. 1).

In the 18-patient subgroup, PTH levels remained signifi-
cantly lower than preoperative values at all follow-up points
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Table 1. Changes in Hgb and ESA doses by dialysis type (n=22)

Dialysis

type Parameter Preoperative 1 month 3 months 6 months 12 months p
PD (n=7) Hgb (g/dL) 9.5+1.3 9.1£2.3 9.6+£1.8 10.1£1.6 10.3£1.7 i
>0.
EUA (U/month)  24,000+£13,000 13,000+17,000 15,000+£13,000 14,000+£12,000 10,000+10,000
HD (n=15) Hgb (g/dL) 9.1£1.5 9.9+1.5 11.0£1.8 11.3£2.1 12.0£1.9
>0.05
EUA (U/month)  18,000+£12,000 18,000+10,000  16,000+9,000  16,000+£11,000 15,000+10,000

Hgb: Hemoglobin; ESA: Erythropoiesis-stimulating agent; PD: Peritoneal dialysis; HD: Hemodialysis; EUA: Emergency use authorization.

(p<0.001). Platelet counts significantly increased at 12
months compared with pre-PTx values (p<0.035) and were
higher at month 12 than at months 1, 3, and 6 (p<0.007,
p<0.048, and p<0.016, respectively). Hgb levels were higher
at months 3, 6, and 12 than before surgery (p<0.02, p<0.004,
and p<0.001, respectively) but showed no significant change
at month 1 (p>0.05). ESA doses decreased significantly at
months 3, 6, and 12 after PTx (p<0.011, p<0.02, and p<0.003,
respectively) (Table 3). There was no significant correlation
between Hgb levels and ESA doses at months 1 and 12
(p>0.05), but there was a moderate negative correlation at
months 3 and 6 (p<0.029 and p<0.014, respectively) (Fig. 2).

Discussion

Although medical treatment methods are primarily pre-
ferred for secondary hyperparathyroidism (SHPT) in pa-

tients with chronic kidney disease (CKD), unresponsive-
ness can develop over time.'"*" Therefore, PTx stands out
as an effective treatment method for refractory cases.'*'
In our study, patients with ESRD who underwent PTx due
to SHPT unresponsive to medical treatment were exam-
ined. PTH levels decreased significantly in the early post-
operative period. Postoperatively, PTH reached its lowest
level in the first month and remained stable thereafter. A
significant decrease in ESA requirements was observed in
parallel with significant increases in Hgb levels at months
3, 6, and 12. Furthermore, a significant increase in Plt was
observed at month 12 in the subgroup with a biochemical
response. The negative correlation between Hgb levels and
ESA doses suggests that PTx enhances the hematopoietic
response by increasing erythropoietin sensitivity. Further-
more, the significant increase in Plt observed at 12 months

Table 2. Changes in PTH, Hgb, Plt and ESA doses before and after parathyroidectomy (n=22)

Preoperative 2248+308 9.3£1.5 206x15 22,500+13,000 = = = =

1 mo 616+164 9.8+1.85 214+16 17,300+£12,600 <0.001 >0.05 >0.05 >0.05
3 mo 468+165 10.6+1.95 215£12 15,000+12,600 <0.001 <0.02 >0.05 <0.003
6 mo 550+150 11.0£2.0 22217 14,900£12,000 <0.001 <0.01 >0.05 <0.006
12 mo 642+172 11.7£2.0 249+22 11,700£10,400 <0.001 <0.01 >0.05 <0.001
PTH: Parathyroid hormone; Hgb: Hemoglobin; Plt: Platelet; ESA: Erythropoiesis-stimulating agent; SD: Standard deviation; mo: Month.

Table 3. Changes in PTH, Hgb, Pt counts and ESA doses before and after parathyroidectomy (n=18)

Tmepoint  FLLPIDY  WeanisD)  MesniSD) - Meanisp)” PTHI  p(igh) Bl p(ESA
Preoperative 2248+308 9.4+1.4 213481 21600+12800 = = = =

1 mo 41£13 9.95+1.45 199177 17200+12800 <0.001 >0.05 >0.05 >0.05
3mo 70+27 10.5+£1.8 218+57 14900+13300 <0.001 <0.02 >0.05 <0.011
6 mo 70+24 10.8+1.7 226+86 14800+12500 <0.001 <0.004 >0.05 <0.02
12 mo 66+27 11.6x1.8 260+108 11600+11000 <0.001 <0.001 <0.035 <0.003

PTH: Parathyroid hormone; Hgb: Hemoglobin; Plt: Platelet; ESA: Erythropoiesis-stimulating agent; SD: Standard deviation; mo: Month.
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in the subgroup that developed a biochemical response
supports the persistence of this effect at the hematolog-
ical level. These findings demonstrate that PTx not only
improves calcium-phosphorus balance but also positively
impacts erythropoiesis dynamics, highlighting the system-
ic benefits of surgery.

The biochemical efficacy of PTx in treating SHPT, as evi-
denced by the achievement of target PTH levels, has been
demonstrated in many studies."*"In a study of 80 hemo-
dialysis patients who underwent PTx, the preoperative me-
dian PTH level was 1239 pg/mL. This decreased to 11.2 pg/
mL at postoperative month 1 and remained stable at 18.0
and 22.6 pg/mL at months 6 and 12, respectively (p<0.001).
051 Another study of 257 patients who underwent PTx for
ESRD found a significant decrease in PTH levels, which re-
mained stable until month 12.1"In our study, in line with
the literature, we observed a significant decrease in PTH
levels at month 1 after surgery. These values remained sta-
ble from month 3 onward. The current findings show that
PTx for SHPT in patients with ESRD can effectively control
PTH levels. It also plays an important role in maintaining
long-term biochemical balance. This significant and sus-
tained reduction in PTH levels can be considered not only

a biochemical success but also the underlying mechanism
for improved hematological parameters.

Studies examining hematological parameters after PTx
show that a decrease in PTH levels positively affects eryth-
ropoiesis and mineral-metabolic balance.*'® A study ex-
amining 81 cases of ESRD reported that although no sig-
nificant increase in Hgb levels was found after PTx, ESA
requirements decreased from 41.6 1U/kg/week to 10.3 1U/
kg/week (p=0.008).® This study also found a statistical-
ly significant decrease in ESA use, particularly in patients
with Hgb<10 g/dL (OR: 20.1, 95% Cl: 4.71-125, p<0.001)
and transferrin saturation<25% (OR: 12.8, 95% Cl: 2.51-
129, p<0.001)."® In another study examining 37 patients
with ESRD and SHPT, serum PTH levels decreased from
1,871+236 pg/mL to 172+29 pg/mL (p<0.001) after PTx.
In contrast, weekly erythropoietin doses decreased from
10,086+1,721 U to 3,514+620 U (p<0.05).""' These results
suggest that although some studies have not observed a
significant increase in Hgb levels, substantial reductions in
ESA doses improve erythropoiesis and increase erythropoi-
etin sensitivity after PTx. Indeed, in our study, the preop-
erative ESA requirement of 22,500 IU/month decreased to
11,700 IU/month at 12 months, and Hgb levels increased
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significantly from 3 months onward. Our study is one of
the limited number of clinical studies demonstrating that
reductionsin ESA doses are sustained, the negative correla-
tion between Hgb levels and ESA doses persists, and PTx
enhances the functional response of erythropoiesis.

Fibroblast growth factor 23 (FGF-23) is an important factor
in the development of anemia. It reduces erythropoietin
production and receptor expression."® FGF-23 increases in
CKD when phosphate levels rise and inhibits renal 1a-hy-
droxylase activity, leading to SHPT. High FGF-23 levels have
been linked to resistant hyperparathyroidism. Conversely,
patients with low levels respond better to calcitriol treat-
ment.'°-21 After PTx, FGF-23 levels decrease significantly.
221 Although our study did not examine FGF-23 levels, we
believe that PTx reduces FGF-23 levels. This reduction may
remove its suppressive effect on erythropoietin, leading to
increased Hgb levels and decreased ESA doses.

Studies examining changes in hematological parame-
ters after parathyroidectomy (PTx) have reported vary-
ing results for platelet counts. For example, in a prospec-
tive study examining 29 patients with ESRD receiving
HD, the platelet count was 17.8+4.8x10%*/mm? before
PTx, 21.0£7.6x10*mm? at week 2, 20.24+5.0x10*/mm? at
month 3, and 21.2+6.2x10*/mm?> at month 12; this in-
crease was reported to be statistically significant at all
time intervals (p<0.01).23 Similarly, another series of 11
patients reported that bone marrow function returned to
normal after total PTx, with a positive effect on PIt.?*In
contrast, a prospective study examining 213 cases found
that Plt was 202x10°/mm? before PTx but decreased to
193x10*/mm? at postoperative follow-up (p=0.033).25In
our study, Plt levels increased in the postoperative period.
We believe that the discrepancy in findings in the litera-
ture may be due to varying levels of bone marrow sup-
pression in the preoperative period and individual differ-
ences in the rate of reversal of the chronic effects of PTH
on the hematopoietic system.

Limitations

The relatively small number of patients and the retrospec-
tive design limit the generalizability of our results. Addi-
tionally, the absence of biomarker assessments, such as
FGF-23, complicates conclusions about the mechanisms
by which PTx improves hematological outcomes. Never-
theless, the completeness of the patient data, regular fol-
low-up for 12 months after PTx, and assessment of both
biochemical and hematological parameters are strengths.
These findings significantly contribute to the literature on
the long-term effects of PTx on the hematopoietic system
and support future prospective studies.

Conclusion

PTx in patients with SHPT resistant to medical treatment
can significantly reduce PTH levels. This leads to biochem-
ical stabilization. The reduction in the negative effects of
PTH on hematological parameters results in higher Hgb
levels and lower ESA requirements. The current findings
indicate that PTx improves the management of renal ane-
mia in patients with chronic kidney disease (CKD). Howev-
er, prospective studies evaluating more parameters and
including larger patient groups are needed to confirm our
results and clarify the mechanisms underlying its beneficial
effects on anemia.
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Abstract

Objectives: The predictive role of macroalbuminuria in the development of hypoglycemia in patients with type 2 dia-
betes mellitus was investigated.

Methods: Ninety-two patients diagnosed with type 2 diabetes mellitus who presented to Cukurova University Faculty
of Medicine between January 2014 and January 2015 were included in the study. At the beginning of the study, the
glomerular filtration rate values of 92 patients with type 2 diabetes mellitus were calculated using creatinine levels. The
study was designed as a single-blind study. There were 14 patients with proteinuria at the level of macroalbuminuria
(stage IV diabetic nephropathy) in the study group (group 1) and 78 patients without proteinuria at the level of macro-
albuminuria (stage |-l diabetic nephropathy) in the control group (group 2). Thyroid-stimulating hormone, blood urea
nitrogen, creatinine, aspartate aminotransferase, alanine aminotransferase, sodium, potassium, C-peptide, and HbA1c
levels were measured in all patients at baseline and at 6 months. If adrenergic symptoms of hypoglycemia developed
together with a capillary glucose level below 70 mg/dL, or if a measurement below 55 mg/dL was obtained regardless
of the presence of hypoglycemic symptoms, the episode was recorded as a hypoglycemic event.

Results: The study was completed with 70 patients, 12 of whom were in the first group and 58 of whom were in the
second (control) group. Statistical analysis was performed using SPSS version 24 after the 6-month follow-up. Twenty-
six hypoglycemic attacks occurred in the macroalbuminuria group (group 1), and 37 hypoglycemic attacks occurred in
the control group (group 2). The Mann-Whitney U test was applied.

Conclusion: The presence of macroalbuminuria was found to be significant for the development of hypoglycemia at
the p<0.01 level (Sig. [2-tailed]=0).
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Diabetes mellitus is a metabolic disorder character- ensure standardization.? Although several subtypes have
ized by relative or absolute insulin deficiency and/or  been described, most patients with diabetes are classified
peripheral insulin resistance and affects multiple organ as having either type 1 or type 2 diabetes mellitus. Type
systems. The World Health Organization (WHO) and the 1 diabetes mellitus is characterized primarily by absolute
American Diabetes Association (ADA) have established di- insulin deficiency, whereas the pathophysiology of type 2
agnostic criteria for diabetes and classified its subtypes to  diabetes mellitus (T2DM) is dominated by peripheral insu-
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lin resistance. With the rapid worldwide rise in obesity as a
major public health challenge, the prevalence of diabetes
has also increased steadily. According to 2021 estimates,
diabetes affects approximately 530 million people globally,
corresponding to a prevalence of 10.5% among individuals
aged 20-79 years.B4Of these patients, the overwhelming
majority have T2DM.®

Hypoglycemia is one of the acute complications of T2DM
and may be life-threatening. In particular, hypoglycemia oc-
curring during intensive glycemic control has been shown
not only to cause neuroglycopenic symptoms but also to
increase cardiovascular risk.”! In a meta-analysis of 46 stud-
ies involving patients with T2DM, the prevalence of hypo-
glycemia was 45%, whereas the prevalence of hypoglyce-
mia requiring medical assistance was 6%.”'In patients with
a reduced glomerular filtration rate (GFR), oral antidiabetic
agents are routinely discontinued, and insulin doses are
reduced in accordance with guideline recommendations
because drug elimination is impaired. However, robust ev-
idence regarding dose reduction is lacking in patients with
diabetic nephropathy who retain a preserved GFR despite
established renal injury. Recent studies have shown that
renal gluconeogenesis accounts for approximately 20%
of total endogenous gluconeogenesis and is impaired in
chronic kidney disease.®'Neuropathy is another common
complication of diabetes. Proposed mechanisms include
activation of the polyol pathway, increased nonenzymatic
glycosylation, and microvascular injury involving the vasa
nervorum, leading to neuronal damage. In addition to sen-
sory neuropathy, patients with diabetes may also develop
autonomic neuropathy, which may increase the risk of hy-
poglycemia by reducing hypoglycemia awareness, impair-
ing glucagon release during hypoglycemia, and delaying
gastric emptying.'®""!In the present study, we investigated
whether hypoglycemia occurs more frequently in patients
with established diabetic nephropathy despite a preserved
GFR.

Methods

Study Design and Patient Selection

This study examined whether macroalbuminuria is a risk
factor for hypoglycemia in patients with T2DM who had
macroalbuminuric-range proteinuria but preserved GFR.

Patients older than 65 years were excluded, as were those
with baseline serum aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) levels >35 IU/mL, uncon-
trolled hypertension, chronic inflammatory disease, chron-
ic liver disease, chronic heart failure, rheumatic disease,
inflammatory bowel disease, chronic infection, adrenal

insufficiency, or risk factors for pituitary insufficiency. Risk
factors for pituitary insufficiency included radiotherapy,
cranial surgery, a relevant family history, and compatible
biochemical findings. Patients with thyroid-stimulating
hormone (TSH) levels outside the normal range were also
excluded.

At baseline, patients with 24-hour urinary albumin excre-
tion >300 mg/day were assigned to group 1 (macroalbu-
minuria; study group), whereas those with microalbu-
minuria or normoalbuminuria were assigned to group 2
(control group). Patients were followed according to the
nutritional recommendations of the 2013 guideline of the
Turkish Society of Endocrinology and Metabolism, togeth-
er with self-monitoring of blood glucose tailored to the
treatment regimen, ranging from three measurements per

week to six measurements per day, depending on therapy.
[12]

Capillary glucose values <70 mg/dL accompanied by ad-
renergic symptoms and values <55 mg/dL, irrespective of
symptoms, were recorded as hypoglycemic events. De-
vice standardization was performed monthly, telephone
follow-up was conducted every 2 months, and in-person
visits were scheduled at months 3 and 6. During clinic vis-
its, HbA1c, blood urea nitrogen (BUN), creatinine, AST, ALT,
sodium, and potassium levels were remeasured. In patients
with dyslipidemia at baseline, lipid profiles were reassessed
at month 6. Four patients whose medical treatment was
changed because of adverse drug effects and two patients
who underwent angiography followed by coronary inten-
sive care monitoring because of coronary artery disease
were excluded during follow-up. In addition, seven pa-
tients with elevated AST, ALT, or creatinine levels and nine
patients who did not maintain regular follow-up were ex-
cluded. The final analysis included 12 patients in the mac-
roalbuminuria group and 58 in the control group.

Collection of Blood and Urine Samples and Mea-
surement Methods

Patients presented to the clinic after completing a 24-hour
urine collection. Urinary albumin levels were measured us-
ing the Jaffe method and classified according to the Mo-
gensen classification (Table 1).

Plasma glucose was measured in venous blood obtained
after 12 hours of fasting using the glucose oxidase meth-
od. Follow-up HbA1c levels were measured by high-per-
formance liquid chromatography, and the treatment tar-
get was an HbA1c level below 7%. The reference range for
C-peptide was 1.1-3 ng/mL. The normal range for ALT and
AST was 0-35 IU. Total cholesterol was measured using the
Lieberman-Burchard method.
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Table 1. Stages of diabetic nephropathy

Diabetic Characteristic GFR Albuminuria Blood pressure Time since diagnosis

nephropathy

Stage 1 Glomerular hyperfiltration  Increased Absent Normal-Increased At diagnosis
Thickened basement

Stage 2 membrane (silent stage) Normal Normal or <30 mg/day Normal-Increased 5 years

Stage 3 Microalbuminuria Normal 30-300 mg/day Normal-Increased 5-15 years

Stage 4 Macroalbuminuria Normal-Decreased  >300 mg/day Hypertension 15-25 years

Stage 5 Uremia Rrogressiveides Variable Hypertension 25-30 years

Crease

GFR: Glomerular filtration rate.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for Windows,
version 24.0 (IBM Corp., Armonk, NY, USA).'® Regression
analysis and the Mann-Whitney U test were used for sta-
tistical evaluation.

Written informed consent was obtained from all partici-
pants. Patients were enrolled in a blinded manner. Ethical
approval was granted by Cukurova University on Decem-
ber 2,2016 (meeting no. 59).

Results

Demographic Characteristics, Biochemical Parameters, and
Complications of the Study Population

Patients were divided into two groups: a control group (mi-
croalbuminuria—normoalbuminuria) and a macroalbumin-
uria group. Table 2 summarizes the demographic charac-
teristics, biochemical parameters, and complications of the
study population. The cohort comprised 43 women and
27 men, including 12 patients in the study group and 58
in the control group. The mean age of all participants was
54.7+7.7 years. The mean HbA1c and C-peptide levels were
7.4+1.6% and 2.5+1.1, respectively. The mean duration of
diabetes was 8.8+6.8 years. A significant between-group
difference was observed in diabetes duration (MVU=182.5,
p=0.010), whereas no statistically significant difference was
found in HbA1c or C-peptide levels (MVU=28.1, p=0.3).

We also evaluated neuropathy as an important clinical
variable. Patients with electrophysiologically confirmed
peripheral neuropathy accompanied by autonomic symp-
toms were considered positive. As expected, body mass
index analysis showed that most patients were in the
overweight or obese categories (Fig. 1). Ten patients had
a normal body mass index, eight of whom had a first-de-
gree family history of T2DM. Of the 28 patients classified as
obese (BMI=30), 20 were receiving insulin therapy.

Evaluation of Hypoglycemia and Related Condi-
tions in the Study Groups

At least one hypoglycemic episode occurred in 10 of 12
patients in the macroalbuminuria group (Fig. 2), com-
pared with 12 of 58 patients in the microalbuminuria—
normoalbuminuria control group. Patients in the macroal-
buminuria group experienced 26 hypoglycemic episodes,
whereas 37 episodes occurred in the control group. Two
episodes led to hospital presentation with neuroglyco-
penic symptoms, whereas all other episodes resolved af-
ter oral carbohydrate intake. No glucagon injection was

Table 2. Demographic characteristics, biochemical parameters,
and complications of the study population (mean+SD)

Group 2
(microalbuminuria-
normoalbuminuria)

Group 1
(Macroalbuminuria)

Age (years) 56.1+£6.0 54.4+8.1
Sex (F/M) (%) 7/5 (%58) 36/22 (%62)
BMI 3/12 (%25) 25/58 (%43.1)
Duration of
diabetes (years) 13.8+7.8 7.7+6.1
Glucose (mg/dL) 146+11.5 135+8.4
HbA1c (%) 7.5+1.1 7.4+1.7
C-peptide 2.0+£0.8 2.6+1.2
Diabetic
neuropathy n (%) 6 (%50) 15 (%25.8)
Oral antidiabetic
the’;‘.py . 2/12 (%16.6) 8/58 (%13.7)
o [izevdes 11/12 (%91.6 56/58 (%96.5
Metformin Pl Greng)
S 2/12 (%16.6) 28/58 (%48.2)
ecretagogue
Insulin therapy
Intensive 2/12 (%16.6) 4/58 (%6.8)
Basal 1/12 (%8.3) 10/58 (%17.2)
Mixed 3/12 (%25) 2/58 (%3.4)

SD: Standard deviation.
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Figure 2. Frequency of hypoglycemia in the case and control
groups.

administered during any episode, and only one of the 70
patients carried glucagon. No hospitalization occurred
because of hypoglycemia. None of the episodes was asso-
ciated with alcohol use. According to patient histories, all
events were related to dietary nonadherence or exercise.
Because of the limited sample size and nonhomogeneous
distribution, parametric tests were not applied; instead,
the Mann-Whitney U test was used. The presence of
macroalbuminuria was significantly associated with the
development of hypoglycemia at the p<0.01 level (Sig.
[2-tailed]=0). Overall, hypoglycemic episodes occurred
significantly more frequently in the macroalbuminuria
group than in the control group.

Correlation analysis was performed to examine the rela-
tionship between hypoglycemic episodes and HbA1c lev-
els. A strong positive association was observed (r=0.482,
p<0.001), indicating that hypoglycemic episodes occurred
more frequently in patients with higher HbA1c levels.

In logistic regression analysis, bolus insulin use was associ-
ated with hypoglycemia (OR, 3.7; R?=0.54; p<0.01), and bas-

al insulin use was likewise associated with hypoglycemia
(OR, 2.9; R*=0.40; p<0.01).

Discussion

Previous studies have partly clarified the etiology and
pathophysiological mechanisms of hypoglycemia in pa-
tients with T2DM. Vigorous exercise, escalation of antidia-
betic therapy, inadequate food intake, progressive decline
in GFR, and delayed renal insulin clearance have all been
identified as common causes.™ Hypoglycemia is associat-
ed with both adrenergic and neuroglycopenic manifesta-
tions. Adrenergic symptoms include tremor, cold sweating,
palpitations, hunger, and paresthesia, whereas neuroglyco-
penic symptoms include headache, dizziness, speech dif-
ficulty, weakness, and confusion. Our study was based on
the hypothesis that the progression of diabetic nephrop-
athy may impair renal gluconeogenesis and reduce the
availability of substrates for both hepatic and renal gluco-
neogenesis during the proteinuric stage.

Our findings indicate that macroalbuminuria is associated
with a higher frequency of hypoglycemia. No significant as-
sociation was observed between hypoglycemia and neu-
ropathy or the use of secretagogue agents. Only a limited
number of studies have evaluated the relationship between
macroalbuminuria and hypoglycemia. This paucity may re-
flect the multifactorial nature of hypoglycemia in diabetes,
substantial interindividual variability in response to insulin
secretagogues, frequent polypharmacy due to comorbid
conditions, and marked variation in treatment adherence.
In addition, adherence to medical nutrition therapy and ex-
ercise is inherently difficult to monitor, which complicates
the design and conduct of such studies. Furthermore, the
number of patients with preserved GFR despite macroal-
buminuria is relatively small. The most comparable study is
the 2013 prospective study by Yun et al."), which evaluated
the relationship between macroalbuminuria and hypogly-
cemia.In that study, the mean follow-up duration was 10.2
years, and severe hypoglycemia developed in 111 of 878
patients. Severe hypoglycemia was defined as an event
requiring glucose administration by another person or
hospital presentation. By contrast, because our study had
a shorter follow-up period, we used closer glucose mon-
itoring and a more sensitive definition of hypoglycemia,
recording glucose values <55 mg/dL and values <70 mg/
dL when accompanied by adrenergic or neuroglycopenic
symptoms. Unlike Yun et al."®, we limited the upper age to
65 years because of concerns regarding creatinine-based
GFR estimation in older adults. We also excluded patients
using mixed insulin and analyzed basal and bolus insulin
as separate variables. In our clinic, hypoglycemia is particu-
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larly common among patients receiving mixed insulin, and
many such episodes are related to dietary nonadherence in
individuals using two or three daily doses. In the study by
Yun et al.l'¥, diabetic neuropathy was not considered, and
insulin therapy was assessed as a single variable without
distinction by duration of action. However, lipid profiles and
fasting C-peptide levels were monitored more regularly in
that study at 3- to 6-month intervals. Cox proportional haz-
ards regression analysis identified advanced age (p<0.001),
insulin use (p<0.001), macroalbuminuria (p<0.001), and
sulfonylurea use (p<0.003) as significant predictors.

The frequency of hypoglycemia increased with increasing
HbA1c levels. Adherence to exercise recommendations
appeared partial, whereas adherence to medical nutrition
therapy appeared poorer. It is therefore plausible that both
hypoglycemic episodes and elevated HbA1c levels arose
from the same underlying factor, namely dietary nonad-
herence. Patient reports supported this interpretation, as
many described clinical histories linking hypoglycemia to
failure to follow dietary recommendations. Similarly, in an
observational study of T2DM, Zhao et al. reported an in-
crease in hypoglycemia-related hospitalizations with high-
er HbA1c levels.'®

In the systematic review by Pratiwi et al.'”), autonomic neu-
ropathy was identified as an important risk factor for hypo-
glycemia. In our study, however, no significant relationship
was found between neuropathy and hypoglycemia. This
discrepancy may be attributable to the limited sample size
and short follow-up duration.

The main limitations of this study include the small sam-
ple size, the inability to fully meet guideline-recommended
standards for blood glucose monitoring, only partial adher-
ence to diet and exercise recommendations, and reliance
on patient self-reports for the accuracy of these data.

Conclusion

In conclusion, in patients with type 2 diabetes mellitus,
the presence of macroalbuminuria was associated with
a higher frequency of hypoglycemic episodes. By con-
trast, no increased risk of hypoglycemia was observed in
association with diabetic neuropathy, pioglitazone use,
or secretagogue use (glinides and sulfonylureas). Insu-
lin use was significantly associated with hypoglycemic
episodes, and all recorded events were linked to dietary
nonadherence.

Taken together with current molecular evidence, our find-
ings suggest that patients who develop macroalbuminuria
may remain at increased risk of hypoglycemia even when
GFRis preserved.
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Abstract

Objectives: We assessed the prognostic value of the neutrophil-to-lymphocyte ratio (NLR) and lymphocyte-to-mono-
cyte ratio (LMR) at diagnosis, their correlations with the International Prognostic Index (IPl), and their impact on survival
in patients with diffuse large B-cell ymphoma (DLBCL) treated with rituximab-based regimens.

Methods: We retrospectively analyzed 139 patients with DLBCL at a single center between 2008 and 2019. Optimal
cutoffs were determined by ROC analysis, survival was assessed using the Kaplan—-Meier method, and independent
predictors were identified using Cox regression analysis.

Results: The optimal cutoffs were 2.90 for NLR and 2.40 for LMR. Both NLR>2.90 and LMR<2.40 were associated with
significantly shorter overall survival (OS) and progression-free survival (PFS) (p<0.05). NLR correlated positively with IPI
(r=0.205, p=0.021), whereas LMR correlated negatively (r=—0.272, p=0.001). In multivariate analysis, ECOG performance
status, serum albumin, and NLR independently predicted OS; ECOG performance status, serum albumin, and bone mar-
row involvement independently predicted PFS. NLR showed the highest discriminatory ability for mortality among NLR,
LMR, IPI, and R-IPI.

Conclusion: NLR>2.90 independently predicts poor OS in DLBCL and may complement existing prognostic indices as
an inexpensive marker of host immunity.
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ymphomas are a family of malignancies arising from cells  is the dominant type, accounting for approximately one-qu-

of the immune system. Among these, non-Hodgkin ly-  arter to one-third of NHL diagnoses in industrialized regions.
mphomas (NHLs) constitute a biologically diverse category. [ The 1-year survival rate without treatment is approxima-
They are among the leading hematological cancers worldwi-  tely 50%. However, modern treatment regimens make the
de. Within this group, diffuse large B-cell ymphoma (DLBCL)  disease curable in a significant proportion of cases.
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Since its introduction in 1993, the International Prognostic
Index (IPI) has served as the principal risk-assessment tool
in DLBCL and is based on five clinical parameters: patient
age, disease stage according to the Ann Arbor classifica-
tion, serum lactate dehydrogenase (LDH), Eastern Coope-
rative Oncology Group (ECOG) performance status, and
the number of extranodal involvement sites.” The advent
of the anti-CD20 monoclonal antibody rituximab subs-
tantially altered survival expectations in CD20-expressing
lymphomas and called into question the prognostic sepa-
ration provided by the original index.® To address this, a
Revised IPI (R-IPI) was developed and demonstrated better
risk discrimination among individuals receiving rituximab
combined with cyclophosphamide, doxorubicin, vincristi-
ne, and prednisone (R-CHOP).*

Although improved, IPI-based systems are limited to cli-
nical and tumor-related variables and overlook the cont-
ributions of immune competence and the surrounding
tumor milieu—two elements increasingly appreciated as
key factors in lymphoma pathobiology.” Inflammatory
infiltrates within neoplastic tissue exert dual effects, foste-
ring or restraining malignant growth depending on their
composition.®” Lymphocyte populations contribute to an-
tineoplastic surveillance via cytotoxic mechanisms,® whe-
reas macrophages derived from peripheral monocytes may
shift toward a tumor-promoting phenotype that supports
disease progression and helps the tumor evade immune
control.® In addition, high neutrophil counts and persis-
tent inflammation can further sustain malignancy through
the release of protumorigenic cytokines.!'

NLR and LMR, calculated directly from standard comp-
lete blood counts, collectively summarize systemic inf-
lammatory activity and adaptive immune capacity. Un-
favorable values of these indices have been associated
with poor outcomes in various solid malignancies.[''-'3
Data suggest a similar prognostic effect in DLBCL."*!
However, reported findings remain inconsistent. Ques-
tions persist regarding the most informative threshol-
ds and the additional value these markers may provide
compared with IPI or R-IPI, particularly when examined
in single-institution cohorts receiving rituximab-contai-
ning treatment.

Our study aimed to investigate the prognostic significance
of pretreatment NLR and LMR values. Other objectives of
our study included examining their associations with IPI
and R-IPI, evaluating their relationships with the initial ther-
apeutic response, and exploring their independent contri-
butions to OS and PFS in a DLBCL population managed
with rituximab-containing chemotherapy.

Methods

Study Design And Patients

Adults aged 18 years and older who were diagnosed with
biopsy-confirmed DLBCL at the Hematology Clinic of XXX
Hospital between January 2008 and May 2019 were includ-
ed in the study. Records were reviewed retrospectively.
Individuals with an ongoing infection, known HIV positivi-
ty, liver cirrhosis or advanced liver disease, a history of an-
other malignancy, or prior exposure to anti-inflammatory,
immunosuppressive, or monoclonal antibody agents ad-
ministered for indications unrelated to the index lympho-
ma were excluded from the study. A final sample of 139
patients was obtained after applying these criteria. Ethical
approval was obtained from the University of Health Sci-
ences, izmir Bozyaka Training and Research Hospital Insti-
tutional Ethics Committee (approval no. 05, dated May 22,
2019), and all procedures were performed in accordance
with the principles outlined in the Declaration of Helsinki.

Data Collection and Definitions

Basic demographic information, clinical characteristics,
laboratory test results, chemotherapy regimens, response
assessments, and follow-up outcomes were obtained from
the hospital records. These included age, sex, frequency of
B symptoms, ECOG score, hemoglobin level, absolute neu-
trophil, lymphocyte, and monocyte counts, platelet count,
LDH, C-reactive protein (CRP), and albumin concentration.
All calculations were performed using the hospital labo-
ratory’s limits of normality. NLR was obtained by dividing
the absolute neutrophil count by the absolute lymphocyte
count. LMR was calculated as the ratio of lymphocytes to
monocytes.

Staging followed the revised Ann Arbor system, as updated
by the Lugano consensus, with whole-body 18F-FDG PET/
CT used as the principal modality and contrast-enhanced
cervical, thoracic, and abdominal CT serving as an alterna-
tive when PET/CT could not be performed.l'® Marrow infil-
tration was evaluated by single-sided iliac crest biopsy, PET/
CT imaging, or a combination of both. Immunohistochem-
ical classification into germinal-center versus non-germi-
nal-center subtypes using the Hans algorithm was feasible
in 62 cases."! Pl and R-IPI risk scores were derived for every
patient following the original methodology.?*

Treatment and Response Evaluation

Each patient was treated with a protocol that included ri-
tuximab. Initial treatment consisted of three R-CHOP cycles
(n=15), six to eight R-CHOP cycles (n=82), six R-CHOP cyc-
les followed by eight rituximab maintenance doses (n=10),
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R-CVP (n=3), or the attenuated R-mini-CHOP variant (n=4),
in conjunction with involved-field radiotherapy. Twenty-fi-
ve patients initiated rituximab-based treatment. However,
they were unable to complete the planned course of treat-
ment because of adverse effects or early death. Therapeutic
response was assessed by PET/CT or contrast-enhanced CT
and classified as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD), accor-
ding to the revised Lugano framework."® Those showing
primary refractoriness or relapse who were eligible for au-
tologous hematopoietic stem cell transplantation were re-
ferred to a specialized transplant unit.

Overall survival (OS) was measured as the time from diag-
nosis to death from lymphoma or its treatment or to the
date of the last clinical contact. Disease-free survival (PFS)
was calculated as the time from diagnosis to objectively do-
cumented progression, relapse after complete remission,
or lymphoma-related death. Eleven patients whose causes
of death were unrelated to lymphoma were excluded from
the survival models. This left 128 patients for time-to-event
calculations. Vital status information was cross-validated
using the national death registry.

Statistical Analysis

All computations were carried out using IBM SPSS Statis-
tics, version 25 (IBM Corp., Armonk, NY, USA). Numerical
variables were summarized either as the mean with stan-
dard deviation or as the median with range, depending
on distributional characteristics determined by the Kolm-
ogorov-Smirnov and Shapiro-Wilk tests; categorical data
were reported as counts with percentages. Between-group
testing employed Student’s t-test or the Mann-Whitney U
test for numerical data, whereas categorical comparisons
relied on the chi-square test. Survival estimates were gen-
erated using Kaplan-Meier curves and compared using
the log-rank test. The most informative NLR and LMR cut-
off points for predicting all-cause mortality were obtained
from ROC analysis by maximizing the Youden index (J=-
sensitivity+specificity—1). Spearman’s coefficient was used
to assess correlations between the two ratios and the IPI
score. Covariates reaching statistical significance in univar-
iate Cox analysis were carried forward into multivariable
Cox proportional hazards models using the enter method
to identify independent predictors of OS and PFS. Statisti-
cal significance was defined as a two-tailed p<0.05.

Results

Patient Characteristics

The mean age of the analysis cohort was 59.1+14 years.
The mean follow-up period was 30.5 months (range, 1-138

months). Of the 139 individuals observed, 76 were male
and 63 were female. More than half (53.2%) were over 60
years of age. B symptoms were reported by 42.4%, and
51.1% had an ECOG score of 2 or higher. Advanced-stage
disease (Ann Arbor IlI-1V) was present in 64% of cases, and
64% had involvement of at least one extranodal region.
Bone marrow infiltration was documented in 13.6%. Of the
62 patients with evaluable immunohistochemistry, 82.3%
were classified in the non-germinal center category accor-
ding to the Hans algorithm. According to the IPI, the risk
distribution was 28.1% low risk, 20.9% low-to-moderate
risk, 30.2% high-to-moderate risk, and 20.9% high risk. De-
tailed baseline data are presented in Table 1.

Treatment Response and Survival

Of the 139 patients, 100 (71.9%) successfully completed
the planned first-line treatment regimen. Of the remaining

Table 1. Demographic profile, clinical features, and laboratory
findings at baseline among the 139 study patients with diffuse
large B-cell lymphoma

Characteristic n %
Age, years - mean + SD 59.1£14
Age, years - median (range) 61 (18-85)

> 60 years 74 53.2
Sex - male 76 54.7
B symptoms present 59 42.4
ECOG performance status 2-4 71 51.1
Ann Arbor stage llI-IV 89 64.0
Extranodal involvement > 1 site 89 64.0

> 2 extranodal sites 36 25.9
Bone marrow involvement 19 13.6
Elevated LDH 69 49.6
Elevated CRP (> 5 mg/L) 96 69.1
Albumin < 3.5 g/dL 25 18.0
Non-germinal center subtype 51 823
(Hans, n=62)
IPI - low risk (0-1) 39 28.1
IPI - low-intermediate (2) 29 20.9
IPI - high-intermediate (3) 42 30.2
IPI - high (4-5) 29 20.9
R-IPI - very good (0) 11 7.9
R-IPI - good (1-2) 57 41.0
R-IPI - poor (3-5) 71 51.1

CRP: C-reactive protein; ECOG: Eastern Cooperative Oncology Group; IPI:
International Prognostic Index; LDH: Lactate dehydrogenase; R-IPIC: Revised
International Prognostic Index; SD: Standard deviation.
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patients, 25 (18%) died during treatment or before respon-
se assessment. The others either did not initiate treatment
or refused treatment. Response outcomes were distribu-
ted as follows: 55.4% complete response (CR), 3.6% partial
response (PR), 0.7% stable disease (SD), and 12.2% progres-
sive disease (PD). After excluding 11 cases of death due to
non-lymphoma causes, 128 patients were included in the
survival analyses. Five-year overall survival (OS) reached
58.2%, and 3-year disease-free survival (PFS) reached 52%;
the median OS was 83.1 months (95% Cl, 87-118), and the
median PFS was 69.4 months (95% Cl, 63.1-90.6).

In univariate analyses, the presence of B symptoms, an
ECOG score of 2-4, involvement of multiple extranodal
sites, bone marrow infiltration, and a serum albumin level
below 3.5 g/dL were associated with shorter overall sur-
vival (OS) and/or disease-free survival (PFS), whereas age,
sex, hemoglobin, LDH, CRP, and Hans-defined cell of origin
were not associated with these outcomes. Risk stratificati-
on according to the IPI or R-IPI yielded statistically signifi-
cant stratification for both endpoints (p<0.007). Five-year
OS rates for the four IPI strata (low, low-to-moderate, hi-
gh-to-moderate, and high) were 76.4%, 61.8%, 57.9%, and
30.3%, respectively. When the shortened treatment regi-
men (three R-CHOP cycles plus radiotherapy) was compa-
red with the standard six- to eight-cycle R-CHOP approa-
ch, no significant difference was found in overall survival
(OS) or disease-free survival (PFS) (p=0.786 and p=0.427,
respectively). Initial treatment response was strongly as-
sociated with overall survival. Three-year overall survival
was 89.3% after complete response (CR), 80% after parti-
al response (PR), and only 13.3% after progressive disease
(PD) (p<0.001).

NLR Cutoff, Correlations, and Survival

Through ROC analysis, an NLR threshold of 2.90 emerged
as the optimal value for discriminating mortality, provi-
ding 86% sensitivity, 50% specificity, an AUC of 0.674, and
p=0.001 (Fig. 1). The proportion of patients exceeding this
cutoff was 89 of 139 (64%). The ratio showed a direct corre-
lation with the IPI score (r=0.205, p=0.021), as well as with a
poorer initial response (r=0.263, p=0.004). Compared with
their counterparts, individuals with NLR=2.90 had higher
proportions of ECOG=>2, elevated LDH and CRP levels, low
albumin levels, and higher IPI/R-IPI categories (all p<0.05);
the two NLR groups were similar in terms of age, sex, B sy-
mptoms, extranodal involvement, marrow status, stage,
and Hans subtype (Table 2).

Five-year OS reached 81% when NLR remained below 2.90
but fell to 45.8% above that threshold (median OS, 116.2 vs.
65.7 months; p<0.001). Likewise, 3-year PFS was 66.2% ver-

sus 44.7% across the two strata (median PFS, 92.8 vs. 57.7
months; p=0.006) (Fig. 2).

LMR Cutoff, Correlations, and Survival

For LMR, the optimal cutoff point obtained by ROC analysis
was 2.40, with a sensitivity of 69%, specificity of 56%, AUC
of 0.630, and p=0.032. Fifty-one of 128 patients (42.1%) fell
below this value. The ratio showed an inverse relationship
with the IPI score (r=—0.272, p=0.001) and a positive corre-
lation with the response category (r=0.210, p=0.048). Values
below the 2.40 threshold were significantly associated with
ECOG=2, two or more extranodal sites, high LDH levels, hy-
poalbuminemia, and high-risk IPI/R-IPI categories (Table 3).

The 5-year overall survival rate was 45% in patients with
an LMR value below 2.40 and 67.3% in those with a value
greater than or equal to 2.40 (median overall survival, 66.7
months vs. 94.9 months; p=0.019). The 3-year progressi-
on-free survival rate was similarly 38.6% versus 61.2% (me-
dian progression-free survival, 53.6 months vs. 66.4 mont-
hs; p=0.022) (Fig. 3).

Multivariate Analysis and Comparison of Prognos-
tic Markers

Univariate Cox modeling identified ECOG score, number of
extranodal regions, serum albumin, IPI, R-IPI, NLR, and LMR
as factors significantly associated with OS. For PFS, the cor-
responding factors were B symptoms, ECOG score, bone
marrow infiltration, aloumin, IPI, R-IPI, NLR, and LMR (Table
4). In the multivariate model for OS, three variables retained
their independent prognostic significance. These variab-
les were ECOG performance status (HR, 4.17; 95% Cl, 2.04-
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Figure 1. ROC curves illustrating the discriminative thresholds
for NLR (AUC 0.674) and LMR (AUC 0.630) in predicting all-cause
mortality among patients with diffuse large B-cell ymphoma.
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Table 2. Distribution of patient features stratified by neutrophil-to-lymphocyte ratio (NLR) category (threshold 2.90)

Characteristic NLR < 2.90 (n=50) n (%) NLR = 2.90 (n=89) n (%) OR (95% ClI) P

Age > 60 years 24 (52.2) 42(51.2) 0.96 (0.47-1.98) 0.917
Male sex 25 (54.3) 44 (53.7) 1.97 (0.47-2.01) 0.940
B symptoms 18 (39.1) 39 (47.6) 1.41 (0.68-2.94) 0.357
ECOG 2-4 15 (32.6) 49 (59.8) 3.07 (1.44-6.55) 0.003
> 2 extranodal sites 7(15.2) 24 (29.3) 2.31(0.91-5.87) 0.075
Bone marrow involvement 5(10.9) 4(17.1) 1.69 (0.57-5.03) 0.344
Advanced stage (llI-IV) 27 (58.7) 56 (68.3) 1.52(0.72-3.21) 0.275
Elevated LDH 16 (34.8) 47 (57.3) 2.52(1.19-5.32) 0.014
Elevated CRP 26 (56.5) 61 (74.4) 2.23 (1.04-4.80) 0.038
Albumin < 3.5 g/dL 2(4.3) 19 (23.2) 6.64 (1.47-29.95) 0.006
IPI high-intermediate/high 17 (37.0) 49 (59.8) 2.53 (1.20-5.33) 0.013
R-IPI poor 17 (37.0) 49 (59.8) 2.53(1.20-5.33) 0.013

Cl: Confidence interval; CRP: C-reactive protein; ECOG: Eastern Cooperative Oncology Group; IPI: International Prognostic Index; LDH: Lactate dehydrogenase; OR: Odds

ratio; R-IPI: Revised International Prognostic Index.

8.54; p<0.001), serum albumin (HR, 2.19; 95% Cl, 1.07-4.49;
p=0.032),and NLR=2.90 (HR, 3.00; 95% Cl, 1.26-7.14; p=0.013).
Independent predictors of PFS were ECOG performance sta-
tus (HR, 6.03; 95% Cl, 3.02-12.04; p<0.001), albumin (HR, 2.33;
95% Cl, 1.16-4.66; p=0.017), and bone marrow involvement
(HR, 3.59; 95% Cl, 1.48-8.72; p=0.005). NLR and LMR did not
retain their independent significance in this model.

Direct ROC comparison of the four prognostic markers for
mortality discrimination produced AUC values of 0.680
for NLR, 0.616 for LMR, 0.664 for IPl, and 0.634 for R-IPI;
therefore, NLR offered the greatest discriminatory capacity
among the tested indices (Fig. 4).

Discussion

In a single-center retrospective DLBCL series of 139 pa-
tients managed with rituximab-based protocols, baseline

NLR and LMR values were associated with overall survival
(OS) and disease-free survival (PFS), followed IPI risk cat-
egories, and reflected the quality of response to first-line
treatment. After accounting for classical prognostic vari-
ables, NLR>2.90 emerged as an independent predictor of
0S, along with poor ECOG performance status and hypo-
albuminemia, whereas LMR failed to maintain its indepen-
dence in the adjusted model. Specifically, direct compari-
son among the four indices revealed that NLR had greater
discriminatory power for mortality than IPI, R-IPI, or LMR.

There is increasing evidence that systemic inflammation,
immune capacity, and the microenvironment surrounding
malignant cells collectively influence lymphoma behavior.
Considering all these effects, these ratios can be observed
to have a biological basis for their prognostic importance.
Neutrophils contribute to an environment that promotes
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Figure 2. Kaplan-Meier estimates for overall survival (panel A) and progression-free survival (panel

B), stratified by an NLR threshold of 2.90.
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Table 3. Distribution of patient features stratified by lymphocyte-to-monocyte ratio (LMR) category (threshold 2.40).

Characteristic LMR < 2.40 (n=51) n (%) LMR = 2.40 (n=77) n (%) OR (95% ClI) P

Age > 60 years 7 (52.9) 39 (50.6) 1.10 (0.54-2.23) 0.799
Male sex 9 (56.9) 40 (51.9) 1.22 (0.60-2.49) 0.385
B symptoms 28 (54.9) 29 (37.7) 2.02 (0.98-4.14) 0.055
ECOG 2-4 2 (62.7) 2(41.6) 2.37 (1.15-4.90) 0.019
> 2 extranodal sites 7 (33.3) 4(18.2) 2.25(1.00-5.12) 0.049
Bone marrow involvement 8(15.7) 11(14.3) 1.12 (0.41-3.00) 0.827
Advanced stage (lll-1V) 37 (72.5) 46 (59.7) 1.78 (0.83-3.83) 0.137
Elevated LDH 33 (64.7) 30(39.0) 2.87 (1.38-5.99) 0.004
Elevated CRP 37 (72.5) 50 (64.9) 1.43 (0.66-3.09) 0.366
Albumin < 3.5 g/dL 17 (33.3) 4(5.2) 9.13 (2.85-29.19) <0.001
IPI high-intermediate/high 34 (66.7) 2 (41.6) 2.81(1.35-5.88) 0.005
R-IPI poor 34 (66.7) 2 (41.6) 2.81(1.35-5.88) 0.005

Cl: Confidence interval; CRP: C-reactive protein; ECOG: Eastern Cooperative Oncology Group; IPI: International Prognostic Index; LDH: Lactate dehydrogenase; OR: Odds

ratio; R-IPI: Revised International Prognostic Index.

tumor formation through the release of mediators, includ-
ing IL-10, TNF-q, and vascular endothelial growth factor.”
Lymphocytes directly drive antitumor cytotoxic activity.®
Circulating monocytes, after recruitment, can transform
into tumor-associated macrophages, which reduce anti-
tumor responses and aid neoplastic progression.”! In this
context, an increased NLR together with a decreased LMR
reasonably reflects an imbalance that promotes inflamma-
tion rather than effective adaptive immunity, thereby sup-
porting tumor formation.

Our cohort’s NLR threshold of 2.90 falls within the spectrum
reported in previous DLBCL studies. Although a Mayo Clinic
group led by Porrata established a cutoff point of 3.5, anal-
yses by Wang and Spassov determined values of 2.81 and

3.01, respectively, both validating NLR as an independent
predictor of OS."*8IHigher thresholds, ranging from 4.35
to 5.54, have been identified elsewhere. In these studies,
NLR retained significance only at the univariate level. Such
differences may reflect variations in cohort composition,
treatment exposure, and the definitions used for survival
endpoints.?*?" This methodological variability explains the
differing multivariate outcomes reported in the literature.
It also underscores the need for prospective validation us-
ing uniform threshold criteria.

The LMR threshold of 2.40 that we observed is comparable
to the value of 2.60 reported by Rambaldi and colleagues,
whose work positioned LMR as an independent determi-
nant of both OS and PFS in patients with DLBCL receiving
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B), stratified by an LMR threshold of 2.40.
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Table 4. Cox proportional hazards modeling, univariate and multivariable results for factors related to overall survival (OS) and progression-

free survival (PFS)

Univariate OS HR

Multivariate OS HR
(95% CI), p

Univariate PFS HR
(95% Cl), p

Multivariate PFS HR
(95% CI), p

(95% Cl), p
B symptoms 1.69 (0.97-2.96), 0.065 -
ECOG 2-4 4.96 (2.53-9.71), <0.001
> 2 extranodal sites 1.90 (1.05-3.43), 0.033
Bone marrow involvement  1.61 (0.78-3.34), 0.199 =
Albumin < 3.5 g/dL 2.81(1.51-5.22), 0.001
IPI high-int./high 2.32(1.29-4.18), 0.005 =

NLR =2.90
LMR <2.40

4.18 (1.88-9.30), <0.001
1.92(1.10-3.35), 0.022

4.17 (2.04-8.54), <0.001
1.44 (0.69-3.00), 0.327

2.19(1.07-4.49), 0.032

3.00(1.26-7.14),0.013
0.73 (0.36-1.49), 0.391

2.02(1.20-3.41), 0.009
5.98 (3.21-11.15), <0.001
1.38(0.77-2.46), 0.281
2.07 (1.06-4.04), 0.032
2.66 (1.48-4.77),0.001 2.33(1.16-4.66), 0.017
2.27 (1.32-3.89), 0.003 S
(
(

1.40(0.81-2.41),0.229
6.03 (3.02-12.04), <0.001
0.64 (0.30-1.37), 0.248
3.59(1.48-8.72), 0.005
)

2.29 (1.23-4.26), 0.009 1.04 (0.51-2.13),0.911
1.80 (1.07-3.02), 0.026 0.89 (0.46-1.71),0.727

Cl: Confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: Hazard ratio; IPI: International Prognostic Index; LMR: Lymphocyte-to-monocyte ratio; NLR:
Neutrophil-to-lymphocyte ratio. Covariates without univariate significance were not carried forward to multivariable modeling (denoted). The adjusted multivariable
models incorporated ECOG score, = 2 extranodal sites, albumin level, B symptoms, marrow involvement, NLR, and LMR.

rituximab-based regimens.”? In our cohort, LMR was sig-
nificantly associated with OS and PFS in univariate testing
but lost its independent role after multivariable adjust-
ment, suggesting that LMR is heavily influenced by tumor
burden and other coexisting prognostic factors. Consistent
with this observation, Ji and coworkers demonstrated that
an LMR/LDH composite outperformed LMR alone in multi-
variable settings, supporting the rationale that combined
indices integrating immunity and tumor burden may pro-
vide superior prognostic resolution.*

This study offers several distinctive features beyond reinforc-
ing previous observations. First, rituximab-based treatment
was uniformly administered at a single institution. This min-
imized variability in clinical management. Second, non-lym-
phoma-related deaths were excluded from the survival anal-
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Figure 4. Head-to-head ROC comparison of NLR, LMR, IPI, and R-IPI
for predicting all-cause mortality.

yses. This made the prediction of disease-specific outcomes
more sensitive. Third, a simultaneous direct ROC comparison
of NLR, LMR, IPI, and R-IPI was performed in the cohort. It
objectively ranked NLR as having the highest discriminatory
power. These findings are consistent with previous sugges-
tions that integrating immune-related parameters into es-
tablished clinical scores can improve risk stratification in the
modern rituximab-treated population.>4]

The findings further validate the prognostic weight of tra-
ditional clinical variables. A poor ECOG score, advanced
IPlI-defined disease, involvement of multiple extranodal
regions, bone marrow infiltration, and low serum albumin
levels were all associated with worse outcomes. Hypopro-
teinemia, an integral reflection of both nutritional reserve
and chronic inflammatory burden, remained independent-
ly associated with both OS and PFS, mirroring observations
from previously published series.?* Notably, Hans-based
immunohistochemical classification (germinal center or-
igin and non-germinal center origin) was not associated
with survival in our cohort. The limited number of cases for
which immunohistochemical data were available (n=62)
and reliance on the Hans surrogate, instead of gene expres-
sion profiling, which remains the reference standard but is
rarely accessible in daily practice, may be the underlying
reasons for this unfavorable finding.!'”?

Some limitations should be considered. Because the analy-
sis was retrospective and limited to a single center, general-
izability is naturally restricted. Comprehensive cell-of-origin
assessment for the entire cohort and FISH-based detection
of double- or triple-hit rearrangements were not available,
which prevented specific subgroup analyses. Bone marrow
sampling was largely unilateral, increasing the possibility
of underestimating bone marrow involvement. In addition,
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NLR and LMR show demographic variability in healthy pop-
ulations, reinforcing the need for population-specific nor-
mative ranges.” Finally, the discriminatory performance
of both ratios in predicting individual mortality was only
moderate (AUC range, 0.61-0.68). This suggests that they
are best viewed as complementary to, rather than replace-
ments for, established prognostic tools.

Despite these constraints, NLR and LMR remain inexpensive
and widely accessible parameters that provide prognostic in-
formation at essentially no incremental laboratory expense.
Embedding them within the IPI/R-IPI framework in larger
multicenter prospective studies, potentially together with
tumor-burden surrogates such as LDH or 32-microglobulin,
could refine existing risk-prediction models and help identify
patients who might benefit from intensified treatment strat-
egies or earlier enrollment in clinical investigations.

Conclusion

In a DLBCL population managed with rituximab-inclusive
protocols, baseline NLR=2.90 and LMR<2.40 were both as-
sociated with higher IPI risk, a poorer first-line response,
and shorter overall survival (OS) and disease-free survival
(PFS). NLR emerged as an independent predictor of OS,
along with ECOG performance status and serum albumin,
and demonstrated the strongest discriminatory capacity
for mortality among the indices examined. Because both
ratios are readily obtainable from routine laboratory data,
they can be easily integrated into daily risk assessment in
conjunction with IPI-based scoring; however, prospective
multicenter studies are needed to validate these results.
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