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Figure 2. (A) Urine albumin level (mg/L), (B) urine creatinine level (mg/L), (C) urine albumin creatinine ratio (mg Alb/ mmol Cr) after induction with NAD/STZ in
week 1 and week 4. *Indicates significant level between normal control and HFD + NAD/STZ group (P <.05).

mmol),*? and higher than that of the normal control group (1.3 £
0.2906 mg Alb/ mmol Cr).

Determination of EC50 and IC50 Using MTT Assay

The half-maximal effective concentration (EC50) value of Kulim
fruit extract was determined to be 2.584 + 2.215 mg/mL and
statistically significant (P-value <.01). Meanwhile, the half-max-
imal inhibitory concentration (IC50) value for metformin was
recorded as 1.152 + 2.002 mg/mL and was also statistically sig-
nificant (P-value <.01) (Figure 3).

Level of Serum Creatinine and Blood Urea Nitrogen Levels
After Treatment

The effects of the Kulim fruit extract on serum creatinine levels
for each group after 28 days are presented in Figure 4A. Based
on the results obtained, the serum creatinine levels in the Kulim
fruit extract-treated group (P > .05) were lower after 4 weeks of
treatment (41.67 + 3.480 pmol/L) but not significantly differ-
ent compared to the DN control group and metformin-treated
group (46.67 +2.333 pumol/L) (P>.05). The untreated DN control

Figure 3. The effect of Kulim fruit extract and metformin on Vero cell
viability in high-glucose conditions (P <.05).
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significant difference at (P <.05).

Figure 4. (A) Serum creatinine level (umol/L) and (B) Blood urea nitrogen level (mmol/L) (BUN) of Kulim fruit extract-treated rats compared to normal control,
diabetic control, and Metformin-treated groups after 28 Days (n = 3 per group). The serum creatinine levels were significantly higher (P <.05) in the diabetic
nephropathy (DN) control compared to the normal control group. The serum creatinine levels were lower (P> .05) in the 1000 mg/kg Kulim fruit extract-treated
group compared to the DN control. The BUN levels were significantly higher (P<.05) in the DN control compared to the normal control group. The BUN levels were
significantly lower (P < .05) in the metformin (150 mg/kg) and Kulim extract-treated group (1000 mg/kg) compared to the diabetic control group. *Indicates

group exhibited significantly higher serum creatinine levels
(44.67 £ 1.202 pmol/L) compared to the normal control group
(33.67 £ 2.028 umol/L) but did not exceed the normal range for
healthy male rats (32-71 umol/L)." The effects of the Kulim fruit
extract on BUN levels for the DN control group after 28 days
are shown Figure 4B. Based on the results obtained, the BUN
levels in the metformin-treated group (9.067 + 2.267 mmol/L)
and Kulim fruit extract-treated group were lower (5.267 + 2.954
mmol/L) after 4 weeks of treatment and statistically significant
(P<.05). The DN control group (12.933 + 0.521 mmol/L) showed
a significant difference compared to the normal control group
(P =.03) and exceeded the normal range for BUN in male rats,
which is generally considered to be 3.0 to 7.5 mmol/L.**

Level of Fasting Blood Glucose and Urine Albumin-to-
Creatinine Ratio After Treatment

Figure 5A shows that the DN control group (18 + 0.58 mmol/L)
exhibited a significant elevation in FBG compared to the nor-
mal group (6 + 0.58 mmol/L (P = .03), confirming successful
induction of diabetes. Treatment with metformin (150 mg/kg)
resulted in a noticeable reduction in FBG levels (14.47 + 2.92
mmol/L) compared to the DN control group. Similarly, admin-
istration of Kulim extract (1000 mg/kg) also lowered FBG (13.67
+ 3.53 mmol/L), although the reduction did not fully normalize
glucose levels relative to the normal group. These findings indi-
cate that Kulim extract demonstrates a comparable trend to the
standard antidiabetic drug.

In Figure 5B, the DN control group displayed a marked increase
in UACR (12.93 + 0.52 mg/mmol) after 28 days compared to the
normal group (1.13 + 0.07 mg/mmol) (P < .01), indicating sig-
nificant renal dysfunction and albuminuria. Treatment with

metformin resulted in a reduction in UACR (5.97 + 0.84 mg/
mmol) compared to the DN control. Notably, Kulim extract
(1000 mg/kg) also produced a significant reduction of UACR
(5.27 £ 2.9 mg/mmol) (P < .05), suggesting an improvement in
renal filtration barrier integrity and attenuation of diabetic kid-
ney injury.

Effect of Kulim Fruit Extract on Kidney Morphology in
Diabetic Nephropathy Rats

Histological findings across the experimental groups are sum-
marized in Table 1. The normal control group displayed intact
kidney architecture, characterized by a healthy glomerulus and
tubules with a well-defined Bowman’s capsule (Figure 6A). In
contrast, the DN control group showed severe kidneydamage,
including loss of Bowman’s space, tubular degeneration, fused
epithelial linings, and fatty streaks (Figure 6B). Treatment with
metformin (150 mg/kg) partially ameliorated these changes,
evidenced by improved glomerular morphology, mild expan-
sion of Bowman’s and tubular spaces, and reduced degenera-
tive alterations (Figure 6C). Notably, treatment with Kulim fruit
extract (1000 mg/kg) resulted in greater histological improve-
ment, with restored glomerular structure, a more defined
Bowman’s space, and fewer degenerative changes compared to
the diabetic control group, indicating its potential nephropro-
tective effect (Figure 6D).

DISCUSSION

This study demonstrates that Scorodocarpus borneensis (Kulim)
fruit aqueous extract exerts potential renoprotective effects in
an experimental model of T2DN. Treatment with Kulim extract
improved key kidneybiochemical markers, including signifi-
cant reductions in BUN and UACR, with trends toward lowered
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Figure 5. (A) Fasting blood glucose (FBG) and (B) urinary albumin-to-creatinine ratio (UACR) in diabetic nephropathy (DN) rats. Data are expressed as
mean + standard error of the mean (n = 3 per group). The DN control group showed significant increases in FBG and UACR compared to the normal control.
Treatment with metformin (150 mg/kg) and Kulim extract (1000 mg/kg) significantly reduced FBG and UACR compared to the DN control group, indicating

improvements in glycemic status and renal function.

serum creatinine. These biochemical improvements were sup-
ported by preserved kidney histoarchitecture, characterized by
reduced glomerular and tubular damage. In parallel, in vitro
findings demonstrated that Kulim extract was non-toxic and
conferred cytoprotective effects under high-glucose conditions.

The urine albumin level in this study aligns with previous find-
ings,” where normal control animals show lower 24-hour uri-
nary protein compared to DN groups. Elevated urine albumin
reflects impaired glomerular filtration, a hallmark of DN pro-
gression. However, urine albumin alone does not fully confirm
nephropathy. Therefore, urine creatinine was also measured to
calculate the UACR. The marked elevation of UACR observed in
the HFD+ NAD/STZ group confirmed the disruption of the glo-
merular filtration barrier, likely due to podocyte injury, base-
ment membrane thickening, and mesangial expansion induced

by hyperglycemia. Besides, in diabetic models, urine creati-
nine levels may initially increase as a result of hyperfiltration,
reflecting the kidney’s compensatory response to early dam-
age. In this study, urine creatinine values did not show signifi-
cant differences (P >.05), likely due to variable readings and the
short duration of induction. Typically, creatinine levels begin to
decline during more advanced stages of DN. Despite this, when
considered together with FBG and albuminuria, the findings
confirm that the T2DN model was successfully induced.

Several indirect therapeutic agents, including SGLT2 inhibi-
tors (dapagliflozin), non-steroidal mineralocorticoid receptor
antagonists (finerenone), and endothelin receptor antagonists
(atrasentan), have demonstrated significant renoprotective
effectsin DKD. These agents act largely independent of glycemic
control by reducing intraglomerular pressure, inflammation,

Table 1. Scoring of Histopathological Changes of Kidney
Glomerulus Degeneration of Formation of
Treatment group (n =3) Morphology Kidney Tubules Fatty Vacuoles
Normal control - - -
DN control +++ ++ 4+
DN + metformin-treated (150 mg/kg) + + +
DN +Kulim fruit extract-treated (1000 mg/kg) + + ++
(=) none, (+) mild, (++) moderate, (+++) severe.
DN, diabetic nephropathy.
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Figure 6. Hematoxylin and eosin staining of rat’s kidney captured under 40x magnification. The normal control group (A) displayed healthy glomeruli, normal
Bowman's space, and kidney tubules without abnormalities. In contrast, the diabetic nephropathy control group (B) showed no Bowman's space, degenerative
tubular changes, and fatty vacuoles. Treatment with metformin at 150 mg/kg (C) showed improved glomerular structure, mild expansion of Bowman's space, and
minor degeneration. Notably, the Kulim extract-treated (1000 mg/kg) group (D) demonstrated a significant recovery in glomerular structure, a more defined
Bowman's space, and reduced degenerative changes of glomerulus and kidney tubules. G, Glomerulus; BS, Bowman space; T,Tubule.

fibrosis, and altering kidneyhemodynamics. However, despite
optimal treatment, approximately 20% of patients still progress
to ESKD,* highlighting the complex and heterogeneous nature
of DKD and the need for adjunct therapeutic approaches.
Accordingly, this pilot study employed metformin as a positive
control due to its established first-line use in diabetes and its
pleiotropic antioxidant and anti-inflammatory effects relevant
to early diabetic kidney injury.

Kulim belongs to the Olacaceae family, whose pharmacological
properties remain largely underexplored. However, related spe-
cies exhibit bioactivities relevant to kidney protection. Ximenia
americana has demonstrated antioxidant, anti-inflammatory,
and antidiabetic effects attributed to its phenolic and flavo-
noid content,'” while Olax scandens shows antioxidant and
cytoprotective activities under metabolic stress.’® Although

direct nephroprotective evidence within the Olacaceae family
is limited, these shared properties support the hypothesis that
Kulim is rich in antioxidant and sulfur-containing compounds
that may confer renoprotective effects via similar mechanisms.
Accordingly, the present findings provide preliminary evidence
for the therapeutic potential of Kulim in mitigating early dia-
betic kidney injury.

The present study applied Vero cells, which were derived from
African green monkey kidney tissue, to determine EC50 and
IC50 values for Kulim fruit extract under high-glucose condi-
tions using the MTT assay. The EC50 value derived from these
assays helps establish safer starting doses for subsequent in
vivo work, guiding dose optimization to ensure both safety and
efficacy.’ The IC50 value of metformin obtained in this study
aligned with previously reported ranges (0.8-3.5 mM), though
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literature values vary widely from 0.02 mg/mL to over 5 mg/
mL.% The IC50 of 1.152 mg/mL in this study falls within the
lower reported range, supporting the validity of the results.
For Kulim fruit extract, a clear protective effect was observed
under high-glucose conditions with no significant toxicity to
the cells (Figure 3). This is expected, as Kulim fruit contains
phenolic and flavonoid compounds known for antioxidant
and anti-inflammatory activities.*> These compounds can
neutralize reactive oxygen species, reduce oxidative stress,
and modulate inflammatory pathways, thereby enhancing
cell survival. To date, no studies have reported the protective
effects of Kulim fruit extract in high-glucose environments,
making this finding notably novel and suggesting potential
therapeutic value.

Serum creatinine is a key biomarker of kidney function, where
elevated levels indicate impaired filtration capacity. Consistent
with prior research,? DN animals in this study exhibited
increased serum creatinine, which is commonly attributed to
glomerular damage caused by hyperglycemia. While treatment
with Kulim fruit extract lowered serum creatinine relative to the
DN group, the reduction was not statistically significant. This
may be due to the small sample size, short treatment dura-
tion, or the fact that serum creatinine changes are typically
evident only in later stages of renal dysfunction. Nonetheless,
the downward trend suggests possible renoprotective effects of
Kulim fruit extract.

Blood urea nitrogen is another critical indicator of kidney func-
tion. Elevated BUN levels in DN reflect reduced glomerular
filtration and accumulation of nitrogenous waste. Persistent
hyperglycemia contributes to glomerular basement membrane
thickening, mesangial expansion, podocyte injury, and tubular
degeneration, which collectively impair kidney filtration. In this
study, DN controlanimalsdisplayedsignificantly higher BUN lev-
els than normal controls, consistent with other STZ-induced DN
models. This confirms successful model induction. Following
treatment, both metformin and Kulim fruit extract significantly
reduced BUN levels to values comparable with normal controls.
Metformin’s ability to reduce BUN is well established. In con-
trast, the nephroprotective effect of Kulim fruit extract is a novel
discovery. Its phenolic and flavonoid compounds may reduce
oxidative stress,* suppress inflammatory cytokines such as
tumor necrosis factor-alpha and interleukin-6, enhance nitric
oxide availability, and improve kidney perfusion.” These mech-
anisms may collectively preserve glomerular filtration and pre-
vent excessive accumulation of nitrogenous waste.

Kulim extract reduced FBG levels in diabetic rats suggesting
potential antidiabetic activity. This effect may be attributed to
its bioactive constituents, particularly phenolic and flavonoid
compounds, which have been reported to enhance glucose
uptake, inhibit carbohydrate-digesting enzymes, and mitigate
oxidative stress.” The UACR is a well-established indicator of
glomerular filtration barrier integrity and an early marker of DN

Zawawi et al. Kidney Protection by Kulim Extract

progression. Treatment with metformin resulted in a significant
reduction in UACR (Figure 5B), indicating an aligned effect with
improvement in glycemic control.”*® Notably, treatment with
Kulim extract also produced a significant reduction in UACR,
comparable to that observed with metformin. This improve-
ment suggests a protective effect on the glomerular filtration
barrier, potentially mediated through stabilization of podocyte
architecture and preservation of basement membrane integ-
rity, thereby reducing albumin leakage.

The phenolic and flavonoid content of Kulim contributes to
its antioxidant activity and may help preserve renal architec-
ture. In this study, DN control animals exhibited characteristic
pathological changes, including irregular glomeruli, tubular
degeneration, and fat vacuole formation, driven by chronic
hyperglycemia, oxidative stress, inflammation, and related
pathways such as advanced glycation end-product accumu-
lation, protein kinase C activation, and overactivation of the
renin-angiotensin-aldosterone system. Metformin treatment
produced mild histological improvement, consistent with its
reported renoprotective effects.”® Notably, Kulim fruit extract
induced more pronounced structural preservation, with
reduced glomerular damage and better-defined kidney archi-
tecture. As no prior in vivo studies have examined its nephro-
protective effects, these findings highlight Kulim fruit extract as
a promising natural therapeutic candidate for DN.

Despite these promising findings, several limitations should
be acknowledged. The small sample size and short study dura-
tion may limit statistical power and generalizability. This study
was intentionally designed as a pilot to assess feasibility and
generate preliminary efficacy data prior to larger confirmatory
experiments. Similar pilot animal studies have employed small
group sizes (n = 3-4) to inform subsequent study design.®*® In
addition, detailed mechanistic and pathway analyses were
not performed to identify the molecular targets underlying the
observed nephroprotective effects. Future studies will therefore
incorporate larger cohorts, extended treatment durations, and
comprehensive pathway investigations to validate and expand
upon these findings.

In conclusion, Kulim (Scorodocarpus borneensis) fruit extract
showed promising nephroprotective effects against early DN,
as evidenced by improvements in kidneybiochemical markers,
urinary albumin excretion, and histoarchitecture. However, as
this pilot study involved a limited sample size and treatment
duration, further studies are required to confirm its therapeutic
potential. Future work should assess long-term efficacy using
larger cohorts and extended treatment periods, alongside
mechanistic investigations targeting oxidative stress, inflam-
mation, and key signaling pathways. Advanced histopathologi-
cal analyses, including immunohistochemistry, special stains,
and scanning electron microscopy, are also warranted to better
characterize podocyte ultrastructural changes and strengthen
translational relevance.
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ABSTRACT

Background: This study aimed to analyze global research trends, thematic focuses, and future opportunities through
bibliometric mapping and SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis.

Methods: A comprehensive search was conducted in the Web of Science (WoS) database (1989-2025) using the terms
“artificial intelligence,” “machine learning,” “deep learning,” “neural network,” and “dialysis.” A total of 199 English-
language research and review articles were included. Bibliometric visualization was performed using VOSviewer to identify
keyword networks, citation patterns, and international collaborations. A SWOT analysis was further applied to delineate
the strengths, weaknesses, opportunities, and threats of the field.

Results: The results demonstrated that “machine learning,” “hemodialysis,” and “predictive model” are central topics,
with hemodialysis dominating the literature while peritoneal dialysis remains underexplored. Highly cited works focused
on blood pressure prediction, anemia management, and mortality modeling. China and the United States of America (USA)
were the most productive and influential countries, with the USA acting as a key collaboration bridge. Strategic contribu-
tions also came from Spain, Germany, and Taiwan. Opportunities include the integration of explainable Al, personalized
medicine approaches such as digital twins, and expanding research on peritoneal dialysis. Conversely, challenges involve
the rapid evolution of algorithms and the short-lived nature of pandemic-driven research trends.

Conclusion: This study represents the first bibliometric and SWOT analysis specifically dedicated to Al in dialysis, highlight-
ing both its current trajectory and the need for sustained global collaboration and clinical validation to ensure a long-term
impact.
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INTRODUCTION
The global prevalence of chronic kidney disease (CKD)

A personalized treatment principle is crucial in regulat-
ing treatment, managing complications, and improving

was reported to be approximately 10%, and the major-
ity of end-stage kidney disease (ESKD) patients receive
dialysis treatment. 2 Chronic kidney disease (CKD) and
especially dialysis treatment are global public health
problems due to their frequency, increased morbid-
ity and mortality, significant global financial burden,
and high environmental impact.®** It is known that
ESKD negatively affects patients’ social and psycho-
logical health, thereby reducing their quality of life.>®
This work is licensed under a Creative Commons

Attribution 4.0 International License.

the patient’s social adaptation to treatment in these
patients.”In recent years, the increasing use of artificial
intelligence (Al) technologies in medicine has led to
remarkable developments in nephrology and dialysis
practice.®. While kidneyreplacement therapies, which
include hemodialysis and peritoneal dialysis, sustain
the survival of millions of patients worldwide, prevent-
ing complications and personalized approaches to
treatment are crucial. Al-based models offer significant


http://orcid.org/0000-0003-0440-1146
http://orcid.org/0000-0003-2025-2013
http://orcid.org/0000-0001-8489-4985
http://orcid.org/0000-0003-4142-6457
mailto:nilaybektas88@gmail.com

Turk J Nephrol 2026; 35(3): 234-243

contributions in predicting clinical outcomes such as mortality,
complications, and treatment adequacy.’ The explainable Al
models for predicting mortality, dialysis adequacy, and com-
plications after hemodialysis, as well as preventing hemody-
namic complications thatinclude intradialytic hypotension and
hypertension that develop during treatment, have been identi-
fied as potential tools to facilitate clinicians’ decision-making
processes and have also served as a supportive measure for
developing strategies to improve patients’ quality of life.?0-*2

Bibliometric methods are particularly useful for identifying
temporal trends in publication activity, patterns of collabo-
ration among countries and institutions, keyword clustering
structures, and the influence of highly cited studies within a
field. In this way, researchers are not only able to delineate the
existing body of knowledge but can also recognize research
gaps, underexplored subfields, and potential future direc-
tions.>* SWOT (Strengths, Weaknesses, Opportunities, and
Threats) analysis is an organizational tool used in many fields,
such as health and business, that can guide by identifying risks
and areas for improvement, revealing the current situation.*

In this study, publications on dialysis and Al technologies
indexed in the Web of Science (WoS) were systematically exam-
ined using bibliometric methods and SWOT analysis, with the
aim of identifying underexplored subfields and future research
opportunities, thereby providing guidance for clinicians.

MATERIAL AND METHODS

In this study, the literature search was conducted on the date of
August 25, 2025, using the WoS database provided by Clarivate
Analytics. The search was restricted to the Title field to ensure
high thematic relevance. The following Boolean search equa-
tion was applied: (“artificial intelligence” OR “machine learn-
ing” OR “deep learning” OR “neural network” OR “predictive
model” OR Al) AND (“dialysis” OR “hemodialysis” OR “peri-
toneal dialysis” OR “renal replacement therapy”). Of the 294
records retrieved, publications other than original articles and
review articles were excluded. Only original research articles
and review articles were included in the analysis to ensure
methodological consistency and comparability. Editorials, let-
ters to the editor, conference abstracts, short communications,
book chapters, opinions, and publications lacking original data
or detailed methodological information were excluded, as

MAIN POINTS

+ Predicting potential complications in dialysis patients using
Al-based predictive models accelerates intervention.

+ Artificialintelligence (Al) support systems can improve patient
compliance with treatment and improve quality of life.

+ Dialysis-specific Al research can significantly contribute to
patient care and prognosis-focused studies.
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these document types may introduce heterogeneity and reduce
the reliability of bibliometric mapping and citation analyses.
The analysis was restricted to English-language publications.
This language restriction was applied because the majority of
highly cited and methodologically influential studies in the field
are published in English, and bibliometric text-mining tools,
such as VOSviewer, are optimized for single-language datasets.
Limiting the analysis to English-language publications there-
fore enhanced the accuracy, consistency, and comparability
of keyword co-occurrence and thematic clustering analyses.
Duplicate records were identified and removed prior to analysis
through a combined automated and manual screening process
based on Digital Object Identifiers (DOIs), publication titles, and
author information. After the removal of duplicate entries and
the application of inclusion and exclusion criteria, a total of 199
publications were retained for bibliometric and SWOT analyses.
The timespan was set to 1989-2025 (Indexes scanned: Science
Citation Index - Expanded, Social Sciences Citation Index,
Science Conference Proceedings Citation Index, Emerging
Sources Citation Index, and Book Citation Index - Science). After
applying language restrictions, a total of 199 English-language
articles were included in the analysis. VOSviewer (Version
1.6.20, Leiden University, Center for Science and Technology
Studies) was employed to visualize bibliometric networks. Web
of Science (WoS) was selected due to its standardized citation
data, high level of indexing consistency, and full compatibility
with bibliometric analysis software, particularly VOSviewer.
Since citation and co-citation analyses could not be performed
in the PubMed and Scopus databases, these databases were
excluded from the analysis. Keyword co-occurrence analysis
was based exclusively on author keywords, and only keywords
occurring at least 5 times were included. Network visualiza-
tion was generated using the association strength normaliza-
tion method, the VOS layout algorithm, and the VOS clustering
technique.

Strengths, Weaknesses, Opportunities, Threats Analysis
Methodology

Strengths, Weaknesses, Opportunities, Threats (SWOT) com-
ponents were constructed based on three complementary
data sources: (i) bibliometric indicators obtained from the
WoS-indexed dataset, including keyword co-occurrence net-
works, citation and co-citation analyses, international collabo-
ration patterns, and temporal publication trends; (ii) thematic
clusters identified through VOSviewer network visualization,
which objectively revealed dominant research axes, underrep-
resented topics, and emerging methodological approaches;
and (iii) structured evaluation of highly cited and methodologi-
cally influential studies with a focus on clinical relevance and
translational potential. Predefined criteria were applied to cat-
egorize SWOT elements. Strengths were defined as well-estab-
lished, highly cited, and densely connected research themes.
Weaknesses referred to underrepresented topics or areas with
limited methodological diversity. Opportunities were identi-
fied based on emerging but insufficiently explored themes and
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recognized research gaps. Threats were determined by the-
matic saturation, rapid evolution of Al methodologies, and the
potential transient nature of certain research trends.

Ethics committee approval was not required for this bibliomet-
ric study, as it was based solely on publicly available data and
did not involve human participants or identifiable personal
data. This study was conducted in accordance with the Helsinki
Declaration of the World Medical Association. Informed consent
is not required for bibliometric analyses.

RESULTS

Trending Topics

199 publications in the Wos database were eligible for evalu-
ation. Trend topics in these articles and review articles were
analyzed using bibliometric mapping techniques. As shown in
Figures 1 and 2, the cluster network and density visualizations
were generated based on author keywords, with a minimum
occurrence threshold of 5, resulting in 18 eligible keywords.
These 18 keywords were grouped into 4 clusters: Cluster 1 (red)
comprised acute kidney injury (AKI), coronavirus disease-2019
(COVID-19), dialysis, random forest, renal replacement therapy,
and mortality; Cluster 2 (green) included Al, deep learning, intra-
dialytic hypotension, hemodialysis, and neural network; Cluster
3 (blue) consisted of artificial neural networks, peritoneal dial-
ysis, and prediction model; and Cluster 4 (yellow) included
chronic kidney disease and anemia. The keywords machine
learning, hemodialysis, and prediction model occupied central

Turk J Nephrol 2026; 35(3): 234-243

positions in the network, indicating their strong connectivity
within the literature. The presence of COVID-19 and AKI sug-
gested the emergence of a distinct research subfield during the
pandemic period. While hemodialysis occupied a more central
position, peritoneal dialysis, anemia, and intradialytic hypoten-
sion formed relatively smaller networks associated with dialy-
sis complications (Figures 1 and 2)

More advanced methods which include “neural networks/
deep learning/ANN” have recently begun to attract interest.
The SWOT analysis has been presented in Table 1; according
to this, publications related to Al and peritoneal dialysis and
complications are not yet trending topics, and research in this
area holds promise for the future. A potential threat, however, is
that COVID-19 may represent a transient trend, while the rapid
evolution of Al methodologies could result in the swift obsoles-
cence of current studies (Table 1).

Exponential regression analysis confirmed a significantincrease
in publication output over time (R* = 0.587, P < .001), with a
marked acceleration in annual publication counts observed
after approximately 2019.

Active Countries

The analysis of active countries and international coopera-
tion was conducted using VOS viewer based on country-level
co-authorship data. Figure 3 illustrates the most intensive net-
work connections, where 43 countries form 11 clusters, with
China, the USA, Spain, Germany, and Taiwan occupying central
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Figure 1.

Keyword co-occurrence network visualization of artificial intelligence applications in dialysis research.
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Figure 2. Keyword density visualization of research trends in artificial intelligence-based dialysis studies.

positions (Figure 3). China has the highest number of publica-
tions and cooperation links. The USA occupies a highly central
position and acts as a bridge connecting different clusters.

occupies a central position and acts as a bridge, particularly
with India, Pakistan, and Saudi Arabia. The SWOT analysis of
the main cluster of active countries and international collabo-

Spain stands out in European-centered collaborations. Another
important center in Europe is Germany, which also has strong
cooperation with the USA and Spain. In the Asian region, Taiwan

rations is presented in Table 2.

Table 1. Keyword (Topic) SWOT Analysis Table

Strengths

o The keywords machine learning, hemodialysis, and prediction model
occupy a central position, forming a strong and well-established line of
research.

» Methodological diversity is notable, with various Al algorithms such as
Random Forest, Neural Networks, Deep Learning, and ANN represented
in the literature.

« Clinically relevant conditions directly impacting patient management
such as mortality, anemia, and intradialytic hypotension, as well as

Opportunities

» There is a substantial research gap in the integration of peritoneal
dialysis and Al, offering opportunities for new publications.

« Al studies focusing on specific complications such as intradialytic
hypotension and anemia hold significant promise for future clinical
applications.

» The wider adoption of explainable Al methods (e.g., ANN, neural
networks, SHAP) could further enhance methodological diversity.

chronic complications of CKD/dialysis therapy, are also well represented.

Weaknesses

 Peritoneal dialysis occupies a less prominent focus in the
literature compared to hemodialysis.

o COVID-19 may represent a transient research trend.

o While machine learning is positioned at the central core of
research, other approaches such as ANN and deep learning
form comparatively smaller distribution maps.

Threats

o The machine learning+ hemodialysis + mortality axis has
been extensively studied, which may pose a risk in terms of
originality.

» For Al models to gain clinical acceptance, clinical experience
must increase over the long term. Acceptance of real-world
data and Al data is still limited.

o The COVID-19 connection may lose its relevance over time.

o The rapid development of Al algorithms may cause current
studies to lose their relevance in the coming years.

SWOT, Strengths, Weaknesses, Opportunities, Threats.
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Figure 3. International collaboration network.

Citation and Co-Citation Analysis

The top 20 most cited studies on Al and dialysis were reviewed
(Figure 4) (Table 3). The most frequently cited article was pub-
lished by Huang et al in 2020, entitled “Predictive modeling of
blood pressure during hemodialysis: a comparison of linear
model, random forest, support vector regression, xghoost, lasso
regression and ensemble method.” The studies by Barbieri et al®
(2016a, 2019) serve as key reference points in the literature.
Burlacu et al (2020) occupies a central bridging role, linking

different clusters. More recent but impactful contributions were
identified from Mezzatesta (2019), Kang (2020), and Noh (2020).

Most Cited Countries

The analysis of the most cited countries Figure 5shows that the
People’s Republic of China leads in terms of both publications
and citations. The density of connections around it illustrates
that China has citation-based relationships with many coun-
tries. The USA also holds a large and central position in terms

Table 2. SWOT Analysis of the Main Cluster of Active Countries and International Collaborations

Strengths

collaboration networks.

Latin America.
» Spain and Germany strongly represent European collaborations.

Saudi Arabia with Western networks.

Opportunities

and multinational projects.

to bring together diverse regions within the same network.

» China and the United States hold central positions in both publication output and

» The United States serves as the strongest bridging country, connecting Asia, Europe, and .

» Taiwan occupies a strategic role in Asia, linking countries such as India, Pakistan, and .

» Spain, Taiwan, and Germany are emerging as alternative hubs outside the US-China axis.
» Balkan and Latin American countries may enhance their visibility through global consortia

« Collaborations focused on sustainable health and artificial intelligence have the potential

Weaknesses

 Contributions of Balkan countries to global

collaboration remain limited.

Latin American countries (Brazil, Argentina,

Chile) are positioned at the periphery of

the network with low collaboration depth.

Pakistan, Saudi Arabia, and Vietnam

maintain limited direct connections with

global centers.

o Collaboration intensity is uneven, with
imbalanced distribution across countries.

Threats

o The countries on the periphery of the
network may become even more isolated if
collaboration does not strengthen.

SWOT, Strengths, Weaknesses, Opportunities, Threats.
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Figure 4. Network map of the most cited studies.

of receiving citations and has strong citation relationships, par-
ticularly with European and Asia-Pacific (Australia, Vietnam,
Japan) countries. Germany and Spain are among the centers
receiving high citations in Europe. In Asia, Taiwan has been
observed to receive a high number of citations (Figure 5).

DISCUSSION

The most commonly used treatment method for ESKD is dialy-
sis. Dialysis treatment is a very valuable treatment that allows
patients to continue their lives, but unfortunately, patients may
sometimes also face unwanted effects and complications. Both
acute complications occurring during treatment, such as intra-
dialytic hypotension and hypertension, and long-term compli-
cations, including anemia, renal osteodystrophy, alterations
in bone metabolism, increased morbidity, heightened cardio-
vascular risk, and elevated mortality, pose significant risks for
patients.’*'® Furthermore, ESKD can also cause clinical condi-
tions such as cognitive dysfunction, depression, anxiety disor-
der, and sleep disorder. These problems, which make it difficult
for patients to comply with treatment, also increase treatment
costs. 2 |n dialysis patients, the early recognition of these
complications and adverse conditions, the establishment of an
individualized therapeutic approach, and timely intervention
may yield several potential benefits: a reduction in comorbid

disease burden, improved treatment adherence, decreased
healthcare costs, lower mortality rates, and enhanced quality of
life and compliance with therapy.

Currently, Al plays an increasingly important role in many
areas of medicine and assists physicians in clinical practice. In
the field of nephrology, Al is already being used in the areas of
improving clinical care, early prediction of the requirement for
kidneyreplacement therapy in acute kidney injury, managing
hemodialysis prescriptions, and monitoring kidney transplant
patients.”®* In addition, the personalized medicine approach
to creating digital twins for dialysis patients has also been a
noteworthy topic in recent years.?® Previous studies have also
suggested that it can be used to predict complications and mor-
tality.’*** Among the publications indexed in WoS on this topic,
the most cited study by Huang et al*® also focuses on the predic-
tion of complications. The second most cited study, conducted
by Barbieri et al, demonstrated that Al can provide clinical deci-
sion support to optimize anemia management in hemodialysis
patients.® In the third most cited study, Kang et al*” suggested
that Al could possibly be helpful in predicting mortality.

Advances in Al for dialysis patients may offer promising assis-
tance for both patients and physicians in the future. For this
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Table 3. Top 20 Most Cited Studies on Artificial Intelligence and Dialysis
Times,
Cited, All | Publication
Article Title Authors Source Title Databates Year
Predictive modeling of blood pressure during Huang, JC; Tsai, YC; Wu, PY; Lien, YH; Computer 121 2020
hemodialysis: a comparison of linear model, Chien, CY; Kuo, CF; Hung, JF; Chen, SC; Methods and
random forest, support vector regression, Kuo, CH Programs in
xgboost, lasso regression and ensemble method Biomedicine
An international observational study suggest Barbieri,C., Molina,M;Ponce,P;Tothova,M; Kidney 103 2016
that artificial intelligence for clinical decision Cattinelli,l;Titapiccolo,Ji; Mar,F;Amato,C;Le | International
support optimizes anemia management in ipold,F;Wehmeyer,W;Stuard,S;Stopper
hemodialysis patients A;Canaud,B.
Machine learning algorithm to predict mortality | Kang MW;Kim,J;Kim,Dk;Oh,Kh;Joo,Kw,Kim | Critical Care 79 2020
in patients undergoing continuous renal Ys; Han,Ss
replacement therapy
A machine-learning -based approach for Mezzatesta,s; Torino,C; De Computer 78 2019
240 predicting the outbreak of cardiovascular Meo,P;Fimura,G;Vilasi,A Methods and
diseases in patients on dialysis Programs in
- Biomedicine
Machine-learning algorithms define pathogen- Zhang,Jj; Friberg, Im;Kift-Morgan, Kidney 63 2017
specific local immune fingerprints in peritoneal | A;Parekh,G; Morgan,Mp; International
dialysis patients with bacterial infections Liuzzi,Ar;Lin,Cy;Donavan,Kl; Colmont,Cs;M
organ,Ph;Davis,P;Weeks,|; Fraster,Dj
;Topley,N;Eberl,M.
Devolopment of an artificial intelligence model Barbieri C; Cattinelli I; Neri L; Mari F; Ramos | Kidney Disease 62 2019
to guide the management of blood pressure, R; Brancaccio D; Canaud B; Stuard S
fluid volume, and dialysis dose in end-stage
kidney disease patients: proof of concept and
first clinical assessment
A new machine learning approach for predicting | Barbieri C; Mari F; Stopper A; Gatti E; Computersin 55 2015
the response to anemia treatment in a large Escandell-Montero,P; Martinez-Martinez, Biology and
cohort of end stage renal disease patients Jm; Martin-Guerrero,Jd Medicine
undergoing dialysis
Predicting technique survival in peritoneal Tangri, N; Ansell,D; Naimark,D Nephrology 46 2008
dialysis patients: compasing artificial neural Dialysis
networks and logistic regression Transplantation
Machine learning to identify dialysis patients at | Akbilgic O; Obi Y; Potukuchi PK; Karabayir I; | Kidney 46 2019
high death risk Nguyen DV; Soohoo M; Streja E; Molnar MZ; | International
Rhee CM; Kalantar-Zadeh K; Kovesdy CP Reports
Artificial intelligence outperforms experienced Niel O; Bastard P; Boussard C; Hogan J; Pediatric 44 2018
nephrologists to assess dry weight in pediatric Kwon T; Deschénes G Nephrology
patients on chronic hemodialysis
Using machine learning models to predict the Dovgan E; Gradisek A; Lustrek M; Uddin M; | Plos One 37 2020
initiation of renal replacement therapy among Nursetyo Aa; Annavarajula Sk; Li Yc;
chronic kidney disease patients Syed-Abdul S
Prediction of the hemoglobin levelin Martinez-Martinez JM et al Computer 32 2014
hemodialysis patients using machine learning Methods and
techniques Programsin
Biomedicine
Prediction of the hemoglobin level in Martinez-Martinez JM; Escandell-Montero | Computer 32 2014
hemodialysis patients using machine learning P; Barbieri C; Soria-Olivas E; Mari F; Methods and
techniques Martinez-Sober M; Amato C; Lépez AJ; Programsin
Bassi M; Magdalena-Benedito R; Stopper A; | Biomedicine
Martin-Guerrero JD; Gatti E

(Continued)
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Table 3. Top 20 Most Cited Studies on Artificial Intelligence and Dialysis (Continued)

Times,

Cited, All | Publication
Article Title Authors Source Title Databates Year
Prediction of equilibrated postdialysis BUN by Guh Jy; Yang Cy; Yang Jm; Chen Lm; Lai Yh | American 30 1998
an artificial neural network in high-efficiency Journal of
hemodialysis Kidney Diseases
Artificial intelligence: a new approach for Akl A; Sobhi M; Enab YM; Tattersall J American 30 2001
prescription and monitoring of hemodialysis Journal of
therapy Kidney Diseases
Prediction of the mortality risk in peritoneal Noh J; Yoo Kd; Bae W; Lee Js; Kim K; Cho Scientific 30 2020
dialysis patients using machine learning models: | Jh; Lee H; Kim Dk; Lim Cs; Kang Sw; Kim Yl; | Reports
a nation-wide prospective cohort study in Korea | Kim Ys; Kim G; Lee Jp
Improved cardiovascular risk prediction in De Gonzalo-Calvo D; Martinez-Camblor P; Theranostics 28 2020
patients with end-stage renal disease on Bar C; Duarte K; Girerd N; Fellstrom B;
hemodialysis using machine learning modeling | Schmieder RE; Jardine AG; Massy ZA;
and circulating micro-ribonucleic acids Holdaas H; Rossignol P; Zannad F; Thum T
Artificial intelligence for the artificial kidney: Hueso, M; Vellido, A; Montero, N; Barbieri, Kidney Diseases 28 2018
pointers to the future of a personalized C; Ramos, R; Angoso, M; Cruzado, Jm;
hemodialysis therapy Jonsson A.
Artificial intelligence models to stratify Titapiccolo, Ji; Ferrario, M; Cerutti, S; Expert Systems 27 2013
cardiovascular risk in incident hemodialysis Barbieri, C; Mari,F; Gatti, E; Signorini, Mg. with
patients Applications
Artificial intelligence-based prediction of clinical | Thakur, Ss; Abdul, Ss; Chiu, Hy; Roy, Rb; Sensors 25 2018
events among hemodialysis patients using non- | Huang, Py; Malwade, S; Nursetyo, Aa; Li, Yc.
contact sensor data

reason, the present study conducted a bibliometric and SWOT
analysis of WoS-indexed publications addressing this topic.
Thus, the aim is to reveal the changing publication trends over
time, collaborations between countries and institutions, the
clustering structures of keywords, the impact of the most cited
studies on the field, and the strengths, weaknesses, and poten-
tial opportunities. This study found that the keywords machine
learning, hemodialysis, and prediction model are the focus
of the literature on dialysis and Al research. While research
related to hemodialysis was found to be more prevalent, stud-
ies addressing peritoneal dialysis were comparatively less rep-
resented. The possible explanations for this difference may be
that hemodialysis is a more common method than peritoneal
dialysis and clinicians are more willing to share their experi-
ences because they have more experience in this area. It is sug-
gested that researchers who wish to turn this weakness into
a potential opportunity focus on peritoneal dialysis-artificial
intelligence frameworks. China and the USA are seen to hold a
central position in active countries and have a strong network
of citations. Developing global collaborative projects with these
experienced countries could be a strategic cooperation plan
for countries on the periphery of the network. International
projects appear to have the potential to strengthen bridges
between different zones.

To the best of knowledge, while bibliometric studies address-
ing kidney disease and Al exist,”® no dedicated analysis focusing

specifically on dialysis and Al has been reported in the litera-
ture. Itis believed that this focused investigation will contribute
to the advancement of Al systems in dialysis and, indirectly, to
the reduction of complications and adverse outcomes, thereby
improving clinical endpoints.

Limitations

The literature search was limited to the WofS Core Collection
and publications in English in order to ensure language con-
sistency and standardization of citation data in bibliometric
analyses; however, this may have resulted in the exclusion of
some relevant studies published in other databases or in dif-
ferent languages. Other limitations of the study include the
fact that the search was restricted to the title field only, the
inability to assess study quality or clinical efficacy due to the
nature of bibliometric analyses, and the cross-sectional nature
of the dataset. Finally, while based on bibliometric data, the
SWOT analysis inherently involves a degree of subjective
interpretation.

Patients under dialysis treatment are faced with increased phys-
ical and psychiatric comorbidities in both the acute and chronic
periods. The early prediction of these risks through predictive
models enables timely diagnosis and early intervention. This
facilitates patients’ adaptation to treatment, improves their
quality of life, and offers countries a cost-effective opportunity
to manage the burden of disease. The development of Al-based
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ABSTRACT

Background: This study aimed to evaluate the vaccination rates, knowledge levels, and the influence of demographic,
socioeconomic, and health perception factors on the uptake of influenza, pneumococcal, hepatitis B, and COVID-19 vac-
cines among patients undergoing hemodialysis (HD).

Methods: Between February and March 2024, a structured questionnaire was administered to 224 patients from 3 HD cen-
ters (3 private, 1 public) in Istanbul. The survey collected data on demographic characteristics, vaccination status, attitudes
toward vaccines, and sources of vaccine-related information. Data were analyzed using SPSS, version 22.0.

Results: The vaccination rates were 77.2% for influenza, 56.1% for pneumococci, 85.7% for COVID-19, and 90.5% for hepa-
titis B. However, only 32.6% of participants had received all 4 recommended vaccines. Vaccination status was significantly
associated with age, gender, education level, marital status, type of health insurance, and dialysis duration. The most com-
monly cited reasons for non-vaccination were “not perceiving vaccination as necessary” and “lack of adequate informa-
tion.” Nephrologists were identified as the most trusted source of vaccine information by 95.5% of participants.
Conclusion: Vaccination rates—particularly for pneumococcal disease—were higher than those reported in previous
studies, potentially due to increased post-pandemic health awareness and active recommendations by healthcare pro-
fessionals. Enhancing vaccine uptake in the HD population requires a comprehensive approach that addresses not only
informational barriers but also perceived risk, healthcare access, and social support. These findings underscore the need

for targeted educational efforts and policy-level strategies to improve vaccination coverage in this high-risk group.
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INTRODUCTION

Chronic kidney disease (CKD) is a major public health
problem affecting approximately 10%-15% of the adult
population globally. In the United States, more than 30
million adults have CKD, and the incidence of end-stage
kidney disease (ESKD) is on the rise each year. In 2016,
124 675 new ESKD cases were reported in the US, bring-
ing the total number of patients to 726 331.! In Tiirkiye,
the Ministry of Health’s 2018-2023 Kidney Diseases
Prevention and Control Program reported that CKD is
15.7%. This indicates that 1 out of every 6-7 adults has

This work is licensed under a Creative Commons

Attribution 4.0 International License.

kidney disease.? The Turkish Society of Nephrology’s
2023 data reports the ESKD incidence as 159.8 per mil-
lion population.?

Patients undergoing hemodialysis (HD) treatment are
at a significantly increased risk for vaccine-preventable
infections. Infections are the second leading cause of
mortality in this group, accounting for 30%-36% of
deaths.* This vulnerability stems from complex immu-
nological disorders associated with uremia and the dial-
ysis process itself. Mechanisms such as reduced T-cell
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function, slowed lymphocyte proliferation, and inadequate
antigen presentation weaken both the cellular and humoral
immune systems, increasing susceptibility to infections.®

In addition to immune response disorders, the structural char-
acteristics of HD treatment also elevate the risk of infection.
Hemodialysis patients encounter infectious agents more fre-
quently due to frequent visits to healthcare facilities, recurrent
vascular access procedures, invasive interventions, and shared
dialysis equipment. Pneumonia caused by Streptococcus pneu-
moniae is a significant cause of mortality in this population,
with a 14-16 times higher risk of pneumonia-related death
compared to the general population.t The COVID-19 pandemic
further revealed the fragility of HD patients, who experienced
high mortality rates.” Seasonal influenza can lead to serious
outcomes for these patients.®

Hepatitis B virus remains more prevalent in HD patients than in
the general population despite its overall decline.®

Vaccination is an effective and economical strategy for protect-
ing HD patients from infections. Although immune responses
may be reduced in this population, vaccines remain safe and
beneficial. Influenza, pneumococcal, and HBV vaccines are core
recommendations in national and international guidelines,*®
and the COVID-19 pandemic has further underscored their
importance. Vaccination reduces mortality, hospitalizations,
and healthcare costs. However, coverage among HD patients
remains suboptimal. The most commonly reported barrier is
insufficient knowledge or awareness, with studies from multi-
ple countries—including Nigeria and Tirkiye—demonstrating a
clear association between inadequate information and vaccine

MAIN POINTS

« While hepatitis B (90.5%) and COVID-19 (85.7%) vaccina-
tion rates were relatively high, only 32.6% of hemodialysis
patients were fully vaccinated against all 4 major infections,
with pneumococcal coverage remaining the lowest (56.1%).

+ Vaccination uptake was significantly associated with factors
such as age, marital status, education level, dialysis duration,
and health insurance type—highlighting the influence of both
individual and systemic determinants.

+ The most frequently cited barriers to vaccination were low
perceived need, lack of information, and concerns about vac-
cine safety and efficacy, especially for COVID-19 and pneumo-
coccal vaccines.

« Contrary to expectations, lower perceived risk from influenza
or its side effects was associated with higher vaccination
rates, indicating a complex relationship between risk percep-
tion and vaccine behavior.

+ Improving vaccination rates requires more than provider-
based education; targeted public health strategies must
address social, cognitive, and structural factors to effectively
support preventive care in this high-risk population.
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refusal.’3 Thus, the effectiveness of patient education and the
role of healthcare professionals are critical for improving vac-
cine acceptance.

This study aims to assess HD patients’ knowledge and behav-
iors related to vaccination and to examine how demographic,
socioeconomic, lifestyle, and perceptual factors influence vac-
cine uptake. Building on gaps in the existing literature, it also
offers several contributions. Conducted in the post-COVID-
19 period—when vaccine attitudes and risk perceptions have
shifted—it evaluates 4 major vaccines recommended for HD
patients (influenza, pneumococcal, HBV, and COVID-19), unlike
many prior studies that focus on only 1 or 2.

MATERIALS AND METHODS

Study Design and Setting

This cross-sectional study was conducted between February 1
and March 31, 2024, among HD patients attending 1 public and
2 private dialysis centers in Istanbul.

Participants

Inclusion criteria were age 218 years, receiving maintenance HD
for at least 3 months, attending one of the participating centers
during the study period, and having the cognitive ability to pro-
vide informed consent and complete the questionnaire.

Exclusion criteria included HD duration <3 months, the pres-
ence of acute illness at the time of data collection, cognitive
impairment preventing reliable participation, severe communi-
cation limitations, hospitalization during the study period, and
refusal to participate.

A total of 250 patients were eligible during the study period.
Twenty-six patients were excluded due to acute illness (n =
8), HD duration <3 months (n = 10), cognitive impairment (n
= 4), or refusal to participate (n = 4). Ultimately, 224 patients
were included in the analysis, yielding a participation rate of
89.6%.

Questionnaire Development and Data Collection

A structured questionnaire was developed based on a litera-
ture review to assess vaccination status for influenza, pneumo-
coccal, hepatitis B, and COVID-19 vaccines, as well as factors
influencing vaccination behavior. The first section included
sociodemographic variables; the second assessed vaccine
uptake and reasons for nonvaccination; the third asked about
sources of vaccine information.

The questionnaire was pre-tested in a group of HD patients (n =
10), and minor wording adjustments were made. Although no
formal validation study was conducted, pilot testing supported
the clarity and acceptability of the instrument. Questionnaires
were administered under supervision, and researchers assisted
illiterate participants through face-to-face interviews.
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Sample Size Considerations

Because the aim of the study was to include all eligible HD
patients from the participating centers, no a priori power calcu-
lation was performed. The high participation rate demonstrates
that the sample reflects nearly the entire dialysis population of
these centers.

Ethical Approval

Approval for the study was obtained from the Clinical Research
Ethics Committee of istanbul Medeniyet University Goztepe
Training and Research Hospital with protocol number
2023/0899 dated December 20, 2023. Written informed consent
was obtained from all participants.

Data Analysis

The data was analyzed using SPSS 22.0 software (IBM SPSS
Corp.; Armonk, NY, USA), and the statistical significance level
was set at P<.05. Continuous variables are expressed as mean +
standard deviation or median, depending on their distribution
characteristics. Categorical variables were described using fre-
guencies and percentages (%). The chi-square test was used to
assess differences between categorical variables; Fisher’s exact
test was preferred for inappropriate cell distributions.

To assess independent predictors of completing all recom-
mended vaccinations, a multivariate logistic regression model
was constructed. Clinically relevant variables were included in
the multivariate model to examine independent associations.
Results are presented as odds ratios (OR) with 95% ClI.

RESULTS

A total of 224 HD patients were included in the analysis.
Demographic characteristics are presented in Table 1. The
mean age was 63 * 137 years, and 68.3% were male. The mean
duration of dialysis was 83 + 71.9 months. Educational status,
causes of ESKD, and vaccination knowledge levels are shown
in Table 2. The majority of participants were primary or second-
ary school graduates, while 16.1% had university education.
Hypertension (48.7%), diabetes mellitus (17.4%), and polycys-
tic kidney disease (10.3%) were the most common causes of
ESKD. Most patients perceived their influenza-related risk as
low or moderate.

Awareness of vaccination was high (96.8%, n =217). Vaccination
rates were 77.2% for influenza, 56.1% for pneumococcal, 85.7%
for COVID-19, and 90.5% for hepatitis B. A total of 73 patients
(32.6%) had completed all 4 recommended vaccines.

Associations Between Participant Characteristics and
Vaccination Status

Age: Age was significantly associated with influenza vaccination
(P<.001) and with completion of all 4 vaccines (P <.05). No sig-
nificant associations were observed for COVID-19, pneumococ-
cal, or hepatitis B vaccination (P> .05).
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Table 1. Sociodemographic Characteristics of the Study
Population (n =224)
Number | %
Sex Female 71 31.7
Male 153 68.3
Age groups <59 years 74 33.0
60-69 years 74 33.0
70= years 76 33.9
Marital Married 168 75.0
status Single 24 | 107
Widowed 32 14.3
Chronic Yes 187 83.9
ilines No 36 16.1
Education Illiterate 19 8.5
level Literate 17 7.6
Primary school 90 40.2
Middle school 26 11.6
High school 36 16.1
University/Master/PhD 36 16.1
Employment | Employed 33 14.7
status Unemployed/retired 191 85.3
Health Employment-based health insurance 216 96.4
nsurance Government-subsidized health 8 3.6
insurance
Smoking Never smoked 101 45.1
status Ex-smoker 92 41.1
Current smoker 31 13.8
Alcohol use Never used 166 74.4
Former user 46 20.6
Current user 11 4.9
Type of Hypertension 160 85.5
iclm'zgsic Diabetes 56 29.9
Coronary artery disease 37 19.7
Asthma 13 6.9
Heart failure 22 11.7
Hypothyroidism 4 2.1
Self-rated Very good/good 106 47.3
health status Moderate 110 49.1
Very poor/poor 8 3.6

Gender: COVID-19 vaccination differed by gender (P = .040),
with higher uptake among women. No significant associations
were found for other vaccines or for completion of all 4 vaccines
(P>.05).
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Table 2. Demographics, Immunization Knowledge, Vaccine
Behavior, and Perceived Influenza-Related Risks in Patients
N %
Duration of dialysis <5 128 | 57.1
treatment (years) 5> 9% | 42.9
Primary cause of ESKD Diabetes mellitus 39 | 17.4
(End Stage Kidney Hypertension 109 | 48.7
Disease)
Postrenal causes 3 1.3
Glomerulonephritis 11 | 4.9
Polycystic kidney disease | 23 | 10.3
Unknown 11 | 49
Other 28 | 125
Awareness that patients Yes 217 | 96.9
on d!aly5|s should be No 7 31
vaccinated
Receiving information Yes 214 | 96.4
aboqt |mr.nun|.zat|on after No 8 36
starting dialysis
Trusted sources of Nephrologist 214 | 41.8
information about . ..
vaccines (512) Family physician 133 | 26.0
Medical journals 4 0.8
Popular magazine sor 0
newspapers
Internet 3 0.6
Family/friends 6 1.1
Other 152 | 29.6
Influenza vaccination in Yes 142 | 63.4
the 2023-2024 season No 32 | 366
Intention to receive Yes 151 | 67.7
influenza vaccine in the .
2024-2025 season Undecided 34 | 15.2
No 38 | 17.0
Perceived risk of Very high/high 70 | 31.3
contracting influenza (n = Moderate 6 | 384
224)
Very low/low 68 | 30.4
Perceived risk of Very high/high 58 | 25.9
experiencing side effects Moderate 93 | 415
from influenza vaccine (n
=223) Very low/low 73 | 32.6
Perceived risk of dying Very high/high 7 3.1
from influenza (n =223) Moderate 50 | 22.3
Very low/low 167 | 74.6

Marital Status: Marital status was associated with influenza
vaccination (P = .017) and with completing all vaccinations
()* = 7.654, P =.022), with married individuals showing higher
rates. No significant associations were found for other vaccines.
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Education Level: Education level was significantly associated
with influenza vaccination (P = .017). Among individuals aged
=70 years, education level was significantly related to influ-
enza vaccination (likelihood ratio P =.042). A linear association
between education level and influenza vaccination was found
in those aged <59 years (P = .012). No significant association
was detected in the 60-69 age group.

Employment Status: No significant associations were found
between employment status and any of the vaccinations or
completion of all 4 vaccines (P > .05)

Health Insurance Type: Significant associations were found
between health insurance type and COVID-19 (P = .003) and
pneumococcal vaccination (P = .011). No significant associa-
tions were identified for influenza, hepatitis B vaccination, or
completion of all 4 vaccines (P> .05).

Smoking Status: No significant associations were found
between smoking and any vaccine (P>.05).

Alcohol Consumption: Alcohol consumption was associated
with influenza vaccination (P =.037) but not with other vaccines
or completion of all 4 vaccines.

General Health Perception: No statistically significant associa-
tions were found between general health perception and vac-
cination status for any vaccine or completion of all 4 vaccines
(P>.05).

Dialysis Duration: Dialysis duration showed significant associa-
tions with influenza (P < .001), COVID-19 (P < .001), and pneu-
mococcal vaccination (P <.001). No significant association was
found between dialysis duration, hepatitis B, and completion of
all 4 vaccines (P> .05).

Risk Perception: Perceived risk of influenza infection was signifi-
cantly associated with influenza vaccination (P <.05). Perceived
risk of influenza-related adverse effects was also significantly
associated with vaccination (P < .001). No significant asso-
ciation was found between perceived risk of influenza-related
death and vaccination status (P =.170) (Table 3).

In the multivariate logistic regression model including age
group, gender, education level, marital status, employment
status, health insurance type, smoking status, alcohol use,
self-rated health perception, and dialysis duration, only mari-
tal status and dialysis duration were identified as independent
predictors of completing all recommended vaccinations.

Being single was significantly associated with lower odds of full
vaccination compared with being married (OR=0.098, P=.016).
Longer dialysis duration increased the likelihood of completing
all 4 vaccines (OR = 1.007 per month, P = .003). No other vari-
ables retained significance (P >.05).
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Table 3. Pvalues for Associations Between Participant Charactteristics and Vaccination Status

Total Number of
Variable Influenza Pneumococcal CoVvID-19 Hepatitis B Vaccines
Age group <.001 >.05 >.05 >.05 .02
Gender >.05 >.05 .040 >.05 >.05
Marital status .017 >.05 >.05 >.05 .02
Education level .017 >.05 >.05 >.05 >.05
Aged =70 years .042* >.05 >.05 >.05 >.05
Aged <59 years (linear) .012* >.05 >.05 >.05 >.05
Employment status >.05 >.05 >.05 >.05 >.05
Health insurance type >.05 .011 .003 >.05 >.05
Smoking status >.05 >.05 >.05 >.05 >.05
Alcohol consumption .037 >.05 >.05 >.05 >.05
General health perception >.05 >.05 >.05 >.05 >.05
Dialysis duration <.001 <.001 <.001 >.05 >.05
Risk perception of influenza-infection <.05 — — — —
Risk perception of influenza adverse effects <.001 — — — —
Risk perception of influenza-death .170 — — — —
Values in bold and marked with asterisks (*) indicate statistical significance at the level.

Reasons for Non-Vaccination and Sources of Information
Across all 4 vaccines, the most common reason for non-vaccina-
tion was perceiving the vaccine as unnecessary. Lack of aware-
ness was frequently reported for pneumococcal and hepatitis
B vaccines. Concerns regarding safety and effectiveness were
more commonly noted among individuals who were unvac-
cinated for COVID-19. Details of non-vaccination reasons are
shown in Table 4.

Table 4 provides a detailed breakdown of the specific reasons
for non-vaccination across all vaccine types.

For influenza, the most commonly reported reasons were not
seeing the vaccine as necessary (29.0%), relying on alternative
prevention methods (10.7%), and concerns about previous or
potential side effects (7.5% and 9.6%). For pneumococcal vacci-
nation, the leading reasons were lack of awareness (31.0%) and
perceiving vaccination as unnecessary (34.0%). Other reasons
were infrequent.

For COVID-19, concerns about vaccine effectiveness or safety
(22.2%), pharmaceutical industry conspiracy beliefs (11.1%),
and perceptions of low necessity (30.5%) were more promi-
nent. For hepatitis B, the most common reason was perceiv-
ing vaccination as unnecessary (57.1%), followed by lack of
information (9.5%) and safety concerns (4.8%). Additional
reasons—such as logistical difficulties, fear of pain, or low
perceived risk—were reported less often. Full distributions
are shown in Table 4.

Table 5 summarizes information sources. Nephrologists were
the primary source (95.5%). Other reported sources included
family physicians (26.0%), other healthcare staff (29.6%), fam-
ily/friends (1.1%), medical journals (0.8%), and the internet
(0.6%).

DISCUSSION

This study evaluated influenza, pneumococcal, hepatitis B,
and COVID-19 vaccination among 224 HD patients from 3 cen-
ters in Istanbul. By integrating demographic, socioeconomic,
behavioral, and risk-perception variables into a unified ana-
lytical framework, the study provides a more comprehensive
understanding of determinants of vaccination and supports
the development of targeted strategies to improve cover-
age in this high-risk population.Vaccination rates of 77.2% for
influenza, 56.1% for pneumococcal, 85.7% for COVID-19, and
90.5% for hepatitis B were found. Notably, pneumococcal vac-
cination rates were substantially higher than those reported in
earlier HD studies, in which coverage often ranged from 14% to
23%.1214

Several key factors may explain this difference. Istanbul, as a
large metropolitan area, provides easier access to healthcare
and more frequent patient-provider interactions. In addition,
the post-COVID-19 period likely increased general vaccine
awareness, contributing to improved uptake of both influenza
and pneumococcal vaccines. Despite these relatively higher
rates, influenza vaccination in the cohort only slightly exceeded
the World Health Organization target of 75%.%
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Table 4. Vaccination Status and Reasons for Non-Vaccination Among Hemodialysis Patients for Influenza, Pneumococcus, COVID-19, and

Hepatitis B
Hepatitis B
Influenza Pneumococcus COVID-19 (n=222)

Vaccination status
Vaccinated, n (%) 173 (77.2) 125 (56.1) 192 (85.7) 201 (90.5)
Not vaccinated, n (%) 51(22.8) 98 (43.9) 32(14.3) 21(9.5)

Reason for not being vaccinated n=93 n=103 n=36 n=21
Unaware of vaccine recommendation 7(7.5) 32(31.0) 5(13.8) 1(4.8)
Doesn’t see it as necessary 27 (29) 35(34.0) 11(30.5) 12 (57.1)
Not enough information 4 (4.3) 1(0.9) 1(2.8) 2(9.5)
Conspiracy of the pharmaceutical industry 1(1) 0 4(11.1) 0
Doesn’t find it effective or safe 9(9.6) 2(1.9) 8(22.2) 1(4.8)
Fears side effects experienced before 7(7.5) 1(0.9) 1(2.8) 0
Fears possible side effects of the vaccine 9(9.6) 2(1.9) 2(5.6) 1(4.8)
Finds the vaccine expensive 1(1) 0 0 0
Because an extra doctor’s appointment is needed 0 1(0.9) 0 0
Fears pain during vaccination 3(3.2) 2(1.9) 1(2.8) 0
Didn’t get vaccinated because there was no vaccine when they went 1(1) 0 0 0
Can be protected by other methods 10 (10.7) 5(4.9) 0 0
Doesn’t see themselves at risk for this disease 1(1) 5(4.9) 1(2.8) 1(4.8)
Thinks they wil easily overcome the illness if they get sick 12 (13) 5(4.9) 0 0
Other 1(1) 12 (11.7) 2(5.6) 3(14.3)

When examining the factors influencing vaccination rates,
dialysis duration, education level, marital status, health insur-
ance status, age, and gender emerged as prominent. Dialysis
duration emerged as an important determinant: patients on
HD for more than 5 years had significantly higher pneumococ-
cal and COVID-19 vaccination rates, whereas influenza vacci-
nation was more common among those with shorter dialysis
duration. The higher uptake among long-term HD patients
may reflect more sustained exposure to healthcare guidance,
while the pattern observed for influenza warrants further
investigation.

Table 5. Distribution of Vaccination Information Sources Other

than Nephrologists

Information Source n %

Nephrologist 214 41.8
Family physician 133 26.0
Medical journals 4 0.8
Internet 3 0.6
Family/friends 6 1.1
Other 152 29.6

A significant association was found between education level
and influenza vaccination (P = .017). Primary school gradu-
ates—largely older adults—were more frequently vaccinated.
Older age groups may engage more with routine medical care
and receive more consistent recommendations from family
physicians. However, the relationship between education and
vaccination is complex and context-dependent, as some inter-
national studies suggest that higher education may correlate
with greater vaccine hesitancy in certain sociocultural settings.*®

Gender differences in the study were modest, with women
showing slightly higher vaccination rates for some vaccines,
although overall uptake did not differ substantially. Previous
studies in HD populations have reported inconsistent findings
regarding gender, suggesting that its influence varies across
regions and health-system contexts.'”® In metropolitan set-
tings such as Istanbul, improved healthcare access and preven-
tive health engagement among women may contribute to this
pattern.

Marital status was another influential factor, with married indi-
viduals exhibiting higher influenza vaccination rates and greater
completion of all 4 recommended vaccines. This likely reflects
the supportive role of family structures in shaping preventive
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health behaviors. Health insurance status also contributed to
differences in uptake, particularly for COVID-19 and pneumo-
coccal vaccines, underscoring the role of financial and struc-
tural access to healthcare

Lifestyle factors—including smoking, alcohol use, and employ-
ment status—were not consistently associated with vaccination
behavior, suggesting that clinical and system-level interactions
may play a more important role than individual habits. HBV vac-
cination showed the highest coverage (90.5%), reflecting the
effectiveness of standardized institutional protocols. This find-
ing indicates that similar structured approaches could improve
uptake of influenza and pneumococcal vaccines.

An important aspect of this study was the evaluation of patients
who had completed all 4 recommended vaccines. Preliminary
comparisons showed that older age, being married, and longer
dialysis duration were more common among fully vaccinated
patients. These factors were subsequently evaluated in a mul-
tivariate logistic regression model, which identified dialysis
duration as the only independent. These variables were subse-
quently entered into a multivariate logistic regression model,
which identified dialysis duration as the only independent pre-
dictor of full vaccination. This suggests that longer engagement
in dialysis care—and the accompanying frequent provider con-
tact—may play a key role in sustaining adherence to vaccination
recommendations.

Health and risk perceptions also influenced vaccination behav-
ior. Self-rated general health was not associated with vaccine
uptake, but patients who perceived lower risk of influenza
infection or side effects were more likely to be vaccinated. This
pattern likely reflects a bidirectional relationship in which vac-
cination reduces perceived risk, or lower concern about side
effects increases willingness to be vaccinated. No association
was found between perceived risk of influenza-related death
and vaccination, suggesting that immediate concerns may be
more influential than perceptions of severe outcomes.

Despite 95.5% of participants identifying nephrologists as
their primary source of vaccine information, substantial gaps
in awareness remained—particularly for pneumococcal and
COVID-19 vaccines. This suggests that, although nephrologists
play a central role in counseling, the information provided may
not always be fully understood or retained. The most com-
monly reported reasons for hesitancy—perceiving vaccination
as unnecessary, insufficient information, fear of side effects,
and distrust—mirror patterns described in the broader litera-
ture. These findings suggest that vaccine hesitancy stems not
only from inadequate information but also from individual
beliefs, attitudes, and trust-related issues, as highlighted in a
previous study.*®

This study has several limitations. Being conducted in Istanbul
limits generalizability to other regions. The cross-sectional
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design precludes causal inference, and reliance on self-
reported data introduces potential recall or desirability bias.
The questionnaire, although pilot-tested, lacked formal valida-
tion. Additionally, the study did not fully assess external influ-
ences such as media exposure or social networks, which may
shape vaccination attitudes. Finally, participation was limited
to 3 centers and did not include all HD units in the region.

CONCLUSION

Vaccination behavior among HD patients is shaped by a com-
bination of demographic, socioeconomic, clinical, and percep-
tual factors. Enhancing provider-based education is necessary
but insufficient on its own. A more comprehensive approach—
addressing social support, health-system access, standardized
vaccination protocols, and targeted educational strategies—is
essential for improving vaccine uptake, particularly for influ-
enza and pneumococcal vaccines. Understanding these mul-
tifactorial determinants is critical to strengthening preventive
healthcare in this vulnerable population.
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Fabry disease (FD) is an X-linked lysosomal disorder
caused by pathogenic variants in the GLA gene, leading
toimpaired a-galactosidase A (a-GAL) activity.* Although
more than a thousand GLA variants have been reported,
the pathogenic relevance of many remains uncertain
and often requires clinical, biochemical, and segrega-
tion data for clarification.> We present a family carrying
the GLA c.160C>T (p.L54F) substitution, providing addi-
tional evidence of its clinical significance. A 51-year-old
woman was evaluated for persistent microscopic hema-
turia and non-nephrotic proteinuria. Written informed
consent was obtained from the patients. She had non-
specific symptoms, including musculoskeletal pain,
fatigue, distal paresthesias, and occasional heat intoler-
ance. Neurological and cardiological examinations were
unremarkable, and electromyography and echocardio-
graphic evaluations were also normal. Serum creatinine
was 1.2 mg/dL, and 24-hour proteinuria measured 1.2
g/day. Autoimmune and viral markers were negative.
Kidney biopsy showed vacuolization of podocytes and
glomerular endothelial cells, mesangial matrix expan-
sion, and segmental sclerosis. Immunofluorescence was
negative. Oil Red staining showed a lipid-positive pat-
tern, consistent with Fabry nephropathy. Biochemical
testing demonstrated mildly reduced a-GAL activity
(2.06 nmol/h/mg; ref >2.5) and markedly elevated lyso-
Gb3 (8.75 ng/mL,; ref <1.3). Genetic analysis identified a
heterozygous GLA ¢.160C>T (p.L54F) variant. Following
confirmation in the proband, family screening was
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performed. Her 23-year-old son carried the same variant
in hemizygous form and exhibited a profound reduction
in a-GAL activity (0.1 nmol/h/mg). Two heterozygous
daughters had preserved enzyme activity and normal
lyso-Gb3 levels, consistent with expected variability
among female carriers. The youngest daughter tested
negative and showed normal biochemical parameters.
Although this variant has been previously reported,
clinical data remain limited.® Our observation provides
additional evidence supporting its potential pathogenic
role. First, the segregation pattern within the family is
consistent with X-linked inheritance: the hemizygous
male showed marked biochemical deficiency, whereas
female carriers showed variable expression. Second,
the proband had characteristic kidneypathology and
elevated lyso-Gb3, a sensitive biomarker of disease
activity, even when a-GAL levels were only moderately
reduced in heterozygous women. Third, the combina-
tion of clinical, biochemical, and histological evidence
strongly aligns with a Fabry phenotype. From the per-
spective of variant interpretation, the c.160C>T (p.L54F)
substitution fulfills several ACMG/AMP criteria sugges-
tive of pathogenicity: segregation with disease-related
biomarkers (PP1), a characteristic clinical presentation
(PP4), location in a functionally relevant region of the
protein (PM1), and absence from population databases
(PM2). Although functional assays are not available,
these findings provide supportive evidence for the clini-
cal relevance of this variant.* In the ClinVar registry, this
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variant is classified as pathogenic for FD.® Notably, 2 of the pre-
viously reported cases carrying the GLA p.Leu54Phe (c.160C>T)
variant originate from Tirkiye. Although this observation is
insufficient to draw conclusions regarding population preva-
lence, it may suggest a regional clustering or under-recognition
of this variant in the Turkish population. Further population-
based genetic and epidemiological studies are needed to clar-
ify whether this represents a founder effect or reflects limited
reporting from other regions. In conclusion, this family pro-
vides confirmatory observation linking the c.160C>T (p.L54F)
GLA variant with Fabry-related biochemical abnormalities and
kidney involvement. We believe this case provides additional
data on this variant and may aid future genotype-phenotype
assessments.
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To the Editor,

This letter highlights the potential contribution of type
2 diabetes mellitus (T2DM) to increased mortality in
patients with multiple myeloma (MM). Type 2 diabetes
mellitus is increasingly recognized not only as a meta-
bolic disorder but also as a potential risk factor for
hematologic malignancies. Multiple myeloma, a neo-
plastic proliferation of plasma cells producing mono-
clonal immunoglobulins, has been reported to coexist
with T2DM in up to 10% of cases.! Both conditions share
overlapping pathogenic mechanisms such as chronic
inflammation, insulin resistance, and dysregulation
of the insulin-like growth factor (IGF-1) pathway.*>*The
presence of T2DM may thus accelerate myeloma pro-
gression and worsen clinical outcomes.

We report a 36-year-old man with T2DM, obesity, a
notable family history of diabetes, and heavy smoking,
who presented with rapidly progressive kidney failure.
Laboratory evaluation revealed anemia, elevated eryth-
rocyte sedimentation rate, and abnormal kappa/lambda
ratio. Urine immunofixation confirmed monoclonal
kappa light chain protein excretion, and bone marrow
biopsy demonstrated 31% plasma cell infiltration con-
sistent with MM. Despite multiple chemotherapy regi-
mens including VAD, VCD, and Rev/Vel/Dex, hematologic
remission was not achieved, and the patient remained

This work is licensed under a Creative Commons
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dialysis-dependent until his death from infectious com-
plications. Written informed consent was obtained from
the patient’s family in accordance with the Declaration
of Helsinki.

This case is notable for the unusually young age of onset
andtheaggressiveclinical course.Although cardiovascu-
lar disease remains the leading cause of diabetes-related
mortality, recent evidence suggests that malignancy has
become increasingly significant.? Epidemiological stud-
ies show a higher risk of MM, leukemia, and lymphomaiin
diabetic individuals.* Moreover, metabolic disturbances,
hyperinsulinemia, and cytokine-driven inflammation in
T2DM may promote myeloma cell proliferation via IGF-1
receptor activation.>®* The combination of obesity, insu-
lin resistance, and chronic inflammation may therefore
create a pro-oncogenic environment. Rios et al sug-
gested that genetic variants associated with T2DM may
influence the risk of developing MM, and that genotyp-
ing these variants could be useful in developing MM risk
prediction models.

Kidney involvement is common in MM, with acute kid-
ney injury occurring in up to one quarter of patients,
primarily due to light chain cast nephropathy, hyper-
calcemia, or drug-related toxicity.® In individuals with
T2DM, nephropathy is already prevalent and may
obscure early recognition of MM-related kidney damage.
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In our patient, the coexistence of diabetes and myeloma led to
rapid kidney function deterioration, ultimately leading to dialy-
sis dependence.

Clinicians should maintain a high index of suspicion for MM
in diabetic patients presenting with unexplained anemia,
non-albumin proteinuria, hypercalcemia, or abrupt decline in
kidney function. Early recognition and multidisciplinary man-
agement are crucial to improving outcomes in this increasingly
recognized metabolic-neoplastic intersection.
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To the Editor,

A 67-year-old male kidney transplant recipient (KTR)
received a living related donor kidney in 1992 and was
treated with cyclosporine, azathioprine, and pred-
nisolone. In 1994, he developed anaplastic seminoma,
underwent orchiectomy and carboplatin therapy; aza-
thioprine was stopped. He developed graft failure and
returned to dialysis in 2005. Written informed consent
for publication of this case report was obtained from the
patient's next of kin, as the patient was deceased.

In 2015, he was evaluated for a retransplantation from
a living unrelated donor. However, donor-specific
antibodies (HLA-B60, DQ4) and a positive B-cell flow
crossmatch were detected. He received intravenous
immunoglobulin (IVIG), plasma exchange, and rituximab
desensitization, then underwent retransplantation. He
was maintained on tacrolimus, mycophenolate sodium,
and low-dose prednisone. One year post retransplant,
biopsy for proteinuria showed focal segmental glomeru-
losclerosis. Despite renin-angiotensin-aldosterone sys-
tem inhibition, proteinuria persisted and was treated
with plasma exchange and rituximab.

He later presented with memory loss, confusion, and
bradykinesia. Human immunodeficiency virus (HIV)
was negative. Brain magnetic resonance imaging (MRI)
showed a hyperintense lesion from the left frontal
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lobe to the anterior corpus callosum and insula, with
restricted peripheral diffusion and no contrast enhance-
ment. Cerebrospinal fluid (CSF) was acellular (glucose
59 mg/dL; serum glucose 90 mg/dL, protein 55.6 mg/
dL). Cultures, acid-fast bacilli, Wright test, neuronal
and viral panels, and Hepatitis C virus RNA were nega-
tive. The CSF John Cunningham virus (JCV) polymerase
chain reaction (PCR) was positive (608000 copies/mL),
confirming progressive multifocal leukoencephalopa-
thy (PML). Mycophenolate was tapered and stopped;
tacrolimus withdrawn. Prednisone 10 mg/day was
maintained. No clinical or radiological features sugges-
tive of immune reconstitution inflammatory syndrome
(IRIS) were observed following immunosuppression
reduction. Cidofovir, mirtazapine, IVIG, and levetirace-
tam were given. He developed impaired consciousness,
right hemiplegia, and dysphagia requiring nasogastric
feeding. Follow-up MRl revealed disease progression. He
died 8 months after diagnosis with stable graft function.

The PML is a rare, often fatal central nervous system
(CNS) disease caused by JCV, mainly in immunocom-
promised patients such as KTRs. Typical manifestations
include cognitive decline and focal neurological defi-
cits.! With effective antiretroviral therapy, HIV-related
PML has declined; however, newer immunosuppres-
sive therapies for multiple sclerosis, hematologic dis-
orders, and transplants have increased PML incidence.?
Diagnosis relies on CSF JCV PCR with typical MRI and
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clinical findings, or JCV detection in brain tissue.®> The PML
typically shows multifocal, asymmetric subcortical or periven-
tricular white matter lesions on T2/FLAIR, often in the fron-
tal or parieto-occipital lobes, without mass effect or edema.
Peripheral diffusion restriction on diffusion-weighted imaging
indicates active demyelination, and gadolinium enhancement
is usually absent. Besides immunosuppression, viral muta-
tions, host genetics, and immunosuppressant class may also
contribute.? A 2024 meta-analysis of 103 studies found no PML
link with daclizumab, basiliximab, tacrolimus, belimumab, or
azathioprine, but a low risk with rituximab.* Plasmapheresis
is not linked to PML. The main goal is restoring CNS immunity.
Mirtazapine, cytarabine, and cidofovir were ineffective. Newer
options like adoptive T-cell transfer and checkpoint inhibitors
may enhance anti-JCV immunity but risk IRIS.> Prognosis in
transplant recipients remains poor, and immunosuppression
reduction carries a risk of graft loss.® In conclusion, PML’s rar-
ity and nonspecific symptoms may delay diagnosis. Clinicians
should consider it in immunosuppressed patients, especially
KTRs. Written informed consent was obtained from the patient’s
legal representative for publication of this case report.
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ABSTRACT

Background: The Renal Registry of Bosnia and Herzegovina systematically collects national data on kidney replacement
therapy for patients with end-stage kidney disease (ESKD). This report summarizes 2 decades of registry data (2002-2022),
showing trends in incidence, prevalence, modality distribution, and patient outcomes.

Methods: Data were obtained annually from 30 dialysis centers across the country. Incidence, prevalence, and survival
rates for hemodialysis (HD), peritoneal dialysis (PD), and kidney transplantation were calculated per million population
(pmp). Descriptive statistics and Kaplan-Meier survival analyses were performed using SPSS 25.

Results: Between 2002 and 2022, the number of dialysis centers increased from 18 to 30, and the total treated population
rose by 43.5% (from 1687 to 2421 patients). Hemodialysis remained the predominant modality (80.4%), while PD accounted
for only 3.0% of all dialysis patients. The incidence rate in 2022 was 118.9 pmp, and the prevalence reached 685.6 pmp. The
leading causes of ESKD were diabetic nephropathy (29.5%) and hypertensive nephropathy (13.1%). The crude mortality
rate among dialysis patients in 2022 was 13.2%, primarily due to cardiovascular disease. By the end of 2022, a total of
402 patients lived with a functioning kidney graft.

Conclusion: Over the past 2 decades, Bosnia and Herzegovina has experienced steady growth in its dialysis population and
gradual improvements in registry coverage. However, the country continues to face challenges, including low utilization of
PD and limited transplantation activity. Strengthening early chronic kidney disease detection and expanding organ dona-
tion programs remain key national priorities.
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INTRODUCTION

Chronic kidney disease (CKD) continues to pose a major
and growing global public-health burden, driven by
aging populations, increasing prevalence of diabetes
and hypertension, and rising prevalence of obesity and
other risk factors. In 2021, there were an estimated 673
722 703 individuals worldwide living with CKD; in the
same year, 19 935 038 new cases were reported, and
CKD accounted for 1 527 639 deaths globally.* The dis-
ability-adjusted life years associated with CKD also rose

This work is licensed under a Creative Commons

Attribution 4.0 International License.

steadily, reflecting increasing chronic morbidity and
health resource needs globally.!

The need for kidney replacement therapy (KRT-dialysis
or transplantation) is particularly relevant in settings
where early detection and management of CKD are
insufficient. In Bosnia and Herzegovina Renal Registry
(BiH Renal Registry), complete national data reporting
from all dialysis centers was achieved by 2001, covering
all 20 dialysis centers in the country.? Early registry data
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revealed that the number of patients on kidney replacement
therapy (KRT) and prevalence of KRT were consistently increas-
ing.®> Between 2002 and 2008, the total number of patients
receiving KRT rose from 1531 to 2206; over the same period,
prevalence increased from 399 per million population (pmp) to
696 pmp.?

These observations underscore 2 critical points. First, global
CKD burden continues to escalate, amplifying the demand for
KRT. Second, within-country and regional heterogeneity - due
to factors such as different etiologies (e.g. endemic nephropa-
thies) and health system differences - may greatly influence KRT
needs, outcomes, and resource allocation.

Therefore, a long-term, nationwide analysis of KRT data—includ-
ing incidence, prevalence, modality distribution (hemodialysis
(HD), peritoneal dialysis (PD), transplantation), primary kidney
disease, and temporal trends—is essential. The 20-year report
(2002-2022) from the BiH Renal Registry aims to provide such
comprehensive data, offering benchmarks for national renal care
and allowing comparison with global CKD burden estimates.

MATERIAL AND METHODS

Study Design and Registry Framework

This is a retrospective, observational registry-based cohort
study covering all patients in the Bosnia and Herzegovina Renal
Registry (BiH Registry) between January 1, 2002 and December
31, 2022. The national registry was established in 1999, with
complete data reporting achieved by 2001, covering all 20 dialy-
sis centers in Bosnia and Herzegovina.?

Data Collection and Variables

Upon initiation of KRT, each patient’s data were collected using
a standardized questionnaire across all centers. Collected vari-
ables included: date of birth, sex, residence, primary kidney dis-
ease (etiology of end-stage kidney disease (ESKD)), date of first
KRT (HD, PD, or kidney transplant), modality history (modal-
ity changes, transfer between centers), transplantation details
(date, graft type), comorbidities (if available), date and cause of

MAIN POINTS

+ The number of patients receiving kidney replacement ther-
apy in Bosnia and Herzegovina increased by 43.5% between
2002 and 2022.

« Hemodialysis (HD) remains the dominant modality, while
peritoneal dialysis continues to be underutilized, accounting
for only 3.0% of the dialysis population.

+ Home HD and nocturnal HD programs are not available in the
country.

+ Kidney transplantation activity remains among the lowest in
Europe, highlighting the urgent need to strengthen national
organ donation and transplant programs.
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death or end of follow-up, and center of treatment. For patients
with specific diagnoses such as Balkan endemic nephropathy
(BEN), additional data (e.g., history of urothelial tumors, family
history, prior diagnoses) were also collected.*

Inclusion and Exclusion Criteria

All patients resident in Bosnia and Herzegovina who initiated
chronic KRT (HD, PD, or transplantation) between 2002 and
2022. Patients with only acute, short-term dialysis (not main-
tained), patients lacking essential data (e.g., missing date of
KRT initiation, unknown center, missing primary kidney dis-
ease), and those who received KRT abroad without follow-up in
the national center.

Inclusion criteria: Patients who are on HD treatmten more than
3 months, patients older than 18 months. Exclusion criteria :
Patients with only acute, short-term dialysis (notmaintained),
patients lacking essential data (e.g., missing date of KRT ini-
tiation, unknown center, missing primary kidney disease),
and those who received KRT abroad without follow-up in the
national center.

Outcomes and Definitions

 Incidence of KRT: Number of new patients starting chronic
KRT per calendar year, expressed pmp, using national popu-
lation denominator.

o Prevalence of KRT: Total number of alive patients on RRT at
the end of each calendar year, pmp.

o Modality distribution: Proportions of patients on HD, PD, or
with functioning kidney transplant.

o Primary kidney disease distribution: Categorized accord-
ing to center-reported cause (e.g. BEN, glomerulonepbhritis,
diabetic nephropathy, hypertensive nephropathy, unknown,
others).

Data Quality and Management

Data submission from all centers was mandatory and central-
ized. For each annual data collection, centers submitted stan-
dardized case report forms. Data cleaning included validation
of key variables (dates, center codes, and diagnostic catego-
ries), removal of duplicates, and checking for internal consis-
tency (e.g. no transplantation before dialysis initiation). Missing
core variables triggered queries to the corresponding center for
clarification.

Statistical Analysis

Descriptive statistics: annual incidence and prevalence rates
computed pmp using Bosnian national census/population data.
Temporal trends over the 20-year period were assessed using
linear regression for continuous variables (e.g. prevalence pmp
over years). For survival analysis, the Kaplan-Meier method
(time from KRT start to death, censoring at transplantation or
loss to follow-up) and log-rank test were used for comparisons
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of survival between subgroups (e.g. by modality, by primary
disease).

Ethical Considerations

Data collection and registry maintenance were performed
by the national nephrology society under ethical oversight;
patient identifiers were replaced with unique registry codes to
ensure anonymity, and only aggregated anonymized data were
used for analysis and publication. Ethical approval given by
the Ethical commitee of Clinical Centar University of Sarajevo (
Approval no: 0207-36250 Date: 23.08.2018).

RESULTS

Incidence of Kidney Replacement Therapy

In 2022, 420 new patients initiated chronic KRT in Bosnia and
Herzegovina, corresponding to an incidence rate of 118.9 pmp.
Of these, 62.4% were men (n =262; 151.2 pmp) and 37.6% were
women (n = 158; 87.8 pmp), yielding a male-to-female ratio of
1.7:1. The mean age at KRT initiation was 66 + 13.9 years (men:
60.5 + 14.5 years; women: 68.5 + 13.5 years), with 5 patients
(1.2%) younger than 20 years.

The 90-day incident rate was 105.6 pmp, with 373 patients alive
onday 91. Among these, men represented 63%, with an average
age of 63.2 years (men: 62.3 years; women: 64.8 years). Across
entities, 215 patients were from the Federation of Bosnia and
Herzegovina (FBiH), 125 from Republika Srpska (RS), and 2 from
the Brcko District.

Over the 2-decade observation period (2002-2022), the annual
incidence demonstrated a peak in 2009, followed by a gradual
decline attributed to limited CKD screening and later a modest
increase before a marked reduction during the COVID-19 pan-
demic. Post-pandemic years showed a recovery trend, though
the peak levels of 2009 were not regained (Figure 1).

The leading primary kidney diseases among incident patients
in 2022 were diabetic nephropathy (29.5%), predominantly

Turk J Nephrol 2026; 35(3): 258-265

Type 2 (22.4%), and hypertensive nephropathy (13.1%). Other
major causes included glomerulonephritis (8.6%), pyelone-
phritis (6.1%), and polycystic kidney disease (3.5%) (Table 1).
The majority of new patients were aged 45-64 years (41%), fol-
lowed by those aged =65 years (38%), consistent with European
trends.

Prevalence of Kidney Replacement Therapy

By December 31, 2022, there were 2421 patients receiving KRT
in Bosnia and Herzegovina, corresponding to a prevalence rate
of 685.6 pmp—a 43.5% increase compared with 2002 (1687
patients). Men accounted for 61.5% (1488 patients; 859.0 pmp)
and women for 38.5% (933 patients; 518.7 pmp). The mean age
of prevalent patients was 59.6 years (men: 58.8 years; women:
60.9 years), and 17 patients (0.7%) were under 20 years old.

Hemodialysis remained the predominant modality, with 1947
patients (80.4%), followed by PD in 72 patients (3.0%), and 402
patients (16.6%) living with a functional kidney graft (Table 2).
The total KRT population increased steadily across the 20-year
period, with only minor fluctuations during the COVID-19 pan-
demic (Figure 2).

Regional distribution indicated that the highest numbers of
prevalent patients were treated in UKC Tuzla (260 patients),
Bijeljina (236), and Zenica (196). The age group 45-64 years rep-
resented the largest proportion of the dialysis population, while
patients aged =75 years were most concentrated in Bijeljina (67
patients) and Sarajevo (31 patients).

Primary kidney diseases among prevalent patients in 2022
included glomerulonephritis (19.5%), diabetic nephropathy
(18.4%), hypertensive nephropathy (13.0%), pyelonephri-
tis (12.0%), and polycystic kidney disease (5.8%). The cause
remained unknown in 13% of cases.

Hemodialysis Patients
At the end of 2022, 1947 patients (80.4% of all KRT patients)
were on chronic HD, with 60.6% males and a median age of 61
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Figure 1. Pmp of incident patients (on day 1) by year in Bosnia and Herzegovina.
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Table 1. Primary Kidney Diseases in Incident Patients (on the First Day), by Entities and Brcko District, as of December 31, 2022
Federation of Bosnia and Republika Srpska Brcko District Total (Bosnia and
Primary Renal Disease Herzegovina (FBiH) (%) (RS) (%) (%) Herzegovina) (%)
Glomerulonephritis 21(8.3) 15(9.2) 0(0.0) 36 (8.6)
Pyelonephritis 13(5.2) 12 (7.4) 0(0.0) 25 (6.0)
Polycystic kidney disease 12 (4.8) 4(2.5) 0(0.0) 16 (3.8)
Hypertensive nephropathy 24 (9.5) 31(19.0) 0(0.0) 55(13.1)
Renovascular disease 1(0.4) 5(3.1) 0(0.0) 6(1.4)
Diabetes mellitus 76 (30.2) 43 (26.4) 5(100.0) 124 (29.5)
Miscellaneous 47 (18.7) 27 (16.6) 0(0.0) 74 (17.6)
Unknown 58 (23.0) 26 (16.0) 0(0.0) 84 (20.0)
Total 252 (100) 163 (100) 5 (100) 420 (100)

years. Diabetic nephropathy was the primary kidney disease in
13.4% of HD patients.

Over the study period, hemodiafiltration use increased mark-
edly—from 2.2% of HD patients in 2007 to 42.0% in 2022, par-
ticularly in RS where private centers dominate dialysis service
provision (Figure 3).

The most represented age group among HD patients was 45-64
years (40.6%), followed by 65-74 years (25.3%). Only 0.5%
were under 19 years old. The leading causes of kidney failure
in this group were glomerulonephritis (15.2%), pyelonephritis
(12.7%), and diabetes mellitus (20.4%).

In 2022, 346 HD patients died, yielding a crude HD mortality rate
of 12.4%. Cardiovascular disease accounted for 65.9% of deaths,
followed by infections. Mortality remained relatively stable over
the 2 decades (average 10.3%), peaking during the pandemicin
2021 (18.7%), before returning to pre-pandemic levels in 2022.

Peritoneal Dialysis

Peritoneal dialysis remains underutilized. In 2022, 72 patients
(3.0%) were on PD, with a slight male predominance (51.4%).
The majority (58.3%) were aged 45-64 years. The main cause
of ESKD among PD patients was diabetes mellitus (29.2%)
(Table 4).

Table 2. Prevalent Patients Treated with Various Forms of KRT as
of December 31, 2022, in Bosnia and Herzegovina

Median | Diabetes

Patientsn | Male Age Mellitus
Treatment Modality (%) (%) | (Years) (%)
Hemodialysis 1947 (80.4) | 60.7 64.0 20.6
Peritoneal dialysis 72 (3.0) 51.4 59.5 29.2
Kidney transplantation | 402 (16.6) | 67.2 49.0 7.0
Total 2421(100) | 61.5 | 61.0 18.4

Peritoneal dialysis prevalence peaked in 2009, followed by a 261

decline and modest recovery in 2019, before decreasing again
during the pandemic. In 2022, 23.6% of PD patients had been on
therapy for 5-10 years, and 26.4% for >10 years. The mortality
rate among PD patients in 2022 was 0.6%, with cardiovascular
disease as the leading cause of death (7 of 16 deaths).

Kidney Transplantation

By December 31, 2022, 402 patients in Bosnia and Herzegovina
were living with a functioning kidney graft, representing 16.6%
of the total KRT population. Of these, 266 transplants (66%)
were from living donors (related or unrelated), while 136 (34%)
were from deceased donors. In 2022, 32 new kidney transplants
were performed. Most transplanted patients were aged 20-64
years, consistent with international trends. Since 2006, only
37 cadaveric transplants have been performed nationwide,
reflecting the limited development of the national organ dona-
tion program.

Diabetic Nephropathy Trends

The prevalence of diabetic nephropathy increased markedly
over the past 2 decades. Between 2003 and 2022, prevalence
rose from 45.9 pmp to 126.3 pmp, while incidence increased
from 24.0 pmp to 29.7 pmp. Type 2 diabetes became dominant
after 2015, accounting for 17.1 pmp of the 2022 prevalence.
Among diabetic dialysis patients, men were more affected
(40.4 pmp) than women (23.3 pmp). The highest proportion of
diabetic dialysis patients was in the 45-64 (39.5%) and 65-74
(36.1%) age groups.

Balkan Endemic Nephropathy

Balkan endemic nephropathy continues to contribute signifi-
cantly to the national ESKD burden, particularly in northeast-
ern Bosnia. The prevalence of BEN patients on dialysis declined
from 70.4 pmp in 2003 to 20.5 pmp in 2022. In 2022, 109 dialysis
patients (4.5%) had BEN, almost all aged =65 years. The inci-
dence rate in 2022 was 2.5 pmp, compared with 35.1 pmp for
diabetic nephropathy. Most BEN patients had dialysis vintage
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Figure 2. Number of patients by type of treatment in Bosnia and Herzegovina for the period 2002-2022. HD, hemodialysis; PD, peritoneal dialysis; Tx, kidney

<5 years (39.4%), while 13.8% had been on dialysis for 10-15
years.

Blood-Borne Infections in Dialysis Patients

In 2022, 1.7% of all dialysis patients were hepatitis B positive (n =
44) and 4.0% were hepatitis C positive (n = 96). Eight patients had
both infections. These figures represent a substantial decline
compared with early registry years, reflecting effective vaccina-
tion and infection-control practices across dialysis centers.

Patient Mortality and Survival
In 2022, 365 patients died while on KRT, including 346 HD, 16 PD,
and 2 transplant patients. The crude mortality rate among all

dialysis patients was 13.2%. Cardiovascular disease remained
the leading cause of death (65.9%), followed by infections and
malignancies (Table 3).

During 2020-2021, mortality rose sharply due to COVID-19 but
declined in 2022. The highest mortality was observed among
patients aged 65-74 years. Entity-specific mortality was 14.8%
in FBiH, 10.1% in RS, and 20.5% in Brcko District, largely propor-
tional to patient distribution.

Kaplan-Meier survival analysis of 400 patients who initiated dialysis
in 2003 showed a mean survival time of 10.5 years. At the end of the
20-year follow-up, 7.0% remained alive (95% Cl: 4.7-9.8%) (Figure 4).
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Figure 3. Representation of different dialysis methods (HDF/HF and standard HD) among prevalent patients in Bosnia and Herzegovina, 2006-2022. Note: Data
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Table 3. Patient Mortality by Type of Treatment for the Period
2002-2022 (Including Incident Patients on Day 1) in Bosnia and
Herzegovina

HD (%) PD (%) Tx (%) Total (%)
2002 3.0 1.2 0.0 4.2
2003 9.1 0.7 — 9.8
2004 11.0 0.2 0.1 11.3
2005 10.2 0.3 0.1 10.6
2006 10.7 0.2 0.1 11.0
2007 10.1 0.4 0.0 10.5
2008 11.3 0.4 0.1 11.8
2009 12.6 0.4 0.1 13.2
2010 11.2 0.3 0.1 11.6
2011 13.5 0.3 0.1 13.9
2012 12.8 0.5 0.0 13.3
2013 9.8 0.2 0.0 10.0
2014 11.2 0.2 0.2 11.6
2015 12.3 0.3 0.1 12.7
2016 12 0.2 0.0 12.2
2017 11.9 0.3 0.0 12.2
2018 12.2 0.2 0.0 12.4
2019 12.6 0.2 0.0 12.8
2020 17.1 0.4 0.1 17.6
2021 17.9 0.4 0.2 18.5
2022 12.4 0.6 0.2 13.2
DISCUSSION

The largest number of incident patients is on chronic HD and
belonged to the age group 45-64 years, followed closely by the
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Figure 4. Combined survival curve; all patients; period 01.01.2003-
31.12.2022. Data for 2002 are incomplete and therefore not presented.

Table 4. Age Distribution of Patients on Peritoneal Dialysis in
Bosnia and Herzegovina for the Period 2002-2022
Age Groups

0-19 20-44 45-64 65-74 75+
Age (N/%) (N/%) (N/%) (N/%) (N/%)
2002 2/4.9 7/17.1 26/63.4 5/12.1 1/2.4
2003 3/7.0 8/18.6 24/55.8 6/14.0 2/4.7
2004 3/6.3 11/22.9 22/45.8 8/16.7 4/8.3
2005 2/3.6 14/25.5 28/50.9 7/12.7 4/7.3
2006 6/7.9 18/23.7 36/47.4 11/14.5 5/6.6
2007 5/5.4 25/27.2 38/41.3 20/21.7 4/4.3
2008 6/6.3 27/28.1 43/44.8 | 18/18.8 2/2.1
2009 6/5.8 26/25.2 48/46.6 | 18/17.5 5/4.9
2010 6/6.1 28/28.3 42/42.4 19/19.2 4/4.0
2011 3/3.3 31/34.1 39/42.9 13/14.3 5/5.5
2012 1/1.3 28/35.0 33/41.3 14/17.5 4/5.0
2013 2/2.4 27/31.8 37/43.5 15/17.6 4/4.7
2014 2/2.8 22/31.0 25/35.2 18/25.4 4/5.6
2015 3/3.6 20/23.8 35/41.6 | 19/22.6 7/8.4
2016 1/1.2 20/24.1 33/39.8 20/24 9/10.8
2017 1/1.2 15/17.4 37/43.1 23/26.7 10/11.6
2018 1/1 17/17.3 37/37.8 32/32.7 11/11.2
2019 0/0 21/20.4 39/37.9 | 32/31.1 | 11/10.7
2020 0/0 20/20.6 36/37.1 30/30.9 | 11/11.3
2021 0/0 15/20.6 31/37.1 21/30.9 9/11.3
2022 0/0 8/11.1 42/58.3 | 12/16.7 | 10/13.9

age group older than 65 years. This trend is also observed in
Western European countries.® The leading cause of KRT in most
European countries is diabetes mellitus, pyelonephritis, and
arterial hypertension.®® A steady increase in the prevalence of
dialysis patients over the years has been noticed. This trend
continued until 2014, when compared to 2002, the number of
patients on HD rose by 60.2%, those on PD by 73.2%, and the
number of transplanted patients with a functional graft saw a
remarkable increase of 134.6%. However, from 2014 onwards,
the growth rate slowed, and by 2020, during the COVID-19 pan-
demic, there was a slight decrease in the prevalence of both HD
and PD patients, with a reduction of 5.83%, while the number of
transplanted patients remained relatively stable.

The highest prevalence of dialysis patients is in UKC Tuzla (260
patients), followed by Bijeljina (236 patients), and Zenica (196
patients). The high prevalence in Bijeljina is also explained by
the high prevalence of BEN. The highest number of patients
over 75 years of age on December 31, 2022, was found in the
dialysis centers in Bijeljina (67 patients) and the HD Clinic at
KCU Sarajevo (31 patients), while in most centers, the most
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prevalent dialysis population was in the age group of 45-64
years.®

The most common age group of dialysis patients in 2022 was
between 45-64 years (40.6%), while only 0.5% were in the
age group up to 19 years. The same age group distribution is
observed in the 2014 data, and a similar trend is present in the
previous 20-year observation period. (According to the 2014
data, 42.2% of dialysis patients were in the age group between
45-64 years, while only 0.4% were in the age group up to 19
years).1

In 2022, 1.7% of all prevalent dialysis patients in Bosnia and
Herzegovina had hepatitis B, and 4.0% were positive for
hepatitis C; 8 patients were co-infected with both viruses.
Comparatively, in Europe, the prevalence of hepatitis Bamong
HD patients ranged from 0% in the US to 3.3% across North
America, Europe, and Asia, as reported by the Dialysis Outcomes
and Practice Patterns Study.!! Additionally, a systematic review
indicated that the global prevalence of hepatitis C among dialy-
sis patients is 24.3%, with the highest rates observed in Eastern
Europe.®These figures suggest that the prevalence of hepatitis
B and C among dialysis patients in Bosnia and Herzegovina is
relatively low compared to global and European averages. This
may reflect effective infection control measures, vaccination
programs, and screening practices within the country's dialysis
centers.

The trend of increasing numbers of incident and prevalent
patients with diabetes mellitus in Bosnia and Herzegovina has
been steadily rising. Unlike the previous period from 2010 to
2014, during which the number of patients with type 1 diabe-
tes increased, from 2015 onward, this number has started to
decline. Meanwhile, the number of patients with type 2 diabe-
tes continues to rise, as does the fact that diabetes mellitus is
becoming more prevalent among the male population.*®

It is evident that the number of patients with BEN is not rising;
in fact, the percentage of these patients is decreasing compared
to other primary diseases, particularly diabetic nephropathy. In
northeastern Bosnia (the BEN region), the prevalence of dialy-
sis patients with BEN is much higher than that in other parts of
Bosnia and Herzegovina.t**

The highest mortality rate in 2003 was observed in the dialysis
patient population aged 45-64 years; in 2022, the highest mor-
tality rate was in the dialysis population aged 65-74 years, and
this trend has been observed since 2017.%°

It has been observed from the data that the total percentage
of deaths is most common in the Federation of Bosnia and
Herzegovina in 2022, following Brcko District 15, whereas in
Republika Srpska the number was lower (10.1%). These per-
centages are roughly proportional to the number of preva-
lent patients in the entities and the Brcko District in 2002.
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Additionally, data showed that from the period from 2003 to
2022 the peak in mortality is observed during the years of the
COVID pandemic.*®

According to the number of patients treated with PD, a peak
is observed in 2009, because patients during that period were
most educated about PD by healthcare professionals, and
accordingly, the assumption is that the highest incidence is due
to the fact that they chose PD as a result of this education. This
increase is soon followed by a decline in the number of patients
and a subsequent increase in the pre-pandemic year (2019),
with an expected decrease during the COVID-19 pandemic.
Unlike previous years, cardiovascular diseases have become
the most common cause of death in PD patients, similar to HD
patients. Out of the 16 PD patients who died in 2022, 7 died from
cardiovascular diseases.? The use of PD (CAPD and CCPD) varies
from country to country, with it being most popular in Australia
and New Zealand, and it is applied more frequently in children
than in older adults.®

The year 2022, like the previous year (2021), mostly due to the
COVID-19 pandemic was not a successful year in terms of kidney
transplantation. The number of newly transplanted patients
has varied over the years since the establishment of the Registry
in 2001. Itis evident that the number of transplanted patients is
low and does not significantly increase, which could become a
serious problem for citizens in Bosnia and Herzegovina in the
future. Kidney transplants from deceased donors in Bosnia and
Herzegovina resumed in 2006 at the UKC Tuzla. From 2006 until
December 31, 2022, there have been a total of 37 transplants
from brain-dead patients in Bosnia and Herzegovina.®

Turkiye leads the world in the number of living donors, with
a rate of 56 pmp.*®* Among all European countries, the high-
est rate of kidney transplants from deceased donors in 2022
was recorded in Spain (55.4 pmp), France (40.6 pmp), Czech
Republic (39.2 pmp), Scotland (33 pmp), Denmark (31.4 pmp),
and Estonia (33.1 pmp).”

Bosnia is a country with a very low rate of transplants from
brain-dead donors. Countries in the region, such as Croatia,
have a higher rate and are ranked 12th in the world with a rate
of 23.20 pmp. Leading countries by this rate include Spain (46
pmp), the US (44.50 pmp), and Iceland (33.30 pmp).”
Hemodialysis remains the dominant KRT in Bosnia and
Herzegovina, and the overall dialysis population has contin-
ued to grow since the establishment of the national registry.
Peritoneal dialysis is still used infrequently, and kidney trans-
plantation activity remains limited. Strengthening early referral
practices, expanding treatment options, and improving trans-
plant capacity—particularly deceased-donor donation—should
be key priorities for improving renal care in the country.

Data Availability Statement: The data that support the findings of
this study are available on request from the corresponding author.
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