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Abstract

Objectives: Sickle cell anemia is a hemoglobinopathy characterized by painful crises. Vascular endothelial growth fac-
tor (VEGF) has been implicated in vaso-occlusive pathogenesis. This study aimed to investigate the relationship be-
tween the VEGF-A rs2010963 gene polymorphism and the frequency of vaso-occlusive painful crises in patients with
sickle cell anemia (SCA).

Methods: In this case-control study, biochemical blood analysis and VEGF-A rs2010963 genotyping were performed
using real-time polymerase chain reaction (PCR) in 89 patients with SCA and 100 healthy volunteers. The relationship
between the frequency of painful crises and genotype distribution was investigated in the patient group.

Results: In the patient group, the mean values of white blood cell count, platelet count, ferritin, C-reactive protein
(CRP), and lactate dehydrogenase were significantly higher than those in the control group (p<0.001, p<0.001, p<0.001,
p<0.001, and p<0.001, respectively). The genotype distribution of VEGF-A rs2010963 did not differ significantly be-
tween the patient and control groups (p=0.164). No relationship was found between genotype distribution and the
frequency of painful crises in the patient group (p=0.536).

Conclusion: The VEGF-A rs2010963 polymorphism alone does not appear to predict vaso-occlusive crisis frequency in
SCA, highlighting the polygenic nature of pain susceptibility in this disease. Broader genetic and functional analyses
are warranted.
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Sickle cell disease (SCD) affects approximately 7.7 million  sickling representing the fundamental underlying patho-
individuals worldwide, with more than 500,000 affect-  physiological mechanism.

ed births occurring annually; the majority of cases, approx-  Acute and chronic pain are among the most common com-
imately 80%, are concentrated in Africa.!" Sickle cellanemia  plications of SCA. While acute painful episodes are generally
(SCA) is a clinically severe phenotype of SCD, characterized  more frequent, the prevalence of chronic pain increases pro-
by significant morbidity and mortality, with erythrocyte  gressively with advancing age.”* Painful vaso-occlusive crises
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(VOCs) typically arise from tissue infarction caused by sickled
erythrocytes, most often affect a single anatomical site, and
are usually characterized by severe intensity. VOCs are the
most common acute complications of SCA and can contrib-
ute to the development of chronic pain, tissue-organ damage,
and early mortality.>® Acute VOCs frequently necessitate hos-
pitalization and substantially impair quality of life."'4

Vascular endothelial growth factor (VEGF), a glycoprotein
closely linked to hypoxic signaling, plays a pivotal role in the
generation of painful episodes by increasing vascular perme-
ability, driving angiogenic remodeling, and enhancing endo-
thelial cell adhesion through the upregulation of intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1, acting as a potent mitogen for the vascular endo-
thelium.'>""1 Beyond its proliferative effects, VEGF modulates
endothelial integrin expression and promotes chemotaxis,
thereby amplifying local inflammatory responses at the vessel
wall."#2 This cycle of endothelial activation and injury is inte-
gral to the emergence of SCA-related complications.

The VEGF gene is highly polymorphic, and specific variants
within its regulatory regions have been proposed as po-
tential modulators of vaso-occlusive susceptibility in SCA.
Despite the biological plausibility of a VEGF-VOC axis, em-
pirical data directly linking VEGF gene polymorphisms to
vaso-occlusive painful crisis frequency in SCA remain sparse.
Against this background, the present study was undertaken
to evaluate the potential relationship between the VEGF-A
rs2010963 polymorphism and the frequency of vaso-occlu-
sive painful crises in a cohort of adult patients with SCA.

Materials and Methods

This study was designed as a prospective investigation con-
ducted by the Hematology Department of Hatay Mustafa
Kemal University Research Hospital. A total of 189 subjects
were enrolled, including 89 patients diagnosed with sickle
cell anemia (SCA) carrying the HbSS genotype and aged
18 years or older who presented to the Hematology Clinic,
and 100 healthy individuals serving as the control cohort.
Ethical approval was obtained from the Ethical approval
was obtained from the Ethics Committee of Hatay Mustafa
Kemal University (Approval No: 01, dated 03/09/2020). Ex-
clusion criteria included individuals younger than 18 years,
persons with disabilities, pregnant women, and individu-
als lacking the legal capacity to provide informed consent.
All participants underwent detailed medical history taking
and physical examination, and the annual frequency of
painful crises was recorded for patients with SCA. Biochem-
ical analyses, including complete blood count, CRP, LDH,
ferritin, vitamin B12, and folate, and genotyping were per-
formed on peripheral blood samples. Comparative analy-

ses were conducted to elucidate differences between the
SCA cohort and healthy controls.

DNA Extraction and Genotyping

Genomic DNA isolation was performed from peripheral
blood samples using a commercially available purification
kit (GeneJET Genomic DNA Purification Kit; Thermo Fisher
Scientific, Catalog No: KO721) in strict accordance with the
manufacturer’s instructions (Table 1). All samples were pro-
cessed in 2 mL microcentrifuge tubes.

The extraction procedure involved sequential lysis, Pro-
teinase K digestion at 55°C, ethanol precipitation, and
spin-column purification with two wash steps, followed
by elution in 50 uL of buffer. DNA concentration and pu-
rity were assessed spectrophotometrically (Multiskan
GO; Thermo Fisher Scientific) using 260/280 nm absor-
bance ratios, and working stocks were prepared at 4 ng/
ML in nuclease-free water. Genotyping of the VEGF-A
rs2010963 variant was subsequently performed using
allele-specific TagMan SNP Genotyping Assays (Thermo
Fisher Scientific, Catalog No: 4351379.rs2010963), as de-
tailed in Table 2.

Statistical Analysis

All continuous variables were first evaluated for normal-
ity of distribution using the Kolmogorov-Smirnov test,
and variance homogeneity was assessed using Levene’s
test. Demographic characteristics and laboratory parame-
ters were summarized using descriptive statistics and fre-
quency distributions. Given the non-normal distribution
of continuous data, between-group comparisons were
performed using the Mann-Whitney U test. Genotype fre-
quencies were compared between groups and across clini-
cal subgroups using Pearson’s chi-square test. A two-tailed
p-value of less than 0.05 was considered statistically signifi-

Table 1. Components of the DNA extraction kit

GeneJET Genomic DNA Purification Kit 5#0"32;5
Proteinase K Solution 1.2 ml
RNase A Solution 1ml
Digestion Solution 11 ml
Lysis Solution 24 ml
Wash Buffer | 10 ml
Wash Buffer Il 10 ml
Elution Buffer (10 mM Tris-Cl, PHT 9.0, 0.5 mM EDTA) 30 ml
Collection Tubes (2 ml) 50
Collection Tubes (1.5 ml) 50



135

Table 2. Contents of the Real- time PCR kit used

Component 20uL/reaction
5X HOT FIREPol Probe Universal gPCR Mix 4 uL
Prob 0.4 uL
Template DNA 5uL
dH,0 11 L
Total 20 pL

cant. All analyses were conducted using IBM SPSS Statistics,
version 23.0 (IBM Corp., Armonk, NY, USA).

Results

The SCA patient cohort consisted of 48 male and 41 fe-
male individuals, whereas the control group comprised
55 males and 45 females. The mean age was 34.83+10.71
years among patients and 38.35+16.69 years among
controls (Table 3). A summary of laboratory parameters
is provided in Table 3. Leukocyte counts were elevat-
ed in the patient group (13.11£8.87x10°/uL) relative to
controls (7.55+3.43x10%/uL; p=0.001). Platelet counts
were higher in patients (388.16+213.72x10°/uL) than in
healthy subjects (246.96+92.89x10%/uL; p=0.001). Se-
rum ferritin concentrations were greater in the SCA co-
hort (1215.284+1679.20 ng/mL) compared with controls
(120.91+£206.63 ng/mL; p=0.001). Inflammatory mark-
ers were also elevated in patients: CRP levels averaged
14.28+30.81 mg/L versus 3.17£3.93 mg/L in controls
(p=0.001), and LDH values were 612.65+442.52 |U/L com-
pared with 207.77+£73.05 IU/L (p=0.001). Serum vitamin

Table 3. Characteristics of the patient and control groups

Table 4. Distribution of VEGF-A (rs2010963) genotypes in patients
and controls

Patientn Control
(%) n (%)
Wild type (GG) 22 (247) 14(14.0)
wEsl Mutant (CC) 29(326) 35(350) 0.164
(rs2010963) ’ ’ ’
Heterozigous (GC)  38(42.7) 51(51.0)

Table 5.VEGF rs2010963 polymorphism and painful crisis frequency

Wild Type Mutant Heterozigous

n (%) n (%) n (%)
No 8(Q76) 10(345)  11(37.9)
Annual
numberof  1-2 5(15.6) 10(31.3) 17 (53.1) 0.536
painful crises 9(321)  9(32.1) 10 (35.7)

B12 concentrations did not differ between the two groups
(442.18+283.32 pg/mL in patients vs. 491.16+282.22 pg/
mL in controls; p=0.316). Folate levels, however, were
higher in patients with SCA (15.75+14.47 ng/mL) than in
controls (10.4748.73 ng/mL; p=0.007).

Genotypic analysis of the VEGF rs2010963 polymorphism
revealed that the heterozygous GC genotype was the most
prevalent variant in both the SCA and control groups, fol-
lowed by the homozygous mutant CC genotype and the
wild-type GG genotype. The distribution of genotypes did
not differ between patients and healthy controls (p=0.164)
(Table 4). Furthermore, when patients with SCA were strat-
ifled according to their annual painful crisis frequency, no

Patient Control
n (%) n (%)
Sex
Male 48 (53.9) 55 (55) P
Female 41 (46.1) 45 (45)
Age (Mean=SD) 34.83+10.71 38.35+16.69

MeanzSD (min-max)

MeanzSD (min-max)

WBC (10%/pl) 13.11+8.87 (1.54 - 73.31)

Platelet (10%/ul)
Ferritin(ng/ml)

CRP (mg/L)

LDH (1U/L)

Vitamin B12 (pg/ml)
Folat (ng/ml)

388.16+213.72 (33.00 - 1192.00)
1215.28+1679.2 (36.00 — 7947.00)
14.28+30.81(2.00 - 171.00)
612.65+442.52 (218.00 - 2724.00)
442.18+283.32 (114.00 - 2010.00)
15.75%14.47 (22.50 - 95.00)

7.55+3.43 (0.44 - 25.29) <0.001
246.96+92.89 (60.00 — 547.00) <0.001
120.91+206.63 (3.50 - 1164.00) <0.001
3.17£3.93(0.00 - 24.00) <0.001
207.77+73.05 (118.00 - 548.00) <0.001
491.16+282.22 (158.00 - 1613.00) 0316
10.47+8.73 (2.00 - 64.00) 0.007
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statistically significant association was identified between
rs2010963 genotype and VOC frequency (p=0.536) (Table 5).

Discussion

The present study examined whether the VEGF rs2010963
polymorphism exerts a measurable influence on the fre-
quency of vaso-occlusive crises (VOCs) in adult patients
with sickle cell anemia (SCA). Our analyses did not reveal
a relationship between rs2010963 genotype distribution
and VOC occurrence, a finding that both diverges from and
aligns with various lines of evidence in the existing litera-
ture, collectively underscoring the complex nature of gen-
otype-phenotype correlations in SCA.

Although a mechanistic basis for linking aberrant VEGF
expression to VOC development in SCA is biological-
ly plausible, direct empirical evidence connecting VEGF
polymorphisms or circulating VEGF concentrations to VOC
pathogenesis remains relatively limited. Antwi-Boasiako et
al. reported elevated serum VEGF levels in Ghanaian pa-
tients with SCA compared with healthy volunteers, with
furtherincreases noted during active VOC episodes.?" Amle
et al.”? described an 18-base pair insertion-deletion poly-
morphism within the VEGF promoter, in which the deletion
allele was associated with higher VEGF expression, greater
microalbuminuria risk, and accelerated nephropathy pro-
gression in SCA. Farhan et al. reported an association be-
tween the AA genotype of the VEGF 2578 C/A (rs699947)
polymorphism and elevated VOC risk in patients with SCA.
231 n a study by Al-Habboubi et al.*, higher frequencies of
the rs2010963 C allele, rs833068 A allele, and rs3025020 C
allele were documented in patients with SCA experiencing
VOC relative to those in steady state. Moreover, they re-
ported differences in genotype distributions of rs2010963,
rs833068, and rs3025020 between these groups. The risk of
VOC was increased among heterozygous and, more prom-
inently, homozygous carriers of the rs2010963 polymor-
phism, whereas the association with VOC was observed
only in homozygous carriers for rs833068 and rs3025020.24
Although no differences in serum VEGF levels were found
between VOC and steady-state controls, a decline in serum
VEGF levels was observed in heterozygous and homozy-
gous genotypes of rs2010963 and rs833068, while the op-
posite trend was seen in patients with VOC. Additionally,
rs2010963, rs833068, and rs3025020 polymorphisms were
associated with VOC type, and rs3025020 was further linked
to hospitalization, VOC treatment, and crisis duration.?”
Elevated VEGF levels have been demonstrated during va-
so-occlusive painful crisis episodes.”?! In pediatric patients,
the VEGFA —583C>T (rs3025020) polymorphism has been
linked to the development of acute chest syndrome, with

the minor —583T allele and the —583T/T genotype increas-
ing the risk of acute chest syndrome.® Several consider-
ations may account for these discrepant findings. The mul-
tifactorial etiology of VOC suggests that no single genetic
variant is likely to function as a robust independent predic-
tor of crisis susceptibility. Painful episodes in SCA emerge
from a complex interplay among genetic determinants,
particularly variants modulating fetal hemoglobin levels,
environmental exposures such as infection and dehydra-
tion, dysregulated inflammatory pathways, oxidative stress,
and hydration status.”””” Within this intricate pathophysio-
logical matrix, the phenotypic contribution of rs2010963
may be attenuated or masked by other, more dominant ge-
netic or environmental influences, rendering its effect size
too modest to detect without adequately powered studies.
Sample size represents another pertinent limitation; genet-
ic association studies typically require large cohorts to re-
liably identify variants with small-to-moderate effect sizes,
and the present study may have lacked sufficient statistical
power to detect such associations. Genetic heterogeneity
further complicates interpretation, as the functional im-
pact of specific polymorphisms often varies across ethnic
and geographic populations, implying that rs2010963 may
behave differently depending on the ancestral background
of the cohort under investigation.

The genetic architecture of acute pain in SCA appears to
be considerably more complex than previously appreciat-
ed. A meta-analysis identified polymorphisms across mul-
tiple pain-related and inflammatory genes as contributors
to acute pain susceptibility in SCA, while variants in sever-
al globin-regulatory loci were associated with attenuated
pain responses.?®’ Complementing these observations,
Rampersaud et al. constructed a polygenic risk score for
acute pain crises in a pediatric SCA population, integrat-
ing 21 variants distributed across 9 independent genomic
loci.” Taken together, these findings reinforce the notion
that pain susceptibility in SCA is governed by a polygenic
framework, within which the contribution of any individu-
al variant, including rs2010963, is likely to be modest and
context-dependent.

Several limitations inherent to this study warrant acknowl-
edgment. The scope of genetic analysis was confined to
the rs2010963 variant, precluding a broader evaluation of
other potentially relevant VEGF or inflammatory gene poly-
morphisms. The absence of serum VEGF measurements
limits our ability to draw inferences regarding the function-
al consequences of rs2010963 on protein expression in this
cohort. The ethnic homogeneity of the study population
may restrict the generalizability of our findings to other
demographic groups. Finally, important clinical covariates
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known to modulate VOC frequency, including hydroxyurea
use, infection status, and lifestyle-related factors, were not
comprehensively controlled, introducing potential con-
founding that may have influenced the observed results.

Future investigations should consider haplotype-based
analyses incorporating rs2010963 alongside other func-
tionally relevant VEGF SNPs, as well as multigene panels tar-
geting inflammatory and pain-related pathways. Function-
al studies designed to assess VEGF transcription, circulating
protein levels, and vascular responsiveness in relation to
genotype would substantially advance mechanistic un-
derstanding. Expanding recruitment to ethnically diverse,
multicenter cohorts will be essential for disentangling the
effects of genetic background. Integrating pharmacoge-
netic dimensions, particularly with respect to hydroxyurea
efficacy and opioid responsiveness, may ultimately inform
the development of genotype-guided, individualized ther-
apeutic strategies in SCA.

Conclusion

The present study provides evidence that the VEGF-A
rs2010963 polymorphism, considered in isolation, does not
serve as a reliable predictor of vaso-occlusive crisis frequen-
cy in adult patients with sickle cell anemia. Rather than di-
minishing the relevance of the VEGF pathway in SCA patho-
physiology, this null finding redirects attention toward the
broader genomic and environmental context within which
individual variants operate. Vaso-occlusive crises are not
driven by a single molecular switch; they emerge from the
convergence of multiple interacting risk factors spanning
inflammatory signaling, hemoglobin polymerization dy-
namics, endothelial dysfunction, and patient-specific en-
vironmental exposures. Single-variant association studies,
while informative, are inherently limited in their capacity to
capture this complexity. Progress in this field will therefore
depend on shifting toward multilocus haplotype analyses,
polygenic risk modeling, and integrative studies that in-
corporate serum biomarker data alongside genotypic in-
formation. Equally important is the inclusion of ethnically
and geographically diverse cohorts to ensure that findings
are broadly applicable rather than population-specific. Ul-
timately, a deeper and more nuanced understanding of
the genetic contributors to VOC susceptibility holds real
clinical promise, offering a pathway toward risk stratifica-
tion tools and personalized therapeutic interventions that
could meaningfully reduce the burden of this devastating
complication in patients with sickle cell anemia.
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Recurrence of IgA Nephropathy in Protocol Kidney Biopsies
After Renal Transplantation and Its Impact on Prognosis
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Abstract

Objectives: IgA nephropathy (IgAN) is a common primary glomerulonephritis with a wide clinical spectrum ranging
from asymptomatic urinary abnormalities to rapidly progressive disease and is a major cause of chronic kidney failure.
Although kidney transplantation is an effective treatment for primary IgAN, recurrence and graft loss remain significant
concerns.

Methods: This study investigated predictors of post-transplant IgAN recurrence and graft loss. Seventy-six patients who
underwent kidney transplantation due to end-stage kidney disease secondary to primary IgAN were retrospectively
analyzed. First-year protocol biopsy results (6-month and 12-month) were evaluated using light microscopy and immu-
nofluorescence. Baseline demographic, clinical, and laboratory data, along with post-transplant parameters, indication
biopsies after the first year, graft loss, and mortality were analyzed.

Results: Binary logistic regression was used to identify predictors of recurrence, and Kaplan—Meier analysis assessed graft
survival. Group comparisons were performed using appropriate statistical tests, with p<0.05 considered significant.
Conclusion: Recurrence rates were 9.3% at 6 months and 26.3% at 12 months. Isolated IgA deposition detected by
immunofluorescence was common. Age at transplantation was independently associated with recurrence; each ad-
ditional year reduced risk by 6%. No association was found between recurrence and 10-year graft survival. Younger age

was strongly associated with recurrence.
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gA nephropathy (IgAN) is one of the most common

primary glomerulonephritides worldwide. The clinical
course of IgAN may range from mild disease presenting
with asymptomatic hematuria and proteinuria detected
during routine screening to severe disease, such as acute
rapidly progressive glomerulonephritis.

Previous studies have reported that a considerable propor-

tion of patients with IgAN may progress to kidney failure
during long-term follow-up.M

In patients who undergo kidney transplantation, close mon-
itoring of transplant kidney function during follow-up is of
great importance. Especially in the first year after transplan-
tation, and subsequently at regular intervals, graft function
should be closely monitored for possible allograft rejection,
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recurrence of the native kidney disease, or infections. Even
when laboratory values are normal, rejection may be detected
in follow-up biopsies (protocol biopsies), and this condition,
referred to as subclinical rejection, has been reported to be as-
sociated with poorer kidney survival in subsequent years.

In our center, as in many centers worldwide, in addition to
indication biopsies (performed for impaired kidney func-
tion, active urinary findings, etc.), protocol biopsies are per-
formed in eligible patients to evaluate graft function and
adjust treatments accordingly.

In this retrospective study, we aimed to determine the
frequency of IgAN recurrence using sequential protocol
biopsies in the population of patients who underwent kid-
ney transplantation due to IgAN at a tertiary care center,
to identify predictive factors, and to evaluate the clinical
course of patients with IgA deposition without clinical evi-
dence of disease.

Materials and Methods

This retrospective, single-center study included 76 patients
who had follow-up records at a tertiary care kidney trans-
plant outpatient clinic between June 2000 and June 2019.
Pathological results of kidney biopsies were evaluated from
retrospective follow-up files.

Sociodemographic characteristics and clinical and labora-
tory data at the time of transplantation and at the 6-month
and 12-month post-transplant follow-up periods were re-
corded in a case report form, and a database was created.
Six-month and 1-year protocol biopsy data were evaluated
and entered into the database.

Patients aged =18 years with primary IgAN who under-
went kidney transplantation due to end-stage kidney dis-
ease, had a post-transplant follow-up duration of at least 6
months, and had immunofluorescence staining performed
in both the 6-month and 1-year protocol biopsies were in-
cluded in the study. Exclusion criteria were the absence of
immunofluorescence staining in protocol biopsies, miss-
ing clinical/laboratory data, or initiation of treatment at an
external center. Clinical, laboratory, and treatment-related
data were obtained from electronic medical records.

Independent variables included recipient age, sex, du-
ration of kidney failure, transplantation type, number of
transplantations, degree of tissue matching, donor age, do-
nor sex, donor relationship, post-transplant medications,
serum urea and creatinine levels, urinalysis findings, spot
urine protein/creatinine ratio, presence of microscopic or
macroscopic hematuria, and blood pressure values. De-
pendent variables were the presence of IgAN recurrence in
follow-up kidney biopsies and graft survival.

Statistical Analysis

Binary logistic regression analysis was used to identify vari-
ables predicting post-transplant IgA recurrence. Kaplan-
Meier analysis was used to determine the relationship
between IgA recurrence and graft survival. SPSS version
22.0 (IBM Corp., Armonk, NY, USA) was used for descriptive
statistics and group comparisons. Student’s t-test and the
Mann-Whitney U test were used for parametric and non-
parametric variables, respectively, and the chi-square test
was used for categorical variables. A p-value <0.05 was
considered statistically significant.

Ethics Approval

Ethical approval was obtained on Ege University Medical
Research Ethics Committee January 21, 2021 (decision
number: 21-1.1T/57).

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki.

Results

Patient Characteristics

Data from 76 patients were retrospectively analyzed. The
mean age at transplantation was 37.2+9.7 years. Seven-
ty-nine percent of the patients were male. Preemptive
transplantation was performed in 45% of cases. Before
transplantation, 51% of patients were receiving chronic
hemodialysis and 3% were on peritoneal dialysis (Table 1).

The mean duration of dialysis before transplantation was

14.6+£29.5 months. Eleven percent of the patients under-
went a second kidney transplantation.

Figure 1. Shows graft survival in patients with and without IgA
recurrence detected in the 1-year protocol biopsies.
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Table 1. Characteristics of all patients and comparison between patients with and without IgA nephropathy recurrence in 1-year protocol

biopsies after transplantation

Overall group

IgA recurrence IgA recurrence

(n=76) negative (n=56) positive (n=20) P

Follow-up duration (years) 74422 72423 7.7+£2.1 0.53
Age at transplantation (years) 37.249.7 38.5+8.6 33.4+11.2 0.10
Gender (M, %) 79 78 85 0.15
Pre-transplant hemodialysis duration (months) 14.6£29.5 15.5£31.8 13.3124.2 0.46
Pretransplant RRT modality

Hemodialysis (%) 51 50 55.0

Peritoneal dialysis (%) 3 1.9 5.0 0.77

Hemodialysis -Peritoneal dialysis (%) 1 1.9 -
Preemptive Transplant (%) 45 46.3 40.0 0.61
Number of transplants (%)

Transplant 89 85 100 0.02

Transplant 11 15 -
Donor type (%)

Living Related 63 59.3 80.0 0.05

Living-unrelated 21 204 15.0 0.12

Cadaveric 16 204 5 0.02
Age at donation (years) 50.1£11.8 51.8£12.0 45.6+11.0 0.46
Donor gender (M, %) 51 50 55 0.45
Haplotype match (%)

1-haplotype match 88 90 85 0.84

Fullmatch 7 7 7
immunosuppression)(%)

Corticosteroids 100 100 100 -

Mycophenolate mofetil 97.3 100 920 0.07

Cyclosporine 527 53.7 50.0 0.77

Tacrolimus 45.9 444 50.0 0.79

Rapamycin 1.6 1.9 = =
Induction therapy (%)

ATG (%) 77.5 75.0 84.2

Basiliximab (%) 11.3 13.5 5.3 0.56

None 11.3 11.5 10.5

Regarding donor type, 63% received grafts from living re-
lated donors, 21% from living unrelated donors, and 16%
from deceased donors. The mean donor age was 50.1+11.8
years, and 51% of donors were male. In terms of tissue
matching, the full-match rate was 7%, and the 1-haplotype
match rate was 88%.

The mean follow-up duration was 7.4+2.2 years. All pa-
tients received corticosteroid treatment after kidney trans-
plantation; mycophenolate mofetil was used in 97%, cyclo-
sporine in 45%, and tacrolimus in 45%. Induction therapy
consisted of ATG in 77.5% and basiliximab in 11.3%, while
11.3% received no induction therapy.

The 3-month, 6-month, and 12-month post-transplant
follow-up data are presented in Table 2. During the first 3
months after transplantation, the mean baseline creatinine
level was 1.44+0.31 mg/dL, the mean proteinuria level was

0.21+0.19 g/day, and the frequency of microscopic hema-
turia was 13%.

At the 6-month protocol biopsy, the mean serum creati-
nine level was 1.44+0.34 mg/dL, proteinuria was 0.19+0.23
g/day, and the frequency of hematuria was 19%. Mean sys-
tolic and diastolic blood pressures were 131£17 mmHg and
83+10 mmHg, respectively. IgA recurrence was detected in
9.3% (n=7) of 6-month protocol biopsies (Table 3). Among
these 7 patients, 5 (71%) had IgA deposition detected only
by immunofluorescence staining, while 2 patients were di-
agnosed with IgA recurrence by both light microscopy and
immunofluorescence. In the remaining 69 patients (90.7%),
no IgA recurrence was detected in the 6-month biopsies.
Among patients without recurrence at 6 months, focal tu-
bulointerstitial nephritis was detected in 7, polyoma ne-
phropathy in 2, and findings consistent with thrombotic
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Table 2. First-year follow-up data of patients with and without IgA nephropathy recurrence

All group IgA recurrence negative IgA recurrence positive p
3 months
Creatinine (mg/dL) 1.44+0.31 1.45+0.31 1.38+0.36 0.32
Proteinuria (g/day) 0.21£0.19 0.20+0.20 0.23£0.18 0.97
Hematuria (%) 13 10 23 0.23
6 months
Systolic BP (mmHg) 13117 130+17 133+ 17 0.69
Diastolic BP (mmHg) 83+10 82+10 84 +11 0.30
Creatinine (mg/dL) 1.44+0.34 1.47+0.36 1.39+0.27 0.17
Proteinuria (g/day) 0.19+0.23 0.18+0.23 0.21+0.25 0.33
Hematuria (%) 19 12 30 0.06
12 months
Systolic BP (mmHg) 130114 130+14 130+13 0.99
Diastolic BP (mmHg) 839 82+6 8311 0.63
Creatinine (mg/dL) 1.43+0.36 1.46+0.37 1.34+0.32 0.20
Proteinuria (g/day) 0.18+0.21 0.19+0.25 0.16+0.14 0.58
Hematuria (%) 21 22 15 0.53

Table 3. Distribution of IgA nephropathy recurrence rates in 6-month and 12-month protocol biopsies

IgA nephropathy recurrence positive

IgA nephropathy recurrence negative

Total (n) IM+IF IF Total (n)
6-month biopsy 7 (9.3%) 2 (29%) 5(71%) 69 (90.7%)
12-month biopsy 20 (26.3%) 3(15%) 17 (85%) 56 (73.7%)

microangiopathy in 1, while the remaining biopsies were
considered nonspecific.

At the 12-month protocol biopsy, the mean serum cre-
atinine level was 1.43+0.36 mg/dL, proteinuria was
0.18+0.21 g/day, and the frequency of hematuria was
21% (Table 2). Mean systolic and diastolic blood pressures
were 13014 mmHg and 83+9 mmHg, respectively. The
recurrence rate of IgA nephropathy in the 1-year proto-
col biopsies was 26.3% (n=20), which was approximately
three times higher than the rate detected at 6 months (Ta-
ble 3). Among the 20 patients with recurrence, 17 (85%)
had isolated IgA deposition detected only by immunoflu-
orescence staining, while 3 patients were diagnosed by
both light microscopy and immunofluorescence. In the
remaining 56 patients (73.7%), no IgA recurrence was de-
tected in the 12-month biopsies. Among those without
recurrence, tubulointerstitial nephritis was reported in 9,
polyoma nephropathy in 1, and glomerulitis with peritu-
bular capillaritis in 1.

The baseline clinical and laboratory characteristics of pa-

tients with and without recurrence detected in the first
year are presented in Table 1. When patients with IgA
nephropathy recurrence in the 1-year follow-up biopsies
were compared with those without recurrence, no differ-
ences were observed between the two groups in terms
of pre-transplant dialysis duration, donor age, donor sex,
haplotype matching, baseline immunosuppression, or in-
duction therapies. Although patients with IgA nephrop-
athy recurrence were younger and had a higher pro-
portion of males, these differences were not statistically
significant. Preemptive transplantation rates were similar
between the two groups. The proportion of first-time
transplantation was significantly higher among patients
with IgA nephropathy recurrence, and the frequency of
living-related donor transplantation was also significant-
ly higher in this group. In addition, the use of mycophe-
nolate mofetil as baseline immunosuppressive therapy
tended to be less frequent in the recurrence group, ap-
proaching statistical significance.
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First-year Data of Patients with and without
IgA Nephropathy Recurrence

When parameters related to IgAN recurrence were exam-
ined, adjusted regression analysis including recipient age,
recipient sex, number of transplantations, and donor type
identified age at transplantation as an independent predic-
tor of IgA recurrence on the 1-year biopsy (RR: 0.94, 95% Cl:
0.88-0.99, p=0.04). Each additional year of age was associ-
ated with a 6% reduction in the risk of IgA recurrence.

Ten-year graft survival was 90% in the group with IgA re-
currence and 87% in the group without IgA recurrence.
During the study period, only one patient died, and at the
end of the study, 87% of the patients continued follow-up
with a functioning graft.

Discussion

IgAN is the most common primary glomerulonephritis and
leads to end-stage kidney disease in 30-50% of patients
within 20 to 30 years after diagnosis.” Because patients
with IgAN are typically younger and have fewer comor-
bidities, they are among the most suitable candidates for
kidney transplantation. However, recurrence of the original
disease in the graft is a known complication of IgAN and
often results in decreased graft function. Other glomerular
or vascular lesions due to acute or chronic graft rejection
may also negatively affect graft function.’*

In previous studies, the male-to-female ratio has been re-
ported to vary from less than 2:1 in Asian populations to as
high as 6:1 in Europe and the United States. In our study,
the vast majority of patients were male (79%), with an ap-
proximate male-to-female ratio of 4:1.47

While some studies have suggested that kidney disease
progression occurs faster in men than in women, others
have argued that sex differences are not determinants
of the risk of renal progression.*3 |n studies concluding
that IgAN progresses more rapidly in men, possible mech-
anisms underlying the renal protective role of female sex
are thought to be related to estrogen.'"” In our study, the
frequency of male sex was moderately higher in the recur-
rence group (85% vs. 78%, p=0.15). Similarly, in the study
by Maixnerova et al., 80% of patients with recurrence were
male.” In some studies in the literature, male sex has been
associated with a higher risk of recurrence, consistent with
our findings.""¥ In the study by Pippias et al. reporting 15-
year post-transplant follow-up results, 71.2% of patients
were male, and the median age was 47.5 years.'"" In our
study, the mean age was 37.2+9.7 years. Overall, the so-
ciodemographic characteristics of our cohort appear con-
sistent with the literature. Additionally, younger age was

identified as a significant risk factor for IgAN recurrence in
1-year protocol biopsies.

Amongthe 76 patients included, 89% underwent a first trans-
plantation. The mean age at transplantation was 37.2+9.7
years. In the retrospective analysis of 62 patients who un-
derwent transplantation due to IgAN by Avasare et al.', the
mean age at transplantation was 38.1+12.2 years, and the
duration of dialysis was approximately 10 months. In our
study, the mean dialysis duration in 42 patients receiving he-
modialysis or peritoneal dialysis before transplantation was
14.6+29.5 months. In Pippias’s study"®, although the mean
age at transplantation (47.5 years) was slightly higher than
ours, the mean pre-transplant dialysis duration was similar
at approximately 13 months. In the study by Maixnerova et
al@ including 313 patients, the mean age at transplantation
was 46 years, similar to Pippias’s findings.

In our study, the living-donor transplantation rate was 84%,
the mean donor age was 50.1+11.8 years, and the most
common donor type was living-related donors (63%). In the
study by Boga'?, the living-donor rate was 63.2%, 54.3% of
living donors were first-degree relatives, and the mean do-
nor age was 32.2+11.7 years. In Unsal’s!"” study, the mean
donor age was 44+14.5 years, and 59% were living donors.
According to the Turkish Nephrology, Dialysis and Trans-
plantation Registry 2015 report, the predominance of male
recipients and the highest transplantation frequency in the
20-45 age group are consistent with our findings.[16,18]
Similarly, Avasare et al."® reported that 74% of transplants
were from living donors. In Unsal’sl'” study, unlike ours,
53% of donors were female.

In the article by Santas evaluating the current status of
organ donation in Turkiye, it was stated that organs used
for transplantation are largely obtained through donation
from relatives, whereas in developed countries, most organ
needs are met through deceased donors. A major issue in
developing countries, including Turkiye, is the insufficient
number of deceased donor transplants.[19]

In our cohort, the most frequently used medications af-
ter transplantation were corticosteroids, mycophenolate
mofetil, cyclosporine, and tacrolimus. Most patients re-
ceived ATG as induction therapy. In the literature, early
initiation of immunosuppressive regimens in patients
with IgAN at risk of progression has been reported to slow
progression to end-stage kidney disease.” In the study
by Ordin et al.?%, patients used an average of 6.72+1.92
(min-max: 2-13) medications daily; 76% received tacroli-
mus, 48% received cyclosporine, and 8% received evero-
limus-containing immunosuppressive therapy, and 36.7%
used triple therapy consisting of corticosteroids, tacrolim-
us, and mycophenolate mofetil.
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Although immunosuppression protocols vary between
centers, the goal is to achieve the lowest acute rejection
rate and the highest patient and graft survival. Therefore,
except for transplants between identical twins, continuous
immunosuppressive therapy is essential for long-term graft
function, either as induction or maintenance therapy.?" In
our study, no significant difference was found between pa-
tients with and without IgAN recurrence in 1-year protocol
biopsies in terms of immunosuppressive treatment regi-
mens.

In our study, the graft loss rate was 10.8% during a mean
follow-up period of 7.4+2.2 years, and no significant asso-
ciation was found between IgAN recurrence in protocol bi-
opsies and 10-year graft survival. Graft survival was similar
between patients with and without recurrence. Only one
patient death occurred. In the literature, graft loss due to
IgAN recurrence has been reported to be approximately
3-4%."">22 Moroni et al.'? reported graft loss due to IgAN
recurrence at a rate of 8.4%, which is similar to our findings.
Clayton et al.®® also reported that recurrent IgAN was the
cause of graft loss in 12.6% of patients transplanted for pri-
mary IgAN, which is close to our result.

In our study, the characteristics of patients with and with-
out recurrence in 1-year protocol biopsies were compared.
Although there were numerical differences between the
two groups in variables such as follow-up duration, age
at transplantation, recipient sex, pre-transplant hemodi-
alysis, RRT type, preemptive transplantation, donor sex,
haplotype matching, immunosuppressive treatment, and
induction therapy, these differences were not statistically
significant. Chailimpamontree et al.”? reported that age at
transplantation was not associated with recurrence risk. In
contrast to our findings, Avasare et al.'™ reported that age
at transplantation was higher in patients with recurrence,
and this difference was statistically significant.

In our results, a statistically significant association was
found between recurrence and the number of transplan-
tations and donor type. Similar to our findings, Han et al.
31 reported a significant relationship between living-relat-
ed donation and recurrence, and Choy et al.** stated that
living-related donation increased the likelihood of IgAN
recurrence 2.5-fold. Conversely, in Han's"™ study, the pres-
ence of anti-HLA antibodies was not associated with recur-
rent IgAN, and chronic allograft nephropathy was more
frequent in deceased-donor transplantation. In our study,
similarly, no significant association was found between
haplotype matching and recurrence.

In adjusted analyses, each additional year of recipient age
was associated with a 6% reduction in the risk of IgA re-
currence. In the study by Moroni et al.l'?, transplant year,

younger age, and immunosuppressive use were identified
as predictive variables for recurrence. Han et al."* also re-
ported that younger age at transplantation was associated
with a higher risk of recurrence.

Since Berger’s first report,[102] many studies have evalu-
ated recurrent IgAN.['31>2428 |n our study, the IgAN recur-
rence rate was 26.3% in 1-year protocol biopsies and 65%
in indication biopsies performed beyond the first year. Kim
et al.?! reported a 44% risk of recurrent IgAN after 10 years,
while Han et al.'® reported 30.8%. We believe these differ-
ences may be due to the ethnic characteristics of the stud-
ied populations and the frequent use of indication biopsies
in our center when graft dysfunction or active urinary find-
ings are detected.

Conclusion

In our study, 10-year graft loss was found to be 10%. This
rate was similar in patients with and without IgAN recur-
rence in 1-year protocol biopsies. The rate of living-donor
transplantation was higher among patients with IgAN re-
currence. Younger age at the time of transplantation was a
risk factor for IgAN recurrence (RR: 0.94, 95% Cl: 0.88-0.99,
p=0.04). Each additional year of age was associated with a
6% reduction in the risk of IgA recurrence.

In our study, the recurrence rate of IgAN was 26.3% in
1-year protocol biopsies among all patients and 65% in in-
dication biopsies during the study period. The wide range
of recurrence rates reported in the literature may be ex-
plained by differences in the baseline characteristics of
study populations and biopsy policies. In addition, the in-
clusion of small sample sizes and/or patients from multiple
ethnic backgrounds, as well as varying biopsy strategies,
may lead to differences in reported findings. Although our
study includes data from a single center, our findings re-
garding the risk of recurrent IgAN are considered reliable
due to multivariable analyses, long-term follow-up results,
and the relatively large sample size compared with the ex-
isting literature. Our data also showed that immunosup-
pressive use and induction therapy were not associated
with the prevention of recurrent IgAN. Moreover, no signif-
icant association was found between haplotype matching
and recurrent IgAN.

Although our results contribute to the literature, our study
has several limitations. The study design was retrospective,
and all patients in our dataset were from a single center.

Although further prospective, well-designed studies are
needed, our data may help evaluate risk factors for IgAN
recurrence in protocol biopsies and determine prognosis in
recurrent IgAN among kidney transplant recipients.
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Abstract

Objectives: Thrombotic complications are the most important cause of morbidity and mortality in patients with poly-
cythemia vera (PV) and essential thrombocythemia (ET). Carotid intima-media thickness (CIMT) is a surrogate marker
used in the noninvasive assessment of subclinical atherosclerosis and cardiovascular event risk. This study aimed to
evaluate CIMT in patients with PV and ET and to investigate its usefulness in risk stratification.

Methods: This study was conducted at the Hematology Clinic of Istanbul Training and Research Hospital, Health Sci-
ences University, with patients diagnosed with PV and ET and a control group. CIMT measurement by ultrasonography
was performed at the Radiology Clinic of Istanbul Training and Research Hospital, Health Sciences University. The study
included 84 patients diagnosed between July 2006 and December 2016, including 42 with PV and 42 with ET, and 46
individuals in the control group.

Results: The median age of the patients was 57 years (min-max, 24-82); 38 were male (45%), and 46 were female (55%).
Sixty individuals (71%) had a positive JAK2 mutation. There was no statistically significant difference in CIMT between
the patient and control groups (0.83 vs. 0.85 mm; p=0.470). When the relationship between risk factors associated with
increased CIMT was examined, a significant increase in CIMT was found in patients with JAK2 mutation, hypertension,
and diabetes mellitus (DM) (p<0.05). In the correlation analysis between CIMT increase and age, CIMT was found to
be correlated with age (p<0.001, r=0.647). In the univariate analysis, age (B=0.584, p<0.001), JAK2 mutation (B=0.319,
p=0.003), hypertension (B=0.395, p<0.001), and DM (B=0.311, p=0.004) were significantly associated with increased
CIMT. However, in the multivariate analysis, only age was found to be an independent predictor of increased CIMT
(B=0.584, p<0.001).

Conclusion: The lack of an independent association between thrombotic tendency and CIMT in patients with PV and
ET suggests that thrombotic risk may not be explained solely by subclinical atherosclerosis.
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he majority of patients with BCR-ABL-negative classical

chronic myeloproliferative neoplasms (MPNs) are those
with polycythemia vera (PV) and essential thrombocythe-
mia (ET); in these patients, the most important causes of
morbidity and mortality are thrombotic complications,
such as acute coronary syndrome and ischemic stroke.!!
Although the pathogenesis of clonal proliferation in PV and
ET has not been fully elucidated, the JAK-STAT signaling
pathway is known to be an important mechanism. The an-
nual incidence of cumulative thrombosis is approximately
2.5-5% in patients with PV and around 1.9-4% in patients
with ET." Advanced age (>60 years) and a history of
thrombosis are the most important risk factors for throm-
bosis development in both PV and ET.'4781011

Atherosclerosis-related diseases, primarily coronary heart
disease and ischemic stroke, are among the most import-
ant causes of morbidity and mortality, especially in de-
veloped countries.'>' The evaluation of carotid arteries
by ultrasound and measurement of carotid intima-media
thickness (CIMT) for the detection of subclinical atheroscle-
rosis are widely used because of their noninvasive nature,
use of nonionizing radiation, low cost, easy accessibility,
and lack of disruption to bodily integrity.!*'>9

Considering that thrombotic events are a serious cause
of morbidity and mortality in PV and ET, CIMT may be im-
portant in risk assessment in this patient group. This study
aimed to evaluate carotid intima-media thickness in pa-
tients with PV and ET and to investigate the usefulness of
CIMT in risk assessment.

Methods

This study was conducted at the Hematology Clinic of Is-
tanbul Training and Research Hospital, Health Sciences Uni-
versity, with patients diagnosed with PV and ET and a con-
trol group, in accordance with the Declaration of Helsinki.
The study protocol was approved by the Istanbul Training
and Research Hospital Clinical Research Ethics Committee
(Date: 11.11.2016, Approval Number: 2011-KAEK-50).

Ultrasonography-based CIMT measurement was per-
formed at the Radiology Clinic of Istanbul Training and Re-
search Hospital, Health Sciences University.

Patients

A total of 84 patients, including 42 with PV and 42 with
ET, who were diagnosed between July 2006 and Decem-
ber 2016 and presented for follow-up to the Hematology
Outpatient Clinic of Istanbul Training and Research Hospi-
tal, Health Sciences University, were included in the study.
The 2016 WHO criteria were used for the diagnosis of
polycythemia vera and ET, and patients who did not meet

these criteria were excluded from the study. The 46 indi-
viduals included in the control group were selected from
those who applied to the Internal Medicine Outpatient
Clinic of Istanbul Training and Research Hospital, Health
Sciences University, and from healthcare professionals.
Individuals who did not use any medication, had no addi-
tional diseases, and had no risk factors for increased CIMT
were selected for the control group. Informed consent
forms were signed by the volunteers. The demographic
characteristics of the patients; JAK2 V617F and BCR-ABL
gene mutation status; complete blood count; blood lipid
profile; fasting glucose; medical history and medications
used; history of thrombosis and its location, if any; and
smoking history were recorded from patient files and the
hospital’s automation system.

Carotid Intima-media Thickness Measurement

Carotid intima-media thickness measurement was per-
formed at the Radiology Clinic of Istanbul Training and
Research Hospital, Health Sciences University, by the same
specialist radiologist. As defined by the Mannheim consen-
sus, it was measured from the distal wall of both common
carotid arteries 1 cm proximal to the carotid artery bifurca-
tion.2 (Fig. 1)

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for Windows,
version 22.0 (IBM Corp., Armonk, NY, USA, 2013). Descrip-
tive statistics were performed for the characteristics of the
patient groups. Median (min-max) values and proportions
(percentages) were used for the descriptive statistics of the
data. Independent samples t-tests, Kruskal-Wallis tests, and

Figure 1. Carotid intima-media thickness measurement using
ultrasonography.
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Mann-Whitney U tests were used in the analysis of quan-
titative independent data, while chi-square tests were
used in the analysis of qualitative independent data. The
relationship between carotid intima-media thickness and
certain risk factors was investigated using correlation anal-
ysis. Linear regression analysis was performed to examine
the effects of classical and potential risk factors on CIMT. A
p-value of 0.05 was used as the significance level. Foreign
language support and writing assistance in this study were
provided with the aid of Claude Sonnet 4.6 (Anthropic), a
large language model.

Results

A total of 84 patients, including 42 with PV and 42 with ET,
and 46 healthy individuals were included in the study. The
median age of the patients was 57 years (range, 24-82), with
38 males (45%) and 46 females (55%). Sixty patients (71%)
had a positive JAK2 mutation, while 11 patients (13.1%) had
a history of thrombosis. The number of patients with a his-
tory of HT was 39 (46.4%), 20 patients (23.8%) had a history
of DM, 29 patients (35%) had a history of hyperlipidemia, 26
patients (31%) were obese according to body mass index,
and 19 patients (22.6%) were smokers (Table 1).

Hematological and biochemical parameters at the time of
measurement did not show a significant correlation with
CIMT.

Information comparing age, sex, and CIMT values of the
patient subgroups and the control group is summarized in
Table 2. No statistically significant difference was found in
CIMT between the PV, ET, and control groups.

When the relationship between risk factors associated with
increased carotid intima-media thickness was examined,
a significant increase in CIMT was found in patients with
JAK2 mutation, HT, and DM (p<0.05) (Table 3).

In the correlation analysis performed with age, disease du-
ration, lipid levels, Hb, Hct, WBC, and platelet counts during
USG, which may be related to increased carotid intima-me-
dia thickness, age was found to be correlated with CIMT
(p<0.001, r=0.647).

When the relationship between risk factors and CIMT was
examined in the patient group, univariate and multivariate
analyses were performed for the factors found to be sig-
nificant. In the univariate analysis, age, sex, JAK2 mutation,
HT, and diabetes were evaluated. For age, B=0.584 and
p<0.001.

Table 1. General characteristics of patients

Number of patients n=84
Median age, years, (min-max) 57 (24-82)
Gender, n (%)

Male 38 (45%)

Female 46 (55%)
MPN subtype, n (%)

PV 42 (50%)

ET 42 (50%)
JAK-2 mutation, n (%)

Yes 60 (71%)

No 24 (29%)
History of thrombosis, n (%)

Yes 11 (13.1%)

No 73 (86.9%)
HT, n (%)

Yes 39 (46.4%)

No 45 (53.6%)
DM, n (%)

Yes 20 (23.8%)

No 64 (76.2%)
Hyperlipidemia, n (%)

Yes 29 (35%)

No 55 (65%)
Body mass index, n (%)

<30 kg/m? 58 (69%)

> 30 kg/m? 26 (31%)
Smoking, n (%)

Yes 19 (22.6%)

No 65 (77.4%)

MPN: Myeloproliferative neoplasm; PV: Polycythemia vera; ET: Essential
thrombocythemia; JAK-2: Janus Kinase 2 gene; HT: Hypertension; DM: Diabetes
mellitus.

Table 2. Comparison of demographic characteristics and CIMT between patient subgroups and the control group

PV n=42 ET n=42 Control group n=46 P
Median age, years (min-max) 57 (27-74) 58 (24-82) 55 (26-77) 0.672
Gender, n (%)
Male 21 (%50) 25 (%59.5) 24 (%52.2) 0.655
Female 21 (%50) 17 (%40.5) 22 (%47.8) ’
CIMT, median (min-max) 0.78 (0.5-2) 0.85(0.42-1.13) 0.85(0.33-1.21) 0.782

PV: Polycythemia vera; ET: Essential thrombocythemia; CIMT: CIMT: Carotid intima-media thickness.
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Table 3. Relationship between CIMT and risk factors

" cIMT cIMT
- Median, mm Min-max, mm P

Gender
Female 0.83 0.42-2 0.828
Male 0.8 0.33-1.13

Body mass index
<30 kg/m? 0.82 0.42-2 0.289
>30 kg/m? 0.83 0.6-1.13

JAK-2 mutation
Yes 0.85 0.54-2 0.001
No 0.72 0.42-1.13

Thrombosis
Yes 0.85 0.5-1.06 0.790
No 0.81 0.42-2

HT
Yes 0.92 0.6-2 0.000
No 0.73 0.42-1.13

DM
Yes 0..89 0.7-2 0.009
No 0.78 0.42-1.13

Hyperlipidemia
Yes 0.85 0.42-2 0.083
No 0.78 0.5-1.13

Smoking
Yes 0.80 0.42-1.13 0.295
No 0.85 0.5-2

CIMT: Carotid intima-media thickness; JAK-2: Janus Kinase 2 gene; HT: Hyperten-
sion; DM: Diabetes mellitus.

Discussion

This study found that carotid intima-media thickness val-
ues in patients with PV and ET were similar to those in the
control group. Considering that PV and ET are high-risk
diseases for thrombosis, the failure to demonstrate an in-
crease in CIMT suggests that the tendency for thrombosis
may not be directly related to structural atherosclerotic
changes.

In subgroup analyses, higher CIMT values were found in
patients with hypertension, diabetes, and JAK2 mutation.
However, in the multivariate analysis, only age was found
to be an independent predictor of increased CIMT. The lit-
erature has demonstrated a strong and linear relationship
between age and CIMT.'2'*211This finding supports that the
increase in CIMT in our study primarily reflects age-related
vascular changes.

The association between hypertension and increased CIMT
has been well established in the literature.*?>2 The associ-
ation between diabetes and increased CIMT has also been
well established.'*161926-28 |n our study, these variables
were also found to be significant in the univariate analysis
but failed to maintain their independence. Similarly, while

the higher CIMT values observed in JAK2-positive patients
are noteworthy, the fact that this relationship was not inde-
pendent in the multivariate analysis suggests that the ob-
served increase may be related to accompanying classical
cardiovascular risk factors.

The relationship between the JAK2 mutation and thrombo-
sis has been demonstrated in previous studies.”?*3* Howev-
er, the finding in our study that JAK2 positivity did not con-
stitute an independent structural atherosclerotic burden
via CIMT raises the possibility that the thrombosis-enhanc-
ing effect of this mutation may occur through inflammato-
ry, endothelial dysfunction, and procoagulant mechanisms
rather than structural atherosclerosis.

No statistically significant association was found between
obesity, hyperlipidemia, male sex, smoking, and CIMT in
our study.

One of the strengths of this study is that CIMT was evaluat-
ed in patients with PV and ET in comparison with a control
group, and the effects of potential confounding factors were
examined using multivariate analysis. Furthermore, the in-
clusion of a disease-specific molecular variable, such as the
JAK2 mutation, in the analysis contributes to the biological
interpretation of the findings. However, the cross-sectional
and single-center design of the study limits the establish-
ment of causal relationships. The limited sample size and the
fact that CIMT reflects only the structural atherosclerotic bur-
den are among the other limitations of the study.

Conclusion

In conclusion, the fact that the presence of PV and ET alone
is not associated with an increase in CIMT suggests that the
development of thrombosis in these diseases may not be
fully explained by classical atherosclerotic burden. Larger
prospective studies evaluating the role of disease-specific
biological processes in the pathogenesis of thrombosis are
needed.
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Abstract

Objectives: Dysregulated inflammation drives severe COVID-19. Cytokine profiling has been proposed for risk stratifica-
tion. Its value over conventional markers is unclear. We compared admission cytokine and chemokine levels in mild and
severe COVID-19. We also examined why routine markers may outperform cytokines.

Methods: This single-center cross-sectional study enrolled 78 adults with confirmed COVID-19. Patients were classified
as mild or severe using WHO criteria at emergency admission. Serum IL-13, TNF-alpha, IFN-gamma, macrophage inflam-
matory protein-1 beta, and monocyte chemoattractant protein-1 were measured. Demographics, routine laboratory
markers, and cytokines were compared between groups.

Results: Thirty-two patients had mild disease and 46 had severe disease. Cytokine and chemokine levels were numeri-
cally higher in severe disease. None of these differences were statistically significant.

Conclusion: Conventional inflammatory and tissue-injury markers tracked severity better than single-time-point cy-
tokine measurements. Standalone cytokine profiling at admission may offer limited value. Larger studies with serial

sampling, broader panels, and adjustment for confounders are needed.
Keywords: COVID-19, cytokines, chemokines, disease severity, MCP-1, MIP-1f3
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Coronavirus disease 2019 (COVID-19) is a heterogeneous
infectious disease ranging from asymptomatic or mild
upper respiratory tract involvement to severe viral pneu-
monia, acute respiratory distress syndrome, thromboem-
bolic complications, multiorgan dysfunction, and death.!
Although direct viral cytopathic injury contributes to early
disease pathogenesis, the clinical deterioration observedin
severe COVID-19 is largely shaped by dysregulated host in-
flammation, endothelial injury, coagulation activation, and
tissue damage.B4This inflammatory phenotype has led to
intense interest in cytokines and chemokines as potential
biomarkers of disease severity and therapeutic targets.

Early reports of severe COVID-19 described increased cir-
culating concentrations of several inflammatory media-
tors, including interleukin-6, interleukin-8, interleukin-10,
tumor necrosis factor-alpha, interferon-gamma-related
pathways, monocyte chemoattractant protein-1, and mac-
rophage inflammatory proteins.>® These findings support-
ed the concept that a cytokine-driven hyperinflammatory
response may contribute to respiratory failure and system-
ic complications in a subgroup of patients. Subsequent
studies and reviews, however, have shown that cytokine
profiles in COVID-19 are not uniform and may vary accord-
ing to disease phase, timing of sampling, assay platform,
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viral variant, age, comorbidities, and prior or ongoing an-
ti-inflammatory treatment.”#

In routine clinical practice, conventional inflammatory and
tissue injury markers, such as C-reactive protein, ferritin,
lactate dehydrogenase, D-dimer, leukocyte and neutro-
phil counts, lymphocyte count, and platelet count, have
remained more accessible and more consistently associat-
ed with severe disease than specialized cytokine measure-
ments. Several studies have reported that elevated CRP, fer-
ritin, LDH, D-dimer, and neutrophil-to-lymphocyte ratio are
associated with worse clinical outcomes, while lymphope-
nia and thrombocytopenia reflect immune dysregulation
and disease severity.”'

Despite the biological plausibility of cytokine profiling, its
incremental value over conventional laboratory markers
remains uncertain, particularly when measured at a single
time point at hospital admission. In this context, negative or
nonsignificant cytokine findings are clinically informative,
as they may indicate that isolated baseline cytokine mea-
surements do not sufficiently capture the dynamic inflam-
matory trajectory of COVID-19. This is especially relevant for
cytokines and chemokines such as interleukin-13, tumor ne-
crosis factor-alpha, interferon-gamma, monocyte chemoat-
tractant protein-1, and macrophage inflammatory protein-1
beta, which may show biological elevation without provid-
ing robust discrimination between severity groups.

Therefore, this study aimed to compare admission serum
cytokine and chemokine levels between patients with mild
and severe COVID-19 and to evaluate their relationship
with conventional inflammatory and tissue injury mark-
ers. We specifically examined whether selected serum cy-
tokines and chemokines measured at emergency depart-
ment admission could distinguish severe disease and why
conventional laboratory markers may have outperformed
cytokine measurements in reflecting COVID-19 severity.
The study included 78 patients with COVID-19, classified as
32 mild and 46 severe cases according to World Health Or-
ganization disease severity criteria.'*! Cytokine and chemo-
kine measurements were performed using the Bio-Plex Pro
Human Cytokine Screening Panel.

Materials and Methods

Study Design and Setting

This was a single-center, cross-sectional observational
study conducted at istanbul University, Faculty of Medi-
cine, between January 2022 and March 2022. The study
included adult patients who presented to the emergency
department with suspected COVID-19 and had confirmed
SARS-CoV-2 infection by real-time reverse transcription

polymerase chain reaction from combined nasopharyngeal
and oropharyngeal swab samples. Patients were enrolled
at hospital admission, and blood samples for cytokine and
chemokine analyses were obtained before the initiation of
COVID-19-specific treatment.

The study was designed to evaluate whether pretreatment
serum cytokine and chemokine levels measured at admis-
sion were associated with COVID-19 disease severity and
to compare their performance with conventional inflam-
matory and tissue injury markers.

Study Population

Patients aged 18 years or older with confirmed COVID-19
were eligible for inclusion. A total of 78 patients were in-
cluded in the final analysis. At the time of emergency de-
partment admission, patients were evaluated according to
clinical findings, laboratory parameters, and radiological
features. Based on the World Health Organization COVID-19
disease severity classification, patients were categorized
into two groups: mild disease and severe disease. Accord-
ingly, 32 patients were classified as having mild COVID-19
and 46 patients as having severe COVID-19.

For all included patients, routine laboratory tests were
obtained as part of clinical care, and an additional 10 mL
blood sample was collected for cytokine and chemokine
measurement.

Disease Severity Classification

COVID-19 disease severity was determined according to
the World Health Organization classification. Patients with-
out evidence of viral pneumonia or hypoxia were classified
as having mild disease. Patients with clinical, radiological,
or laboratory findings consistent with severe COVID-19
were classified as having severe disease. Classification was
based on the overall assessment at emergency department
admission, including clinical status, oxygenation, laborato-
ry findings, and radiological involvement.

Data Collection

Demographic, clinical, laboratory, and radiological data
were collected at the time of admission. The following
baseline variables were recorded:

+ age

. sex

+ clinical presentation

- disease severity category

- routine hematological parameters

+ biochemical markers

.+ inflammatory markers

« coagulation-related markers
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Laboratory parameters included leukocyte count, neutro-
phil count, lymphocyte count, platelet count, alanine ami-
notransferase, aspartate aminotransferase, lactate dehy-
drogenase, urea, ferritin, D-dimer, and C-reactive protein.
These parameters were compared between the mild and
severe disease groups.

Cytokine and Chemokine Measurement

Blood samples for cytokine and chemokine analysis were
obtained at emergency department admission before the
initiation of COVID-19-specific treatment. This timing was
chosen to minimize the potential confounding effects of
corticosteroids, antiviral agents, anticoagulants, or other
anti-inflammatory treatments on circulating cytokine and
chemokine concentrations.

Samples were centrifuged at 1000xg for 15 minutes at 4°C.
The plasma fraction was then transferred into polypropyl-
ene tubes. To remove residual platelets and precipitates,
plasma samples were centrifuged again at 4000xg for 15
minutes at 4°C. The samples were diluted at a 1:4 ratio and
stored at —80°C until analysis.

Serum cytokine and chemokine levels were measured
using the Bio-Plex Pro Human Cytokine Screening Panel
(Bio-Rad, Hercules, CA, USA) according to the manufactur-
er's instructions. The measured mediators included tumor
necrosis factor-alpha, interferon-gamma, interleukin-13,
monocyte chemoattractant protein-1, and macrophage
inflammatory protein-1 beta. Measurements were per-
formed using the Bio-Plex 200 multiplex system platform.

Outcomes

The primary outcome was the association between pre-
treatment admission serum cytokine and chemokine levels
and COVID-19 disease severity, defined according to World
Health Organization severity criteria.

The secondary outcome was the association between con-
ventional laboratory markers and COVID-19 disease severity.
Conventional markers included leukocyte count, neutrophil
count, lymphocyte count, platelet count, alanine amino-
transferase, aspartate aminotransferase, lactate dehydroge-
nase, urea, ferritin, D-dimer, and C-reactive protein.

Data on intensive care unit admission, mortality, mechan-
ical ventilation, or detailed oxygen requirement were not
available; therefore, these endpoints were not analyzed.

Statistical Analysis

All statistical analyses were performed using SPSS version
28.0 (IBM Corp., Armonk, NY, USA). Continuous and cate-
gorical variables were presented as median (IQR) and n (%),
respectively. The Shapiro-Wilk and Kolmogorov-Smirnov

tests were used to assess the assumption of normality. In-
dependent samples t-tests and Mann-Whitney U tests were
used to compare normally distributed and nonnormally
distributed independent variables, respectively. Categor-
ical variables were compared using the chi-square test. A
p-value of <0.05 was considered statistically significant.

Ethical Considerations

The study was approved by the Istanbul Faculty of Medicine
Clinical Research Ethics Committee, Istanbul University, Tiir-
kiye, with approval dated December 31, 2021, and approval
number 671545. Written informed consent was obtained
from all participants. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Results

Study Population and Demographic Characteris-
tics

A total of 78 patients with confirmed COVID-19 were in-
cluded in the study. Of these, 54 patients were male and 24
were female. According to the World Health Organization
COVID-19 disease severity classification, 46 patients were
classified as having severe disease and 32 patients as hav-
ing mild disease.

The overall mean age was 51.7+16.1 years. Patients with se-
vere COVID-19 were significantly older than those with mild
disease, with mean ages of 58.2+15.0 years and 43.1+13.3
years, respectively (p<0.001). Male sex was more frequent
in the severe disease group than in the mild disease group
(36/46 patients [78.3%] vs. 18/32 patients [56.2%], p=0.048).

Comorbidities were more common among patients with
severe disease. Diabetes mellitus was presentin 10 patients
with severe disease and in 1 patient with mild disease
(21.7% vs. 3.1%, p=0.021). Hypertension was also signifi-
cantly more frequent in severe disease (24 patients [52.2%)]
vs. 2 patients [6.2%], p<0.001). Cardiovascular disease and
chronic obstructive pulmonary disease were observed only
in the severe disease group (23.9% and 15.2%, respective-
ly), and both were significantly associated with severe dis-
ease. The demographic characteristics of patients with mild
and severe COVID-19 are presented in Table 1.

Clinical Characteristics

The most common symptoms in the overall cohort were
myalgia or fatigue (53 patients [67.9%]), cough (36 patients
[46.3%]), dyspnea (28 patients [35.9%]), and fever (27 pa-
tients [34.6%)).

Fever was observed only in the severe disease group (27 pa-
tients [58.7%] vs. 0 patientsin the mild disease group, p<0.001).
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Table 1. Demographic characteristics of patients with mild and severe COVID-19

All (n=78)

Age 51.7£16.1 (18-92)
Sex

Male 54 (69.2%)

Female 24 (30.8%)
Comorbidity

DM 11 (14.1%)

HT 26 (33.3%)

CardiovascularyDisease 11 (14.1%)

COPH 7 (9%)

Malignancy 1(1.3%)

Chronic Hepatic Disease 1(1.3%)

Cough was also significantly more frequent in severe disease
(31 patients [67.4%] vs. 5 patients [15.6%], p<0.001). Dyspnea
showed one of the clearest differences between groups, be-
ing present in 27 patients with severe disease (58.7%) and in
only 1 patient with mild disease (3.1%) (p<0.001).

Myalgia or fatigue was more common in the severe disease
group than in the mild disease group (36 patients [78.3%)]
vs. 17 patients [53.1%], p=0.027). Headache was more fre-
quent in the mild disease group (11 patients [34.4%)] vs. 3
patients [6.5%], p=0.003). Nausea and vomiting were ob-
served only in the severe disease group (6 patients [13.0%)],
p=0.038). Diarrhea and sore throat did not differ signifi-
cantly between groups. The clinical characteristics of pa-
tients according to COVID-19 disease severity are summa-
rized in Table 2.

Conventional Laboratory Markers According to
Disease Severity

Several conventional laboratory markers differed signifi-
cantly between the mild and severe disease groups. Pa-

Severe (n=46) Mild (n=32) p
58+15 (35-92) 43.1£13.3 (18-65) <0.001
36 (78.3%) 18 (56.2%) 0.048
10 (21.7%) 14 (43.8%)
10 (21.7%) 1(3.1%) 0.021
24 (52.2%) 2 (6.2%) <0.001
11 (23.9%) = 0.002
7 (15.2%) = 0.037
1(2.2%) = 1
1(2.2%) = 1

tients with severe COVID-19 had significantly higher leu-
kocyte counts than patients with mild disease [7.8+3.7
vs. 5.4+2.2x10°/L, p=0.002]. Neutrophil counts were
also significantly higher in severe disease [6.1£3.7 vs.
3.7+1.9x10%/L, p=0.001], whereas lymphocyte counts were
significantly lower [1.0+0.6 vs. 1.5+0.6x10°/L, p<0.001].

Platelet counts were lower in severe disease than in mild
disease [216.2+52.6 vs. 257.4+100.6x10°/L, p=0.045]. INR
was also significantly different between groups [1.0+0.1 vs.
1.2£0.2, p=0.002]. D-dimer levels were higher in severe dis-
ease [1.8+3.4 vs. 0.5+£0.7 ng/L, p=0.042].

Markers of liver injury and tissue damage were also more
elevated in severe disease. Alanine aminotransferase was
higher in severe disease [57.5+55.3 vs. 32.4+29.9 U/L,
p=0.030], as was aspartate aminotransferase [57.3+50.9 vs.
26.6+11.5 U/L, p=0.002]. Lactate dehydrogenase showed
a marked increase in severe disease [373.3+£165.3 vs.
203.3+40.6 U/L, p<0.001].

Inflammatory markers showed the strongest differences be-
tween groups. Ferritin levels were substantially higher in pa-

Table 2. Clinical characteristics of patients according to COVID-19 disease severity

Symptoms and Signs All (n=78) Severe (n=46) Mild (n=32) p
Fewer 27 (34.6%) 27 (58.7%) = <0.001
Cough 36 (46.3%) 31 (39.7%) 5 (15.6%) <0.001
Myalgia or fatigue 53 (67.9%) 36 (78.3%) 17 (53.1%) 0.027
Headache 14 (17.9%) 3 (6.5%) 11 (34.4%) 0.003
Diarrhea 4 (5.1%) 3 (6.5%) 1(3.1%) 0.64
Dispnea 28 (35.9%) 27 (58.7%) 1(3.1%) <0.001
Neausea and vomitting 6 (7.7%) 6 (13%) - 0.038
Sore Throat 12 (15.4%) 4 (8.7%) 8 (25%) 0.062
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tients with severe COVID-19 [1303.3+860.4 vs. 171.4+147.3
ng/mL, p<0.001]. C-reactive protein levels were also marked-
ly higher in the severe disease group [139.2+84.1 vs. 1.0+2.6
mg/dL, p<0.001]. Urea levels were higher in severe disease
[46.7+£24.7 vs. 33.0+12.6 mg/dL, p=0.013].

In contrast, prothrombin time, activated partial thrombo-
plastin time, creatine kinase, total bilirubin, potassium,
sodium, and creatinine levels did not differ significantly
between the two groups. Laboratory findings of the pa-
tients according to COVID-19 disease severity are shown
in Table 3.

Cytokine and Chemokine Levels According to Dis-
ease Severity

Serum cytokine and chemokine levels were compared be-
tween patients with mild and severe COVID-19. Overall,
cytokine and chemokine concentrations tended to be nu-
merically higher in patients with severe disease; however,
none of the measured mediators showed a statistically sig-
nificant difference between the groups.

Tumor necrosis factor-alpha levels were higher in the severe
disease group than in the mild disease group [48.0+53.9 vs.
30.7£11.6 pg/mL], but the difference was not statistically
significant (p=0.644). Interferon-gamma levels were also

Table 3. Laboratory findings according to COVID-19 disease severity

higher in severe disease [14.3£26.3 vs. 6.5£7.1 pg/mL],
without statistical significance (p=0.271).

Interleukin-13 levels were slightly higher in severe disease
[1.6£0.7 vs. 1.3+0.3 pg/mL], but again, the difference did
not reach statistical significance (p=0.119). Monocyte che-
moattractant protein-1 levels were numerically higher in
severe disease [159.5+262.8 vs. 86.4+51.7 pg/mL], but this
difference was not significant (p=0.533). Macrophage in-
flammatory protein-1 beta levels were also higher in severe
disease [54.1£89.2 vs. 38.6£15.6 pg/mL], with no statistical-
ly significant difference between the groups (p=0.854).

These findings indicate that, despite a numerical upward
trend in selected cytokine and chemokine levels among
patients with severe COVID-19, pretreatment single-time-
point measurements of TNF-a, IFN-y, IL.-13, MCP-1, and
MIP-1B did not significantly discriminate between mild and
severe disease. Admission serum cytokine and chemokine
levels according to COVID-19 disease severity are present-
edinTable 4.

Discussion

In this single-center, cross-sectional study, we evaluated
pretreatment admission serum cytokine and chemok-
ine levels in patients with mild and severe COVID-19 and

Laboratory findings All (78) Mean+SD Severe (46) Mean+SD Mild (32) Mean+SD p
Whice cell count (x 10°/ L, 3.7-10.4) 6.8+3.4 7.8+3.7 5.4+2.2 0.002
Neutrophil count (x 10°/L, 1.8-7.8) 5.1£3.2 6.1£3.7 3.7£19 0.001
Lymphocyte count (x 10°/ L, 0.9-3.7) 1.2+0.6 1£0.6 1.5+0.6 <0.001
Platelet count (x 10%/ L, 149-371) 240+85.7 216.2+52.6 257.4+100.6 0.045
Protrombin time (s, 9.7-13.9) 13.3%£3.7 13.1£3.9 13.8+2.9 0.549
Active partial thromboplastin time (s, 22-45) 33.8+11 33.4+9.5 35.1£14.6 0.616
INR (0.8-1.24) 1,1+0.2 1+0.1 1.2+0.2 0.002
D-dimer (ng/L, 0-500) 1.3+£2.8 1.8+£3.4 0.5+0.7 0.042
ALT (U/L, 0-41) 47.1£47.9 57.5+£55.3 32.4+29.9 0.03
AST (U/L, 0-40) 44.7+42.5 57.3£50.9 26.6x11.5 0.002
CK(IU/L, 0-190) 142.1+£125.7 154.7+£137.3 108.5+82.1 0.228
LDH (U/L, 135-225) 305.8+154.9 373.3£165.3 203.3+40.6 <0.001
Total bilirubin (mg/dL, 0-1.2) 0.6£0.3 0.6+£0.3 0.5£0.2 0.3
Potassium level (mmol/L,.5-5.1) 6.1+15.9 7.5+20.8 4.1+04 0.384
Sodium level (mmol/L, 136-145) 135,4+16.7 132.6+20.9 139.743.1 0.089
Urea (mg/dL, 10-50) 41.5+£21.7 46.7+£24.7 33.3+12.6 0.013
Creatinine (mg/dL, 0.7-1.2) 1.1+£0.6 1.1£0.7 1£0.3 0.323
Ferritin (ng/mL, 30-400) 844+870.3 1303.3+860.4 171.4+£147.3 <0.001
CRP (mg/dL, 0-0.5) 52.1£84.1 139.2+84.1 1+2.6 <0.001
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Table 4. Admission serum cytokine and chemokine levels according to COVID-19 disease severity

Severe (n=46) Mild (n=32)
Immune Mediatory Mean+SD [Q1:Q3] Median Mean+SD [Q1:Q3] Median p*
TNF-a, pg/mL 48+53.9 [19.28:66.00] 35.94 30.7£11.6 [29.34:45.85] 35.98 0.644
IFN-y, pg/mL 14.3+26.3 [3.71:11.49] 5.82 6.5+7.1 [3.01:5.47] 3.01 0.271
IL-13, pg/mL 1.6£0.7 [1.14:1.63] 1.63 1.3+0.3 [1.14:1.14]1.14 0.119
MCP-1, pg/mL 159.5+262.8 [91.92:286.97] 107.35 86.4+51.7 [65.32:126.36] 99.03 0.533
MIP-18, pg/mL 54.1£89.2 [29,51:75,93] 53 38.6x£15.6 [41,07:53,33] 43.96 0.854

compared their association with disease severity against
conventional inflammatory and tissue injury markers. The
main finding was that routinely available laboratory pa-
rameters, including C-reactive protein, ferritin, lactate de-
hydrogenase, D-dimer, leukocyte and neutrophil counts,
lymphocyte count, platelet count, alanine aminotransfer-
ase, aspartate aminotransferase, and urea, were significant-
ly associated with severe disease. In contrast, selected cyto-
kines and chemokines, including TNF-q, IFN-y, IL-13, MCP-1,
and MIP-1p3, were numerically higher in severe COVID-19
but did not reach statistical significance. This pattern sug-
gests that conventional inflammatory and tissue injury
markers may better reflect the integrated systemic burden
of COVID-19 at admission than isolated single-time-point
cytokine measurements.

Patients with severe disease in our cohort were older, more
frequently male, and had a higher burden of comorbidities,
particularly hypertension, diabetes mellitus, cardiovascu-
lar disease, and chronic obstructive pulmonary disease.
These findings are consistent with the recognized clinical
phenotype of severe COVID-19, in which host vulnerabil-
ity substantially modifies the inflammatory response to
SARS-CoV-2 infection. Age, cardiometabolic disease, and
chronic pulmonary disease may amplify endothelial dys-
function, basal inflammatory tone, coagulation activation,
and susceptibility to organ injury. Therefore, the stronger
association of conventional markers with severe disease
may partly reflect their ability to capture both acute infec-
tion-related inflammation and the underlying systemic vul-
nerability of the host.['*1!

The clearest laboratory differences between mild and se-
vere disease were observed in CRP, ferritin, LDH, D-dimer,
neutrophil count, lymphocyte count, and platelet count.
This is biologically plausible. CRP is a downstream marker
of hepatic acute-phase activation, largely driven by up-
stream inflammatory signaling, such as the IL-6 pathway.
Ferritin reflects macrophage activation, cellular stress, and
systemic hyperinflammation. LDH indicates tissue injury
and cellular turnover. D-dimer reflects coagulation activa-

tion, endothelial injury, and thromboinflammation. Neu-
trophilia and lymphopenia reflect the combined effects of
innate immune activation, stress response, and impaired
adaptive immune regulation. Thrombocytopenia may
reflect platelet consumption, endothelial activation, in-
flammation-associated coagulopathy, or severe systemic
illness. Systematic reviews of COVID-19 biomarkers have
similarly identified D-dimer, ferritin, neutrophil-to-lympho-
cyte ratio, and related hematologic or inflammatory mark-
ers as clinically relevant indicators of disease severity and
mortality.®%

Importantly, our panel did not include IL-6 or IL-8, two of
the most consistently reported cytokines associated with
severe COVID-19. Therefore, our findings should not be
interpreted as evidence against cytokine involvement in
COVID-19, but rather as evidence that the selected cyto-
kines and chemokines measured at a single admission time
point did not outperform conventional markers.

Although all measured cytokines and chemokines were
numerically higher in the severe group, large standard de-
viations suggest substantial interindividual variability. In a
modest-sized cohort, such variability may reduce statisti-
cal power and obscure biologically meaningful trends. Our
analysis reflects disease severity at admission, not subse-
quent clinical outcomes.

TNF-a may be associated with endothelial activation, in-
flammation, and tissue damage in severe COVID-19. Del
Valle and colleagues demonstrated that elevated levels of
IL-6, IL-8, and TNF-a at the time of hospital admission were
strong and independent predictors of survival.[7] In our
study, TNF-a was also elevated, but not significantly; this
may be explained by the sample size and variability. IFN-y is
an indicator of the antiviral Th1 response, but timing is crit-
ical in COVID-19. While an early antiviral response may be
protective, a late and dysregulated response may increase
inflammation. Therefore, severity discrimination may be
difficult with a single measurement. MCP-1 is associated
with monocyte chemotaxis and is important in terms of
pulmonary inflammation and monocyte-macrophage acti-
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vation."'”!In some studies, MCP-1 has been reported to be
elevated in COVID-19. In the study by Pinarlik et al., IFN-02,
TNF-a, MCP-1/CCL2, IL-6, IL-8, IL-18, and IL-33 levels were
reported to be higher in patients with COVID-19 than in
healthy controls, while increased CRP levels and decreased
lymphocyte counts were observed in critical illness."® MIP-
1B is involved in the macrophage- and T-cell-related che-
motactic response. Its numerical elevation in the severe
group may be biologically expected, but due to wide vari-
ation and the small sample size, it may not have reached
statistical significance.

The absence of statistically significant differences in TNF-a,
IFN-y, IL-13, MCP-1, and MIP-1f3 should not be interpreted as
evidence against cytokine involvement in COVID-19 patho-
genesis. Rather, our findings indicate that the selected cy-
tokines and chemokines measured at a single pretreatment
admission time point did not discriminate mild from severe
disease as effectively as conventional laboratory markers.
Cytokines are dynamic rather than static biomarkers. Their
circulating concentrations may vary according to disease
phase, timing from symptom onset, viral replication ki-
netics, compartmentalized pulmonary inflammation, host
immune status, assay platform, and prior immune priming.
Longitudinal cytokine studies have emphasized that early
and late cytokine profiles may differ across disease severity
groups, supporting the idea that inflammatory trajectories
may be more informative than isolated baseline values.®

A second explanation is that cytokines may peak earlier
or later than the downstream laboratory markers used in
routine practice. CRP, ferritin, LDH, and D-dimer are more
stable integrated readouts of systemic inflammation, tissue
injury, and thromboinflammatory burden. By contrast, cy-
tokines can be transient, pulsatile, locally compartmental-
ized, and technically more variable. A patient sampled early
in the course of the disease may not yet have developed
a measurable systemic cytokine increase, whereas another
sampled later may already show downstream acute-phase
activation after the cytokine peak has passed. Therefore,
conventional markers may outperform cytokines at admis-
sion because they summarize the biological consequences
of inflammation rather than only a narrow upstream signal-
ing snapshot.

Another important point is that our cytokine panel did not
include IL-6 or IL-8, two of the most consistently report-
ed cytokines associated with severe COVID-19. Del Valle
et al. showed that high serum IL-6, IL-8, and TNF-a levels
at hospitalization were strong predictors of survival and
that IL-6 and TNF-a remained independently associated
with disease severity and death after adjustment for clin-
ical and laboratory variables.”'*2% |L-6 is also central to the

acute-phase response and has been repeatedly discussed
as a key mediator in COVID-19-associated cytokine storm.
Therefore, the absence of IL-6 and IL-8 measurements is a
relevant limitation of our panel. In our cohort, the marked
CRP elevation in severe disease may indirectly reflect up-
stream IL-6-related acute-phase activation, but this cannot
be confirmed without direct IL-6 measurement.

The measured cytokines and chemokines still have bio-
logical relevance. TNF-a contributes to endothelial activa-
tion, inflammation, vascular permeability, and tissue injury.
IFN-y reflects antiviral Th1 immune activation, but its clin-
ical meaning depends strongly on timing; early interferon
signaling may support viral control, whereas delayed or
dysregulated responses may contribute to immunopathol-
ogy. MCP-1, also known as CCL2, promotes monocyte re-
cruitment and may participate in monocyte-macrophage
accumulation within inflamed tissues. MIP-1(3, also known
as CCL4, is involved in the chemotactic recruitment of im-
mune cells and macrophage-associated inflammation. IL-
13 is more closely related to type 2 immune responses, mu-
cus production, tissue remodeling, and fibrotic pathways,
and it may not be expected to behave as a dominant acute
severity marker in the same way as IL-6 or IL-8.2"23 Thus,
the lack of significant group differences in our study may
reflect not only sample size and timing but also the fact
that not all cytokines are equally suited for acute severity
discrimination.

The numerical elevation of all measured cytokines and
chemokines in the severe group is nevertheless notewor-
thy. TNF-q, IFN-y, IL-13, MCP-1, and MIP-1 were all higher
in patients with severe disease, but standard deviations
were wide, especially for TNF-a, IFN-y, MCP-1, and MIP-
1B. This suggests substantial interindividual variability. In
a modest-sized cohort, such variability can reduce statis-
tical power and obscure biologically meaningful trends.
Therefore, our results should be interpreted as showing the
limited discriminatory performance of these pretreatment
single-time-point measurements in this cohort, rather than
the complete absence of inflammatory differences be-
tween mild and severe disease.

From a clinical perspective, these findings are relevant be-
cause emergency department risk stratification requires
rapid, reproducible, inexpensive, and easily interpretable
biomarkers. Conventional markers, such as CRP, ferritin,
LDH, D-dimer, complete blood count parameters, and rou-
tine biochemical tests, are widely available and reflect mul-
tiple downstream processes, including acute-phase activa-
tion, macrophage response, endothelial injury, coagulation
activation, immune cell redistribution, and tissue damage.
Cytokine profiling, although biologically attractive, is more
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expensive, technically demanding, less standardized across
platforms, and more sensitive to sampling-time effects. Ac-
cordingly, our findings support the view that selected sin-
gle-time-point cytokine measurements should not be used
as standalone admission severity markers but may be more
informative when combined with serial sampling, broader
cytokine panels, and clinical variables.??+2%

This study has several strengths. First, cytokine and chemo-
kine measurements were performed using pretreatment
blood samples obtained at emergency department ad-
mission, reducing the potential confounding effects of
corticosteroids, antiviral agents, anticoagulants, or other
COVID-19-specific therapies on inflammatory mediator
levels. Second, patients were classified according to World
Health Organization disease severity criteria, providing a
clinically recognizable severity framework. Third, the study
directly compared specialized cytokine and chemokine
measurements with routinely available laboratory markers,
which is relevant for real-world clinical decision-making.

The study also has limitations. It was a single-center study
with a relatively small sample size. Cytokines and chemo-
kines were measured at only one time point, preventing
the assessment of inflammatory trajectories. The panel did
not include IL-6 or IL-8, two cytokines frequently linked
to COVID-19 severity. Detailed data on intensive care unit
admission, mortality, mechanical ventilation, and oxygen
requirement were not available; therefore, the analysis
was limited to disease severity at admission rather than
subsequent clinical outcomes. In addition, age, sex, and co-
morbidity differences between severity groups may have
influenced both conventional laboratory markers and cy-
tokine levels. Larger studies with serial sampling, broader
cytokine panels, and multivariable adjustment are needed
to clarify whether cytokine profiling adds independent val-
ue beyond conventional markers.

Conclusion

In conclusion, conventional inflammatory, hematological,
coagulation-related, and tissue injury markers were more
strongly associated with COVID-19 severity at admission
than selected pretreatment serum cytokine and chemok-
ine levels. Although TNF-q, IFN-y, IL-13, MCP-1, and MIP-1(3
were numerically higher in severe disease, none signifi-
cantly distinguished severe from mild COVID-19. These
findings suggest that the apparent superiority of conven-
tional markers may derive from their greater biological sta-
bility, clinical accessibility, and ability to reflect integrated
systemic inflammation and tissue injury. Cytokine profiling
may still be valuable in COVID-19 research, but its clinical
utility likely depends on broader inflammatory panels, lon-

gitudinal sampling, and integration with routine laboratory
and clinical parameters.

Disclosures

Ethics Committee Approval: This study was approved by The
Istanbul Faculty of Medicine Clinical Research Ethic Committee
(Approval Number: 671545 - 31.12.2021).

Informed Consent: Written informed consents were obtained
from patients who participated in this study.

Conflict of Interest: The author declare that there is no conflict
of interest.

Use of Al for Writing Assistance: The authors declared that arti-
ficial intelligence was not used in the study.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

Authorship Contributions: Concept: O.A, MK, Design: O.A.,
M.K.; Supervision: M.K,, A.A.; Fundings: O.A., A.A.; Materials: O.A.,
N.S.; Data Collection and/or Processing: O.A., N.S.; Analysis and/
or Interpretation: O.A,, A.A,; Literature Review: O.A., N.S.; Writing:
O.A., N.S,; Critical Review: MK, A.A.

Peer-review: Externally peer-reviewed.

References

1. Huang C,Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical fea-
tures of patients infected with 2019 novel coronavirus in Wu-
han, China. Lancet 2020;395(10223):497-506. [CrossRef]

2. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, transmission, diagnosis, and treatment
of Coronavirus Disease 2019 (COVID-19): A review. JAMA
2020;324(8):782-93. [CrossRef]

3. Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J
Med 2020;383(25):2451-60. [CrossRef]

4. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R,
Zinkernagel AS, Mehra MR, et al. Endothelial cell infection and
endotheliitis in COVID-19. Lancet 2020;395(10234):1417-8.
[CrossRef]

5. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson JJ, et al. COVID-19: consider cytokine storm syn-
dromes and immunosuppression. Lancet. 2020 Mar
28;395(10229):1033-4. [CrossRef]

6. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith
N, et al. Impaired type | interferon activity and inflam-
matory responses in severe COVID-19 patients. Science
2020;369(6504):718-24. [CrossRef]

7. Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND,
Nirenberg S, Wang B, et al. An inflammatory cytokine sig-
nature predicts COVID-19 severity and survival. Nat Med
2020;26(10):1636-43. [CrossRef]

8. Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram M, et
al. Longitudinal analyses reveal immunological misfiring in
severe COVID-19. Nature 2020;584(7821):463-9. [CrossRef]


https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1126/science.abc6027
https://doi.org/10.1038/s41591-020-1051-9
https://doi.org/10.1038/s41586-020-2588-y

EJMA

161

10.

11.

12.

13.

14.

15.

16.

17.

Huang |, Pranata R, Lim MA, Oehadian A, Alisjahbana B. C-re-
active protein, procalcitonin, D-dimer, and ferritin in severe
coronavirus disease-2019: a meta-analysis. Ther Adv Respir
Dis 2020;14:1753466620937175. [CrossRef]

Simadibrata DM, Calvin J, Wijaya AD, Ibrahim NAA. Neutro-
phil-to-lymphocyte ratio on admission to predict the severi-
ty and mortality of COVID-19 patients: A meta-analysis. Am J
Emerg Med 2021;42:60-9. [CrossRef]

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. He-
matologic, biochemical and immune biomarker abnormali-
ties associated with severe illness and mortality in coronavi-
rus disease 2019 (COVID-19): a meta-analysis. Clin Chem Lab
Med 2020;58(7):1021-8. [CrossRef]

Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, et al.
Lymphopenia predicts disease severity of COVID-19: a de-
scriptive and predictive study. Signal Transduct Target Ther
2020;5(1):33. [CrossRef]

World Health Organization. Clinical management of COVID-19:
living guideline. Geneva: World Health Organization; 2023.
Available at: https://www.who.int/publications/i/item/WHO-
2019-nCoV-clinical-2023.2. Accessed July 01, 2026.

Zhou F, YuT,DuR, Fan G, LiuY, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet
2020;395(10229):1054-62. [CrossRef]

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Mor-
ton CE, et al. Factors associated with COVID-19-related death
using OpenSAFELY. Nature 2020;584(7821):430-6. [CrossRef]
ChiY, GeY,Wu B, Zhang W, Wu T, Wen T, et al. Serum cytokine
and chemokine profile in relation to the severity of Corona-
virus Disease 2019 in China. J Infect Dis 2020;222(5):746-54.
[CrossRef]

Liao M, Liu Y, Yuan J, Wen Y, Xu G, Zhao J, et al. Single-cell
landscape of bronchoalveolar immune cells in patients with

18.

19.

20.

21.

22.

23.

24,

25.

26.

COVID-19. Nat Med 2020;26(6):842-4. [CrossRef]

Pinarlik F, Babuccu G, Albayrak O, Dogan O, Keske S, Besli Y,
et al. Predictive role and clinical value of serum cytokines
in COVID-19. Infect Dis Clin Microbiol 2024;6(4):258-67.
[CrossRef]

McElvaney OJ, McEvoy NL, McElvaney OF, Carroll TP, Murphy
MP, Dunlea DM, et al. Characterization of the Inflammatory
response to severe COVID-19 illness. Am J Respir Crit Care
Med 2020;202(6):812-21. [CrossRef]

RECOVERY Collaborative Group. Tocilizumab in patients
admitted to hospital with COVID-19 (RECOVERY): a ran-
domised, controlled, open-label, platform trial. Lancet
2021;397(10285):1637-45. [CrossRef]

Donlan AN, Sutherland TE, Marie C, Preissner S, Bradley BT,
Carpenter RM, et al. IL-13 is a driver of COVID-19 severity. JCl
Insight 2021;6(15):e150107. [CrossRef]

GOmez-Escobar LG, Hoffman KL, Choi JJ, Borczuk A, Salvatore
S, Alvarez-Mulett SL, et al. Cytokine signatures of end organ
injury in COVID-19. Sci Rep. 2021;11(1):12606. [CrossRef]
Schulte-Schrepping J, Reusch N, Paclik D, BaB3ler K, Schlickeiser
S, Zhang B, et al. Severe COVID-19 is marked by a dysregulated
myeloid cell compartment. Cell 2020;182(6):1419-40.e23.
Mathew D, Giles JR, Baxter AE, Oldridge DA, Greenplate AR,
Wu JE, et al. Deep immune profiling of COVID-19 patients
reveals distinct immunotypes with therapeutic implications.
Science 2020;369(6508):eabc8511. [CrossRef]

Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al. Devel-
opment and validation of a clinical risk score to predict the
occurrence of critical illness in hospitalized patients with
COVID-19. JAMA Intern Med 2020;180(8):1081-9. [CrossRef]
YangY, Shen C, Li J, Yuan J, Wei J, Huang F, et al. Plasma IP-10
and MCP-3 levels are highly associated with disease severity
and predict the progression of COVID-19. J Allergy Clin Im-
munol 2020;146(1):119-27.e4. [CrossRef]


https://doi.org/10.1177/1753466620937175
https://doi.org/10.1016/j.ajem.2021.01.006
https://doi.org/10.1515/cclm-2020-0369
https://doi.org/10.1038/s41392-020-0148-4
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1093/infdis/jiaa363
https://doi.org/10.1038/s41591-020-0901-9
https://doi.org/10.36519/idcm.2024.367
https://doi.org/10.1164/rccm.202005-1583OC
https://doi.org/10.1016/S0140-6736(21)00676-0
https://doi.org/10.1172/jci.insight.150107
https://doi.org/10.1038/s41598-021-91859-z
https://doi.org/10.1126/science.abc8511
https://doi.org/10.1001/jamainternmed.2020.2033
https://doi.org/10.1016/j.jaci.2020.04.027

DOI: 10.14744/ejma.267162
EJMA 2025;5(4):162-166

Endocrine Complications and Their Relationship with Iron
Overload in Adult Patients with Sickle Cell Anemia

Ali Alper Solmaz,' © Anil Tombak,? @ Giilhan Orekici Temel,® ©> Kerem Sezer*

"Department of Medical Oncology, Ministry of Health Adana City Training and Research Hospital, Adana, Tiirkiye
2Department of Hematology, Mersin University, Mersin, Tiirkiye

3Department of Biostatistics and Medical Informatics, Mersin University, Mersin, Tirkiye

‘Department of Endocrinology, Mersin University, Mersin, Tiirkiye

Abstract

Objectives: The objective of this study was to investigate the prevalence of endocrine complications and to determine
their potential relationship with transfusional iron accumulation in adult patients diagnosed with sickle cell anemia
(SCA) residing in the Mersin region.

Methods: A retrospective multiparametric study was conducted involving 55 adult patients (aged 18-60 years) fol-
lowed at the Mersin University Faculty of Medicine, Adult Hematology Clinic, between July 2018 and July 2019. Com-
prehensive clinical and laboratory data were extracted, including hemoglobin variants (HbS, HbF), serum ferritin, and
specific endocrine markers such as calcium, phosphorus, 25-OH Vitamin D3, parathormone (PTH), thyroid functions
(TSH, sT4, sT3), and gonadotropins (FSH, LH). Glucose metabolism was evaluated through fasting blood glucose, insulin,
and HOMA-IR scores. Statistical analysis was performed using descriptive statistics and Chi-square tests to evaluate as-
sociations between ferritin levels and biochemical markers, with the threshold for significance set at p<0.05.
Results: The study cohort was comprised of 55 patients with a mean age of 32.02+11.97 years, with the female gender
representing 41.8% of the population. High rates of metabolic and endocrine abnormalities were identified: Vitamin D
deficiency was found in 61.8% of patients, while borderline levels were noted in an additional 23.6%. Furthermore, low
corrected calcium was observed in 16.4% and elevated PTH was identified in 12.7% of the cohort. Regarding thyroid
function, one patient (1.8%) exhibited low TSH levels, although this individual had a known history of primary hypothy-
roidism. In gonadal assessments, FSH and LH levels were elevated in 16.4% and 23.6% of patients, respectively, while
no cases of hypogonadotropic hypogonadism were recorded. Glucose metabolism analysis revealed impaired fasting
glucose in 18.2% and a HOMA-IR score >3 in 9.1%. No statistically significant association was found between serum fer-
ritin levels and endocrine parameters such as ALP (p=0.744), Vitamin D (p=0.505), or TSH (p=0.503).

Conclusion: Although various endocrine complications—particularly those involving bone metabolism and Vitamin
D—have been frequently identified in adult SCA patients, these dysfunctions have not been found to correlate with
serum ferritin levels in this cohort. This lack of association suggests that factors such as chronic ischemia, micro-infarc-
tions, and malperfusion may contribute to endocrine damage in SCA. However, the potential role of iron overload can-
not be excluded, particularly given the limitations of ferritin as a surrogate marker. Early and regular screening remains
essential for the management of these patients.
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ickle cell anemia (SCA) has been characterized as a

multisystemic, inherited disorder resulting from a spe-
cific genetic mutation in the beta-globin chain. This muta-
tion, involving the substitution of valine for glutamic acid
at the sixth position (GAG-GTG mutation), has been iden-
tified as the cause of Hemoglobin S (HbS) production. Un-
der conditions of reduced oxygen tension, HbS has been
known to polymerize, leading to the formation of rigid,
sickle-shaped erythrocytes. This process has been recog-
nized as the fundamental driver of chronic hemolysis and
vaso-occlusion.['3!

The clinical manifestations of SCA have been described
as extensive, encompassing multisystemic effects such as
acute painful vaso-occlusive crises, acute chest syndrome,
and progressive organ damage. Chronic damage to the mi-
crovasculature has been frequently observed, resulting in
complications such as leg ulcers, pulmonary hypertension,
and renal dysfunction.”

Endocrine organs have been identified as particularly
vulnerable in the context of SCA. The pathophysiology
of endocrine dysfunction has been regarded as multifac-
eted, potentially arising from micro-infarctions caused
by vaso-occlusive events or from secondary iron over-
load resulting from chronic blood transfusions. While
growth retardation and pubertal delay have been exten-
sively studied in pediatric populations, a significant need
has been identified to evaluate the prevalence of endo-
crine complications in adult patients.” Consequently,
this study has been designed to evaluate the endocrine
profile of adult SCA patients in the Mersin region and to
determine the extent to which these complications have
been linked to iron accumulation as measured by serum
ferritin.

Methods

Study Design

A retrospective multiparametric study was conducted at
the Mersin University Hospital, Department of Hematol-
ogy. The study protocol was reviewed and approved by
the Mersin University Clinical Research Ethics Committee
(Decision No: 2018/317, Date: 01/08/2018).

Patient Population

A total of 55 patients diagnosed with SCA were included in
the study. All subjects presented to the adult hematology
clinic between July 14, 2018, and July 14, 2019. Inclusion
criteria were restricted to patients aged between 18 and 60
years. Exclusion criteria were defined as pregnancy, lacta-
tion, and a history of chemotherapy.

Parameters Evaluated

Laboratory and clinical data were collected from institu-
tional medical records. The parameters analyzed included:

- Hematological Profiles: HbS, HbF, and total hemo-
globin.

- Bone and Mineral Metabolism: Corrected calcium,
25-OH Vitamin D3, phosphorus, alkaline phosphatase
(ALP), and parathormone (PTH).

+  Thyroid Function: TSH, sT4, and sT3.

- Gonadal Function: FSH, LH, testosterone, and estra-
diol.

+  Glucose Metabolism: Fasting blood glucose, insulin,
and HOMA-IR scores.

- lron Status: Serum ferritin levels.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean + standard
deviation (SD) or median (minimum-maximum) according
to data distribution, while categorical variables were pre-
sented as frequencies and percentages.

The normality of continuous variables was assessed using
the Kolmogorov-Smirnov test. Since ferritin levels were
categorized into predefined groups (normal, high, and
very high), comparisons between ferritin categories and
categorical endocrine parameters were performed using
the Chi-square test or Fisher’s exact test when appropriate.

A p-value of <0.05 was considered statistically significant.
Results

Demographic Profile

The study cohort was constituted by 55 patients with a
mean age of 32.02+11.97 years (range: 18-60). The female
gender was represented by 41.8% (n=23) of the group,
while males accounted for 58.2% (n=32).

Biochemical Findings

Metabolic and endocrine abnormalities were identified
across several physiological systems. Regarding bone me-
tabolism, Vitamin D deficiency (25-OH D3 <20 ug/L) was
found in 61.8% (n=34) of the patients, while 23.6% (n=13)
were recorded in the borderline range (20-30 pg/L). Low
corrected calcium levels were observed in 16.4% (n=9) of
the patients, and elevated PTH was identified in 12.7% (n=7).

In the evaluation of thyroid and gonadal functions, low
TSH levels were identified in 1.8% (n=1) of the patients;
however, this individual was noted to have a pre-existing
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diagnosis of primary hypothyroidism. No cases of central
hypothyroidism or central hyperthyroidism were detected.
In the gonadal assessment, FSH levels above the reference
range were identified in 16.4% (n=9) of patients, and ele-
vated LH levels were found in 23.6% (n=13). No instances
of hypogonadotropic hypogonadism were identified, and
no history of hormone replacement therapy was reported
by any patient.

Glucose Metabolism

Normal fasting blood glucose levels were maintained by
78.2% (n=43) of the patients. Impaired fasting glucose (100-
126 mg/dL) was observed in 18.2% (n=10) of the subjects,
and levels exceeding 126 mg/dL were recorded in 1.8%
(n=1). A pre-existing diagnosis of Type 2 Diabetes Mellitus
was identified in 3.6% (n=2) of the cohort. Elevated HOMA-IR
scores (>3) were identified in 9.1% (n=>5) of the patients.

Association Analysis

Statistical tests were performed to determine if a relation-
ship existed between serum ferritin levels and endocrine
markers. Patients were categorized by ferritin levels: nor-

mal, high (336-1000 ng/mL), and very high (>1000 ng/mL).
No significant relationships were identified (Table 1).

Discussion

The results of this study offer a detailed overview of the en-
docrine status of adult SCA patients in the Mersin region. A
significant finding was the relatively low prevalence of dia-
betes mellitus (3.6%) in the cohort compared to the 13.7%
prevalence reported for the general Turkish population in
the TURDEP-2 study.® This observation is consistent with
previous studies suggesting a relatively lower prevalence
of diabetes in patients with SCA, which may be attributed
to a lower body mass index (BMI) and increased metabolic
demand in this population.!'”

Bone metabolism represents a critical area of clinical con-
cern. The high prevalence of Vitamin D deficiency (61.8%)
and associated calcium imbalances are consistent with
established literature regarding the impact of chronic he-
molysis and vaso-occlusion on skeletal health.®* These
findings are consistent with previous studies demonstrat-
ing that metabolic deficiencies in SCA are associated with

Table 1. Association between ferritin levels and endocrine markers

Ferritin
Normal n (%) High n (%) Very High n (%) p

ALP Normal 20 (87) 14 (82.4) 10 (76.9) 0.744
High 3(13) 3(17.6) 3(23.1)

Creatinin Normal 24 (100) 16 (94.1) 12(92.3) 0.294
High 0(0) 1(5.9) 1(7.7)

Calcium Low 3(12.5) 4 (23.5) 2(15.4) 0.650
Normal 21 (87.5) 13 (76.5) 11(84.6)

25(0OH)D Deficiency 13 (59.1) 11 (68.8) 10 (76.9) 0.505
Incuffiency 6(27.3) 4 (25) 3(23.1)
Normal 3(13.6) 1(6.3) 0(0)

Parathormon Normal 17 (94.4) 14 (82.4) 10 (76.9) 0.322
High 1(5.6) 3(17.6) 3(23.1)

TSH Low 1(4.2) 0(0) 0(0) 0.503
Normal 22 (91.7) 17 (100) 13 (100)
High 1(4.2) 0(0) 0(0)

Hyphotyroidism None 23 (95.8) 17 (100) 12(92.3) 0.418
Primary 1(4.2) 0(0) 1(7.7)

FBG Normal 20 (83.3) 12 (70.6) 11 (84.6) 0.274
IFG 4(16.7) 5(29.4) 1(7.7)
DM 0(0) 0(0) 1(7.7)

ALP: Alkaline phosphatase; TSH: Thyroid functions; IFG: Impaired fasting glucose; FBG: Fasting blood glucose; DM: Diabetes mellitus.
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chronic bone pain and reduced bone mineral density
(BMD), which may manifest earlier in the SCA population
compared to the general population.®'

A central observation of this study was the lack of a signifi-
cant association between ferritin levels and endocrine dys-
function, representing a “ferritin paradox” in comparison to
other hemoglobinopathies. In thalassemia major, iron over-
load is a well-established primary driver of endocrinopathy.
However, in this SCA cohort, thyroid, gonadal, and glucose
metabolism parameters did not differ significantly according
to iron status. These findings suggest that the pathophysi-
ology of organ damage in SCA is likely multifactorial, with
vaso-occlusive micro-infarctions and chronic malperfusion
playing a significant role alongside potential contributions
from iron overload."Furthermore, chronic malnutrition and
zinc deficiency, which have been associated with growth
failure and hypogonadism, may also contribute to endocrine
dysfunction in this population.''2

One important limitation of this study is the use of serum
ferritin as a surrogate marker for iron overload. Ferritin is
known to be influenced by inflammatory status and may
not accurately reflect total body iron stores in patients with
sickle cell anemia. Previous studies have demonstrated that
more reliable assessments of iron overload, such as MRIT2 or
liver iron concentration measurements, may be required to
accurately evaluate iron burden.*'“Therefore, the absence
of an observed association between ferritin levels and endo-
crine dysfunction should be interpreted with caution.

Other limitations of this study include its retrospective
design and relatively small sample size (n=55), which may
have limited the ability to detect more subtle biochemical
associations.

Conclusion

In this retrospective cohort of adult patients with sickle
cell anemia, endocrine and metabolic abnormalities were
frequently observed, particularly Vitamin D deficiency and
disturbances in bone metabolism. However, serum ferritin
levels were not significantly associated with the evaluated
endocrine parameters. These findings suggest that endo-
crine dysfunction in adult sickle cell anemia may not be ex-
plained solely by iron overload and may also reflect chron-
ic vaso-occlusion, microvascular injury, and malperfusion.
Regular endocrine screening should be considered in adult
patients with sickle cell anemia, regardless of ferritin status.
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Etiological Investigation of Cryptogenic Cirrhosis Patients
Undergoing Liver Transplantation
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Abstract

Objectives: This study aimed to investigate hidden etiologies in patients with cryptogenic cirrhosis by evaluating post-
liver transplantation explant pathology findings.

Methods: Between 2010 and 2018, 324 patients with cryptogenic cirrhosis from a total cohort of 2,400 were analyzed
retrospectively. Pretransplant clinical scores, including FIB-4, APRI, Child, and MELD scores, and posttransplant pathol-
ogy results were recorded. Patients diagnosed with NASH were further evaluated for body mass index (BMI) and diabe-
tes mellitus (DM). Ascites and hepatocellular carcinoma (HCC) conversion rates were also analyzed.

Results: The mean age of the patients was 47.5+14.6 years. Posttransplant pathology identified specific etiologies in
58.3% of cases: NASH/NAFLD (24.7%), HCC (7.7%), veno-occlusive disease (6.8%), biliary pathology (5.2%), autoimmune
hepatitis (4.3%), and Wilson's disease (3%). Etiology remained undetermined in 135 patients (41.7%). Ascites was de-
tected in 71.5% (n=232) of patients, and HCC was found in 17.3% (n=57). Among patients with NASH, 66.15% had
DM/insulin resistance, and 72.5% had a BMI >25. The pretransplant mean Child and MELD scores were 12.1+1.4 and
28.5+5.3, respectively.

Conclusion: Explant pathology reveals that various diseases, particularly NASH/NAFLD, often underlie cryptogenic cir-
rhosis. NASH should be investigated thoroughly in cases of metabolic syndrome. Additionally, occult HBV and veno-oc-
clusive disease should be considered in unexplained cirrhosis, even when standard serology and imaging are negative.
Keywords: Cryptogenic cirrhosis, liver transplantation, non-alcoholic fatty liver disease
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iver cirrhosis is a chronic liver disease characterized
by progressive fibrosis and regenerative nodules,

In developed countries, the most common causes of cirrho-
sis are alcohol and non-alcoholic fatty liver disease (NAFLD),

which can develop due to various causes, such as viral
hepatitis, chronic alcohol use, autoimmune diseases,
vascular causes, and metabolic and toxic conditions.™
As the disease progresses, serious complications, such as
ascites, portal hypertension, esophageal varices, hepa-
torenal syndrome, and hepatocellular carcinoma (HCC),
may develop.”?

whereas in developing countries, viral hepatitis plays a more
frequent role in the etiology. However, cases in which the eti-
ology cannot be determined despite detailed clinical, labora-
tory, and imaging evaluations are referred to as “cryptogenic
cirrhosis.®'While up to 30% of cirrhosis cases were classified
as cryptogenic in the past, this rate has decreased to around
10% today due to advancements in diagnostic methods.”
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Recent studies suggest that in a significant proportion of pa-
tients diagnosed with cryptogenic cirrhosis, the underlying
cause may be silently progressing non-alcoholic steatohep-
atitis (NASH), and that latent viral infections or autoimmune
hepatitis may also play a role in the etiology.” In particular,
obesity, type 2 diabetes mellitus, insulin resistance, hyperlip-
idemia, and the presence of metabolic syndrome are consid-
ered significant risk factors for the development of crypto-
genic cirrhosis. In addition, occult HBV infection that cannot
be detected serologically, vascular diseases, autoimmune
hepatitis, and rare metabolic disorders may also play a role
in the etiology of cryptogenic cirrhosis.®

Liver tissue obtained from explants following liver trans-
plantation offers a significant opportunity to identi-
fy etiological causes that could not be detected before
transplantation. In particular, the ability to reevaluate his-
topathological findings that are lost in advanced-stage cir-
rhosis through detailed posttransplant pathological exam-
ination may contribute to determining the true etiology in
patients classified as having cryptogenic cirrhosis.

This study aimed to evaluate the explant pathology results
of patients with cryptogenic cirrhosis who underwent liver
transplantation and to investigate underlying occult etiol-
ogies. Furthermore, degrees of fibrosis were assessed using
pretransplant APRI and FIB-4 scores, and MELD and Child-
Pugh scores were calculated. Metabolic risk factors, such as
obesity, diabetes mellitus, and insulin resistance, were ex-
amined in patients diagnosed with NASH. Additionally, the
presence of HCC, the development of ascites, and the distri-
bution of blood groups were evaluated to reveal the clinical
characteristics of cryptogenic cirrhosis in more detail.

Methods

Study Design and Patient Selection

In our study, the medical records of patients who present-
ed to the Hepatology Outpatient Clinic at inénii University
Turgut Ozal Medical Center between 2010 and 2018 and
underwent liver transplantation were retrospectively re-
viewed. Despite comprehensive pretransplant clinical, bio-
chemical, serological, microbiological, radiological (ultra-
sonography, portal vein Doppler, elastography, etc.), and
histopathological (liver biopsy) examinations, the etiology
remained unclear; a total of 324 patients diagnosed with
“cryptogenic cirrhosis” who underwent liver transplanta-
tion were included in the study.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria for the study were de-
termined as follows:

Inclusion Criteria: (1) Being 18 years of age or older, (2)
having received a diagnosis of “cryptogenic cirrhosis” de-
spite detailed pretransplant investigations that failed to
identify the etiology, and (3) having undergone liver trans-
plantation at indni University Turgut Ozal Medical Center
and having access to posttransplant explant liver patholo-
gy results.

Exclusion Criteria: (1) Patients whose cirrhosis etiology
was determined before transplantation, including viral
hepatitis such as HBV, HCV, HDV, HAV, or HEV; autoimmune
or biliary pathologies confirmed by ASMA, LKM-1, ANA, or
AMA positivity; ischemic hepatitis; known history of alco-
holism; Wilson’s disease; hemochromatosis; or drug-in-
duced toxic hepatitis, etc.; (2) patients who had not under-
gone liver transplantation or for whom explant pathology
data were unavailable; and (3) patients with missing pre-
transplant laboratory or clinical data required for the scor-
ing systems to be used in the study.

Data Collection and Analysis

The post-liver-transplant explant liver pathology results of
the 324 patients included in the study were retrospectively
analyzed to determine the actual etiologies. Using the pa-
tients’ pretransplant laboratory data, APRI and FIB-4 scores
were calculated to predict the degree of liver fibrosis; Child
and MELD scores were calculated to determine the severity
of liver failure and the urgency of transplantation.

For patients whose explant pathology was consistent with
non-alcoholic steatohepatitis (NASH), body mass index
(BMI) and the presence of diabetes mellitus (DM) were ex-
amined to calculate NAFLD scores. Additionally, the radio-
logical, endoscopic, and pathological data of all patients
were reviewed to document the presence of major com-
plications of cirrhosis, including hepatocellular carcinoma
(HCC), ascites, and esophageal varices. Pretransplant tumor
marker levels, primarily alpha-fetoprotein (AFP), were also
included in the analysis.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statis-
tics were expressed as meanzstandard deviation for con-
tinuous variables and as number (n) and percentage (%) for
categorical variables. Only descriptive statistics were used
in the study.

Al-Assisted Technology Statement: In the production of
this work, the authors utilized Gemini 3 Flash (Google, May
2026 version) as an Al-assisted tool. The technology was em-
ployed to restructure the manuscript into a blinded format
by separating the title page and main text, ensure that the
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statistical reporting met the journal’s specific requirements,
such as adding location data for the software, and improve
English language flow. The prompts used primarily focused
on “reformatting existing clinical data and text according to
specific submission guidelines.” All Al-generated structural
and linguistic suggestions were critically appraised by the
authors to ensure scientific accuracy and integrity.

Ethical Approval

Approval for this study was obtained from the inéni Uni-
versity Non-Interventional Clinical Research Ethics Com-
mittee (Date: 30.07.2019 and Decision/Protocol Number:
2019/310), and the study was conducted in accordance
with the principles of the Declaration of Helsinki.

Results

The study included a total of 324 patients (126 female
[38.9%] and 198 male [61.1%]) who were followed up
with a preliminary diagnosis of cryptogenic cirrhosis and
underwent liver transplantation. The mean age of the pa-
tients was 47.5£14.6 years. When pretransplant clinical
scores were examined, the mean Child score was 12.1+£1.4,
and the mean MELD score was 28.5+5.3. Based on imag-
ing methods, ascites was observed in 71.5% of patients
(n=232), while hepatocellular carcinoma (HCC) was detect-
ed in 17.3% of patients (n=57) based on clinical, radiologi-
cal, and pathological data (Table 1).

In the etiological analysis based on posttransplant explant-
ed liver pathology results, the etiology of 135 patients
(41.7%) could not be determined despite all investiga-
tions and was classified as “cryptogenic cirrhosis.” The most
common etiological factor identified was hepatic steatosis
(NASH/NAFLD) in 80 patients (24.7%). The etiological dis-
tribution of the remaining patients was as follows: prima-
ry HCC (n=25, 7.7%), veno-occlusive disease (n=22, 6.8%),
biliary pathologies (PSC, PBC; n=17, 5.2%), autoimmune
hepatitis (n=14, 4.3%), and Wilson's disease (n=10, 3%). In
the remaining 21 patients (6.4%), rarer causes, such as HBV,
HCV, hemochromatosis, ischemic hepatitis, hemophago-
cytic syndrome, glycogen storage disease, and amyloido-
sis, were identified (Table 2).

In our study, subgroup analysis of 80 patients with find-
ings consistent with NASH revealed that 66.15% of these
patients (n=53) had diabetes mellitus (DM) or insulin resis-
tance. When the body mass index (BMI) of the NASH group
was evaluated, 40% (n=32) were found to be obese (BMI
>30), while 32.5% (n=26) were overweight (BMI 25-30).

While the APRI and FIB-4 scores of the patients were con-
sistent with advanced fibrosis in all cases, the NAFLD score
supported advanced fibrosis in 91% of the NASH group.

Table 1. Clinical characteristics of the patients

Variables n=324
Mean Age 47.5 (£14.6)
Sex

Male 198 (%61.1)

Female 126 (%38.9)
MELD 28.5 (£5.3)
CHILD 12.1(x1.4)
Ascites

Yes 232 (71.5%)

No 92 (28.5%)
HCC

Yes 57 (17.3%)

No 267 (82.7%)

MELD: Model for end-stage liver disease; CHILD: Child—pugh classification/score;
HCC: Hepatocellular carcinoma

Discussion

In our study, examination of the pathology of explanted
livers from patients with cryptogenic cirrhosis who under-
went liver transplantation revealed that the underlying
etiology could be reclassified in a significant proportion of

Table 2. Etiological distribution according to explant liver pathology

Variables n=324 (%)
Veno-occlusive disease 22 (6.8%)
NASH/NAFLD 80 (24.7%)
HCC 25 (7.7%)
Cryptogenic 135 (41.7%)
Alpha-1 antitrypsin deficiency 1(0.3%)
Hemochromatosis 4 (1.2%)
Hepatitis B virus related hepatitis 7 (2.1%)
Biliary pathology-related cirrhosis 17 (5.2%)
Ischemic hepatitis 2 (0.6%)
Autoimmune hepatitis 14 (4.3%)
Wilson disease 10 (3.0%)
Glycogen storage disease 1(0.3%)
Amyloidosis 2 (0.6%)
Hepatitis C virus related hepatitis 2 (0.6%)
Hemophagocytic syndrome 2 (0.6%)

NASH: Non-alcoholic steatohepatitis; NAFLD: Non-alcoholic fatty liver disease;
HCC: Hepatocellular carcinoma
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cases. The fact that NASH/NAFLD was the most frequently
identified cause supports the role of metabolic liver diseas-
es in the development of cryptogenic cirrhosis.

In a study conducted by Charlton and colleagues, the au-
thors reported a high prevalence of obesity, diabetes mel-
litus, and dyslipidemia among patients with cryptogenic
cirrhosis who underwent liver transplantation. They sug-
gested that a significant proportion of these patients may
have NASH. The study evaluated patients with cryptogenic
cirrhosis who underwent liver transplantation and report-
ed that, despite advanced investigations, the exact etiolo-
gy could not be determined in some cases, and that this
situation might be related to the blurring of histopatholog-
ical features, particularly in advanced-stage liver disease.
In our study as well, the finding that the NASH/NAFLD rate
in explant pathology was 24.7% supports this view. Fur-
thermore, the fact that 66.15% of patients diagnosed with
NASH had diabetes mellitus or insulin resistance and 72.5%
were overweight or obese clearly demonstrates the deci-
sive role of metabolic syndrome components in the etiol-
ogy of cryptogenic cirrhosis. These results highlight the
need for careful evaluation of metabolic risk factors, even
if steatosis findings have resolved before transplantation.

Despite explant pathology, the fact that the etiology could
not be determined in 41.7% of patients is noteworthy, as it
suggests that current diagnostic approaches may be insuf-
ficient in a significant proportion of cryptogenic cirrhosis
cases. Therefore, our study indicates that routine serolog-
ical tests, imaging methods, and classical histopathologi-
cal examinations are not always sufficient for etiological
differentiation in advanced cirrhosis. In particular, genetic
analyses, advanced immunophenotyping, viral nucleic acid
testing, and metagenomic sequencing are recognized as
important methods for identifying underlying hidden eti-
ologies in cases of cryptogenic cirrhosis.

In a study by Wong and colleagues, it was noted that a
significant proportion of patients awaiting liver transplan-
tation have NASH.®! Similarly, a study by Huang and col-
leagues indicated that metabolic dysfunction-associated
fatty liver disease is one of the fastest-growing causes of
cirrhosis.”! In our study, the fact that NASH/NAFLD was
the most frequently identified cause in the posttransplant
pathological examination of patients with unknown pre-
transplant etiology suggests that this global trend is also
evident in our country. In particular, the increase in the
prevalence of obesity and type 2 diabetes mellitus neces-
sitates a more systematic investigation of metabolic-origin
diseases in patients diagnosed with cryptogenic cirrhosis.

DelLeve and colleagues noted that sinusoidal obstruc-
tion syndrome is characterized by perisinusoidal fibrosis

and lobular congestion and that the primary mechanism
underlying its pathogenesis is damage to sinusoidal en-
dothelial cells. The study demonstrated that vascular liv-
er diseases are often diagnosed late due to nonspecific
laboratory and imaging findings and that some cases can
only be diagnosed through liver biopsy or posttransplant
pathology.” In our study as well, the fact that the diagno-
sis was established posttransplant via pathology in 6.8% of
patients initially classified as cryptogenic is consistent with
these literature findings. In this context, the findings of our
study support the necessity of considering vascular caus-
es in patients with unexplained cirrhosis through Doppler
ultrasound, cross-sectional imaging, and histopathological
evaluation when indicated.

The presence of cases of autoimmune hepatitis in which
autoantibodies, such as ANA, ASMA, and LKM-1, may be
negative can lead to delayed diagnosis and result in pa-
tients being managed as having cryptogenic cirrhosis.
Czaja reported that seronegative autoimmune hepatitis
poses diagnostic challenges, particularly in the advanced
stages of fibrosis or cirrhosis, due to the blurring of typical
histological and immunological findings. It is emphasized
that the absence of autoantibodies does not rule out the
diagnosis of autoimmune hepatitis, and this diagnosis
must always be considered in cases of unexplained chron-
ic hepatitis or cirrhosis.® Similarly, in cholestatic diseases,
such as primary biliary cholangitis and primary sclerosing
cholangitis, serological, biochemical, and imaging findings
may be absent, making diagnosis challenging. The Ameri-
can Association for the Study of Liver Diseases guidelines
recommend systematically investigating autoimmune and
cholestatic causes in cases of unexplained cirrhosis.”! In our
study, autoimmune hepatitis was observed in 4.3% of cas-
es, while biliary pathologies, including primary biliary chol-
angitis and primary sclerosing cholangitis, were detected
in 5.2% of cases. These findings indicate that autoimmune
and cholestatic liver diseases represent significant yet fre-
quently overlooked causes among cases classified as cryp-
togenic cirrhosis.

Ferenci et al." reported that Wilson's disease can present
with highly variable clinical manifestations and that some
patients may present directly with decompensated cirrho-
sis; however, when diagnosed early, the progression of liver
damage can be halted with chelation therapy. Pietrangelo
demonstrated that hereditary hemochromatosis can re-
main asymptomatic for many years and that untreated pa-
tients may progress to cirrhosis; however, if detected early
through serum ferritin and transferrin saturation levels,
the development of cirrhosis and hepatocellular carcino-
ma can be largely prevented with regular phlebotomy.
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Eriksson and colleagues, on the other hand, reported that
alpha-1 antitrypsin deficiency, particularly in the PiZZ gen-
otype, increases the risk of progressive fibrosis, cirrhosis,
and primary liver cancer.'?

In our study, when the transplant pathology of patients
with cryptogenic cirrhosis was examined, Wilson's dis-
ease was detected in 3%, hereditary hemochromatosis in
1.2%, and alpha-1 antitrypsin deficiency in 0.3% of cases.
Although the overall prevalence of these diseases appears
low, our findings indicate that hereditary and metabolic
liver diseases constitute a clinically significant proportion
of cases classified as cryptogenic cirrhosis. It is important
to investigate these conditions, particularly in cases of cir-
rhosis that develop at a young age, have a family history, or
cannot be explained by common etiological factors, such
as viral hepatitis, alcohol use, and metabolic syndrome.
Our study demonstrates that these conditions may easily
be overlooked in subsequent pathology, as clinical and lab-
oratory findings lose their specificity in advanced-stage cir-
rhosis. However, the availability of effective disease-mod-
ifying treatment options for all these conditions strongly
supports the necessity of evaluating Wilson'’s disease, he-
mochromatosis, and alpha-1 antitrypsin deficiency in the
differential diagnosis of unexplained cirrhosis cases.

In our study, HBV-associated hepatitis was detected in
2.1% of cases and HCV-associated hepatitis in 0.6%. In
these patients, who had negative serological test results
before transplantation and were diagnosed with crypto-
genic cirrhosis, the identification of viral etiology through
explant pathology supports the importance of occult viral
hepatitis in the etiology of cryptogenic cirrhosis. Similarly,
Raimondo et al."* noted that in cases of occult HBV infec-
tion, particularly where HBV DNA persists at low levels,
viral persistence may continue in the liver despite HBsAg
negativity, and this could lead to the development of cir-
rhosis and hepatocellular carcinoma. Studies by Im et al.'"
also emphasized that while these serological markers may
become negative during the low-replicative phase of HBV
infection, HBV DNA can still be detected, particularly in liv-
er tissue, and therefore serology alone is insufficient. Re-
garding HCV, Pawlotsky et al.'"! reported that HCV RNA is
the only reliable diagnostic method in cases with negative
or low-titer anti-HCV and that molecular tests are of critical
importance, particularly in patients with advanced fibrosis.
The findings of our study support the need to avoid over-
looking occult viral hepatitis, particularly in seronegative or
atypically presenting patients, and underscore the signifi-
cant role of molecular tests in the diagnostic algorithm.

The incidence of hepatocellular carcinoma (HCC) was
found to be 17.3% in our study. This rate supports the no-

tion that cryptogenic cirrhosis carries a significant risk of
malignancy, particularly in patients with advanced-stage
disease. Previous studies have also shown that a significant
proportion of cryptogenic cirrhosis is associated with un-
derlying NASH/NAFLD and that the development of HCC is
not uncommon in this patient group. A study by Bugianesi
and colleagues emphasized that, given the global increase
in the prevalence of NAFLD, NASH-related cirrhosis consti-
tutes a significant risk group for the development of hepa-
tocellular carcinoma. Furthermore, it has been shown that
many cases classified as cryptogenic cirrhosis are actually
of NASH origin and that inflammation, oxidative stress, and
insulin resistance are the key mechanisms triggering car-
cinogenesis in these patients.l's!

These mechanisms accelerate HCC development, particu-
larly through the effects of chronic low-grade inflammation
and metabolic dysfunction on DNA damage and hepatic
cell proliferation. The high HCC rate identified in our study
underscores the need for close monitoring of patients with
cryptogenic cirrhosis not only for liver failure but also for
the development of malignancy. In this context, ensuring
early diagnosis through regular ultrasound and alpha-feto-
protein (AFP) monitoring is of critical clinical importance.

The fact that the patients’mean MELD score was 28.5 and
their Child-Pugh score was 12.1 indicates that the cases in-
cluded in the study belonged to the advanced-stage de-
compensated cirrhosis group. At this stage of liver failure,
initial etiological clues diminish because advanced fibrosis
and nodular regeneration become predominant in the
hepatic parenchyma. In evaluations of the MELD score by
Kamath and colleagues, it was demonstrated that as the
MELD score increases, decompensation worsens during the
pretransplant period, and the diagnostic power of clinical
and biochemical parameters for etiological differentiation
decreases. The Child-Pugh classification, on the other hand,
has revealed that in advanced cirrhosis, liver functional re-
serve is significantly reduced, and at this stage, complica-
tions take precedence over the etiology of the disease.l'”
In this context, the literature also reports that histopatho-
logical specificity decreases in advanced cirrhosis and that
many cases classified as cryptogenic can only be reclassi-
fied through posttransplant explant examination.

In our study, the finding that APRI and FIB-4 scores were
consistent with advanced fibrosis in all cases was an expect-
ed result and supports the role of these indices in reflecting
the severity of fibrosis in patients with advanced cirrhosis.
In particular, the fact that the NAFLD score confirmed ad-
vanced fibrosis in 91% of the NASH group demonstrates
that noninvasive scoring systems are reliable tools for as-
sessing fibrosis in metabolic-related liver diseases. In vali-
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dation studies of the FIB-4 index developed by Sterling and
Lai,"® it was demonstrated that this score, based on age,
AST, ALT, and platelet counts, has a high negative predic-
tive value for detecting advanced fibrosis. Similarly, Wai et
al.' reported that the APRI score can be used to predict
the stage of fibrosis in patients with chronic hepatitis B and
C but that it reflects the degree of fibrosis rather than es-
tablishing an etiological diagnosis. In studies conducted by
McPherson et al.?” in a NAFLD population, it was demon-
strated that FIB-4 and similar noninvasive scores are partic-
ularly valuable in ruling out advanced fibrosis and cirrhosis
but may have limited sensitivity in early-stage disease. In
this context, the findings of our study indicate that scores
such as APRI and FIB-4 reflect the severity of fibrosis, partic-
ularly in advanced-stage patients, but are not sufficient on
their own to determine the underlying etiology in crypto-
genic cirrhosis.

Our study has certain limitations, such as its single-center
and retrospective design. Since the study included only
advanced-stage patients who underwent liver transplan-
tation, it may not be representative of patients with earli-
er-stage cryptogenic cirrhosis. Additionally, the inability
to perform advanced molecular tests that could identify
occult viral infections or genetic causes in some patients
may have contributed to the high proportion of cases with
unexplained etiology.

The most significant strengths of our study include the
large patient sample size, the standardized transplantation
and pathology evaluations conducted at a single center,
and the detailed examination of explanted liver tissue.
Furthermore, the systematic assessment of metabolic risk
factors contributes to a better understanding of NASH-as-
sociated cryptogenic cirrhosis.

Conclusion

This study, which examined the pathology of explanted
livers in patients followed up with a preliminary diagnosis
of cryptogenic cirrhosis who underwent transplantation,
demonstrated that non-alcoholic fatty liver disease (NASH/
NAFLD) underlies a significant proportion of cases in which
the etiology was previously considered unclear. In cirrhot-
ic patients with metabolic syndrome components, such as
obesity, diabetes, and hypertension, which have become
major problems of the modern era, NASH/NAFLD should
be considered the primary etiology. The use of noninvasive
tests, such as imaging methods and the NAFLD score in
the early stages, diagnosis through liver biopsy when nec-
essary, and a focus on lifestyle changes are critical for pre-
venting disease progression. On the other hand, the ability
to detect pathologically latent hepatitis B in patients with

negative serological tests and the presence of veno-occlu-
sive diseases that may be missed in routine imaging high-
light the need for advanced vascular imaging methods in
etiological investigations. Our study highlights the impor-
tance of accessible, low-cost, and clinically feasible tests,
such as Child and MELD. The fact that the proportion of
true cryptogenic cirrhosis cases with an unexplained eti-
ology, despite thorough investigations, was found to be
higher in our study compared with the literature suggests a
need for further genetic and molecular studies to elucidate
the underlying mechanisms of this disease.
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Abstract

Objectives: To evaluate the clinical, laboratory, and radiological characteristics of patients with adrenal incidentaloma
and to investigate the relationship between adrenal incidentaloma and autoimmune thyroid disease.

Methods: This retrospective study included 66 patients diagnosed with adrenal incidentaloma between December
2018 and February 2019. Demographic characteristics, hormonal status, radiological findings, metabolic comorbidities,
and thyroid ultrasonography findings were evaluated. Autoimmune thyroid disease was assessed according to thyroid
autoantibody positivity and thyroid parenchymal heterogeneity.

Results: The mean age was 56.2+7.9 years, and 77.3% of the patients were female. Overall, 83.3% of the patients were
overweight or obese. Hypertension (29.5%), diabetes mellitus (21.4%), and hyperlipidemia (13.4%) were the most com-
mon comorbidities. Nonfunctioning adrenal adenoma was detected in 83.3% of patients. Thyroid nodules were sig-
nificantly more frequent in patients with functioning adrenal adenoma than in those with nonfunctioning adenoma
(90.9% vs. 56.4%, p=0.04). No significant association was found between hormonal activity and thyroid autoantibody
positivity or thyroid parenchymal heterogeneity.

Conclusion: Functioning adrenal adenoma may be associated with increased thyroid nodule frequency; however, no
relationship was demonstrated between adrenal hormonal activity and autoimmune thyroid disease.
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drenal incidentaloma (Al) is defined as an adrenal

mass incidentally detected during imaging studies
performed without suspicion of adrenal disease. In re-
cent years, the frequency of adrenal incidentaloma has
increased significantly due to the widespread use of
computed tomography (CT) and magnetic resonance
imaging (MRI).'" The prevalence of adrenal inciden-
taloma in autopsy series has been reported to range
between 1.4% and 8.7%."! Adrenal incidentalomas are

more frequently observed in the elderly population, and
most cases are diagnosed between the sixth and eighth
decades of life.”!

The majority of adrenal incidentalomas are benign and
nonfunctioning adrenal adenomas. However, clinically sig-
nificant pathologies such as pheochromocytoma, primary
hyperaldosteronism, subclinical hypercortisolism, adreno-
cortical carcinoma, and metastatic lesions may also be in-
cluded in the etiology of adrenal incidentaloma.” Therefore,
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evaluation of the hormonal activity and malignant potential
of the adrenal mass is of great importance.

A detailed clinical evaluation, hormonal investigations, and
radiological imaging methods are used together in the as-
sessment of patients with adrenal incidentaloma. Current
guidelines recommend the 1-mg dexamethasone suppres-
sion test in all patients to exclude autonomous cortisol
secretion.”! In addition, plasma or urinary metanephrine
levels are evaluated for pheochromocytoma,® and prima-
ry hyperaldosteronism is investigated in the presence of
hypertension or hypokalemia. In radiological evaluation,
the size, density, and imaging characteristics of the adrenal
mass provide important clues regarding malignancy.

Autoimmune thyroid diseases (AITD) are chronic autoim-
mune disorders that develop as a result of the interaction
between genetic susceptibility and environmental factors.
Hashimoto’s thyroiditis and Graves’ disease are the most
common clinical forms of autoimmune thyroid diseases,
and the prevalence in the general population is reported
to be approximately 5%.” HLA-associated genetic factors,
immune regulatory genes, female sex, age, iodine intake,
and environmental triggers are known to play a role in the
development of autoimmune thyroid diseases.

In recent years, there has been increasing interest in the
relationship between adrenal incidentaloma and various
endocrine and autoimmune diseases. However, there are
limited data in the literature regarding the frequency of
autoimmune thyroid disease and associated clinical char-
acteristics in patients with adrenal incidentaloma. There-
fore, the present study aimed to investigate the frequency
of autoimmune thyroid disease in patients with adrenal
incidentaloma and to evaluate the accompanying clinical,
hormonal, and radiological characteristics.

Methods

In this retrospective study, the clinical, laboratory, and ra-
diological data of patients diagnosed with adrenal inciden-
taloma (Al) were evaluated.

A total of 66 patients with radiologically detected “adre-
nal adenoma,”“adrenal lesion,” or “adrenal mass” identified
during imaging studies performed for any reason between
December 2018 and February 2019 were included in the
study. Patient data were retrospectively obtained from hos-

pital automation records and patient files.

Demographic characteristics, presenting complaints, ac-
companying diseases, medications, smoking status, and al-
cohol consumption history of the patients were recorded.
Clinical findings suggestive of pheochromocytoma, Cush-
ing syndrome, hyperaldosteronism, and malignancy were
also evaluated. Anthropometric measurements including

height, body weight, and body mass index (BMI) were cal-
culated. Systolic and diastolic blood pressure values were
recorded. Physical examination findings including central
obesity, moon face, dorsocervical fat accumulation, su-
praclavicular fullness, purple striae, and proximal muscle
weakness were assessed.

The clinical indications leading to the diagnosis of adrenal
incidentaloma and the imaging modalities used [ultraso-
nography (USG), computed tomography (CT), and/or mag-
netic resonance imaging (MRI)] were evaluated. Radiologi-
cal assessment included the localization, size, density, and
other imaging characteristics of the adrenal masses.

Hormonal evaluation included serum sodium and potas-
sium levels, plasma aldosterone, plasma renin activity,
basal ACTH, serum cortisol, dehydroepiandrosterone
sulfate (DHEA-S), 24-hour urinary free cortisol levels, re-
sults of the 1-mg or 2-mg dexamethasone suppression
tests, and 24-hour urinary catecholamine and metabo-
lite levels. In addition, fasting blood glucose, HbA1c, liv-
er and kidney function tests, and lipid parameters were
recorded.

According to the hormonal evaluation results, patients
were classified as having nonfunctioning adrenal adeno-
ma, subclinical Cushing syndrome, Cushing syndrome,
pheochromocytoma, or hyperaldosteronism. Patients with
incomplete hormonal evaluations were assessed separate-
ly. Whether biopsy was performed, biopsy indications, and
histopathological results were also recorded.

The relationship between adrenal adenoma and autoim-
mune thyroid disease was evaluated using thyroid ultraso-
nographic parenchymal heterogeneity and thyroid auto-
antibody levels.

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows Version 22.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as meanzstandard
deviation or median (minimum-maximum), while categor-
ical variables were expressed as numbers and percentag-
es. Pearson’s chi-square test was used for comparisons of
categorical variables. Fisher’s exact test was used when the
expected cell count was less than 5. A p-value of <0.05 was
considered statistically significant.

Ethics committee approval for the study was obtained from
the local ethics committee (Approval No: 2019/373, Date:
25.12.2019). The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki.

Results

A total of 66 patients diagnosed with adrenal incidentalo-
ma were included in the study. The mean age of the patients
was 56.2+7.9 years (range: 40-71 years). Of the patients, 51
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(77.3%) were female and 15 (22.7%) were male. According
to body mass index (BMI) classification, 11 patients (16.7%)
had normal weight, 26 (39.4%) were overweight, and 29
(43.9%) were obese.

Regarding the localization of adrenal masses, 26 patients
(39.4%) had right adrenal involvement, 30 patients (45.5%)
had left adrenal involvement, and 10 patients (15.1%) had
bilateral adrenal masses.

The relationship between BMI and sex was evaluated using
Pearson’s chi-square test, and BMI was found to be signifi-
cantly higher in female patients compared to male patients
(p=0.012) (Table 1).

Pearson’s chi-square test, p=0.012

When accompanying comorbidities were evaluated, the
most common conditions were hypertension (29.5%), di-
abetes mellitus (21.4%), hyperlipidemia (13.4%), and hypo-
thyroidism (8.9%). A history of malignancy was present in
11 patients (Table 2).

Regarding thyroid diseases, 5 patients (7.6%) had a histo-
ry of thyroidectomy, and 14 patients (21.2%) had a history
of levothyroxine use. Thyroid nodules were detected in 41
patients (62.1%), while thyroid parenchymal heterogeneity
was observed in 35 patients (53%). Thyroid autoantibody
positivity was present in 10 patients (15.2%).

Table 1. Comparison of body mass index distribution between
female and male patients

Body mass index Female n Male n Totaln
(%) (%) (%)
Normal (18.5-24.9 kg/m?) 5(45.5) 6 (54.5) 1(16.7)
Overweight (25-29.9 kg/m?) 20 (76.9) 6(23.1) 26 (39.4)
Obese (=30 kg/m?) 26 (89.7) 3(10.3) 29 (43.9)

Table 2. Distribution of accompanying comorbid diseases in
patients

Comorbid disease n (%) Comorbid disease n (%)
Hypertension 33(29.5) Rheumatoid arthritis 2 (1.8)
Diabetes mellitus 24 (21.4) Multinodular goiter 2(1.8)
Hyperlipidemia 15(13.4) Renal cell carcinoma  2(1.8)
Hypothyroidism 10(8.9) Hyperparathyroidism 1 (0.9)
Asthma 7(6.3) Atrial fibrillation 1(0.9)
ghronic S 3(2.7) Colon cancer 1(0.9)
isease
Thyroid cancer 3(2.7) Cervical cancer 1(0.9)
Breast cancer 3(2.7) Endometrial cancer 1(0.9)
giczre(;rgzry artery 2(18) ﬁ;\llfgi/lsosing spon- 1(0.9)

Table 3. Comparison of thyroid nodule frequency between patients
with functioning and nonfunctioning adrenal adenoma

Thyroid Nonfunctioning Functioning Totaln
nodule adenoma n (%) adenoma n (%) (%)
Present 31 (56.4) 10 (90.9) 41
(62.1)
Absent 24 (43.6) 1(9.1) 25
(37.9)
Total 55(100.0) 11 (100.0) 66
(100.0)

Pearson’s chi-square test, p=0.04

Among the study population, 55 patients were classified
as having nonfunctioning adrenal adenoma, whereas 11
patients had functioning adrenal adenoma [subclinical
Cushing syndrome, Cushing syndrome, primary hyperal-
dosteronism, and pheochromocytoma]. Thyroid nodules
were detected in 31 patients (56.4%) with nonfunctioning
adrenal adenoma and in 10 patients (90.9%) with function-
ing adrenal adenoma. The relationship between hormonal
activity and the presence of thyroid nodules was found to
be statistically significant according to Pearson’s chi-square
test (p=0.04) (Table 3).

The relationship between functioning and nonfunctioning
adrenal adenomas and autoimmune thyroid disease was
evaluated based on thyroid autoantibody positivity and
thyroid parenchymal heterogeneity. No significant asso-
ciation was found between hormonal activity and thyroid
autoantibody positivity (p=0.66) (Table 4). Similarly, no
statistically significant relationship was observed between
hormonal activity and thyroid parenchymal heterogeneity
(p=0.46) (Table 5).

Discussion

The frequency of adrenal incidentalomas has increased
significantly in recent years, mainly due to the widespread
use of imaging modalities." In the present study, the mean
age of patients diagnosed with adrenal incidentaloma was
56.2+7.9 years, which is consistent with previously report-
ed data in the literatiire.® The higher prevalence of adrenal
incidentalomas in elderly populations may be explained by
the increased use of imaging techniques with advancing
age and the age-related increase in nodular changes with-
in the adrenal cortex.®

Previous studies have reported that adrenal incidentalomas
are more common in women. In a large series conducted
by the Italian Association of Clinical Endocrinologists Study
Group on Adrenal Tumors, the female-to-male ratio was re-
ported as 1.39.”7 Similarly, the majority of patients in our
study were female (77.3%). This finding may be associated
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Table 4. Distribution of thyroid autoantibody positivity among adrenal adenoma subgroups

Hormonal activity

Thyroid Autoantibody positive n (%)

Thyroid Autoantibody negative n (%) Total n (%)

Nonfunctioning adenoma 8(14.5)
Subclinical cushing syndrome 0(0.0)
Cushing syndrome 0(0.0)
Primary hyperaldosteronism 1(25.0)
Pheochromocytoma 1(50.0)
Total 10(15.2)

47 (85.5) 55 (83.3)
3(100.0) 3(4.5)
2(100.0) 2(3.0)
3(75.0) 4(6.1)
1(50.0) 2(3.0)
56 (84.8) 66 (100.0)

Pearson'’s chi-square test, p=0.66.

Table 5. Distribution of thyroid parenchymal characteristics among adrenal adenoma subgroups

Hormonal activity

Homogeneous parenchyma n (%)

Heterogeneous parenchyma n (%) Total n (%)

Nonfunctioning adenoma 25 (45.5)
Subclinical Cushing syndrome 1(33.3)
Cushing syndrome 1(50.0)
Primary hyperaldosteronism 3(75.0)
Pheochromocytoma 1(50.0)
Total 31 (47.0)

30 (54.5) 55(83.3)
2(66.7) 3(4.5)
1(50.0) 2(3.0)
1(25.0) 4(6.1)
1(50.0) 2(3.0)
35(53.0) 66 (100.0)

Pearson’s chi-square test, p=0.46.

with the more frequent use of imaging studies in female
patients.

Metabolic disorders are known to occur more frequently
in patients with adrenal incidentaloma.l'” Previous stud-
ies have demonstrated associations between adrenal in-
cidentaloma and obesity, hypertension, diabetes mellitus,
and hyperlipidemia."™™ In our study, 83.3% of the patients
were overweight or obese. In addition, hypertension, dia-
betes mellitus, and hyperlipidemia were the most common
accompanying comorbidities. These findings support the
association between adrenal incidentaloma and metabolic
disorders.

In the present study, adrenal masses were most frequently
localized in the left adrenal gland (45.5%). In contrast, pre-
vious reports have indicated that adrenal masses are more
commonly detected in the right adrenal gland, which has
been attributed to the limited ability of ultrasonography
(USQ) to visualize the left adrenal gland.'? The difference
observed in our study may be related to the predominant
use of CT and MRI as imaging modalities.

Functional evaluation demonstrated that the majority of
patients had nonfunctioning adrenal adenoma (83.3%),
which is consistent with the rates reported in the literatire.
01314 Among the functional lesions, primary hyperaldostero-
nism was the most common (6.1%), whereas the frequency
of pheochromocytoma was 3%.

One of the most remarkable findings of our study was the
significantly higher frequency of thyroid nodules in pa-
tients with functioning adrenal adenoma. Thyroid nodules
were detected in 90.9% of patients with functioning adre-
nal adenoma compared to 56.4% of patients with nonfunc-
tioning adrenal adenoma (p=0.04). Similarly, a previous
study conducted in Turkiye reported a higher prevalence
of thyroid nodules in patients with adrenal incidentaloma
compared to the control group.™ This finding suggests
that cortisol and other adrenal hormones may contribute
to thyroid proliferation through growth factors and insulin
resistance mechanisms.

However, no significant association was found between
hormonal activity and autoimmune thyroid disease in our
study. Evaluations based on thyroid autoantibody positiv-
ity and thyroid parenchymal heterogeneity demonstrated
no significant differences between functioning and non-
functioning adrenal adenoma groups. These findings sug-
gest that adrenal hormonal activity may be associated with
thyroid nodule formation but may not be directly related to
autoimmune mechanisms.

Limitations of the Study

The retrospective and single-center design of the study, as
well as the limited sample size, are important limitations.
In addition, the absence of a control group prevented a
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clear evaluation of whether the frequency of thyroid nod-
ules was increased compared to the general population.
In addition, the retrospective design may have introduced
selection bias.

Conclusion

Adrenal incidentaloma has become an increasingly com-
mon condition in clinical practice due to the widespread use
of imaging modalities. Comprehensive clinical, laboratory,
and radiological evaluation of these patients is essential for
the assessment of hormonal activity and malignancy risk.

In our study, obesity, hypertension, diabetes mellitus, and
hyperlipidemia were frequently observed in patients with
adrenal incidentaloma. In addition, the frequency of thy-
roid nodules was found to be significantly higher in pa-
tients with functioning adrenal adenoma. However, no
significant association was demonstrated between auto-
immune thyroid disease and adrenal hormonal activity.

These findings suggest that adrenal hormonal activity
may be associated with the development of thyroid nod-
ules. Therefore, more careful evaluation for the presence of
thyroid nodules may be beneficial in patients with adrenal
incidentaloma. Nevertheless, further prospective studies
with larger patient populations are needed to better clarify
the relationship between adrenal incidentaloma and auto-
immune thyroid diseases.

Disclosures

Ethics Committee Approval: The study was conducted in accor-
dance with the principles of the Declaration of Helsinki. Ethics
committee approval was obtained from the Local Ethics Com-
mittee of Selcuk University Faculty of Medicine before the study
(Approval No: 2019/373, Date: 25.12.2019).

Informed Consent: Informed consent was waived due to the ret-
rospective design of the study.

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

Use of Al for Writing Assistance: Artificial intelligence tools were
used for language editing and academic writing assistance. The
authors take full responsibility for the content of the manuscript.

Author Contributions: Concept - DO, LK; Design - DO, LK; Su-
pervision — LK; Materials - DO, MOQ; Data Collection and/or
Processing — DO, MOO; Analysis and/or Interpretation - DO, LK;
Literature Review — DO; Writing — DO; Critical Review - LK, MOO.

Peer-review: Externally peer-reviewed.

References

1. Sippel RS, Chen H. Subclinical Cushing’s syndrome in adre-
nal incidentalomas. Surg Clin North Am 2004;84(3):875-85.
[CrossRef]

2. Abecassis M, McLoughlin MJ, Langer B, Kudlow JE. Serendip-
itous adrenal masses: prevalence, significance, and manage-
ment. Am J Surg 1985;149(6):783—8. [CrossRef]

3. Mansmann G, Lau J, Balk E, Rothberg M, Miyachi Y, Bornstein
SR.The clinically inapparent adrenal mass: update in diagnosis
and management. Endocr Rev 2004;25(2):309—-40. [CrossRef]

4. Jain SM. Adrenal incidentaloma: a puzzle for clinician. Indian
J Endocrinol Metab 2013;17(Suppl 1):S59—-63. [CrossRef]

5. Aron D, Terzolo M, Cawood TJ. Adrenal incidentalomas. Best
Pract Res Clin Endocrinol Metab 2012;26(1):69—82. [CrossRef]

6. Young WF Jr. The incidentally discovered adrenal mass. N
Engl J Med 2007;356(6):601—10. [CrossRef]

7. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A,
Fallahi P. Autoimmune thyroid disorders. Autoimmun Rev
2015;14(2):174-80. [CrossRef]

8. Dobbie JW. Adrenocortical nodular hyperplasia: the ageing
adrenal. J Pathol 1969;99(1):1—18. [CrossRef]

9. Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Ali A, et
al. A survey on adrenal incidentaloma in Italy. study group on
adrenal tumors of the italian society of endocrinology. J Clin
Endocrinol Metab 2000;85(2):637—44. [CrossRef]

10. Terzolo M, Pia A, Ali A, Osella G, Reimondo G, Bovio S, et al. Ad-
renal incidentaloma: a new cause of the metabolic syndrome?
J Clin Endocrinol Metab 2002;87(3):998—1003. [CrossRef]

11. Terzolo M, Stigliano A, Chiodini I, Loli P, Furlani L, Arnaldi G,
et al; Italian Association of Clinical Endocrinologists. AME po-
sition statement on adrenal incidentaloma. Eur J Endocrinol
2011;164(6):851-70. [CrossRef]

12. Kloos RT, Gross MD, Francis IR, Korobkin M, Shapiro B.
Incidentally discovered adrenal Endocr Rev
1995;16(4):460—84. [CrossRef]

13. Androulakis I, Kaltsas G, Piaditis G, Grossman Advanced. The
clinical significance of adrenal incidentalomas. Eur J Clin In-
vest 2011;41(5):552—60. [CrossRef]

14. Comlekci A, Yener S, Ertilav S, Secil M, Akinci B, Demir T, et
al. Adrenal incidentaloma: clinical, metabolic, and follow-up
aspects. Endocrine 2010;37(1):40—6. [CrossRef]

15. Arduc A, Isik S, Ozuguz U, Tutuncu YA, Kucukler FK, Ozcan HN,
Berker D, Guler S. Relationship between thyroid nodules and
non-functioning adrenal incidentalomas and their association
with insulin resistance. Endocr Res 2014;39(3):99—104. [CrossRef]

masses.


https://doi.org/10.1016/j.suc.2004.01.001
https://doi.org/10.1016/S0002-9610(85)80186-0
https://doi.org/10.1210/er.2002-0031
https://doi.org/10.4103/2230-8210.119507
https://doi.org/10.1016/j.beem.2011.06.012
https://doi.org/10.1056/NEJMcp065470
https://doi.org/10.1016/j.autrev.2014.10.016
https://doi.org/10.1002/path.1710990102
https://doi.org/10.1210/jcem.85.2.6372
https://doi.org/10.1210/jcem.87.3.8277
https://doi.org/10.1530/EJE-10-1147
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1210%2Fedrv-16-4-460
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1111%2Fj.1365-2362.2010.02436.x
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1007%2Fs12020-009-9260-5
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.3109%2F07435800.2013.840653



