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ABSTRACT ARTICLE HISTORY
Nonalcoholic fatty liver disease (NAFLD) and chronic kidney disease are global public health issues Received 18 October
associated with high morbidity and mortality. Both diseases are also interlinked. Little is known 2024

about the meaning of NAFLD in hemodialysis (HD) patients. Therefore, the aim of our study was Revised 14 January 2025
to investigate the difference in oxidative stress and inflammation in HD patients with or without Accepted 14 January
advanced NAFLD. Seventy-seven HD patients were included (65.14+12.34years, 59.2% male) and 2025

divided according to abdominal ultrasound and two-dimensional shear wave elastography
(2D-SWE) measurements into two groups: 1) no NAFLD or no advanced NAFLD (2D-SWE <9kPa)
and 2) advanced NAFLD (2D-SWE >9kPa). Medical history data and blood results were collected.
HD patients with advanced NAFLD had significantly higher levels of 8-hydroxy-2'-deoxyguanosine
(8-OHdG; p=0.025), tumor necrosis factor-alpha (TNF-a; p=0.023), and intercellular adhesion
molecule 1 (ICAM-1; p=0.015) in comparison to HD patients without advanced NAFLD. Interleukin
6 (IL-6) was higher in the advanced NAFLD group, but the difference was of borderline significance
(p=0.054). There was no significant difference in high-sensitivity C-reactive protein (hs-CRP), and
vascular cell adhesion molecule 1 (VCAM-1) between groups. In binary logistic regression analysis,
advanced NAFLD was significantly associated with 8-OHdG and ICAM-1. In conclusion, higher
oxidative stress and inflammation levels are present in HD patients with advanced NAFLD.
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Introduction dyslipidemia, metabolic syndrome, hypertension, cardiovas-
cular or cerebrovascular diseases, and chronic kidney disease
(CKD) [6]. In the global population, the prevalence of NAFLD
is approximately 30%, whereas for NASH, it is 5% [7,8].

For the diagnosis of NAFLD, hepatic steatosis needs to be

demonstrated by imaging or biopsy. Different radiologic

Nonalcoholic fatty liver disease (NAFLD) is defined histologi-
cally as hepatic steatosis in more than 5% of hepatocytes, in
the absence of other causes of chronic liver disease (exces-
sive alcohol consumption, viral, autoimmune hepatitis, etc.).

NAFLD is divided into nonalcoholic fatty liver (NAFL) and
nonalcoholic steatohepatitis (NASH). NAFL represents hepatic
steatosis without significant inflammation, while in NASH sig-
nificant inflammation and hepatocellular injury is present.
Therefore, NASH represents a more severe and serious form
of NAFLD. Patients with NASH can progress to even more
advanced disease, including fibrosis, cirrhosis, and hepatocel-
lular carcinoma [1,2]. Patients with NASH or advanced liver
fibrosis have a higher risk of liver-related, cardiovascular, and

methods can detect NAFLD, but none of them can differen-
tiate between different histologic subtypes of NAFLD.
Although liver biopsy remains the gold standard to diagnose
NAFLD, grade steatosis, necrosis, inflammation, and to assess
fibrosis, it is rarely performed because of its invasive nature.
With the increasing prevalence of NAFLD, and the growing
clinical and research need to assess NAFLD severity, other
noninvasive and more available methods are necessary. Since
the stage of liver fibrosis is one of the most important pre-

overall mortality [2-6]. NAFLD increases the risk of

extra-hepatic diseases such as type 2 diabetes mellitus, liver

dictors of outcome, different noninvasive methods to assess
stiffness/fibrosis have been developed, including
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elastographic methods involving ultrasonography and mag-
netic resonance imaging. The four main methods are
vibration-controlled transient elastography, point shear wave
elastography (pSWE), two-dimensional shear wave elastogra-
phy (2D-SWE), and magnetic resonance elastography. All of
them have excellent and similar diagnostic accuracy in
detecting liver fibrosis in NAFLD [9-11]. Vibration-controlled
transient elastography is the first tool with which liver stiff-
ness was measured and studied. It is ultrasound-guided, but
without direct image guidance, and a specific device
Fibroscan® (Echosens, Paris, France) is needed [12,13]. pSWE
and 2D-SWE can both be done as an add-on during liver
ultrasonography (using the same probe), can be performed
with real-time imaging, so liver capsule, large vessels, bile
ducts, and focal masses can be avoided, multiple regions of
the liver can be assessed, they are low-cost, easily accessible,
repeatable and convenient to use [13]. In 2020, the Society
of Radiologists in Ultrasound Liver Elastography proposed a
vendor-neutral ‘rule of four’ (5, 9, 13, 17kPa) for pSWE and
2D-SWE techniques for viral etiologies and NAFLD [14]. Liver
stiffness of 5kPa or less has a high probability of being nor-
mal; liver stiffness less than 9kPa, in the absence of other
known clinical signs, rules out compensated advanced
chronic liver disease; values between 9kPa and 13kPa are
suggestive of compensated advanced chronic liver disease;
and values greater than 13kPa are highly suggestive of com-
pensated advanced chronic liver disease.

Various studies have shown that NAFLD is associated with
a higher risk of CKD [5,15]. A large meta-analysis also indi-
cates that NAFLD is significantly associated with increased
long-term risk of incident CKD stage >3 [16]. CKD prevalence
in NAFLD has been estimated to be approximately 20-55%
[17]. However, also ultrasonographically documented fatty
liver disease was shown to be an independent risk factor for
nonfatal cardiovascular events in hemodialysis (HD) patients
[18]. Oxidative stress, dyslipidemia, and inflammation are
tightly and independently related to NAFLD [15]. Oxidative
stress activates the inflammatory cascade derived from vis-
ceral adipose tissue and adipokines and cytokines lead to
impaired insulin sensitivity [19]. An important effect of oxida-
tive stress is also impaired endothelial function which is a
well-known predictor of future cardiovascular events [20].
Oxidative stress and inflammation are also suggested to be
the key factors in the pathogenesis and progression of CKD
in NAFLD patients [15,21]. Less is known about the meaning
of NAFLD and its association with oxidative stress and inflam-
mation in HD patients. This is important because of the
development of new treatment strategies and possible
improvement of HD patients’ outcomes. Therefore, the aim of
our study was to investigate oxidative stress and inflamma-
tion in HD patients with advanced NAFLD, defined by 2D-SWE.

Methods
Participants

We invited all 117HD patients from our department to par-
ticipate in the study. The inclusion criteria were: signed

informed consent, age more than 18years, HD treatment of
at least 6months before inclusion. Twenty patients refused to
participate; all others gave signed consent. From screening
till the beginning of the study seven patients died and two
were transplanted. The exclusion criteria were: active malig-
nant disease (4 patients), pregnancy (none), active infection
during the examinations (none), myocardial infarction or
stroke in the last 3months before inclusion (5 patients),
known liver disease of other etiology, except NAFLD (2
patients). The remaining 77HD patients were additionally
screened for unhealthy alcohol use with the AUDIT (Alcohol
Use Disorders Identification Test) and CAGE (Cut, Annoyed,
Guilty, and Eye) questionnaire. No test showed problematic
drinking of alcohol in the included patients. All our HD
patients are regularly tested for hepatitis B and C infection,
and all included patients were negative.

Study design

At the time of inclusion, medical history data and standard
laboratory  blood results were collected, including
high-sensitivity C-reactive protein (hs-CRP). hs-CRP was mea-
sured with a routine procedure using Siemens Healthineers
Dimension Vista® System (Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany, Cat.No. K7'046).
Additionally, blood was withdrawn for tumor necrosis
factor-alpha (TNF-q), interleukin 6 (IL-6), vascular cell adhe-
sion molecule 1 (VCAM-1), intercellular adhesion molecule 1
(ICAM-1) and 8-hydroxy-2'-deoxyguanosine (8-OHdG). All
samples were analyzed in batch mode from frozen samples
(-85°C). The measurement of 8-OHdG content in plasma was
performed using an ELISA kit (R&D Systems, Inc., Minneapolis,
USA, Cat. no. 4380-096K) according to the manufacturer’s
procedure. The same procedure was used for the determina-
tion of ICAM-1 (R&D systems, Inc.,, Minneapolis, USA, Cat.no.
DCD540) and VCAM-1 (R&D systems, Inc.,, Minneapolis, USA,
Cat.no. DVCO00). The concentration of IL-6 and TNF-a in serum
samples was determined on an IMMULITE® 1000 system
(Siemens Healthcare Diagnostics Products GmbH, Marburg,
Germany) using two-site solid-phase chemiluminescence
immunometric assays (Cat. No. LKSP1 and LKNF1, respectively).

Abdominal ultrasound and 2D-SWE measurements of the
liver were performed by one experienced gastroenterologist
with a Philips ultrasound system (Epiq 5, Philips Healthcare,
Bothell, WA, USA). Both examinations were performed on a
non-dialysis day during the short interdialytic interval.
Patients fasted for at least 6h before the examination. All
measurements were performed according to the guidelines
from the Society of Radiologists in Ultrasound [13,14]. We did
at least ten independent measurements in each patient.
Based on the result of the abdominal ultrasound we defined
patients as having or not having NAFLD. 2D-SWE helped us
divide patients with NAFLD into those with or without
advanced NAFLD.

The study was in accordance with the Declaration of
Helsinki and The Code of Ethical Conduct of the University of
Maribor [22]. It was approved by the national ethics



Table 1. Causes of end-stage renal disease (ESRD) in our 77 hemodialysis
patients included in the study.

Causes of ESRD Number
Hypertensive nephropathy 24
Diabetic kidney disease 17
Obstructive nephropathy/Chronic pyelonephritis 10
Adult polycystic kidney disease 9
Glomerulonephritis (biopsy proven) 6
Other 5
«  Systemic vasculitis 2
« Alport syndrome 1
+  Lowe syndrome 1
+ Light chain deposition disease 1
Unknown 6

committee (0120-358/2022/3, approved October 4, 2022),
and all patients gave written informed consent.

Statistical analysis

Data are presented as absolute numbers and percentages
for categorical data, as meanzstandard deviation for nor-
mally distributed numerical data, and as median and
interquartile ranges for non-normally distributed data. For
further analysis data of TNF-a, IL-6, VCAM-1, ICAM-1, and
8-OHdG were naturally log-transformed because of non-
normal distribution.

Patients were divided into two groups according to ultra-
sound and liver stiffness cutoff values assessed by 2D-SWE
recommended by society guidelines: (1) no NAFLD or no
advanced NAFLD (2D-SWE <9kPa) and (2) advanced NAFLD
(2D-SWE =9kPa) [14]. Data of both groups were compared by
the independent sample t-test or Mann-Whitney test.
Additionally, we performed binary logistic regression analysis,
advanced NAFLD was the dependent variable and as covari-
ates we used log-transformed data of TNF-q, IL-6, VCAM-1,
ICAM-1, and 8-OHdG.

All data were analyzed with SPSS version 27.0 (IBM SPSS,
Chicago, IL, USA). A p-value <0.05 was considered statistically
significant.

Results

We included 77HD patients, causes of end-stage renal dis-
ease are presented in Table 1. 46 (59.2%) were male, and the
average age was 65.14+12.34years. 97.4% had arterial
hypertension and 32.5% had diabetes mellitus type 1 or 2.
26 (33.8%) HD patients had ultrasonographically visible
hepatic steatosis. The average 2D-SWE value of all patients
was 6.37+2.69kPa. All our HD patients were dialyzed with
online hemodiafiltration and synthetic membranes, three
times weekly for 4h. We divided our patients according to
ultrasound and 2D-SWE results into two groups, data of
them are presented in Table 2. Both groups of patients had
normal values of liver tests, except for elevated
gamma-glutamyl transferase (GGT) in the advanced NAFLD
group. Groups of patients did not differ significantly in age,
sex, presence of diabetes, cardiovascular diseases, body
mass index (BMI), dialysis vintage or adequacy (Kt/V),
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Table 2. Data of 77 hemodialysis patients divided according to the result
of ultrasound and two-dimensional shear wave elastography (2D-SWE) of
the liver into: no nonalcoholic fatty liver disease (NAFLD) or no advanced
NAFLD (<9kPa) and advanced NAFLD (>=9kPa).

No NAFLD or no
advanced NAFLD

Advanced NAFLD

(2D-SWE <9kPa) (2D-SWE >=9kPa)  p-value
Number of patients (%) 66 (85.7%) 11 (14.3%) /
Age (years) 65.45+12.48 63.27+11.84 0.590
Male sex (%) 59.1 63.6 0.777
Diabetes mellitus type 31.8 36.4 0.767
1 or 2 (%)
Cardiovascular 54.5 72.7 0.262
diseases (%)
BMI (kg/m?) 27.42+4.99 26.39+7.20 0.555
Dialysis vintage (days) 2,056.64+2321.88 2,252.00+2804.97 0.803
Kt/v 1.24+0.23 1.25+0.24 0.965
Hb (g/L) 112.56+£13.93 11491+13.58 0.605
Ferritin (pg/L) 305.73+139.81 216.91+94.03 0.046
AST (ukat/L) 0.18+0.07 0.26+0.23 0.273
ALT (pkat/L) 0.29+0.10 0.36+0.22 0.326
GGT (pkat/L) 0.51+0.40 1.28+1.08 0.040
ALP (ukat/L) 1.42+0.57 1.53+0.56 0.561
Conjugated bilirubin 2.45+0.64 3.64+1.36 0.016
(pumol/L)
Total bilirubin 7.55+2.28 10.55+3.48 0.018
(pumol/L)
CHE (ukat/L) 192.78 £51.80 143.09+59.18 0.005
Serum albumin (g/L) 33.69+3.72 33.82+2.56 0.914
Cholesterol (mmol/L) 436+1.18 3.76+0.81 0.110
LDL cholesterol 2.36+0.94 1.95+0.76 0.169
(mmol/L)
HDL cholesterol 1.28+0.45 1.37+0.80 0.730
(mmol/L)
Triglycerides (mmol/L) 1.62+1.06 1.51£1.00 0.745
hs-CRP (mg/L) 8.07+12.68 6.65+6.55 0.719
TNF-a (pg/mL) 17.4; 143-21.9 19.9; 16.2-45.7 0.023
IL-6 (pg/mL) 8.3; 46-12.3 14.0; 9.6-18.8 0.054

VCAM-1 (ng/mL) 1,468; 1,414-1,558 1,468;1,468-1,858  0.134

ICAM-1 (ng/mL) 224.0; 247.0; 0.015
200.0-253.50 237.0-383.0
8-OHdG (ng/mL) 38.8; 23.2-62.6 47.8; 39.3-72.8 0.025

Legend: BMI: body mass index; Kt/V: dialysis adequacy; Hb: hemoglobin;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT:
gamma-glutamyl transferase; ALP: alkaline phosphatase; CHE: serum
cholinesterase; LDL: low-density lipoprotein; HDL: high-density lipopro-
tein; hs-CRP: high sensitivity C-reactive protein; TNF-a: tumor necrosis
factor-alpha; IL-6: interleukin 6; VCAM-1: vascular cell adhesion molecule
1;  ICAM-1: intercellular  adhesion  molecule 1; 8-OHdG:
8-hydroxy-2'-deoxyguanosine.

Values of p<0.05 were considered statistically significant and are bolded.

hemoglobin, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), alkaline phosphatase (ALP), serum albu-
min, total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, nei-
ther triglycerides. Serum ferritin and serum cholinesterase
(CHE) were significantly lower in the advanced NAFLD group,
while GGT, total, and conjugated bilirubin were significantly
higher in this group of patients. hs-CRP was lower in the
advanced NAFLD group, but the difference was not signifi-
cant. IL-6 was higher in the advanced NAFLD group but of
borderline significance (p=0.054). Patients with advanced
NAFLD had significantly higher TNF-a, ICAM-1, and 8-OHdG
(Figure 1). VCAM-1 did not differ significantly between
groups. In binary logistic regression analysis, advanced
NAFLD was significantly associated with 8-OHdG (p=0.040)
and ICAM-1 (p=0.016).
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Figure 1. Naturally log-transformed data of TNF-q, IL-6, VCAM-1, ICAM-1, and 8-OHdG in no NAFLD or no advanced NAFLD (NAFLD = 1) and in advanced

NAFLD (NAFLD = 2).

NAFLD 1 = No NAFLD or no advanced NAFLD (2D-SWE <9kPa)
NAFLD 2 = Advanced NAFLD (2D-SWE >9kPa)

*= statistically significant.

Discussion

We found that HD patients with advanced NAFLD had signifi-
cantly higher levels of oxidative stress and inflammation in
comparison to HD patients without NAFLD or without
advanced NAFLD. Additionally, oxidative stress and inflamma-
tion (ICAM-1) were significant predictors of advanced NAFLD.

We measured oxidative stress in our patients with 8-OHdG,
an oxidative product of DNA and a sensitive biomarker of
oxidative stress, which can reflect extremely low levels of oxi-
dative DNA damage [23]. DNA damage causes cellular dam-
age and is associated with various chronic and degenerative
diseases [24].

8-OHdG is a surrogate marker of oxidant-induced DNA
damage in dialysis patients [25,26]. Tarng et al. found the
greatest 8-OHdG level in leukocyte DNA in HD patients, fol-
lowed by non-dialysis CKD patients and healthy controls [26].
Interestingly, Domenici et al. found that vitamin E supple-
mentation significantly reduced 8-OHdG in HD patients [27].
Similarly, Tarng et al. found that vitamin C supplementation
did the same in HD patients [28]. However, in both studies,
the effect of vitamin supplementation on clinical outcomes
was not studied. Oxidative stress is associated with endothe-
lial dysfunction, so it is not surprising that 8-OHdG in HD
patients is related to higher cardiovascular and all-cause

mortality [20,29-31]. Dai et al. have shown that 8-OHdG is
also associated with increased mortality risk in CKD patients,
independent of inflammation [23]. Our results suggest that
patients with advanced NAFLD have higher levels of oxida-
tive stress and inflammation, whether they also have higher
cardiovascular risk should be proven in further prospective
studies.

8-OHdG is also of relevance in NAFLD. Seki et al. immuno-
histochemically studied hepatic expression of 8-OHdG in
healthy human liver and NAFLD [32]. No 8-OHdG expression
was found in normal liver and only in a few with fatty liver,
but in 64.7% with NASH. The 8-OHdG index significantly cor-
related with the grade of necro-inflammation [32]. Irie et al.
examined the expression of 8-OHdG in liver biopsy speci-
mens and serum of patients with simple fatty liver and NASH
[33]. The percentage of hepatocytes positive for 8-OHdG
expression and serum 8-OHdG levels were significantly higher
in patients with NASH than in simple fatty liver. Also, Jiang
et al. found the highest serum levels of 8-OHdG in liver
biopsy-proven NASH in comparison to NAFLD and healthy
controls [34]. These studies confirm the important difference
between simple fatty liver and NASH. 8-OHdG is also associ-
ated with hepatocarcinogenesis in NAFLD. Kakehashi et al.
investigated cellular and molecular alterations in the liver,
and hepatocellular carcinomas in NASH model 60-week-old



Tsumura, Suzuki, Obese Diabetic (TSOD) mice [35]. Among
other discoveries, they found a marked accumulation of
8-OHdG in the liver and altered foci in these mice. This was
associated with a rise in inflammation (TNF-q, IL-6), fibrosis
markers, and cell proliferation. Therefore, they postulated
that the formation of 8-OHdG in the DNA of TSOD mice liver
cells could be an early event in type 2 diabetes mellitus/
NASH-associated hepatocarcinogenesis. In another study,
higher liver 8-OHdG in liver biopsy-proven NAFLD patients
was related to higher serum a-fetoprotein, hepatocellular bal-
looning, stage of fibrosis, and higher accumulation of meth-
ylated tumor suppressor genes (loss of function of these
genes) [36]. The last might be associated with hepatocarcino-
genesis in NAFLD. However, oxidative stress could also be a
risk for carcinogenesis through methylation-independent
pathways. In one study antioxidant therapy with glutathione
reduced the serum 8-OHdG in NASH patients [37]. It is not
known if oxidative stress is associated with malignancies in
HD patients.

8-OHdG in our HD patients with advanced NAFLD was
significantly higher than in patients without advanced NAFLD.
This is similar to the previously mentioned studies done in
NAFLD patients without CKD. To the best of our knowledge,
only one study was published on oxidative stress in HD
patients with NAFLD. They included 71 nondiabetic HD
patients, and 19 (26.8%) of them had NAFLD [38]. In compar-
ison to our study, NAFLD was defined only by ultrasound
and no additional techniques. After measuring blood levels
of different oxidative stress markers (thiobarbituric acid reac-
tive substances, free thiols, superoxide dismutase activities,
and glutathione peroxidase activity), they found that only
glutathione peroxidase activity (antioxidant) was higher in
patients with NAFLD. They assumed this reflected a height-
ened response to the oxidative stress associated with NAFLD.
No 8-OHdG was measured in this study.

In our study, HD patients with advanced NAFLD had sig-
nificantly higher levels of TNF-a, and ICAM-1. IL-6 was higher
in the advanced NAFLD group, but the difference was of bor-
derline significance. There was no significant difference
between the groups in VCAM-1. It is not unexpected that
patients with higher oxidative stress have also higher levels
of inflammation since oxidative stress induces it. Interestingly,
hs-CRP was lower in the advanced NAFLD group, but without
significant difference between groups. Studies regarding
inflammatory markers in HD patients with NAFLD are scarce.
As far as we know, only data on CRP in this group of patients
is published. Mikolasevic et al. performed a study on 72HD
patients and 50 sex- and age-matched controls [39]. They
used a different technique to ours to define NAFLD in HD
patients, namely vibration-controlled transient elastography,
38 (52.8%) HD patients had NAFLD. Comparison of CRP levels
showed significant differences between all groups and in
group-to-group comparisons. The highest CRP was present in
NAFLD patients (16.7+6.8mg/L), followed by non-NAFLD
patients (4.6+0.9mg/L) and controls (1.2+£0.9mg/L). In
another study by Mikolasevic et al. they also used
vibration-controlled transient elastography to define NAFLD
[40]. 53 (56.4%) out of 94HD patients had NAFLD. They
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found a positive correlation between the severity of liver ste-
atosis and hs-CRP. Mikolasevic et al. also performed a study
on elderly HD patients with NAFLD, defined by
vibration-controlled transient elastography [41]. Out of 76
patients, 44 (57.9%) had NAFLD. They found a positive cor-
relation between NAFLD and hs-CRP. Furthermore, the pres-
ence of NAFLD and high hs-CRP were strong predictors of
poor outcome. Stolic et al. also studied elderly HD patients
with NAFLD [42]. NAFLD was defined only by ultrasound, 37
(51%) of 72 patients had NAFLD. The median CRP values of
the non-NAFLD and NAFLD groups were 4.1 and 6mg/L,
respectively, without significant differences between groups.
Lai et al. also used ultrasound to define NAFLD in 278HD
patients [18]. Fatty liver was identified in 78 (28%) patients.
Interestingly, hs-CRP was lower in the fatty liver group, but
the difference was not statistically significant. In univariate
analysis, hs-CRP showed only a weak positive correlation with
nonfatal cardiovascular events, in multivariate analysis the
correlation was insignificant. Behairy et al. explored the pres-
ence of NAFLD in CKD stage 3-5 and HD patients with
vibration-controlled transient elastography [43]. Of 50HD
patients, 29 (58%) had NAFLD and they were divided into
two groups according to the grade of liver steatosis (grade 1,
grade 2+3). Patients with grade 2+3 steatosis had signifi-
cantly higher CRP levels than grade 1 or non-NAFLD patients.
CRP levels did not differ significantly between non-NAFLD
and stage 1 steatosis.

Interestingly, both groups of our patients had normal liver
tests (AST, ALT, ALP, bilirubin, CHE) except for GGT, which was
slightly elevated and significantly higher in the advanced
NAFLD group. The advanced NAFLD group had significantly
higher total and conjugated bilirubin, while CHE was signifi-
cantly lower in this group. The latter could be a sign of
reduced synthesis due to liver dysfunction in the advanced
NAFLD group. However, serum albumins which are also a
marker of synthetic function of the liver, were at the lower
end but still within the normal range in both groups. Both
groups did not differ significantly in serum albumin levels.

Limitations of our study are that we included only
Caucasian patients, the number of patients is relatively small,
and the study was performed in a single center. It was a
cross-sectional study, and no cause-effect can be determined.
We did not perform a liver biopsy to determine the scale of
inflammation and fibrosis in NAFLD patients. However, in
addition to basic imaging, such as ultrasound, we also used
2D-SWE to assess liver fibrosis. Other strengths of our study
are the inclusion of stable HD patients, the inclusion of
patients’ medical histories, laboratory parameters, and differ-
ent markers of inflammation.

In conclusion, higher oxidative stress and inflammation
are present in HD patients with advanced NAFLD.
Inflammation and oxidative stress are also predictors of
advanced NAFLD. Since 2D-SWE of the liver is unharmful and
relatively simple to perform, it could help us in recognizing
HD patients with advanced NAFLD and consequently a
higher risk of all-cause and cardiovascular morbidity and
mortality. Further studies are needed on the effect of
advanced NAFLD on the morbidity and mortality of these
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patients. It is also unknown if anti-oxidative stress therapy is
useful in HD patients with advanced NAFLD in improving
their outcomes. Therefore, further prospective studies are
needed to answer these questions and to clarify the mean-
ing of our findings.

Acknowledgments

We would like to thank Maksimiljan Gorenjak, head of the
Department of Laboratory, University Medical Centre Maribor,
for enabling us to perform the measurements of oxidative
stress and inflammatory markers.

Author contributions

Conceptualization, N.V.H, VK, RH., RE., S.B., PS.; methodol-
ogy, N.VH, VK, RH. RE., S.B, PS.; formal analysis, N.V.H., RH.;
investigation, V.K., R.E,; resources, N.V.H, RE, S.B.,, R.H. data
curation, V.K.; writing—original draft preparation, V.K, N.V.H,;
writing—review and editing, N.V.H, VK, RH. R.E., S.B., PS,
supervision, N.V.H., VKK, RH. project administration, VK,
N.V.H.; funding acquisition, N.V.H., S.B. All authors have read
and agreed to the published version of the manuscript.

Institutional review board Statement

The study was conducted in accordance with the Declaration
of Helsinki, and approved by the National Ethics Committee
(0120-358/2022/3, approved October 4, 2022).

Informed consent Statement

Informed consent was obtained from all subjects involved in
the study.

Disclosure statement

Robert Ekart had a lecture for Amgen, Astellas, Baxter and
Boehringer Ingelheim. Sebastjan Bevc is an advisory board
member for Astellas and Bayer, he also collaborates in the
APPLAUSE-IgAN study from Novartis. All other authors have
nothing to declare.

Funding

This research was partially funded by the University Medical
Center Maribor as an Internal Research Project.

ORCID

Vanja Kalacun
Robert Ekart
Sebastjan Bevc
Pavel Skok
Radovan Hojs
Nina Vodosek Hojs

http://orcid.org/0009-0002-5478-443X
http://orcid.org/0000-0002-7395-752X
http://orcid.org/0000-0003-2313-1559
http://orcid.org/0000-0003-2891-0295
http://orcid.org/0000-0001-9735-6959
http://orcid.org/0000-0002-6311-6057

Data availability statement

The datasets generated and analyzed during the current
study are available from the corresponding author on rea-
sonable request.

References

[11 Zaman CF, Sultana J, Dey P, et al. A Multidisciplinary
Approach and Current Perspective of Nonalcoholic Fatty
Liver Disease: a Systematic Review. Cureus. 2022;14(9):e29657.
doi: 10.7759/cureus.29657.

[2] Stepanova M, Rafig N, Makhlouf H, et al. Predictors of
all-cause mortality and liver-related mortality in patients
with non-alcoholic fatty liver disease (NAFLD). Dig Dis Sci.
2013;58(10):3017-3023. doi: 10.1007/510620-013-2743-5.

[3] Ekstedt M, Hagstrom H, Nasr P, et al. Fibrosis stage is
the strongest predictor for disease-specific mortality in
NAFLD after up to 33 years of follow-up. Hepatology.
2015;61(5):1547-1554. doi: 10.1002/hep.27368.

[4] Nseir W, Shalata A, Marmor A, et al. Mechanisms linking
nonalcoholic fatty liver disease with coronary artery dis-
ease. Dig Dis Sci. 2011;56(12):3439-3449. doi: 10.1007/
$s10620-011-1767-y.

[5] Nabi O, Lapidus N, Boursier J, et al. The NAFLD burden
on mortality and morbidities in general population: a
community-based longitudinal study (NASH-CO study).
Liver Int. 2023;43(10):2096-2106. doi: 10.1111/liv.15674.

[6] Han E, Lee YH. Non-alcoholic fatty liver disease: the
emerging burden in cardiometabolic and renal diseases.
Diabetes Metab J. 2017;41(6):430-437. doi: 10.4093/
dmj.2017.41.6.430.

[7]1 Riazi K, Azhari H, Charette JH, et al. The prevalence and
incidence of NAFLD worldwide: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol.
2022;7(9):851-861. doi: 10.1016/52468-1253(22)00165-0.

[8] Younossi ZM, Golabi P, Paik JM, et al. The global epide-
miology of nonalcoholic fatty liver disease (NAFLD) and
nonalcoholic steatohepatitis (NASH): a systematic re-
view. Hepatology. 2023;77(4):1335-1347. doi: 10.1097/
HEP.0000000000000004.

[9] Imajo K, Honda Y, Kobayashi T, et al. Direct comparison
of US and MR elastography for staging liver fibrosis in
patients with nonalcoholic fatty liver disease. Clin
Gastroenterol Hepatol. 2022;20(4):908-917.e11. €911.
doi: 10.1016/j.cgh.2020.12.016.

[10] Seo JW, Kim YR, Jang JK, et al. Transient elastography
with  controlled attenuation  parameter  versus
two-dimensional shear wave elastography with attenu-
ation imaging for the evaluation of hepatic steatosis
and fibrosis in NAFLD. Ultrasonography. 2023;42(3):421-
431. doi: 10.14366/usg.22212.

[11] Furlan A, Tublin ME, Yu L, et al. Comparison of 2D shear
wave elastography, transient elastography, and MR elas-
tography for the diagnosis of fibrosis in patients with
nonalcoholic fatty liver disease. AJR Am J Roentgenol.
2020;214(1):W20-W26. doi: 10.2214/AJR.19.21267.

[12] Taru MG, Neamti L, Taru V, et al. How to identify ad-
vanced fibrosis in adult patients with non-alcoholic fat-
ty liver disease (NAFLD) and non-alcoholic steatohepati-
tis (NASH) using ultrasound elastography-a review of
the literature and proposed multistep approach.


https://doi.org/10.7759/cureus.29657
https://doi.org/10.1007/s10620-013-2743-5
https://doi.org/10.1002/hep.27368
https://doi.org/10.1007/s10620-011-1767-y
https://doi.org/10.1007/s10620-011-1767-y
https://doi.org/10.1111/liv.15674
https://doi.org/10.4093/dmj.2017.41.6.430
https://doi.org/10.4093/dmj.2017.41.6.430
https://doi.org/10.1016/S2468-1253(22)00165-0
https://doi.org/10.1097/HEP.0000000000000004
https://doi.org/10.1097/HEP.0000000000000004
https://doi.org/10.1016/j.cgh.2020.12.016
https://doi.org/10.14366/usg.22212
https://doi.org/10.2214/AJR.19.21267

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Diagnostics (Basel). 2023;13(4):788. doi: 10.3390/diag-
nostics13040788.

Barr RG, Ferraioli G, Palmeri ML, et al. Elastography as-
sessment of liver fibrosis: society of radiologists in ultra-
sound consensus conference statement. Radiology.
2015;276(3):845-861. doi: 10.1148/radiol.2015150619.
Barr RG, Wilson SR, Rubens D, et al. Update to the soci-
ety of radiologists in ultrasound liver elastography con-
sensus statement. Radiology. 2020;296(2):263-274. doi:
10.1148/radiol.2020192437.

Umbro |, Baratta F, Angelico F, et al. Nonalcoholic fatty
liver disease and the kidney: a review. Biomedicines.
2021;9(10):1370. doi: 10.3390/biomedicines9101370.
Mantovani A, Petracca G, Beatrice G, et al. Non-alcoholic
fatty liver disease and risk of incident chronic kidney
disease: an updated meta-analysis. Gut. 2022;71(1):156-
162. doi: 10.1136/gutjnl-2020-323082.

Targher G, Byrne CD. Non-alcoholic fatty liver disease: an
emerging driving force in chronic kidney disease. Nat Rev
Nephrol. 2017;13(5):297-310. doi: 10.1038/nrneph.2017.16.
Lai YC, Cheng BC, Hwang JC, et al. Association of fatty liv-
er disease with nonfatal cardiovascular events in patients
undergoing maintenance hemodialysis. Nephron Clin
Pract. 2013;124(3-4):218-223. doi: 10.1159/000357952.
Klisic A, Kavaric N, Ninic A, et al. Oxidative stress and car-
diometabolic biomarkers in patients with non-alcoholic
fatty liver disease. Sci Rep. 2021;11(1):18455. doi: 10.1038/
$41598-021-97686-6.

Caturano A, D’Angelo M, Mormone A, et al. Oxidative
Stress in Type 2 Diabetes: impacts from Pathogenesis to
Lifestyle  Modifications.  Curr  Issues Mol Biol.
2023;45(8):6651-6666. doi: 10.3390/cimb45080420.
Kalacun V, Ekart R, Bevc S, et al. Inflammation and oxida-
tive stress in hemodialysis patients with non-alcoholic
fatty liver disease (NAFLD). In: Ekart R, Bevc S, Hojs R, ed-
itors. 50. anniversary of dialysis in UCC Maribor with in-
ternational participation: scientific programme and book
of papers. Maribor (Slovenia): University Medical Centre
Maribor, Clinic for Internal Medicine, Department of
Dialysis and Department of Nephrology; 2024. p. 87-90.
Pahor D. The Code of Ethical Conduct of the University
of Maribor. Acta Medico-Biotechnica. 2021;14(1):7-10.
doi: 10.18690/actabiomed.218.

Dai L, Watanabe M, Qureshi AR, et al. Serum
8-hydroxydeoxyguanosine, a marker of oxidative DNA
damage, is associated with mortality independent of
inflammation in chronic kidney disease. Eur J Intern
Med. 2019;68:60-65. doi: 10.1016/j.ejim.2019.07.035.
Figuer A, Aligue M, Valera G, et al. New mechanisms
involved in the development of cardiovascular disease
in chronic kidney disease. Nefrologia (Engl Ed).
2023;43(1):63-80.). doi: 10.1016/j.nefroe.2023.05.014.
Morishita Y, Watanabe M, Hirahara |, et al. Level of
8-OHdG in drained dialysate appears to be a marker of
peritoneal damage in peritoneal dialysis. Int J Nephrol
Renovasc Dis. 2012;5:9-14. doi: 10.2147/IJNRD.S27553.
Tarng DC, Huang TP, Wei YH, et al. 8-hydroxy-2'-deox-
yguanosine of leukocyte DNA as a marker of oxidative
stress in chronic hemodialysis patients. Am J Kidney Dis.
2000;36(5):934-944. doi: 10.1053/ajkd.2000.19086.
Domenici FA, Vannucchi MTI, Jordao AA, et al. DNA oxida-
tive damage in patients with dialysis treatment. Ren Fail.
2005;27(6):689-694. doi: 10.1080/08860220500242678.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

RENAL FAILURE (&) 7

Tarng DC, Liu TY, Huang TP. Protective effect of vitamin C
on 8-hydroxy-2"-deoxyguanosine level in peripheral blood
lymphocytes of chronic hemodialysis patients. Kidney Int.
2004;66(2):820-831. doi: 10.1111/j.1523-1755.2004.00809.x.
Xu H, Watanabe M, Qureshi AR, et al. Oxidative DNA
damage and mortality in hemodialysis and peritoneal
dialysis patients. Perit Dial Int. 2015;35(2):206-215. doi:
10.3747/pdi.2013.00259.

Tang CF, Wu MY, Wei YH, et al. Leukocyte 8-hydroxy-2'-de-
oxyguanosine as an oxidative stress marker to predict
cardiovascular events and death in chronic hemodialy-
sis patients. J Chin Med Assoc. 2023;86(10):911-916.
doi: 10.1097/JCMA.0000000000000980.

Lin YS, Hung SC, Wei YH, et al. GST M1 polymorphism
associates with DNA oxidative damage and mortality
among hemodialysis patients. J Am Soc Nephrol.
2009;20(2):405-415. doi: 10.1681/ASN.2008020227.

Seki S, Kitada T, Yamada T, et al. In situ detection of lipid
peroxidation and oxidative DNA damage in non-alcoholic
fatty liver diseases. J Hepatol. 2002;37(1):56-62. doi:
10.1016/50168-8278(02)00073-9.

Irie M, Sohda T, Iwata K, et al. Levels of the oxidative stress
marker gamma-glutamyltranspeptidase at different stages
of nonalcoholic fatty liver disease. J Int Med Res.
2012;40(3):924-933. doi: 10.1177/147323001204000311.
Jiang Y, Han T, Zhang ZG, et al. [The significance of
8-hydroxy-deoxyguanosine acid in the diagnosis of nonal-

coholic steatohepatitisl. Zhonghua Nei Ke Za Zhi.
2017;56(1):34-38. doi: 10.3760/cma.j.issn.0578-1426.2017.
01.009.

Kakehashi A, Suzuki S, Ishii N, et al. Accumulation of
8-hydroxydeoxyguanosine, L-arginine and glucose me-
tabolites by liver tumor cells are the important charac-
teristic features of metabolic syndrome and non-alcoholic
steatohepatitis-associated hepatocarcinogenesis. Int J
Mol Sci. 2020;21(20):7746. doi: 10.3390/ijms21207746.
Nishida N, Yada N, Hagiwara S, et al. Unique features
associated with hepatic oxidative DNA damage and
DNA methylation in non-alcoholic fatty liver disease. J
Gastroenterol Hepatol. 2016;31(9):1646-1653.  doi:
10.1111/jgh.13318.

Irie M, Sohda T, Anan A, et al. Reduced Glutathione sup-
presses Oxidative Stress in Nonalcoholic Fatty Liver
Disease. Euroasian J Hepatogastroenterol. 2016;6(1):13-
18. doi: 10.5005/jp-journals-10018-1159.

Wu PJ, Chen JB, Lee WC, et al. Oxidative Stress and
Nonalcoholic Fatty Liver Disease in Hemodialysis
Patients. Biomed Res Int. 2018;2018:3961748-3961747.
doi: 10.1155/2018/3961748.

Mikolasevic I, Orlic L, Milic S, et al. Non-alcoholic fatty
liver disease proven by transient elastography in hemo-
dialysis patients: is it a new risk factor for adverse car-
diovascular events? Blood Purif. 2014;37(4):259-265. doi:
10.1159/000360270.

Mikolasevic |, Stimac D, Racki S, et al. Relationship be-
tween non-alcoholic fatty liver disease and MIA syn-
drome. Hemodial Int. 2015;19(3):472-481. doi: 10.1111/
hdi.12280.

Mikolasevic |, Lukenda V, Racki S, et al. Nonalcoholic fat-
ty liver disease (NAFLD) - a new factor that interplays
between inflammation, malnutrition, and atherosclero-
sis in elderly hemodialysis patients. Clin Interv Aging.
2014;9:1295-1303. doi: 10.2147/CIA.S65382.


https://doi.org/10.3390/diagnostics13040788
https://doi.org/10.3390/diagnostics13040788
https://doi.org/10.1148/radiol.2015150619
https://doi.org/10.1148/radiol.2020192437
https://doi.org/10.3390/biomedicines9101370
https://doi.org/10.1136/gutjnl-2020-323082
https://doi.org/10.1038/nrneph.2017.16
https://doi.org/10.1159/000357952
https://doi.org/10.1038/s41598-021-97686-6
https://doi.org/10.1038/s41598-021-97686-6
https://doi.org/10.3390/cimb45080420
https://doi.org/10.18690/actabiomed.218
https://doi.org/10.1016/j.ejim.2019.07.035
https://doi.org/10.1016/j.nefroe.2023.05.014
https://doi.org/10.2147/IJNRD.S27553
https://doi.org/10.1053/ajkd.2000.19086
https://doi.org/10.1080/08860220500242678
https://doi.org/10.1111/j.1523-1755.2004.00809.x
https://doi.org/10.3747/pdi.2013.00259
https://doi.org/10.1097/JCMA.0000000000000980
https://doi.org/10.1681/ASN.2008020227
https://doi.org/10.1016/s0168-8278(02)00073-9
https://doi.org/10.1177/147323001204000311
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.01.009
https://doi.org/10.3760/cma.j.issn.0578-1426.2017.01.009
https://doi.org/10.3390/ijms21207746
https://doi.org/10.1111/jgh.13318
https://doi.org/10.5005/jp-journals-10018-1159
https://doi.org/10.1155/2018/3961748
https://doi.org/10.1159/000360270
https://doi.org/10.1111/hdi.12280
https://doi.org/10.1111/hdi.12280
https://doi.org/10.2147/CIA.S65382

8 . V. KALACUN ET AL.

[42] Stolic RV, Trajkovic GZ, Kostic MM, et al. Correlation [43] Behairy MA, Sherief AF, Hussein HA. Prevalence of

between nonalcoholic fatty liver and cardiovascular non-alcoholic fatty liver disease among patients with
disease in elderly hemodialysis patients. Int Urol non-diabetic chronic kidney disease detected by tran-
Nephrol. 2016;48(6):883-889. doi: 10.1007/s11255-016- sient elastography. Int Urol Nephrol. 2021;53(12):2593-

1237-8. 2601. doi: 10.1007/s11255-021-02815-9.


https://doi.org/10.1007/s11255-016-1237-8
https://doi.org/10.1007/s11255-016-1237-8
https://doi.org/10.1007/s11255-021-02815-9

	Oxidative stress and inflammation in hemodialysis: a comparison of patients with or without advanced nonalcoholic fatty liver disease (NAFLD)
	ABSTRACT
	Introduction
	Methods
	Participants
	Study design
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	Author contributions
	Institutional review board Statement
	Informed consent Statement
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


