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Background: High asymmetrical dimethylarginine (ADMA) levels have been associated 
with endothelial dysfunction and contribute to the development of several diseases. How-
ever, data on the relationship between hepatitis B virus (HBV) and ADMA are limited. The 
aim of our study was to explore the relationship between ADMA and HBV by comparing 
the ADMA levels in patients with chronic active hepatitis B (CHB), inactive HBV carriers 
(carriers), and healthy volunteers (controls).

Methods: The participants were divided into three groups: 90 patients with CHB, 90 HBV 
carriers, and 90 controls. Serum ADMA levels were quantified using an ELISA kit (Cusa-
bio, Wuhan, China). The data were analyzed using an ANOVA or the Kruskal-Wallis test as 
appropriate, with P <0.05 considered significant.

Results: Serum ADMA levels were significantly higher in patients with CHB (228.35±91.10 
ng/mL) than in HBV carriers (207.80±75.80 ng/mL) and controls (207.61±89.10 ng/mL) 
(P =0.049). The clinical scores of the patients were positively correlated with ADMA levels.

Conclusions: The elevated serum ADMA levels in patients with CHB confirm that HBV 
plays a role in vasculitis. Further investigation of the mechanisms contributing to the high 
levels of ADMA in CHB may contribute toward development of new treatment modalities.
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INTRODUCTION

Nitric oxide synthase (NOS) plays a fundamental role in main-

taining the vascular structure [1, 2], and its main function is the 

synthesis of NO from L-arginine, an amino acid in the vascular 

endothelium. As the main inhibitor of NOS, asymmetrical di-

methylarginine (ADMA) is an endogenous molecule detected in 

human blood and urine. Almost 90% of the ADMA present is 

metabolized by dimethylarginine dimethylaminohydrolase in the 

vascular endothelium of the liver and kidney, where ADMA pre-

vents the cellular ingestion of L-arginine by inhibiting the activity 

of NOS. Accordingly, high ADMA levels have been associated 

with endothelium dysfunction and play a role in the develop-

ment of various conditions [3-5]. 

Changes in serum ADMA levels have been associated with 

many conditions, including cardiovascular system diseases, dia-

betes mellitus, multiple organ failure, chronic renal failure, hy-

perthyroidism, preeclampsia and neonatal sepsis [5-11], as well 

as in certain infectious diseases such as brucellosis [12]. Simi-

larly, ADMA levels have been observed to change after inter-

feron-alpha (IFN-α) treatment in patients with chronic hepatitis 

C virus (HCV) infection [13]. However, the association of ADMA 

with hepatitis B virus (HBV) infection remains unclear.

HBV is an important health problem worldwide. At present, 

one third of the world’s population has serologic evidence of 

past or present HBV infection, and 400 million people have 
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been reported to be chronically infected with this agent [14-16]. 

Although HBV is a hepatotropic virus, it also causes extrahe-

patic symptoms via various mechanisms, including vasculitis 

[17]. However, to our knowledge, no study has examined the 

ADMA levels in patients infected with HBV. Thus, the nature of 

the relationship between HBV causing vasculitis and ADMA, 

which is known to be involved in endothelium dysfunction, re-

mains to be elucidated. Accordingly, we aimed to determine the 

ADMA levels in patients with chronic active hepatitis B (CHB), 

inactive HBV carriers (carriers), and healthy volunteers (con-

trols), and to explore the relationship between ADMA and HBV.

METHODS

1.	Participants
This prospective study was carried out in the Department of In-

fectious Diseases and Clinical Microbiology of the Faculty of 

Medicine, Erzincan University, Turkey, between January 2013 

and December 2015. A total of 270 participants were included 

in the study and divided into three groups: 90 patients with CHB 

(mean age; 40.97±13.89 years), 90 carriers (41.73±14.85 

years), and 90 controls (34.24±8.42 years). Patients with CHB 

were selected among patients who were antiviral-naive with an 

HBV DNA level of >2,000 IU/mL. Liver biopsy was performed 

for these patients. Fibrosis and the histological activity index 

(HAI) were scored using the Ishak scoring system [18]. Stages 

of fibrosis ranged from 0 to 6. In this system, the fibrosis scores 

are defined as follows: 0, no fibrosis; 1, fibrous expansion of 

some portal areas, with or without short fibrous septa; 2, fibrous 

expansion of most portal areas, with or without short fibrous 

septa; 3, fibrous expansion of most portal areas with occasional 

portal to portal bridging; 4, fibrous expansion of most portal ar-

eas with marked bridging; 5, marked bridging with occasional 

nodules (incomplete cirrhosis); and 6, cirrhosis, probable or 

definite cirrhosis [18]. Based on the Ishak score, patients with a 

HAI of at least 6 and/or a fibrosis score of at least 2 were in-

cluded in the study. Patients who were HBV surface antigen 

(HBsAg)-positive for more than six months, with normal liver 

function test results, and an HBV DNA level of <2,000 IU/mL 

were included in the carrier group. Lastly, 90 healthy volunteers 

with no complaints were enrolled as the control group. Patients 

with any comorbidities that could potentially affect ADMA levels 

such as cardiovascular system diseases, diabetes mellitus, mul-

tiple organ failure, or chronic renal failure were excluded. The 

demographic characteristics, including sex, age, and residential 

address, of all groups were recorded. All were subjected to phys-

ical examinations to assess the presence of jaundice, signs of 

chronic liver disease, hepatosplenomegaly, ascites and AST, ALT, 

bilirubin, platelet, albumin, and alpha feto protein (AFP) levels.

2.	Ethics 
Ethical approval for this study was obtained from the Depart-

ment of Ethics Committee, Rectorate of Erzincan University, 

with the decision dated February 10, 2015 (approval number 

01/05). All participants provided written informed consent.

3. Serological assays
Venous blood samples were obtained from all participants. Se-

rum was separated from the blood after resting in a test tube for 

about 2 hours at 25˚C followed by centrifugation at 1,000×g for 

15 minutes, and then stored at –20˚C until used for the ELISA. 

Serum ADMA levels were quantified with an ELISA kit (Cusa-

bio, Wuhan, China). The detection range of the kit was 7.8–500 

ng/mL. All assay procedures were carried out according to the 

manufacturer’s instructions. The absorbance values of stan-

dards and samples were obtained at 450 nm (reference wave-

length 540–570 nm) using an Epoch spectrophotometer (BioTek 

Instruments, Inc., Winooski, VT, USA). 

4. Statistical analysis
First, descriptive statistics for the continuous parameters were 

obtained, expressed as mean±standard deviation. Data were 

analyzed using Shapiro-Wilk and Levene tests. For comparisons 

among groups, a one-way ANOVA and the Tukey honestly sig-

nificant difference (HSD) multiple comparison test were used. 

When the tests for parametric assumptions fell short, the non-

parametric Kruskal-Wallis test was used followed by multiple 

comparison correction with the Bonferroni-Dunn test. SPPS 20 

(IBM Corp. Released 2011. IBM SPSS Statistics for Windows, 

Version 20.0. Armonk, NY, USA) was used for all analyses. 

P <0.05 was considered statistically significant.

RESULTS

The laboratory data, including AST, ALT, and AFP levels, of all 

participants are summarized in Table 1. The mean AST and ALT 

levels in patients with CHB were significantly higher (P <0.001) 

than those of carriers and controls, with no differences between 

the carriers and controls. In contrast, the mean platelet level 

was significantly lower in patients with CHB than in carriers and 

controls (P <0.001) (Table 1). 

Demographic characteristics of all participants, including sex 



Karakecili F, et al.
ADMA levels in HBV-positive patients

448    www.annlabmed.org https://doi.org/10.3343/alm.2018.38.5.446

ratio, age, and serum ADMA levels are summarized in Table 2. 

ADMA levels were significantly higher in patients with CHB than 

in carriers and controls (P <0.01, respectively), but they did not 

significantly differ between carriers and controls. In addition, the 

clinical score and ADMA levels of the patients were correlated 

(Table 2). 

DISCUSSION 

Plasma ADMA levels have been reported to be particularly ele-

vated in patients with liver cirrhosis, alcoholic hepatitis, and 

acute liver failure [19-21]. 

Moreover, high plasma ADMA levels have been detected in 

patients with alcoholic hepatitis and high portal venous pres-

sure, which were further associated with liver injury [22]. In ad-

dition, ADMA levels increased after IFN-α treatment in patients 

with chronic HCV infection [11, 13], and high ADMA levels were 

also detected in patients with HCV-HIV co-infection; however, 

biological markers related to endothelium function did not differ 

after antiretroviral treatment in these patients [23-25].

To our knowledge, this is the first study to compare ADMA lev-

els among patients with CHB, carriers, and controls. We found 

that ADMA levels were significantly higher in patients with CHB 

than in carriers and controls. In addition, ADMA levels did not 

significantly differ between carriers and controls. 

In another study, the plasma levels of NO and ADMA were not 

affected in patients with chronic HCV without acute inflamma-

tory activity signs [26]. Similarly, we detected higher ADMA lev-

els in patients with CHB with inflammation and liver injury. In 

parallel, in the carrier group with little to no liver injury or inflam-

mation, the ADMA levels were similar to those of controls. 

Nevertheless, there are many open questions related to the 

pathological changes in the liver occurring in patients with CHB. 

However, a relationship between HBV, which causes vascular 

pathologies such as vasculitis in addition to pathologies in the 

liver, and ADMA, which is known to be involved in the patho-

genesis of vasculitis, is expected [17]. Thus, research on eleva-

tion in ADMA levels will provide opportunities to establish new 

interpretations of the role of HBV in vasculitis, with new contri-

butions to the development of novel treatment methods. 

In conclusion, our study provides evidence that serum ADMA 

levels were significantly higher in patients with CHB than in car-

riers and controls. Thus, further research should be conducted 

on the relationship between ADMA and HBV infection.

Table 2. Demographic characteristics and ADMA levels of the study groups	

Group N
Sex*

Age (yr)† ADMA† (ng/mL) P
Multiple 

comparison
P

Male (%) Female (%)

CHB 90 54 (60)   36 (40) 40.97±13.89 228.35±91.1‡§

Carrier 90 59 (65.6) 31 (34.4) 41.73±14.85 207.80±75.80

Control 90 58 (64.4) 32 (35.6) 34.24±8.42 207.61±89.10 0.049 CHB-Control 0.01

Total 270 171 (63.3) 99 (36.7) 214.59±85.84 CHB-Carrier 0.01

All data were analyzed using one-way ANOVA followed by Tukey’s honestly significant difference (HSD) test for multiple comparisons.
*Values are presented as N (percentage); †Values are presented as mean±standard deviation; ‡Significant difference from controls; §Significant difference 
from carriers.
Abbreviations: CHB, chronic active hepatitis B; ADMA, asymmetric dimethylarginine. 

Table 1. Laboratory findings of the study groups  								      

Laboratory findings CHB (N=90) Carriers (N=90) Controls (N=90) P

AST (0–0.68 µkat/L) 0.94±1.22*,† 0.40±0.14 0.40±0.19 0.001

ALT (0–0.68 µkat/L) 1.53±2.37*,† 0.36±0.14 0.37±0.24 0.001

Bilirubin (5.1–17.0 µmol/L) 15.74±14.88* 10.78±7.70† 12.31±8.04 0.007

Platelet (150–350×109/L) 207.512.22±60.048.39*,† 237.244.44±49.520.92 236.633.33±57.443.76 0.001

Albumin (35–55 g/L) 39.90±3.40*,† 41.50±5.20 42.00±5.90 0.011

AFP (<15 μg/L) 3.05±2.26 2.97±1.89 3.07±2.58 0.947

All values are presented as mean±standard deviation. All data were analyzed using a one-way ANOVA. 
*Significant difference from controls; †Significant difference from carriers.								      
Abbreviations: CHB, chronic active hepatitis B; AFP, alpha feto protein. 
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