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SUMMARY
Background: The simultaneous presence of chronic hepatitis B (CHB) and metabolic syndrome (MS) in the high-risk Roma community con-

stitutes a high risk for liver cirrhosis and potentially hepatocellular carcinoma. This study aims to explore the relationship between MS and CHB. 
Methods: Data from the cross-sectional HepaMeta Study conducted in Slovakia in 2011 among Roma living in rural communities were used. 

Participants were tested for the presence of MS, and lipid levels – total cholesterol, high density lipoproteins (HDL), low density lipoproteins (LDL), 
triglycerides (TG), apolipoprotein B100, and CHB HBsAg and anti-HBc IgG were also monitored. Viral load was measured in HBsAg-positive patients. 

Results: A total of 452 patients were screened; MS was diagnosed in 29.6% of patients, and 12.5% had CHB. Anti-HBc IgG antibodies were 
present in 52.8% of patients. CHB patients had lower levels of total cholesterol (5.45 ± 1.21 vs. 4.71 ± 1.23 mmol/l; p = 0.035), LDL cholesterol 
(median 2.2 mmol/l, interquartile range 0.88 mmol/l vs. 2.5 mmol/l, interquartile range 0.9 mmol/l; p = 0.01) and apolipoprotein B100 (median 0.66 
mmol/l, interquartile range 0.26 mmol/l vs. 0.74 mmol/l, interquartile range 0.29 mmol/l; p = 0.025). Patients diagnosed with MS had a higher HBV 
DNA load than patients without MS (1,728.2 ± 14.33 IU/ml vs. 12,779.1 ± 20.9 IU/ml; p = 0.037). CHB patients with TC and apolipoprotein B100 
within the reference range had a lower hepatitis B DNA (HBV DNA) load than patients with high or low values of TC or apolipoprotein B100.

Conclusion: The prevalence of chronic hepatitis B and simultaneous presence of MS was high among Roma. HBsAg-positive patients had 
lower levels of total and LDL cholesterol along with decreased apolipoprotein B100. The viral load of chronic hepatitis B patients with MS was 
higher than in patients without MS.
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INTRODUCTION

Many studies have linked socioeconomic status with metabolic 
syndrome (MS). Available data shows that people with lower 
socioeconomic status have a higher risk of developing MS (1–3). 
Patients with MS have a high risk not only for cardiovascular 
disease or diabetes mellitus but also for liver disease. According 
to current knowledge, non-alcoholic steatohepatitis is considered 
to be a hepatic manifestation of MS. In obese patients (BMI > 30 

kg/m2) the prevalence of nonalcoholic fatty liver disease (NAFLD) 
is estimated to be as high as 75%. NAFLD could on its own cause 
the progression to liver cirrhosis in about 0.5% of patients (4).

Chronic hepatitis B infection is also strongly associated with 
socioeconomic status (5, 6). Because of the relatively high rate of 
chronic persisting course, this infection leads to fibrogenesis, cirrhosis 
and eventually hepatocellular carcinoma (HCC). Patients with HBV 
DNA load > 105 IU/ml have a 5-times higher risk of developing liver 
cirrhosis than patients with HBV DNA load ≤ 104/ml (7).

The simultaneous presence of both diseases constitutes an 
even higher risk for liver cirrhosis and potentially for HCC (8). 
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Unfortunately, there is not enough data about the epidemiology 
of metabolic syndrome in CHB patients in general and even less 
so for the high-risk population. Roma in Slovakia are a minority 
with worse health and lower socioeconomic status compared with 
the majority population (9); as a result, they are the most vulner-
able to both CHB and metabolic syndrome. Therefore, this study 
was aimed to explore the prevalence of metabolic syndrome or 
partial clinical and laboratory signs in CHB patients. At the same 
time we tried to assess the influence of metabolic syndrome on 
viral load and overall disease activity in HBV-infected patients.

MATERIALS AND METHODS

Data from the cross-sectional HepaMeta study conducted in 
Slovakia in 2011 were used. This project aimed to map the preva-
lence of viral hepatitis B/C and MS in the population living in the 
eastern part of Slovakia, including Roma settlements. In addition 
to the general methodology described in detail elsewhere (10) 
further paper-specific amendments to the methodology follow.

Only Roma participants (n = 452) were included in this analy-
sis. Participants were considered to have active HBV infection 
if they were HBsAg positive. Patients with anti-HBc IgG or 
antiHBsAg positivity were considered to have had encountered 
HBV in the past or were vaccinated. 

Statistical Analysis
Results are presented as the median (interquartile range) for 

continuous variables with nonparametric distribution, or mean 
± standard deviation for data with parametric distribution and 
percentages for categorical variables, unless stated otherwise. 
Because of severely skewed baseline distribution in a positive 
direction, we applied log10 transformation before the analysis of 
serum cholesterol, HBV DNA, aspartate aminotransferase (AST), 

alanine aminotranferase (ALT) and gamma-glutamyl transferase 
(GGT). These variables are presented as geometric mean ± geo-
metric standard deviation. Differences between the two groups 
of participants were tested using the student’s t-test or the Mann-
Whitney U-test based on the distribution of individual variables. 
The chi-square test was utilised for categorical variables. The 
association of MS and individual components of MS with HBV 
infection was tested using univariate logistic regression adjusted 
for confounders. The association of individual components of 
MS with HBV DNA load was assessed by quadratic regression.

RESULTS

A total of 452 Roma were screened, 10 of them were excluded 
because of missing vital data. Thus, a total of 442 patients were 
included (mean age = 34.7; SD = 9.1; 35.2% men). Additional 
patients were excluded because of missing data per analysis, it is 
indicated by the total number of included patients in the respec-
tive Tables.

Factors Associated with Chronic Hepatitis B
MS was diagnosed in 131 (29.6%) patients and HBV infec-

tion – HBsAg positivity in 55 (12.4%) patients. Anti-HBc IgG 
antibodies were present in 233 (52.8%) patients. Parameters in 
the study cohort are summarised in Table 1.

Patients with CHB (HBsAg positive) had statistically signifi-
cant lower levels of total and LDL cholesterol and apolipoprotein 
B100. No difference was found in HDL, TG, glucose, BMI and 
waist circumference or in the prevalence of MS, obesity or being 
overweight. Patients who had encountered HBV (anti-HBc IgG 
positive) had statistically significant lower levels of HDL along 
with higher levels of TG, BMI and waist circumference as well 
as a higher prevalence of obesity or being overweight.

Table 1. Comparison of selected parameters between participants with and without serological markers of HBV infection

HBsAg positive HBsAg negative p value Anti-HBc IgG 
positive

Anti-HBc IgG 
negative p value

Age (years) 32.5 (12.17) 35.5 (15.5) 0.864 37.7 (11.98) 30.7 (16.12) <0.0001
Cholesterol (mmol/l) 4.45±1.21 4.71±1.23 0.035 4.76±1.22 4.58±1.25 0.054
LDL (mmol/l) 2.2 (0.88) 2.5 (0.9) 0.010 2.5 (0.84) 2.4 (0.92) 0.139
HDL (mmol/l) 1.1 (0.53) 1.1 (0.36) 0.382 1.0 (0.41) 1.1 (0.31) 0.048
TG (mmol/) 1.02±1.56 1.15±1.75 0.130 1.2±1.74 1.06±1.7 0.048
ApoB100 (g/l) 0.66 (0.26) 0.74 (0.29) 0.025 0.76 (0.29) 0.72 (0.3) 0.099
Uric acid (umol/l) 206.1 (99.9) 212.6 (103.2) 0.854 223.9 (98.1) 200.7 (105.0) 0.073
Glucose (mmol/l) 4.6 (0.63) 4.7 (0.73) 0.477 4.7 (0.73) 4.6 (0.82) 0.115
BMI (kg/m2) 26 (6.72) 25.6 (8.75) 0.486 26.6 (8.64) 24.9 (8.8) 0.026
Waist circumference (cm) 86 (16) 88 (22) 0.669 89 (21) 87 (20) 0.009
BMI > 30 kg/m2 (%) 16.4 27.4 0.802 27.0 24 0.626
BMI > 25 kg/m2 (%) 50.9 52.7 0.669 56.7 47.6 0.057
Metabolic syndrome prevalence (%) 27.8 29.6 0.785 31.9 26.7 0.237
sBP (mmHg) 122.67 (18) 119 (20) 0.370 120 (22) 118.67 (20) 0.01
dBP (mmHg) 71.33 (16) 73 (14) 0.912 74 (16) 72 (14) 0.092

Data presented as the median (interquartile range) for variables with non-normal distribution, mean±SD for variables with normal distribution and percentages for categori-
cal variables
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Factors associated with chronic HBV infection were assessed 
through series of univariate logistic regression models; the results 
are summarised in Table 2. Only LDL cholesterol was signifi-
cantly associated with hepatitis B infection, even after adjustment 
for age, sex and BMI. No association with chronic hepatitis B 
was found for total cholesterol, apolipoprotein B100 and HDL 
cholesterol. Furthermore, clinical parameters (BMI and waist 
circumference) or the presence of metabolic syndrome were not 
found to be significantly associated with chronic hepatitis B after 
adjustment for age and sex.

Viral Load in HBsAg-positive Patients
Out of 55 HBsAg-positive patients, 50 were also HBV DNA 

positive (90%). Viral load ranged from 40 to 5,340,000 IU/ml, 
with a mean viral load of 2,48,317.54 IU/ml, a median of 2,540 
IU/ml, and an interquartile range of 9605 IU/ml. Patients diag-
nosed with MS had significantly higher HBV DNA load (after 
log 10 transformation) than patients without MS – a geometric 
mean of 1,728.2 ± 14.33 vs. 12,779.1 ± 20.9; p = 0.037 (Fig. 1). 
This difference was independent of the age of the HBV DNA-
positive patients.

HBV DNA association with individual criteria of MS was as-
sessed by the quadratic regression model. This model was chosen 
instead of linear regression because of the typical distribution of 
selected parameters (lipid profile, BMI, waist circumference) 

Table 2. Association of MS and individual parameters of MS with CHB infection, assessed by logistic regression, adjusted for 
age, sex and BMI

Factor Adjusted OR 95% CI p value
Cholesterol 10.67 0.394–289.056 0.160
LDL 1.683 1.036–2.735 0.036
TG 3.659 0.757–17.671 0.106
HDL 0.365 0.119–1.122 0.078
ApoB100 2.827 0.64–12.498 0.171
Waist circumference 1.014 0.991–1.037 0.235
BMI 1.029 0.976–1.084 0.290
Metabolic syndrome 0.81 0.354–1.854 0.618

with pathological values at both extremes of the parameter range. 
Results are summarised in Table 3.

Cholesterol and apolipoprotein B100 had a significant quad-
ratic relationship with HBV DNA (Fig. 2 and 3); other parameters 
of lipid profile were statistically and marginally insignificant. No 
relationship between HBV DNA and BMI, waist circumference 
or mean arterial pressure was found.

Fig. 2. Association between apolipoprotein B100 and HBV 
DNA load.

Fig. 1. HBV DNA levels in patients with and without metabolic 
syndrome.

Fig. 3. Association between total cholesterol and HBV DNA 
load.
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Independent variable R2 Formula p value
Cholesterol 0.139 −59.411 h2+47.34 h+21.742 0.029
HDL 0.046 4.12 h2–2.029 h+1.577 0.331
LDL 0.072 −1.862 h2+0.449 h+5.191 0.173
TG 0.101 −0.132 h2+8.168 h+3.162 0.083
Apolipoprotein B100 0.225 −2.157 h2+2.605 h+3.511 0.001

Table 3. Association between HBV DNA and serum lipidogram, assessed by quadratic regression

h-value of the independent variable

Without metabolic syndrome Metabolic syndrome p value
ALT 0.25±2.31 0.38±2.05 0.008
AST 0.35±2.01 0.39±2.01 0.134
GGT 0.37±2.37 0.48±1.42 0.019

Table 4. Liver transaminases levels in CHB patients with and without metabolic syndrome

p-value measured by the Mann-Whitney U-test, data presented as the geometric mean ± geometric SD

Chronic Viral Hepatitis B Activity
Hepatitis B activity is usually reflected by serum activity of 

transaminases. Therefore, we have compared serum levels of ALT, 
AST or GGT in HBsAg-positive patients with MS compared with 
those without MS (Table 4). We have found that HBsAg-positive 
patients with MS had significantly higher levels of ALT and GGT 
than patients without MS. There was no significant difference in 
serum levels of AST between these two groups of patients.

DISCUSSION

The prevalence of HBsAg positivity in the study cohort of 
Roma was 12.4%. The general prevalence of HBsAg positivity 
in Slovakia is estimated to be under 1% (11). No data is available 
specifically for Slovak Roma, and very little data is available for 
HBsAg prevalence in Roma communities in the European Union. 
The prevalence of HBsAg positivity in Roma children in Athens, 
Greece, is reported to be 4% (12). 

The prevalence of MS in Roma with chronic hepatitis B (HB-
sAg positive) was not significantly different from the prevalence 
in HBsAg-negative Roma participants. This was also confirmed 
for BMI, waist circumference, glycemia HDL, and TG levels. 

The prevalence of MS in a cohort of 153 HBV-infected patients 
with a mean age of 50.5 ± 27.5 years from the USA was 13%. 
Furthermore, 40% of patients had BMI between 27.5–30, 10% 
had BMI over 30, and 13% had diabetes mellitus. Liver histology 
revealed that 19% of patients had signs of NAFLD and 13% had 
NASH. Patients with metabolic syndrome were older (52 vs. 43 
years, p = 0.05) and had a higher BMI (26 vs. 23 kg/m2, p = 0.05). 
Although CHB patients with diabetes were more likely to have 
nonalcoholic steatohepatitis (NASH) (20% vs. 12%), this differ-
ence was not statistically significant. HBV patients with signs of 
NAFLD in liver histology were more obese (BMI: 26 in NAFLD 
kg/m2 vs. 24 kg/m2, p = 0.02) and had greater waist circumfer-
ences (89 cm and 92 cm, respectively, vs. 83 cm, p = 0.03). The 
presence of superimposed NASH was associated with older 
age (55 vs. 42 years, p = 0.008), greater BMI (28 vs. 24 kg/m2, 
p = 0.006), the presence of hypertension (63% vs. 14%, p = 0.006) 

Fig. 4. ALT levels in HBsAg-positive patients with and without 
MS.

Fig. 5. GGT levels in HBsAg-positive patients with and without 
MS.
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and dyslipidemia (50% vs. 7%, p = 0.006). The authors conclude 
that chronic hepatitis B is frequently associated with NAFLD or 
NASH, primarily in older and obese patients (13).

HBsAg-positive patients had significantly lower levels of TC, 
LDL and apolipoprotein B100. This association was significant 
even after adjustment for age, sex and BMI. Similar data has been 
published relatively often in recent studies, although, to the best 
of our knowledge, this is the first study reporting apolipoprotein 
B100. Luo et al. reported that patients with chronic hepatitis B also 
had a lower level of serum triglycerides, as in this cohort, but that 
there was also a lower incidence of metabolic syndrome, which 
this study did not confirm (14). This difference was probably 
caused by the lower mean age of the patients in this cohort with 
lower prevalence of metabolic syndrome. Another study reports 
that HBsAg-positive patients had lower TG, LDL and HDL lev-
els and higher adiponectin levels significantly more often. Total 
cholesterol level was also lower, albeit only in non-diabetic and 
non-obese HBsAg-positive patients (15). 

The reason behind the lower levels of TC, LDL and apolipopro-
tein B100 in HBsAg-positive patients remains unclear. Only a small 
amount of published data allows for the speculation that hepatitis 
B virus influences the metabolism of infected hepatocyte (16). 

In this study cohort 233 (52.8%) patients had come in contact 
with viral hepatitis B and formed anti-HBc IgG antibodies. These 
patients were older, had significantly lower HDL and higher TG 
values as well as higher BMI and waist circumference. Total serum 
cholesterol and LDL levels were approximately the same in both 
groups. A study published by Yen et al. reports that students (mean 
age 19 years) who overcame acute hepatitis B infection and were 
anti-HBc positive had a 58% increased risk of MS compared with 
vaccinated students with protective titers of anti-HBs antibodies 
(17). The mechanism behind this observation is not completely 
clear, however, in this cohort age explains the observed differences 
sufficiently. Published data suggest that older patients more often 
meet MS criteria, specifically clinical criteria such as high blood 
pressure or central obesity (18). In this cohort HBcIgG-positive 
participants were older and had higher BMI, waist circumference 
and blood pressure.

Liver tests (ALT, AST, GGT) reflect liver damage caused by 
any disease. We have found that HBsAg-positive patients who 
have MS have significantly higher levels of ALT and GGT than 
HBsAg-positive patients without MS. This is assumingly impor-
tant finding, as it suggests an additive effect of MS on the liver 
damage caused by hepatitis B. In the study by Wang et al. the 
authors report that BMI over 25 and hyperglycemia are independ-
ent predictors of ALT elevation in HbsAg-positive patients, even 
in the upper half of normal range (19). 

The second aim of this study was to assess the influence of 
MS and individual components of metabolic syndrome on HBV 
DNA levels. It proved that CHB patients with metabolic syndrome 
have significantly higher levels of HBV DNA. Furthermore, TC 
and apolipoprotein B100 had a significant quadratic relationship 
with HBV DNA. Quadratic regression models a relationship 
between two variables according to a curve similar to the letter 
U. Patients with cholesterol levels below as well as above the 
reference range had significantly higher HBV DNA load than 
patients with serum cholesterol within the reference range. The 
same is true for apolipoprotein B100. There is more than one 
possible explanation, although none has yet been confirmed. As 

discussed earlier, hepatitis B infection interferes with hepatocyte 
metabolism. A high viral load in particular could cause decreased 
cholesterol synthesis. Lower TC levels are even associated with 
a higher incidence of hepatocellular carcinoma in CHB patients 
(20). Patients with elevated levels of TC or apolipoprotein B100 
have a higher viral load than patients with normal cholesterol or 
apolipoprotein B100. ApoB 100 is the main protein component of 
LDL and is produced only in the liver. Therefore, it better reflects 
the metabolism of lipoproteins in the hepatocyte because of the 
lower potential for confounding factors (diet, obesity, non-fasting 
serum). Although there has been no data linking viral load in CHB 
patients with apolipoprotein B100, thus far there are some indices 
suggesting that either lower or higher levels of lipoproteins are 
associated with high viral load. In a previously cited study by Hsu 
et al., the authors described an inverse linear correlation between 
HBV DNA and TG, but no significant linear correlation was found 
between HBV DNA and TC, HDL or LDL. Unfortunately, the 
authors did not analyse any associations other than linear associa-
tions (15). A high viral load in CHB patients is a significant risk 
factor for liver cirrhosis and hepatocellular carcinoma; therefore, 
this information is important in the management of these patients.

The presence of metabolic syndrome or its components has 
a negative effect on the natural course of chronic hepatitis B in-
fection. In a study from Hong Kong, histological liver cirrhosis 
was more common among patients who had MS (38%) versus 
those who did not (11%, p < 0.001). The prevalence of cirrhosis 
increased with the number of MS components present (21). Pa-
tients with chronic hepatitis B and HCC had significantly higher 
mean BMI and serum glucose, but lower serum lipids levels 
than controls (p < 0.05). In a subanalysis of the HCC cohort, the 
authors reported a significant positive correlation between BMI, 
insulin and homeostasis model assessment for insulin resistance 
(HOMA-IR) (p < 0.01) (21). Data from the NHANES III cohort 
suggest that type 2 diabetes mellitus and/or insulin resistance are 
independent mortality predictors in CHB patients (22).

The presented study is one of the first reporting the relationship 
between MS and CHB in the non-Asian population. Also, this 
study brings new data about the relationship of apolipoprotein 
B100 and viral load in CHB patients. Unfortunately, there are 
several limitations. The cross-sectional design of the study did 
not allow effective follow-up of the patients. Furthermore, it 
included only patients younger than 45 years, and the incidence 
of metabolic syndrome is higher in older patients. In addition, 
there was no assessment of liver fibrosis either histologically, 
biochemically or with transient elastography. Because no biopsy 
data were available, we were not able to determine the presence 
of liver steatosis or steatohepatitis.

CONCLUSION

Patients with CHB had significantly lower levels of TC, 
LDL and apolipoprotein B100 compared with HBsAg-negative 
patients. This is, to the best of our knowledge, the first study 
reporting lower levels of apolipoprotein B100 in CHB patients. 
CHB patients with MS had a significantly higher HBV DNA load 
than CHB patients without MS. Patients with TC and apolipo-
protein B100, within the reference range, had lower HBV DNA 
than patients with hypocholesterolemia or hypercholesterolemia.
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