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Abstract
Purpose  Early low bone mass is a risk factor for 
osteoporotic fractures associated with multiple factors, 
including menopause and chronic liver diseases. Hepatitis 
C virus (HCV) also plays a major role in chronic liver 
disease and has many extrahepatic consequences, such 
as decreased bone mineral density (BMD). This study 
aimed to examine the hypothesis that HCV seropositivity is 
independently associated with menopausal BMD loss.
Methods  This community-based, cross-sectional study 
was based in two rural townships in Yunlin County, Taiwan. 
A total of 636 menopausal women aged 45–80 years 
who underwent annual health checks were included. 
Viral markers of HCV, dual-energy X-ray absorptiometry 
and fracture risk assessment tool (FRAX) scores were 
measured. Logistic regression analysis was performed to 
assess the association between various predictors and the 
presence of low BMD.
Results  The participants (median age: 65 years) had a 
HCV seropositivity rate of 32.2%. BMD was significantly 
lower in the HCV-seropositive participants in different 
anatomic locations than in the seronegative individuals 
(lumbar spine: −1.5 vs −1.1; total hip: −0.9 vs −0.6; 
femoral neck: −1.2 vs −1.0; p<0.05). HCV-seropositive 
subjects had higher rates of major osteoporotic fractures 
(11.3%±7.6%vs 9.0±6.8%; p<0.001) and hip fractures 
(3.4%±4.7%vs 2.3±4.9%; p=0.006) and a higher risk 
of lower BMD (osteopenia and osteoporosis) based on a 
multivariable regression analysis (adjusted OR: 1.8; 95% CI 
1.16 to 2.81; p=0.009).
Conclusions  HCV infection may be an independent risk 
factor for menopausal BMD loss and fractures predicted 
by FRAX.

Introduction 
Osteoporosis leads to increased bone fragility, 
fracture and disability and is an important 
health issue in menopausal women, who 
have a higher prevalence (13%–23.3%) of 
osteoporosis1 and a fourfold higher mortality 
due to osteoporosis than men.2 Apart from 
traditional risk factors,3 chronic liver disease 
potentially contributes to osteopenia and 
osteoporosis.4 These may be associated with 

alcohol consumption,5 steroid use,6 vitamin 
D deficiency,7 chronic cholestatic disease8 
or advanced liver cirrhosis.9 Because viral 
cirrhosis is associated with a high osteopo-
rosis incidence (20%–53%) and potential 
fractures,10 the guideline-directed therapy for 
viral hepatitis has been aggressively adopted 
for menopausal women.11 

In the global hepatitis report, the WHO 
estimated that in 2015, roughly 71 million 
of people were living with hepatitis C virus 
(HCV) infection worldwide, representing 
1.0% of the population,12 with a high HCV 
prevalence of 6%–30% in southern Taiwan.13 
Chronic hepatitis B or C infection both reduce 
bone mineral density (BMD) in non-cirrhotic 
population.14 In addition to extrahepatic 
complications,15 chronic HCV infection 
increases the incidence of osteoporosis16 and 
fractures17 associated with overt cirrhosis18 or 
coinfection with HIV.19 Beyond routine BMD 
evaluation as a T-score,20 the fracture risk 
assessment tool (FRAX) is another simple 
and well-validated prediction for future 

Strengths and limitations of this study

►► Few studies have reported the association between 
hepatitis C virus (HCV) infection and bone mineral 
density (BMD) loss among postmenopausal women.

►► These results highlight the prevalence of the HCV 
infection in southern Taiwan and the strong associ-
ation between HCV seropositivity and lower BMD in 
postmenopausal women.

►► The relationship of HCV seropositivity and the frac-
ture risk assessment tool score, which is more feasi-
ble for the evaluation of a 10-year potential fracture 
rate.

►► The limitations of the study include its non-ran-
domised sampling strategy, the duration of the HCV 
infection, viral load, nutrition status and recruitment 
of individuals with community elders, which may 
hinder the generalisation of our findings.
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fractures based on clinical and personal risk character-
istics.21 Although Nicoll et al22 had used the FRAX score 
to study a cirrhotic population, an associated analysis of 
menopausal women with HCV is lacking. Therefore, we 
hypothesised that HCV-seropositive menopausal women 
had lower T-scores and higher FRAX-predicted fracture 
rates than HCV-seronegative women.

Methods
Design, sample and setting
Between October 2015 and July 2016, 1070 women living 
in a coastal Yunlin County (Taiwan) village underwent 
a community-based annual health check, including a 
dual-energy X-ray absorptiometry (DXA) BMD analysis. 
We enrolled 636 menopausal women, after excluding 
those aged >80 or <40 years. We also excluded women who 
underwent premature menopause (aged <40 years); had 
missing laboratory, viral markers or anthropometric data; 
or who had histories of hormone replacement therapy, 
osteoporotic medications, liver cirrhosis, hepatic surgery 
or hepatic lesions. All participants completed baseline 
questionnaires and provided informed consent before 
undergoing examinations.

Laboratory assessments
After an overnight 12 hours fast, venous blood samples 
were obtained from all study participants. The serum 
samples were analysed (7600 Chemistry Analyzer; Hitachi 
Medical, Tokyo, Japan) to determine fasting plasma 
glucose, serum creatinine, alanine aminotransferase, 
aspartate aminotransferase, uric acid, triglyceride, total 
cholesterol, high-density lipoprotein cholesterol and 
low-density lipoprotein cholesterol levels. Viral markers of 
HCV and hepatitis B virus (HBV) infections were assessed 
by using specific RNA antibodies in an electrochemilu-
minescence immunoassay or semiquantitative determina-
tion of hepatitis B surface antigens by using a sandwich 
radioimmunoassay (Elecsys E-170; Cobas Analyzer; Roche 
Diagnostics, Indianapolis, Indiana, USA), respectively.

Blood pressure (BP) and anthropometric measurements
A non-invasive oscillometric monitor (Omega 1400; InVivo 
Research, Orlando, Florida, USA) was calibrated and 
used to measure BP, following a standardised procedure. 
Each participant’s BP was measured twice and recorded. 
If the difference between the first and second BP values 
was >10 mm Hg, the BP was measured a third time. The 
mean BP value was calculated using the two closest BP 
values and the value used in the subsequent analyses. 
Height (cm) and body weight (kg) were recorded, with 
the individuals wearing light clothing and no shoes. Each 
participant’s body mass index (BMI) was calculated using 
the standard formula (kg/m2) and grouped according 
to the Lipschitz classification.23 An anthropometric tape 
was used to measure waist and hip circumferences. Waist 
circumference was measured at a level midway between 
the lowest rib margin and the iliac crest, whereas hip 

circumference was measured, in the standing position, at 
the level of the maximum buttocks protuberance.

Lifestyle and medical history
We checked the participants’ habits regarding alcohol 
consumption, betel nut chewing and cigarette smoking 
by using baseline questionnaires. Current user (partici-
pants were currently drinking/chewing/smoking) and 
non-user (participants who had never drank/chewed/
smoked, or had not done so, during the previous year) 
designations were defined and used to classify the 
participants.

BMD by DXA examination
BMD (g/cm2) and T-scores were assessed from each 
participant in the lumbar spine (L2–L4), femoral neck 
and left total hip regions using DXA. All DXA scans were 
performed with the same bone densitometer (Lunar 
Encore; GE Medical Systems, Madison, Wisconsin, USA) 
by the same trained technicians. The BMD results were 
compared with average BMD values from age-matched 
and sex-matched controls, available in a large population 
database (Hologic) and expressed as a SD of the mean to 
prevent bias due to age and sex.

FRAX score assessment
The FRAX score, as a 10-year FRAX, is composed of 
11 clinical factors, including age (years), sex, weight 
(kg), height (cm), glucocorticoid use (defined as a 
dose of 7.5 mg of prednisolone or the equivalent within 
3 months), rheumatoid arthritis, secondary osteoporosis, 
excessive alcohol intake (>3 units/day), current smoker, 
personal fracture history, parental hip fracture history 
and optional DXA measured BMD at the femoral neck. 
The score can be calculated online24 using risk stratifica-
tion according to the Taiwan clinical practice guideline 
recommendations.25 This allows patient stratification 
into low-risk (major bone fracture <10%, hip fracture 
<1.5%), medium-risk (major bone fracture 10%–20%, 
hip fracture 1.5%–3%) or high-risk (major bone fracture 
>20%, hip fracture >3%) groups for the development of 
a major osteoporotic fracture (including clinical verte-
bral, humerus or forearm) or hip fracture over a 10-year 
period.

Definitions of osteopenia and osteoporosis
The definitions of osteopenia and osteoporosis were 
based on T-scores, according to the WHO criteria.20 A 
BMD measurement of 1–2.5 SDs below the mean for 
young adults (−2.5<T score ≤−1) was defined as osteo-
penia, whereas a T-score ≤2.5 SDs below the mean was 
defined as osteoporosis.21 The risk of fractures increases 
1.5–3 times, or more, for each SD decrease in BMD.

Statistical analysis
We tested the normality of continuous variables by using 
the Kolmogorov-Smirnov test. Most of the null hypothesis 
was rejected, except for waist-to-hip ratio, waist-to-height 
ratio, systolic BP and total cholesterol. Therefore, data of 
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all continuous variables were presented as median and 
IQR. We tested the trends of clinical characteristics across 
BMD (normal, osteopenia and osteoporosis) groups by 
using the Jonckheere-Terpstra non-parametric test for 
continuous variables or the Cochran-Armitage χ2 test for 
categorical variables (ie, prevalence of HCV). The clinical 
characteristics of HCV-seropositive and HCV-seronegative 

participants were compared by using the Mann-Whitney 
U test for continuous variables or χ2 tests for categorical 
variables. The independent association of osteoporosis 
and osteopenia with HCV infection was tested by using 
logistic regression analyses in which covariates were 
adjusted in the multivariable models, and HCV seroposi-
tivity was treated as the independent variable. In addition, 

Table 1  Characteristic of the study participants by bone mineral density status

Variable
Total
(n=636)

Normal
(n=195)

Osteopenia 
(n=305)

Osteoporosis
(n=136) P trend

Age, years 65 (13) 60 (11) 66 (12) 71 (12) <0.001*

Age <0.001*

 � 40–64 years 303 (47.6) 139 (71.3) 129 (42.3) 35 (25.7)

 � ≥65 years 333 (52.4) 56 (28.7) 176 (57.7) 101 (74.3)

Substance use, n (%)

 � Smoking 15 (2.4) 5 (2.6) 8 (2.6) 2 (1.5) 0.557

 � Alcohol 38 (6.0) 12 (6.2) 24 (7.9) 2 (1.5) 0.130

 � Betel nut 7 (1.1) 1 (0.5) 3 (1.0) 3 (2.2) 0.160

Anthropometric measures

 � Body weight, kg 60 (13) 64 (13) 61 (12) 56 (11) <0.001*

 � Body mass index, kg/m2 26 (5) 27 (5) 26 (5) 24 (5) <0.001*

 � Lipschitz classification for ≥65 years, n (%) <0.001*

 � �  <22 kg/m2 31 (9.3) 0 (0.0) 12 (6.8) 19 (18.8)

 � �  22.0–27 kg/m2 169 (50.8) 20 (35.7) 92 (52.3) 57 (56.4)

 � �  >27 kg/m2 133 (39.9) 36 (64.3) 72 (40.9) 25 (24.8)

 � Waist circumference, cm 83 (13) 83 (13) 83 (13) 79 (11) 0.002*

 � Waist-to-hip ratio 0.86 (0.09) 0.85 (0.08) 0.86 (0.09) 0.86 (0.09) 0.288

 � Waist-to-height ratio 0.54 (0.09) 0.54 (0.08) 0.54 (0.09) 0.52 (0.08) 0.271

Systolic BP, mm Hg 137 (29) 134 (29) 139 (29) 136 (26) 0.407

Diastolic BP, mm Hg 77 (15) 75 (15) 78 (17) 76 (14) 0.933

Lab data

 � Creatinine, mg/dL 0.80 (0.19) 0.80 (0.22) 0.80 (0.17) 0.80 (0.19) 0.178

 � Uric acid, mg/dL 5.4 (1.7) 5.5 (1.8) 5.4 (1.5) 5.1 (1.9) 0.043*

 � ALT, U/L 22 (9) 22 (10) 22 (8) 23 (10) 0.110

 � AST, U/L 22 (14) 23 (16) 22 (13) 21 (14) 0.059

 � LDL, mg/dL 117 (45) 119 (49) 118 (40) 111 (45) 0.146

 � TC, mg/dL 194 (54) 199 (59) 194 (49) 192 (52) 0.217

 � TG, mg/dL 97 (67) 93 (61) 101 (66) 93 (71) 0.721

 � HDL, mg/dL 54 (17) 53 (16) 55 (17) 52 (18) 0.588

 � Fasting sugar, mg/dL 98 (20) 98 (22) 99 (19) 97 (20) 0.227

 � �  Albumin, mg/dL 4.4 (0.3) 4.4 (0.3) 4.4 (0.3) 4.4 (0.3) 0.005*

 � �  Albumin (mean±SD) 4.41±0.31 4.44±0.30 4.41±0.32 4.36±0.31 –

 � �  Total protein, g/dL 7.4 (0.6) 7.4 (0.6) 7.3 (0.5) 7.3 (0.8) 0.613

HBV, n (%) 93 (14.6) 30 (15.4) 45 (14.8) 18 (13.2) 0.597

HCV, n (%) 205 (32.2) 46 (23.6) 103 (33.8) 56 (41.2) 0.001*

Continuous data were presented as median and IQR.
*P<0.05;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.
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the 10-year fracture risk between the HCV-seropositive 
and HCV-seronegative groups was measured using two 
sample t-tests. All analyses were performed by using SPSS 
V.22.

Patient and public involvement
The study was designed to examine the hypothesis that 
HCV seropositivity is independently associated with meno-
pausal BMD loss. However, patients were not included 
in the design of the survey instrument, recruitment or 
conduct of the study. Patients who participated did so 
anonymously; therefore, the study team will be unable to 
disseminate the results to study participants.

Results
Characteristics across BMD groups
Table 1 shows the characteristics of the 636 menopausal 
women. The study participants had a median age of 65 
years and a low proportion of substance use. The preva-
lence of HBV and HCV were 14.6% and 32.2%, respec-
tively. We further classified the participants into three 
groups according to their T-scores: normal, osteopenia 
and osteoporosis. The prevalence of menopausal oste-
oporosis was 21.4% (136/636). A strong association 
was observed between older age and lower levels of 
BMD (p trend <0.001). Lower T-scores are correlated to 
lower values of body weight, BMI, waist circumference 
and mean albumin level (all, p trend <0.01). The study 
group significantly differed in the Lipschitz classification 
for participants ≥65 years (p<0.001). The proportion of 
underweight (<22 kg/m2) was highest in the osteoporosis 
group, followed by the osteopenia and normal group 
(18.8% vs 6.8% vs 0%). Of note, the prevalence of HCV 
seropositivity was the highest in the osteoporosis group, 
followed by the osteopenia group, and was lowest in the 
normal group (41.2% vs 33.8% vs 23.6%, respectively; p 
trend <0.001) (table 1).

HCV seropositivity characteristics
HCV-seropositive patients were older than HCV-sero-
negative subjects (68 vs 64 years, p<0.001). There were 
no significant differences between the HCV groups with 
respect to the proportion of substances used and their 
anthropometric indices. Poor abnormal liver function, 
lower mean albumin/total protein level and a higher 
proportion of metabolic components, such as high BP, 
high fasting glucose levels and disturbed lipid profiles, 
were observed in the HCV-seropositive group than in the 
seronegative group (p<0.05).

The two groups did not significantly differed in 
the Lipschitz classification for participants ≥65 years 
(p=0.061). Notably, T-scores in various anatomic locations 
(lumbar, hip and femoral neck) are significantly lower in 
the HCV-seropositive group than in the HCV-seronega-
tive group (table 2).

Association of FRAX score with HCV seropositivity
Figure  1 shows that the prevalence of HCV seropos-
itivity increases significantly according to the FRAX 

Table 2  Characteristic of the study participants by the 
presence of HCV (n=636)

Variable

HCV 
seropositive
(n=205)

HCV 
seronegative
(n=431) P value

Age, years 68 (13) 64 (12) <0.001*

Age <0.001*

 � 40–64 years 74 (36.1) 229 (53.1)

 � ≥65 years 131 (63.9) 202 (46.9)

Substance use, n (%)

 � Smoking 7 (3.4) 8 (1.9) 0.226

 � Alcohol 10 (4.9) 28 (6.5) 0.421

 � Betel nut 4 (2.0) 3 (0.7) 0.156

Anthropometric measures

 � Body weight, kg 59 (14) 61 (12) 0.135

 � Body mass index, 
kg/m2

25 (5) 26 (5) 0.677

 � Lipschitz classification for ≥65 years, n (%) 0.061

 � �  <22 kg/m2 17 (13.0) 14 (6.9)

 � �  22.0–27 kg/m2 70 (53.4) 99 (49.0)

 � �  >27 kg/m2 44 (33.6) 89 (44.1)

 � Waist circumference, 
cm

82 (12) 83 (12) 0.632

 � Waist-to-hip ratio 0.87 (0.08) 0.85 (0.09) 0.028*

 � Waist-to-height ratio 0.54 (0.09) 0.53 (0.09) 0.204

Systolic BP, mm Hg 142 (27) 134 (29) 0.002*

Diastolic BP, mm Hg 78 (16) 76 (15) 0.017*

Lab data

 � Creatinine, mg/dL 0.80 (0.19) 0.80 (0.19) 0.826

 � Uric acid, mg/dL 5.5 (1.7) 5.3 (1.6) 0.473

 � ALT, U/L 26 (17) 21 (7) <0.001*

 � AST, U/L 26 (24) 20 (11) <0.001*

 � LDL, mg/dL 109 (42) 121 (43) <0.001*

 � TC, mg/dL 183 (51) 198 (53) <0.001*

 � TG, mg/dL 97 (62) 96 (68) 0.226

 � HDL, mg/dL 51 (16) 55 (17) 0.005*

 � Fasting sugar, mg/dL 102 (26) 97 (18) 0.010*

 � Albumin, mg/dL 4.4 (0.3) 4.4 (0.3) <0.001*

 � Albumin (mean±SD) 4.33±0.32 4.45±0.30 – 

 � Total protein, g/dL 7.4 (0.7) 7.3 (0.5) 0.018*

HBV, n (%) 30 (14.6) 63 (14.6) 0.995

DXA report (g/cm2)

 � Lumbar spine 1.01 (0.22) 1.08 (0.28) 0.027*

 � Total hip 0.78 (0.17) 0.81 (0.18) 0.063

 � Femoral neck 0.87 (0.20) 0.88 (0.19) 0.031*

Continuous data were presented as median and IQR.
*P<0.05.
ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BP, blood pressure; DXA, dual-energy X-ray 
absorptiometry; HBV, hepatitis B virus; HCV, hepatitis C virus; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
TC, total cholesterol; TG, triglyceride.
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score-defined risk classification (low vs medium vs 
high risk: 28.1% vs 32.7% vs 40.4%; p trend=0.008). In 
contrast, a similar trend with HBV seropositivity was 
not observed (p trend=0.224). According to the FRAX 
score assessments, HCV-seropositive patients have signifi-
cantly higher 10-year probabilities of major osteoporotic 
fractures (11.3%±7.6% vs 9.0±6.8%; p<0.001) and hip 
fractures (3.4%±4.7% vs 2.3±4.9%; p=0.006) than the 
HCV-seronegative participants (figure 2).

Independent association between HCV and osteoporosis
Table 3 shows the association between HCV seropositivity 
and osteoporosis/osteopenia using various adjustment 
models according to substance use, anthropometric 

measures, inflammatory index, lipid profiles, HBV and 
age sequentially. The results demonstrate that HCV is 
an independent risk factor for osteoporosis in models 
1–6. After adjusting for age in model 7, the trend tends 
to a higher osteoporosis risk in the HCV-positive group 
remains (p=0.068). For the composite outcome (osteo-
penia and osteoporosis), HCV is an independent factor in 
each model, even after adjusting for age and other covari-
ates (adjusted OR: 1.80; 95% CI 1.16 to 2.81; p=0.009), 
indicating that HCV may be a useful index for identifying 
BMD loss.

Discussion
This study showed that a significant association exists 
between HCV seropositivity and lower BMD values in 
postmenopausal women. HCV-seropositive patients had 
an 80% increased relative risk for composite of osteo-
penia and osteoporosis, compared with HCV-seronega-
tive subjects (adjusted OR: 1.8; p=0.009). Apart from age, 
HCV also contributed to be an osteoporotic fracture risk, 
based on the FRAX prediction score.

Factors associated with lower BMDs in women
For subjects with osteoporosis and a mean age >70 years 
in our study, age was an independent risk factor for 
osteoporosis development, in addition to several known 
confounding factors.3 Furthermore, the osteoporosis 
prevalence in our postmenopausal population was 21.4%, 
which was higher than that reported in a meta-analysis 
study in China (14.2%).26 Despite the influence of age 
and oestrogen deficiency on BMD, multiple confounders, 
such as milk or calcium insufficiency,3 physical inactivity, 
smoking and alcohol consumption,5 may accelerate post-
menopausal osteoporosis. Reduced smoking and alcohol 
consumption in our study population ameliorated the 
influence of substance use on BMD loss.3 5 HCV seropos-
itive subjects with a relatively lower body weight and BMI 
might have dyspepsia, nutrition deficiency,27 gastric disor-
ders or hepatic cachexia in chronic infection. Although, 
BMI, as the traditional tool to assess malnutrition and 
obesity, is not appropriate to accurately differentiate 
between important body weight components.23 Barbu  
et al28 found that chronic hepatitis C patients with lower 
BMIs and body fat compositions tended to have signifi-
cant BMD loss, in agreement with our findings.

Impact of HCV on menopausal osteopenia and osteoporosis
In HCV/HBV hyperendemic regions,13 women might 
experience a spectrum of lesions, from osteopenia to 
osteoporotic fractures, due to chronic liver disease4 5 9 10 
during the early menopausal stage. Advanced liver fibrosis, 
with cirrhosis, is the key contributor of osteoporosis 
in chronic HCV infections.9 10 Nutrition deficiency is 
predominant in patients with advanced cirrhosis,27 which 
also contributes to the hypoalbuminaemia and vitamin D 
deficiency in patients with chronic HCV infections.29 In 
another respect, vitamin D supplements might prevent 

Figure 1  The prevalence of HCV and HBV seropositivity 
among different FRAX assessed risk groups: low-risk (major 
bone fracture <10%, hip fracture <1.5%), medium-risk (major 
bone fracture 10%–20%, hip fracture 1.5%–3%) or high-risk 
(major bone fracture >20%, hip fracture >3%) groups for 
the development of fractures over a 10-year period. FRAX, 
fracture risk assessment tool; HBV, hepatitis B virus; HCV, 
hepatitis C virus.

Figure 2  The 10-year probability of major osteoporotic 
fractures and hip fractures among HCV-seropositive and 
HCV-seronegative participants. HCV, hepatitis C virus.
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advanced cirrhotic changes in chronic liver disease and 
potential hypoalbuminaemia.7 Both albumin and vitamin 
D deficiencies disturb calcium metabolism and parathy-
roid hormone homeostasis.29 30 Despite the exclusion 
of patients with cirrhosis in our study and some of the 
HCV seropositive subjects who might have lesser degrees 
of fibrosis or cirrhosis, our findings demonstrated that 
chronic HCV infection tends to be another independent 
risk factor of BMD loss in non-cirrhotic population, even 
in addition to age and HBV infection.

Agostino et al31 showed the reduced bone mineral quality 
and stiffness by using quantitative CT in menopausal 
women with HCV infections; however, they suggested an 
underestimation of DXA measurements would result in 
a lower prevalence of BMD loss in patients with chronic 
liver disease. Their observations indicated that the inci-
dence of osteoporosis might be underestimated in our 
study; regardless, the fracture risk should not be ignored 
because of the higher fracture rate associated with mildly 
reduced DXA results in the Diamond study.17 Like the 
FRAX investigation in a cirrhosis population,18 our study 
showed that a higher FRAX score indicated a potential 
osteoporotic fracture risk in HCV-infected menopausal 
women, before they advanced to the cirrhotic stage.

Inflammatory link between HCV and hepatic osteoporosis
As many extrahepatic manifestations, including cryo-
globulinaemia, vasculitis, hepatic steatosis, and systemic 
atherosclerosis, occur in patients with chronic hepatitis 
C, osteoporosis might also be thought of as a conse-
quence of inflammation32 due to HCV-related autoim-
munity. Our study demonstrated hepatic inflammation 
with relatively higher transaminase values in osteoporotic 
and HCV seropositive population. Sclerostin, secreted by 
osteocytes, imposes a paradoxical intensity on physical 
and disease conditions.33 In postmenopausal women, 
sclerostin is negatively correlated with bone turnover and 
osteoporosis.34 Although higher sclerostin levels are asso-
ciated with alcoholic liver disease,35 nutrition deficiency 
and lower BMI status,36 González-Reimers et al37 found 
that sclerostin levels are also higher in chronic HCV-in-
fected patients with lower BMD, in contrast to what is 

expected in the menopausal period. In this instance, the 
decreased BMD is related to extrahepatic immunological 
reactions and systemic inflammation, which are consis-
tent with positive correlation between sclerostin and 
tumour necrosis factor-α.37

Limitations
This study had several limitations. First, this was a 
cross-sectional study with an informational bias because 
the demographic parameters concerning menopausal 
history, disease, fracture experience and drug history were 
self-reported by the subjects. We did not have any infor-
mation available regarding calcium and 25-OH vitamin D 
supplement usage or levels; daily medication details were 
also unavailable. Second, the duration of HCV infection, 
hepatitis C virus load, antiviral therapy history and viral 
eradication status were not obtained in the check-up. We 
tried to exclude severe hepatic disease, such as cirrhosis 
and any other causes for hepatic surgery. Third, we did not 
know the patient histories of lumbar spinal osteoarthritis 
or injury, both of which might influence and disturb BMD 
values. Fourth, trabecular bone score would be used for 
accurate bone quality analysis and correlated with FRAX-
base predicted fracture; however, we could not apply this 
with our current equipment. Fifth, interscanner varia-
tion and misclassification were minimal with high intras-
canner reproducibility because all women were scanned 
using the same machine by the same technician.

Conclusion
Our study showed a strong association between HCV 
seropositivity and lower BMD in postmenopausal women. 
These results suggest that HCV infection might be a risk 
factor for osteopenia and potential osteoporotic fractures 
according to FRAX score. A future, larger cohort could 
provide more evidence of osteoporosis prevention in 
both sexes.
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