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Abstract

Summary We studied 112 treatment-naive chronic HCV patients without cirrhosis, and we found that, especially HCV+ post-
menopausal women, they had lower TBS and BMD values than healthy controls. This suggests that HCV infection is an
independent risk factor for osteoporosis, and therefore, screening for osteoporosis in postmenopausal HCV+ women should
be considered.

Purpose To know whether patients in earlier stages of chronic HCV infection are at increased risk of developing low bone mass
and bone microarchitectural changes and whether there is an association between bone metabolism and the severity of the liver
disease.

Methods We studied 112 treatment-naive chronic HCV outpatients and 233 healthy age- and sex-matched controls. Bone mineral
density (BMD) and trabecular bone score (TBS) were assessed by DXA. Serum 25(OH)D, PTH, PINP, and CTX were deter-
mined by electrochemiluminescence.

Results TBS values were significantly lower in HCV patients than in controls, both considering the population as a whole (1.337
+0.119vs. 1.377 £0.122; p < 0.005) and after stratifying by sex (1.347+0.12 vs. 1.381 £0.13 inmen and 1.314 £0.10 vs. 1.369
+0.11 in women). The difference remained significant (p < 0.0001 in all cases) after adjusting for confounders. BMD was also
lower in HCV patients (lumbar spine, 0.935 £ 0.151 vs. 0.991 +0.143 g/cmz, p 0.001; femoral neck, 0.764 +0.123 vs. 0.818 +
0.123 g/cm?, p 0.0001; total hip, 0.926 = 0.148 vs. 0.963 + 0.132 g/em?, p 0.02), although, after adjustment, differences kept a
clear trend towards statistical significance in women at the lumbar spine and femoral neck. However, in men and at the total hip in
women, differences were no longer significant. We find no relationship between these parameters and the severity of the disease.
No significant difference was observed in PTH and 250HD status after adjustment. Finally, serum PINP, but not CTX, was
higher in HCV patients.

Conclusions Our findings suggest that HCV infection is an independent risk factor for osteoporosis, especially among postmen-
opausal women. Therefore, the appropriateness of screening for osteoporosis in postmenopausal HCV-positive women should be
considered.
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Introduction

Hepatitis C virus (HCV) is recognized as one of the main
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related death worldwide [5, 6]. Furthermore, chronic HCV
infection is associated with an important number of extrahe-
patic manifestations, mainly autoimmune and lymphoprolif-
erative disorders [7].

Bone manifestations are another well-known extrahepatic
complications of CLD. The term “hepatic osteodystrophy”
refers to bone disorders associated with CLD, and includes
osteoporosis; osteopenia; and, less frequently, osteomalacia
[8, 9]. Its highest prevalence is found in cholestatic and alco-
holic liver disease, where it reaches up to 50% [9, 10].

However, few studies have evaluated the possible disorders
of bone mineral metabolism that may occur in patients with
CLD who have not developed cirrhosis [11—-14]. This number
is still substantially lower when only patients with chronic
HCYV infection without other causes of liver diseases are con-
sidered. Thus, we have only been able to find information
about this subject in a small number of studies [15—18].
They frequently show discordant results, though most of them
tend to find an association between HCV infection and bone
disease [15, 16, 18, 19]. Moreover, some methodological is-
sues related to suboptimal osteoporosis diagnosis (i.e., lack of
bone densitometry [19]), the treatment some patients were on
[11], and the absence of a healthy control group [15] have
limited the value of their results.

Trabecular bone score (TBS) is an imaging technique de-
veloped to indirectly evaluate the state of the trabecular
microarchitecture based on the information provided by the
standard DXA [20]. It consists of a texture parameter that
assesses pixel gray-level variations in the projected lumbar
spine DXA image. Thus, the TBS may be considered an over-
all index of bone quality and low values have been associated
with a worse bone structure and a higher risk of fracture [20,
21]

Accordingly, our study aimed to determine whether pa-
tients in earlier stages of chronic HCV infection are at in-
creased risk of losing bone mass and microarchitectural dam-
age, as well as whether there is an association between bone
metabolism and the severity of the underlying liver disease.

Patients and methods
Study design and participants

From April 2016 to October 2017, treatment-naive chronic
HCYV outpatients who were about to start DAA therapy were
recruited from the Gastroenterology Department at the
University Hospital Marqués de Valdecilla in Northern
Spain. Chronic HCV infection was defined as positivity of
anti-HCV antibodies and serum HCV RNA for more than 6
months. HCV genotype, years of known infection, and viral
load before treatment were collected in all the patients. Liver
elastography was also performed using FibroScan® 502 50-

@ Springer

Hz touch system device (Echosens, North America Inc.).
Fibrosis was considered significant when patients had a
FibroScan result > 2 (F > 2).

Exclusion criteria were age under 18 or over 75 years; liver
cirrhosis (defined as follows: (a) Child-Pugh score > 6; (b)
FibroScan® result of F4 with altered platelet count; (c) pro-
thrombin time or bilirubin; and (d) history of end-stage liver
disease complications [e.g., varices, ascites, or hepatic en-
cephalopathy]); human immunodeficiency virus (HIV) co-
infection; hepatitis B virus co-infection; autoimmune liver
disease; genetic liver disease (e.g., Wilson disease, hemochro-
matosis); or any other causes of hepatic disease. Other exclu-
sion criteria were alcohol consumption > 30 g/day, active in-
travenous drug use, chronic kidney disease (defined as esti-
mated glomerular filtration rate < 45 ml/min/1.73 mz), active
bone metabolic diseases, or concomitant use of drugs known
to affect bone metabolism.

Healthy age- and sex-matched subjects (ratio close to 1:2)
randomly selected from the Camargo Cohort Study were in-
cluded as a control group. Participants of this cohort, of which
more details have been previously published [22, 23], are a
representation of the general population. Moreover, we used
data from 30 healthy young volunteer fellows from our hos-
pital, to complete the youngest part of the control group, as the
Camargo Cohort Study does not include individuals under 40
years of age.

At the baseline visit, subjects were interviewed by the in-
vestigators and all participants provided data regarding the
risk factors for osteoporosis and fractures using a structured
questionnaire which included age; race; weight; height; body
mass index (BMI); personal history of fractures in adulthood
(> 40 years); family history of osteoporotic fractures among
first-degree relatives; tobacco use; consumption of dairy prod-
ucts; alcohol use (g/day); history of diseases such as cardio-
vascular disease, diabetes mellitus, dyslipidemia, or renal dys-
function; and present or past consumption of medications.
Height and weight were measured with subjects wearing light
indoor clothing and without shoes. BMI was defined as
weight (kg) divided by squared height (m?). Tobacco smoking
was categorized as current smoker, former smoker (patients
who had quit smoking more than 1 year earlier), or never
smoker. Menopause was defined as the complete cessation
of menstruation for 12 months or more.

The study was approved by the local Ethics Committee
(Comité Etico de Investigacion Clinica de Cantabria-
IDIVAL, internal code: 2016.003), and all the subjects gave
written informed consent.

Biochemical tests
Blood was drawn in the morning after overnight fasting.

Routine tests included complete blood cell count, glu-
cose, creatinine, aspartate transaminase (AST), alanine
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transaminase (ALT), total alkaline phosphatase, total se-
rum calcium, phosphate, and albumin. They were mea-
sured using standard methods (ADVIA 2400 Chemistry
System autoanalyzer; Siemens, Germany). Serum con-
centrations of 25-hydroxyvitamin D (250HD), intact
parathyroid hormone (PTH), aminoterminal propeptide
of type I collagen (PINP), and C-terminal telopeptide
(CTX) of type I collagen were determined by a fully
automated Roche electrochemiluminescence system
(Elecsys 2010, Roche Diagnostics, GmbH, Mannheim,
Germany). The detection limit of serum 250HD was 4
ng/ml, its intraassay coefficient of variation (CV) was
5%, and its interassay CV was 7.5%. Regarding intact
PTH, the detection limit was 6 pg/ml, with a normal
range of 15-65 pg/ml. Intraassay and interassay CVs
were 3.4% and 5.9%, respectively. The PINP limit of
detection was 5 ng/ml (reference range between 15 and
78 ng/ml in men, and between 19 and 100 ng/ml in
postmenopausal women), and its intraassay and
interassay CVs were 3.9% and 4.1%, respectively.
Intraassay and interassay CVs for CTX were 4.2% and
4.7%, and the detection limit was 0.01 ng/ml. Its refer-
ence range were 0.069—0.760 ng/ml in men and 0.112—
1.018 ng/ml in postmenopausal women [22, 23]

DXA measurements

All subjects underwent BMD testing by DXA at the lum-
bar spine (LS), femoral neck (FN), and total hip (TH)
(Hologic QDR 4500, Bedford, MA, USA). In vivo preci-
sion was 0.4-1.5% at the different measurement sites.
Results were expressed as grams per square centimeter.
Results were also expressed as 7-score (defined as the
number of standard deviations (SDs) below the mean val-
ue for young people) and Z-score (defined as the number
of SDs below the mean for people of the same age).
Osteoporosis was defined as a 7T-score < — 2.5 and
osteopenia as a 7-score < — 1 and > — 2.5 following the
WHO classification [24]. Quality control was performed
according to the usual standards [22].

Trabecular bone score

Spine TBS measurements were performed with the TBS soft-
ware installed in our DXA equipment (TBS iNsight® v2.1,
Med-Imaps, Pessac, France). The TBS was calculated based
on the data acquired by the DXA scan, assessing the same
vertebrae at which the LS-BMD had been measured [25]. As
a rule, the measurement of BMD in LS was performed in L1—
L4, except for those cases in which the vertebral morphology
advised its exclusion.

Statistical analysis

Baseline characteristics of the population were recorded as a
whole and for men and women separately. All continuous
variables were tested for normality. Variables non-normally
distributed underwent a logarithmic transformation before sta-
tistical analyses. Results were expressed as mean = SD, me-
dian (interquartile range), or percentages, as appropriate.
Student’s ¢ test or Mann-Whitney U test was used to determine
the differences between groups for continuous variables and
X test for categorical variables.

Multivariable general linear analyses were performed to
compare the site-specific BMD, bone serum markers, and
TBS of HCV patients and controls adjusting for BMD- and
TBS-related covariates, including age, BMI, tobacco use, and
diabetes.

Univariate and multivariate regression models were built to
analyze the association between HCV infection with site-
specific BMD and TBS results. All p values < 5% were con-
sidered significant.

Results

One-hundred and seventy-one treatment-naive chronic HCV
outpatients were recruited. Figure 1 shows the flow chart of
the study patients. Finally, a total of 112 patients completed
the study: seventy-seven men between 19 and 74 years old
and 35 postmenopausal women. The demographic and clini-
cal characteristics of the population according to gender are
presented in Tables 1 and 2. The mean age of HCV patients
and controls was similar, but BMI was lower in HCV patients.
There were significantly more smokers among HCV+ popu-
lation, while alcohol consumption was higher in control males
but not in females, although as stated, patients with alcohol
consumption greater than 30 g/day were excluded. The prev-
alence of dyslipidemia and diabetes mellitus were similar in
patients and controls, although hypertension prevalence was
higher among controls.

Among HCV patients, the most frequent genotype was la
and 1b (64%) with an average viral load (VL) of 6.07 x 0° TU/
ml, 7.04 x 10° IU/ml in men, and 3.96 x 10° IU/ml in women.
VL > 10° Ul/l was detected in 67% of patients. Almost half of
the patients (56% of men and 40% of women) had significant
liver fibrosis (F2—F4), while the remaining had fibrosis of low
degree (FO and F1). The known duration of HCV infection
was about 15 years in both, men (15 + 12 years) and women
(16 + 14 years).

Serum 250HD levels were higher in patients than in con-
trols although these differences disappeared when adjusted for
confounders. Conversely, PTH levels were significantly lower
in both men and women HCV patients, although these differ-
ences also disappeared after adjusting. PINP was higher in
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Fig. 1 (supplement) Flow chart
of the study patients

Lost to follow-up

HCV+ naive
N=171

N=41

Premenopausal women
N=18

Reject / Abandon
N=28

Exclusion criteria
N=13

patients, both men and women, and these differences persisted
(p = 0.02 in men and p = 0.04 in women) after adjusting for
confounders. There was no difference in CTX between HCV
patients and controls (Table 1).

Table 2 summarizes the LS-, FN-, and TH-BMD values
(g/cm2 and 7- and Z-scores) in patients and controls, both in
the whole population and in men and women separately.
BMD was significantly lower in HCV patients. Differences
were greater in women than in men. In women, BMD at the
lumbar spine was lower in patients than in controls by 9.0% (p
=0.001), while in men, the difference only amounted to 4.3%
(p = 0.03). The corresponding values at the femoral neck were
12.0% and 4.5% (p < 0.05), and at the total hip 8.7% and 1.9%
(p = 0.001 in women, and not significant in men). At the
femoral neck, the difference in women almost reaches a stan-
dard deviation (7-score, — 1.47 vs. — 0.62). After adjustment
for age, BMI, tobacco use, and diabetes status, the significant
difference was lost in men. In women, the significant differ-
ence was lost at the total hip, although it remained significant
at the lumbar spine and femoral neck (p < 0.05). Nevertheless,
since the number of years since menopause was different in
HCV+ women than in the controls, we have performed an
additional adjustment adding this factor. After that, the signif-
icance was borderline at the lumbar spine (p = 0.05) and
showed a trend towards it (p = 0.06) at the femoral neck
(Table 3).

Overall, 18.8% of HCV patients and 12.9% controls had
osteoporosis (the difference not being significant), whereas
osteopenia was observed in 52.7% of the patients and 27.5%
of the controls (p = 0.001). When stratifying by sex, 15.6% of
HCV+ men and 25.7% of HCV+ postmenopausal women had
osteoporosis, whereas these figures were 12.7% (p = 0.3) and
13.2% (p = 0.09) among control subjects. About half (49.1%)
of VHC+ males and 63% of postmenopausal women showed
T-scores compatible with osteopenia (Figs. 2 and 3). These
percentages were higher than those seen in healthy, age-
matched controls (22.3% in men; p < 0.0001, and 38.2% in
women; p = 0.015). Altogether, 64% and 75% of men and
postmenopausal women HCV+ reached 7-scores consistent
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with osteoporosis or osteopenia, compared with 35% (p =
0.0001) and 51.2% (p = 0.015) in men and women in the
control group.

No relationship was found between BMD values or the
percentage of osteopenia and osteoporosis with the presence
of significant fibrosis (F > 2), high VL (> 10 x ¢ IU/ml), or
HCV genotype. Moreover, the risk for osteopenia or osteopo-
rosis was not related to the estimated duration of HCV
infection.

TBS values were significantly lower in HCV patients than
in controls (Table 2), both considering the population as a
whole and after stratifying by sex. The difference remained
significant (p < 0.0001 in all cases) after adjusting for con-
founders (Table 3). Again, we do not find any association
between TBS values and liver fibrosis, VL, HCV genotype,
and the duration of the viral infection.

Among HCV patients, 49 men (63%) and 15 women
(44%) had a TBS value > 1.310, which is considered to be
normal; 12 men (16%) and 10 women (29%) had values be-
tween 1.230 and 1.310, consistent with partially degraded
microarchitecture; and 12 men (16%) and 7 women (22%)
had a TBS value < 1.230, which defines degraded
microarchitecture [20, 21]. In controls, these figures were
117 men (74%) and 56 women (74%); 17 men (10%) and
14 women (18%); and 23 men (14%) and 6 women (8%; p
= 0.041), respectively.

The association between TBS and serum PTH levels was
negative in HCV patients (» = — 0.227; p < 0.03), although it
was canceled after adjusting for age and BMI.

BMD at the hip was also negatively related with PTH
in HCV patients (FN: » = — 0.137 [p < 0.0001]; TH: r =
— 0.101 [p < 0.0001]), but not at the lumbar spine. After
adjustment for age and BMI, the association was can-
celed at the femoral neck, but not at the total hip. A
positive relationship was also found between 25(OH)D
and BMD at the femoral neck (» = 0.054 [p = 0.04])
and the total hip (» = 0.066 [p = 0.01]). Again, after
adjustment for age and BMI, the association was can-
celed at the femoral neck, but not at the total hip.
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Table 1 Baseline characteristics of HCV patients and controls

Total Men Postmenopausal women

HCV+ Control P HCV+ Control P HCV+ Control p

N, 112) (N, 233) N, 77) (N, 157) (N, 35) (N, 76)
Age (year) 53.0+9.1 52.8+88 084 509+838 51.6 £8.9 057  57.7+8.0 554+8.0 0.16
BMI (kg/m?) 25.6+4.5 28.6+4.5 0.0001 26.0+4.3 28.6 £4.0 0.0001 24.8+4.9 28.5+53 0.001
Current smoking® 60.7 21.0 0.0001 63.6 239 0.0001 54.3 15.8 0.0001
Current alcohol*® 29.5 39.5 0.07  28.6 54.5 0.0001 31.4 13.2 0.02
HCV RNA (IU ml/10%) 6.07+£2.02 - - 7.04+2.5 - - 3.96+52 - -
Significant fibrosis F >2% 48.6 - - 56.6 - - 40.0 - -
Menopause (years) 47.1+6.7 482+44 043 - - - 47.1+£6.7 482+4.4 0.43
Years since menopause - - - - - - 10.8 £ 8.8 73+83 0.04
Hypertension® 24.1 35.2 0.04 208 389 0.006 31.4 27.6 0.68
Dyslipidemia® 18.8 25.1 0.56 19.5 20.4 0.87 17.1 23.7 0.44
Diabetes mellitus® 11.6 8.6 037 143 10.8 044 57 3.9 0.65
Glucose (mg/dl) 958+29.5 963+299 088 987+341 99.6+344 086 893+13.7 905+183 0.73
Creatinine (mg/dl) 0.8+0.4 1.0+£0.2 0.0001 09+04 1.0+0.2 0.001 0.7+0.1 0.9+0.1 0.0001
AST (U/D) 489+289 - - 474+285 - - 523+29.6 - -
ALT (U 65.1 £49.5 - - 68.1 £55.0 - - 58.5+34.1 - -
Alkaline phosphatase (U/l) 789 +264  63.6+19.6  0.0001 749+226 633+19.5 0.001 87.7+31.8 7723+18.6 0.01
Total calcium (mg/dl) 92+04 9.6+0.4 0.0001 92+04 9.6+0.3 0.001 92+03 9.7+04 0.0001
Albumin (g/dl) 43403 45+03 0.0001 43+0.2 4.6+03 0.001 44+02 45+03 0.05
cCa (mg/dl) 89+04 9.1+£0.3 0.0001 8.9+0.5 9.1+03 0.001 89+04 93+03 0.0001
250HD (ng/ml) 284+148 248+107 0.03 284+158 250+97 013 282+125 246+124 0.11
PTH (pg/ml) 399+32.1 479+203  0.007 40.1+372  485+182  0.0001 393+169 469+23.6 0.03
PINP (ng/ml) 558+254  43.1+£20.5 0.0001 534+274 389+187 0.0001 60.7+20.1 504+21.7 0.01
CTX (ng/ml) 0.342+0.191 0303 +0.176 0.07 0311 +0.187 0278 +0.160 0.12  0.410+0.186 0.348 +£0.195 0.10

In VHC patients, there were some significant relationships
between BMD and both PINP and CTX (PINP and lumbar
spine BMD, — 0.075 [p = 0.45]; PINP and femoral neck
BMD, — 0.233 [p = 0.02]; PINP and total hip BMD, —
0.192 [p = 0.05]; CTX and lumbar spine BMD, — 0.228 [p =
0.02]; CTX and femoral neck BMD, — 0.328 [p = 0.001]; and
CTX and total hip BMD, — 0.327 [p = 0.001]). However, there
was no association between TBS and either PINP (»=—0.100
[p=0.33]) or CTX (r=—0.030 [p = 0.56]). After adjusting for
age and BMI, only the associations between femoral neck
BMD and both PINP and CTX (p = 0.04 and p = 0.03, re-
spectively), and between total hip BMD and serum CTX (p =
0.03) remained significant in patients with HCV infection. No
correlation between serum bone turnover markers and VL was
found.

Discussion

We have shown that TBS values are decreased in HCV pa-
tients, even after adjusting for possible confounding factors

such as age, BMI, tobacco use, and diabetes status. BMD is
also lower than normal in these patients, although the differ-
ence after adjusting only remains significant at the lumbar
spine and femoral neck in women. However, we find no rela-
tionship between these parameters and the severity of the
disease.

Hepatic osteodystrophy is a well-recognized extrahepatic
complication of cirrhosis that leads to the development of low
BMD in the setting of CLD [8, 9]. The prevalence of osteo-
porosis in CLD varies widely, ranging from 15 to 55% [8-10].
This variability depends, on the one hand, on the population
studied and, on the other hand, on the type and severity of the
underlying liver disease. The highest prevalence occurs in
advanced cirrhosis and disorders of cholestatic nature.
According to Nakchbandi [26], the estimated prevalence of
liver-related osteoporosis is between 20 and 420/100000 of
the general population and fractures between 60 and 880/
100000. Given the high prevalence of osteoporosis and the
increased risk of fracture in CLD, screening for metabolic
bone diseases has been recommended in patients diagnosed
with cirrhosis [27].

@ Springer
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Table2 BMD and TBS findings by sex in HCV patients and controls
Total Men Postmenopausal women
HCV+ (112) Control (233) p HCV+ (77) Control (157) p HCV+ (35) Control (76) P
m + SD m =+ SD m=SD m =+ SD m + SD m + SD
Lumbar BMD  0.935+0.151 0.991 £0.143  0.001 0971+£0.148  1.015+0.146 0.03 0.854+0.128 0.941 £0.124  0.001
T*score —-129+£133 -098+127 0.04 -107+134 —-085+132 023 —-171+119 —-124+£122 0.05
Z-score -0.61+137 —-030+132 0.04 - 0.66 141 -041+134 021 —-048+124 -0.07+£124 0.11
FN-BMD 0.764£0.123  0.818 £0.123  0.0001  0.800+0.120  0.836 £0.118 0.03  0.687 +0.09 0.781 £0.12 0.0001
T-score -110+091 -0.65+096 00001 -093+1090 -0.66+0.89 0.03 —-147+082 —-0.62+1.10 0.0001
Z-score -022+0.87 0.23+0.96 0.0001 —-0.17+0.92 -0.12+0.88 002 -032+£074 045+1.10 0.0001
TH-BMD 0.926 £0.148 0963 £0.132  0.02 0975+0.136  0.995+0.126 027 0.819+0.113 0.897+0.117  0.001
T*score -0.56+095 —028+0.89 0.007 -0.36+091 -023+085 030 -1.00+£0.86 —0.37+0.96 0.001
Z-score -0.03+093 021+091 0.02 0.01+0.95 0.12 +0.84 036 —0.12+0.89 0.40+0.99 0.009
TBS L1-L4 1.337+0.119  1.377+0.122  0.005 1.347 £0.12 1.381£0.13 0.04 1.314+0.10 1.369 £0.11 0.01

The main pathogenic mechanism involved in the develop-
ment of osteoporosis in liver disease is a deficient bone for-
mation. It has been proposed that this decrease in bone forma-
tion is due to the harmful effects of substances related to liver
metabolism, such as bilirubin and bile acids, or to substances
with a toxic effect on both the liver and the bone (osteoblasts),
such as alcohol or iron [28, 29]. On the other hand, changes in
molecular systems involved in the regulation of bone metab-
olism, such as the RANKL/RANK/OPG system [30], have
also been reported. Similarly, decreases in IGF1 and vitamin
D have been considered to play a role [8]. Besides, CLD
patients may present with risk factors that are known as con-
tributing to the development of osteoporosis (smoking, mal-
nutrition, physical inactivity, or hypogonadism [8, 9]).

Bone metabolism in viral hepatitis has been much less
studied than in alcoholic or cholestatic liver disease, especially
in patients without cirrhosis. Whether chronic HCV infection
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in the absence of cirrhosis or viral treatment represents a risk
factor for the development of the bone disease is a matter of
debate, and negative [17] or positive [15, 16, 18, 19, 31]
results have been published. Although studies are difficult to
compare because of differences in their design, most of them
have concluded that HCV infection is associated with a de-
crease in bone mass. Our results support this conclusion.

We have further shown that HCV patients had low TBS
values compared with controls, even though neither the sever-
ity of liver disease (assessed by elastography) nor VL or HCV
genotype was related to this decrease of TBS values. As stated
before, TBS is a parameter that can be obtained from bone
densitometry images provided by some types of devices. It is
related to the bone microarchitecture and gives additional in-
formation to conventional densitometry on bone texture [20,
21, 32]. TBS is lower in postmenopausal women with a his-
tory of osteoporotic fractures than in those without, regardless

mHCV+ OControls

Osteopenia Normal
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of the lumbar BMD, and various prospective studies have
reported that TBS is an independent risk factor for fractures
[20, 21, 32]. Therefore, the low TBS found in our HCV pa-
tients suggests that microstructural abnormalities may be im-
plicated in the higher fracture risk described in HCV infection
[33].

Our results agree with those recently reported by Bedimo
et al. [34] who found that HCV infection in men is associated
with a low TBS score at the lumbar spine. The authors
assessed BMD and TBS in male subjects with HIV/HCV
co-infection, HIV infection, HCV infection, and controls.
They showed that both HIV and HCV infections were associ-
ated with decreased BMD, but only HCV, and not HIV, was
related to a lower TBS after adjustment for possible
confounders.

Besides, our data also confirm that non-cirrhotic HCV
patients did not present any clinically relevant abnormal-
ity concerning serum calciotropic hormones [10, 18]. No
significant difference was observed in 250HD status be-
tween HCV patients and healthy controls, after adjusting
for confounders, suggesting that liver injury was not se-
vere in our patients, at least in terms of vitamin D hydrox-
ylation. The difference in PTH levels in univariate analy-
sis was also canceled after adjustment for BMI and tobac-
Co use.

Noteworthy, despite high normal vitamin D status and low
or normal PTH levels, serum P1NP, but not CTX, was higher
in HCV patients. In this regard, Lai et al. [15] have previously
observed high serum PINP levels in non-cirrhotic HCV pa-
tients with low BMD. Besides, Lin et al. [16] reported high
serum levels of bone alkaline phosphatase in HCV+ osteopo-
rotic patients. These findings would be in contrast with the
mechanism considered to be responsible for bone loss in cir-
rhotic patients which would be mainly associated with low
bone turnover, with a decrease in bone formation [8, 9]. On
the other hand, in our study, the slight increase in serum CTX
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levels found in HCV patients did not reach statistical signifi-
cance. This does not exclude the possibility of an increase in
bone turnover, but it makes it unlikely since remodeling is a
coupled process where resorption precedes bone formation. A
mechanism for bone loss different from that involved in cir-
rhosis would be under the idea of HCV as an independent risk
factor for osteoporosis. This idea seems possible if we take
into account that the duration of the infection and the presence
of significant fibrosis were not related to an increased preva-
lence of bone disorders in our patients. In HCV liver disease,
an inflammatory response dominates the pathophysiologic re-
sponse to the infection with an association with increased
cytokine release [35]. Thus, it could be speculated that sys-
temic inflammation associated with HCV infection could ex-
plain the changes observed in bone metabolism [35, 36].
However, Lai et al. [15] assessed this association by compar-
ing serum high sensitivity CRP, TNF-«, and IL-6 in 28 HCV+
non-cirrhotic patients with osteoporosis or osteopenia and 32
HCV+ subjects with normal BMD, and they did not find sig-
nificant differences.

Our study has several limitations. Firstly, as an observa-
tional study, it has the limitations inherent to these types of
studies, mainly the impossibility of establishing a causal rela-
tionship. Secondly, since the moment when the patient be-
comes infected may be difficult to establish, the associations
we have described may not be precise, as we cannot say with
certainty how much time has elapsed since the beginning of
the infection. Finally, the cross-sectional nature of the study
precludes the evaluation of longitudinal change in BMD and
TBS in the participants. Among the strengths, we want to
emphasize that the participants were well-characterized, and
all subjects were carefully studied from the mineral and bone
metabolism point of view after excluding any disease or treat-
ment known to affect bone metabolism. Moreover, all the
samples were obtained at the same time of the day and in a
fasting state and all BMD and TBS measurements were
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performed with the same device. Thus, factors to minimize
biological variability have been controlled.

In summary, we found that non-cirrhotic HCV patients had
lower BMD and TBS values than healthy controls. After ad-
justment for confounding factors, these differences persisted
except for BMD in men. Although the underlying pathogenic
mechanism is not clear, it seems that microarchitectural
changes and bone loss are not likely to result from a decrease
in bone formation. Therefore, our findings suggest that HCV
infection is an independent risk factor for osteoporosis, espe-
cially among postmenopausal women, and therefore, the ap-
propriateness of screening for osteoporosis in postmenopausal
HCV+ women should be considered.

BMI, body mass index; HCV RNA, serum HCV RNA,;
AST, aspartate aminotransferase; ALT, alanine amino-

transferase; cCa, corrected calcium; PTH, intact para-
thyroid hormone; 250HD, 25-hydroxyvitamin D;
PINP, aminoterminal propeptide of type I collagen;
CTX, C-terminal telopeptide of type I collagen

Data are expressed as percentages

®Alcohol consumption was lower than 30 g/day in pa-
tients and controls

HCV, hepatitis C virus; BMD, bone mineral density; FN,
femoral neck; TH, total hip; 7BS, trabecular bone score

Table 3 Multivariable general linear models showing ad-
justed BMD at the lumbar spine (LS-BMD), femoral neck
(FN-BMD) and total hip (TH-BMD), and TBS values, in
HCYV patients and controls

Mena Postmenopausal  Postmenopausal
womena womenb

HCV+ (77) Controls P HCV+ (35) Controls (76) p HCV+(35) Controls (76) p
m (SE) (157) m (SE) m (SE) m (SE) m (SE)

m (SE)
LS-BMD  0.983(0.02) 1.013 (0.01) 0.26 0.874 (0.02) 0.933(0.01) 0.046 0.876 (0.02) 0.932(0.01) 0.05
FN-BMD  0.825(0.01)  0.818 (0.01) 0.71 0.718 (0.02) 0.766 (0.01) 0.048 0.721 (0.02)  0.765(0.01) 0.06
TH-BMD  1.000 (0.02)  0.980 (0.01) 0.35 0.850 (0.02) 0.883(0.01) 0.17 0.863 (0.02) 0.877(0.01) 0.56
TBSLI-L4 1.304(0.02) 1.388(0.01) < 0.0001 1.290 (0.02) 1.379(0.01) < 0.0001 1.289 (0.02) 1.379(0.01) <0.0001

m, least square mean; SE, standard error

*Model 1: adjusted by age, BMI, tobacco use, and diabetes status

"Model 2: adjusted by age, BMI, tobacco use, diabetes status, and duration of menopause
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