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Abstract

Background: many extrahepatic manifestations including auto-
immune, rheumatic disease and metabolic bone impairment have
been stated in hepatitis C virus (HCV) infected patients. Direct
antiviral agents (DAAS) are major developments in the treatment of
HCV infection and were reported to have effect on the
musculoskeletal manifestations. Objectives: to evaluate the effect
C and direct (DAAs) on

musculoskeletal system, bone mineral density (BMD). Methods:

of hepatitis antiviral agents
the current study involved 60 patients with hepatitis C, 30 patients With
no history of anti-viral agent’s treatment (group I) and the other 30
patients achieved response on DAAs within the last year (group II).
All patients were subjected to history taking, physical examination,
investigations including (calcium, Phosphorus, Parathormone
hormone, alkaline phosphatase and vitamin D) and DEXA scan for
BMD measurement. Results: In this study, group | showed
significantly lower bone mineral density compared to group_II .

The frequency of musculoskeletal manifestations caused by HCV

in group | is higher than group Il including: arthralgia (70%), sicca symptoms (50%), fatigue

(40%), fibromyalgia (20%), arthritis and cryoglobinemic vasculitis (10%). Conclusion:

Musculoskeletal manifestations including decreased BMD are frequent in chronic hepatitis C

(CHC) patients and treatment with DAASs proved a beneficial impact.
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Introduction

Hepatitis C is an acute and chronic hepatitis,
ranging from a mild illness lasting a few weeks
to a serious, lifelong illness. Globally, an
estimated 71 million people have chronic
hepatitis C infection. Approximately 399,000
people die each year from hepatitis C, mostly
from cirrhosis and hepatocellular carcinoma.
Antiviral medicines can cure more than 95% of
persons with hepatitis C infection, thereby
reducing the risk of death from liver cancer
and cirrhosis (1).

Hepatitis C is associated with several
extrahepatic manifestations and should be
considered as a systemic disease (2).
Extrahepatic manifestations include mixed
cryoglobulinemia, lymphoproliferative
disorders, renal disease, insulin resistance, type
2 diabetes, sicca syndrome, rheumatoid
arthritis-like polyarthritis, and autoantibody
production (2). In addition, HCV has been
implicated in metabolic bone impairment.
Hepatic osteodystrophy refers to osteoporosis
and osteomalacia associated with chronic liver
disease (4). Osteopenia was observed in over
than 50 % of subjects with CHC and
approximately 30% of patients with chronic

liver disease suffer from osteoporosis (3).

Interferon alfa (IFN) has long been the

cornerstone of antiviral combinations in
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patients infected with HCV with a low rate of
efficacy and poor tolerance. In addition, use of
IFN was associated with high rates of severe
adverse events. In patients infected by HCV
and with autoimmune/inflammatory rheumatic
diseases. IFN was either contraindicated or
reported to induce a flare of the disease.
Recently, new direct-acting antiviral (DAA)
IFN-free treatments led to HCV cure in most
(>90%) patients with a good safety profile
(severe adverse events <5%) and a short
duration (12 weeks) (5).

Cure of HCV infection is defined as the
absence of detectable HCV RNA in the
blood at least 12 weeks after treatment
completion (sustained virologic response
[SVRY], is strongly associated with reduced
liver-related morbidity and mortality)
(6,7).

The aim of this work is to evaluate the
effect of hepatitis C as well as DAAs on the
musculoskeletal system and the bone

mineral density.

Patients & Methods
This 1s a cross-sectional which was carried
out on 60 patients with hepatitis C virus from

the inpatients’ and the outpatients’ clinic of
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Hepatology, Gastroenterology & Infectious
Diseases, Rheumatology, Rehabilitation and
Physical Medicine departments in Benha
University Hospitals from February 2019 to
April  2020. Informed consents from all
patients were obtained in accordance with the

local ethical committee 12-02-19.

All the enrolled patients were tested
positive for antibodies to HCV by using an
enzyme immunoassay. Thirty patients were
chronically infected with HCV as
determined by testing consistently positive
for HCV RNA by reverse transcriptase
polymerase chain reaction (RT-PCR). The
other thirty patients had their HCV RT-
PCR turned negative after treatment with
DAAs within the last one year before the
study. All patients were tested negative for
HBsAg.

The exclusion criteria were: patients aged
less than 18 years old, patients known to
have end stage liver disease (Child C
cirrhosis-  Clinically  manifest  liver
decompensation- serum albumin less than
2.8g/dl, total serum bilirubin more than
3mg/dl, INR 1.7 or more- Platelet count
less than 50000/mm3), other liver diseases
(e.g cholestatic, metabolic and autoimmune
liver diseases ), renal dysfunction, thyroid

and parathyroid disorders, Cushing’s
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syndrome, diabetes, patients who received
calcium,  vitamin D, medications
influencing  bone  metabolism  like
(corticosteroids, hormone  replacement
therapy,  calcitonin,  bisphosphonates,
cytotoxic, anti-metabolites, anticoagulants,
anti-convulsant, thyroxin and interferon),

and post-menopausal women.

All patients were subjected to medical
history taking and complete physical
examination. Laboratory investigations
were done for all patients including
complete  blood count, Erythrocyte
Sedimentation = Rate (ESR), c-reactive
protein (CRP), liver function tests (Serum
total bilirubin, Aspartate aminotransferase
(AST), Alanine aminotransferase (ALT),
PT, INR, serum albumin), serum urea and
creatinine, serum alkaline phosphate (SAP),
serum calcium , serum phosphorous, serum
parathyroid hormone (PTH) , serum
vitamin D, Serum cryoglobulins in patients
with mixed cryoglobinemia, abdominal

ultrasound and DEXA scan .

Statistical analysis: The collected data was
revised, coded, tabulated and introduced to
a PC using Statistical package for Social
Science (IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp.). Data were
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presented and suitable analysis was done
according to the type of data obtained for
each parameter. Quantitative data were
presented in the form of mean, standard
deviation (SD), range by applying t- test for
comparison between two groups of
normally  distributed  variables and
qualitative data were presented in the form
numbers and percentages by applying Chi-
square test to study association between

two qualitative variables.

Fischer exact test used to examine the
relationship  between two qualitative
variables when the expected count is less
than 5 in more than 20% of cells.
Correlation analysis was used to assess the
strength of association between two
quantitative variables. The correlation
coefficient defines the strength and
direction of the linear relationship between
two variables. Linear regression analysis
was used for prediction of risk factors. P
value of <0.05 was considered statistically
significant and <0.001 was considered

statistically highly significant.

Results

The present study was carried out on 60

patients with hepatitis C. They were
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divided into two groups. Group I. 30
patients with no history of anti-viral agent’s
treatment. Group Il: 30 patients who
achieved response to DAAs within the last
year.

Our data revealed that alkaline
phosphatase, calcium, phosphorus,
Parathyroid hormone did not differ
significantly according to BMD in HCV
infected patients. Vitamin D level
decreased significantly in osteopenia and
osteoporosis. Moreover, stratifying patients
according to vitamin D level into sufficient
and insufficient categories. Significant
association was found between insufficient
vitamin D with osteoporosis and osteopenia

(table 1).

Lumbar spine BMD showed significant
positive correlation with calcium (figure 2),
vitamin D level (figure 3), and significant
negative  correlation  with  alkaline
phosphatase (figure 1). T score showed
significant positive correlation with body
mass index (figure 5) and vitamin D level
(figure 6), and significant negative
correlation with age and parathyroid
hormone (figure 4). Otherwise, no
significant  correlations  were  found
regarding BMD, Z and T scores with other
studied parameters (table 2).
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We found that group | showed
significantly lower bone mineral density
(figure 9), T score (figure 8) and non-
significantly lower Z score (figure7) when
group

| was significantly associated with

compared to group Il. Moreover,

osteopenia  and
(table 3).

osteoporosis

Besides, we observed that group | had
significantly higher frequency of arthralgia
Both

groups showed no significant differences

and fibromyalgia than group Il

regarding  arthritis,  fatigue,  Sjogren

syndrome and Cryoglobulinemic vasculitis

(table 4).
Regression analysis was conducted for
prediction of BMD in HCV patients using
age, gender, body mass index, alkaline
calcium,

phosphatase, phosphorus,

parathyroid hormone, vitamin D as
covariates. Higher alkaline phosphatase,
lower calcium and vitamin D were
associated with lower BMD in univariable
analysis. Using significant covariates in
univariable analysis into multivariable
analysis revealed that lower calcium and
vitamin D were considered independent
predictors of lower BMD in HCV infected

patients (table 5).

Table (1): Comparison of baseline laboratory data according to BMD in all studied patients.

Normal BMD Osteopenia Osteoporosis
P
N=18 N=36 N=6
ALP (U/L) ys‘i;ln 169.3 46.7 197.8 57.5 144.0 25.2 0.158
Calcium Mean 8.8 0.6 8.8 0.5 8.6 0.4 0.543
(mg/dL) +SD
Phosphorus (mg/dL) *l\-/|s‘i;1n 4.4 0.9 4.7 0.6 4.4 0.1 0.397
PTH -I:/ls%in 49.5 141 45.7 10.5 55.6 4.8 0.210
(pg/ml)
Vit D3 (ng/mL) Jli/IS?;m 25.5 8.1 18.6 6 14.2 3.7 <0.001
Sufficient vit D N. % 3 16.7% 0 0% 0 0%
Insufficient vit D N, % 15 83.3% 36 100% 6 100%

P value <0.05 is significant

SD= standard deviation' ] BMD=Bone Mineral Density
Table (2): Correlations between BMD, Z and T score with other studied parameters.

ALP=Alkaline Phosphatase; PTH=Parathyroid Hormone

Vit -D= Vitamin D; N=number[
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BMD Z score T score
R P r P R P
Age -0.235 0.071 0.145 0.270 -0.409 0.001
BMI 0.085 0.521 -0.003 0.979 0.365 0.004
ALP -0.335 0.009 -0.346 0.007 -0.143 0.276
(U/L)
Calcium 0.306 0.014 0.125 0.342 -0.120 0.362
(mg/dL)
Phosphorus 0.023 0.861 -0.189 0.148 0.146 0.267
(mg/dL)
PTH -0.109 0.408 -0.013 0.923 -0.348 0.006
(pg/ml)
Vit D3 0.362 0.004 0.109 0.407 0.443 <0.001
(ng/mL)
P value <0.05 is significant[ | [ /PTH=Parathyroid Hormone(![1Vit D3= Vitamin D[1[1[IBMI=Body Mass
Index (|1 ALP=Alkaline Phosphatase
Table (3): Comparison of bone mineral density between studied groups.
Group | Group 11 b
N=30 N=30
BMD(g/cm2) Mean +SD 0.81 0.12 0.89 0.10 0.004
Z score Mean +SD -1.5 0.4 -1 0.3 0.150
T score Mean +SD -2.2 0.7 -0.6 0.1 <0.001
Osteopenia N, % 24 80% 12 40%
Osteoporosis N, % 6 20% 0 0%
P value <0.05 is significant[ ! []BMD= Bone Mineral density /[ /N=number[] SD= standard deviation
Table (4): Comparison of baseline clinical manifestations between studied groups.
Group | Group 11
N=30 N=30 P
N % N %
Arthralgia 21 70% 9 30% 0.002
Arthritis 3 10% 0 0% 0.237
Fibromyalgia 6 20% 0 0% 0.024
Fatigue 12 40% 9 30% 0.417
Sjogren syndrome 15 50% 9 30% 0.114
Cryoglobulinemic vasculitis 3 10% 0 0% 0.237

P value <0.05 is significant; N=number
Table (5): Regression analysis for prediction of BMD in the studied patients.
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Univariable Multivariable
B P B P
Age -0.002 0.153
Gender 0.098 0.263
BMI 0.004 0.248
ALP -0.002 0.046 -0.004 0.866
Calcium 0.067 0.034 0.063 0.022
Phosphorus -0.018 0.433
PTH 0.023 0.859
Vit D3 0.005 0.010 0.007 <0.001

B, regression coefficient. P value <0.05 is significant; ALP=Alkaline Phosphatase[| PTH=Parathyroid Hormone[/[1 Vit D3=
Vitamin D[]/ BMI=Body Mass Index

{’V
/
|

ALP (UL)

Figure (1). Correlations between BMD with ALP.

/

Calcium (mgidL)

Figure (2). Correlations between BMD with calcium level.
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Vitamin D

Fig. 3: correlation between BMD and vitamin D level

T score

T score

BMI (kgim2)

Figure (5). Correlations between T score with BMI.
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T score

Figure (6). Correlations between T score with vitamin D.
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Figure (7). Baseline Z score in studied groups.

0
-0.5 -

T score

Group | Group I

figure (8). Baseline T score in studied groups.
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12

Group |

Group Il

Figure (9). Baseline BMD in studied groups.

Discussion

Hepatitis C virus (HCV) infected patients
are known to be exposed to major liver
complications .e. cirrhosis and
hepatocellular carcinoma. In addition, many
extrahepatic ~ manifestations  including
rheumatologic disorders have been reported
in up to two-third of these patients. These
manifestations include frank auto-immune
and rheumatic diseases (such as arthralgia,
myalgia, arthritis, sicca syndrome and
vasculitis) which may dominate the course
of the disease (8).

Hepatic ~ osteodystrophy  refers  to
osteoporosis and osteomalacia associated
with chronic liver disease. Osteoporosis is a
disorder of low bone mass,

microarchitectural malformation and
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structural weakness while osteomalacia is a
disorder of decreased osteoid mineralization
at sites of bone formation. Liver is involved
in several metabolic mechanisms. Therefore,
it is not surprising that liver disease is one of
the secondary causes of osteoporosis and
around one third of patients with chronic
liver disease suffer from osteoporosis (9,
10).

Few data from smaller studies reporting
bone loss in non-cirrhotic patients with
chronic HCV infection are available. The
risk for bone depletion in the earlier stages
of chronic HCV infection is not yet fully
elucidated and remains a matter of debate
(11, 12, 13).
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Direct acting antivirals (DAA) are major
developments in the treatment of HCV
infection with cure rates higher than 90%.
These drugs were reported to improve the
hepatic and extrahepatic sequelae of
hepatitis C including the BMD (14).

The present study was planned to assess
BMD using DEXA scan and the calcium
profile (Ca, P, PTH, ALP) in non-cirrhotic
chronic HCV patients and assess the
musculoskeletal ~manifestation of this
chronic infection. Also, we aimed to
evaluate the benefits of DAAs on BMD. It
was carried out on 60 patients with chronic
hepatitis C.

Regarding chronic HCV infection in our
study, lower body mass index was
associated with osteopenia and osteoporosis
rather than normal BMD. Vitamin D level
decreased significantly in the patients with
osteopenia and osteoporosis. Lumbar spine
BMD correlated positively with calcium,
vitamin D level and negatively with alkaline
phosphatase. Z score corelated negatively
with alkaline phosphatase while T score
correlated positively with BMI and vitamin
D level, and negatively with age and
parathyroid hormone. Lower calcium and

vitamin D were considered independent
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predictors of lower BMD in HCV infected

patients.

The correlation of BMD with calcium
and vitamin D was reported by Sharawat et
al., (15) and Ardawi et al., (16). However,
an Indian study did not show any correlation
between vitamin D and hip or lumbar spine
BMD (17). The association between the
insufficient vitamin D and low BMD
(osteoporosis and osteopenia) agrees with
the theory that Vitamin D deficiency
contributed to altered bone mineralization

and led to low bone mass (18,19).

Also, the increased levels of alkaline
phosphatase in the patient with low BMD
may indicate that the bone loss in earlier
stages of CHC patients is secondary to the
increased bone resorption rather than the
diminished bone synthesis. This was
approved by many previous studies focusing
this point of research (20, 21, 22, 23).

Regarding the effect of drugs, our study
showed that the untreated patients had
increased incidence of lower BMD
(osteopenia and osteoporosis) and lower T-
score than the treated ones. Also, the
frequency of musculoskeletal manifestations

in the former group was higher than the later
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one. We demonstrated that the higher viral
load and lower vitamin D were considered
independent predictors of lower BMD in
HCV infected patients without history of
anti HCV treatment. Besides, we found that
higher phosphorus, lower calcium and
vitamin D were considered independent
predictors of lower BMD in HCV infected
patients with history of anti HCV treatment.

The decreased BMD, the lower T-score
and non-significantly lower Z score in non-
cirrhotic chronic HCV patients in this study
agreed with several researches that reported
these data in their patients (3, 24, 25, 26, 27,
28). Bedimo et al.(28) reported the
association between the HCV infection and
the microarchitectural changes at the lumbar
spine by using the trabecular bone score and
suggests that there are microstructural
abnormalities underlie the higher fracture
risk in HCV infection. Controversially,
Pelazas-Gonzalez et al., (29), Solis-
Herruzo et al., (30) and Nanda et al .,(31)
showed that chronic HCV infection did not
lead to discernable metabolic bone disease
in postmenopausal women, but it might be a
risk factor for bone fractures. Min et al.,(32)
hypnotized that if the patients with hepatitis

C were well treated by antiviral drugs, the
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bone loss would possibly be prevented and
our results support this hypothesis.

Our results are linked up with Hofmann
et al., (33) who reported a high prevalence
of osteopenia (43%) in the absence of
cirrhosis and an improvement of BMD along
with therapy. On the same side, Redondo-
Cerezo et al., (27) stated that their patients
with chronic hepatitis C had low bone mass
associated with increased bone resorption
and their patients who responded to antiviral
therapy tending to normalize bone mass and
bone turnover in parallel with the reduction

of inflammatory markers.

In this study, the frequency of
musculoskeletal manifestations caused by
HCV in the untreated group was higher than
the patients who received DAAs treatment.
Arthralgia was the most frequent followed
by sicca symptoms, fatigue, fibromyalgia,
arthritis and cryoglobulinemic vasculitis.
Other studies regarding HCV aligned with
our results as they reported, arthralgia in
6.5% to 57%, myalgia in 1.3% to 61%, and
arthritis in up to 5% of their HCV patients
(34,35,36,37). Another study made by idila
and Rita (38) showed that in patients
infected with HBV and HCV, arthralgia was
the most prevalent rheumatic manifestation

in 97.4% and 90.6%, followed by myalgia in
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81.6% and 65.6%, and arthritis in 26.3% and
40.6% of patients, respectively. HCV drives
clonal expansion of B cells (39,40) to
generate immunoglobulin (Ig) M rheumatoid
factor in susceptible people that results in
immune complex deposition in small vessels
and vasculitis. The mechanisms of other
manifestations are multifactorial, including a
direct interaction between viral proteins and
intracellular ~ signaling pathways, viral
replication in extrahepatic cells, or a
heightened immune reaction with systemic
effects. Immune activation may lead to a
chronic inflammatory state that can affect
several systems (41). With viral clearance,
clinical improvement occur and
cryoglobulin levels decrease (42, 44).
Reversal of other immunologic
abnormalities has also been documented
with normalization of regulatory T-cell and
other specific T- and B-cell populations (42,
43).

The limitations of our study were the small-
sized study, the inability to demonstrate the
actual disease duration as the hepatitis C
acute infection may be asymptomatic and
the patients discover it accidently. Finally, it
would be better to evaluate the patients
before and after the treatment in a

longitudinal study to state the effect of the
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antiviral drugs on the musculoskeletal
manifestations accurately.

We recommend further larger scaled studies
to be performed to reveal the exact
mechanisms of hepatic osteodystrophy in
chronic hepatitis C patients especially in
non-cirrhotic patients. Screening for hepatic
osteodystrophy in chronic hepatitis C
patients better to be done as it is usually
asymptomatic. Longitudinal study is needed
to study the effect of therapy on the same
group of patients. Further studies should be
done to show the short term and the long-
term clinical benefits of DAAs.

The occurrence  of  rheumatological
manifestations that were reported in patients
with hepatitis C infections during this study
emphasizes the importance of considering
viral hepatitis as a differential diagnosis for
patients with rheumatic symptoms. Also,
hepatitis serological testing should be
considered as a routine investigation in the
approach of rheumatic diseases, particularly
in countries with high prevalence of
hepatitis C. Finally, there was a significantly
reduced BMD in non-cirrhotic patients with
chronic hepatitis C Infection than in patients
with SVR by DAAs treatment which show a
promising effect of these agents. We
conclude that HCV infection is associated

with many rheumatological manifestations
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and these symptoms are decreased with
treatment with DAAs the matter which

needs further studies.
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