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Abstract

Background Preserved skeletal muscle is essential for the maintenance of healthy bone. Loss of bone mineral density (BMD)
and muscle strength, considered a predictor of BMD, have been demonstrated in patients with cirrhosis, but they are poorly
studied in chronic hepatitis C (CHC) without cirrhosis. Thus, we aimed to evaluate the prevalence of low BMD and its associ-
ation with body composition, muscle strength, and nutritional status in CHC.
Methods One hundred and four subjects [mean age, 50.5 ± 11.3 years; 75.0% males; 67.3% non-cirrhotic; and 32.7% with
compensated cirrhosis] with CHC, prospectively, underwent scanning of the lean tissue, appendicular skeletal muscle mass
(ASM), fat mass, lumbar spine, hip, femoral neck, and whole-body BMD by dual-energy X-ray absorptiometry. Muscle strength
was assessed by dynamometry. Sarcopenia was defined by the presence of both low, ASM/height2 (ASMI) and low muscle
strength according to the European Working Group on Sarcopenia in Older People criteria. The cut-off points for low ASMI
and low muscle strength, for women and men, were < 5.45 and < 7.26 kg/m2 and < 20 and < 30 kg, respectively. According
to the adopted World Health Organization criteria in men aged > 50 years, the T-score of osteopenia is between �1.0
and �2.49 standard deviation (SD) below the young average value and of osteoporosis is ≥�2.5 SD below the young normal
mean for men, and the Z-score of low bone mass is ≤�2.0 SD below the expected range in men aged< 50 years and women in
the menacme. Nutritional status evaluation was based on the Controlling Nutritional Status score.
Results Low BMD, low muscle strength, pre-sarcopenia, sarcopenia, and sarcopenic obesity were observed in 34.6% (36/
104), 27.9% (29/104), 14.4% (15/104), 8.7% (9/104), and 3.8% (4/104) of the patients, respectively. ASMI was an independent
predictor of BMD (P < 0.001). Sarcopenia was independently associated with bone mineral content (P = 0.02) and malnutri-
tion (P = 0.01). In 88.9% of the sarcopenic patients and in all with sarcopenic obesity, BMI was normal. The mid-arm muscle
circumference was positively correlated with ASMI (r = 0.88; P < 0.001).
Conclusions This is the first study to demonstrate that ASM is an independent predictor of BMD in CHC. Mid-arm muscle
circumference coupled with handgrip strength testing should be incorporated into routine clinical practice to detect low
muscle mass, which may be underdiagnosed when only BMI is used. These findings may influence clinical decision-making
and contribute to the development of effective strategies to screen the musculoskeletal abnormalities in CHC patients,
independently of the stage of the liver disease.
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Introduction

An estimated 170 to 200 million people worldwide are
infected with hepatitis C virus (HCV) that causes both acute
and chronic infection.1 Approximately 55.0% to 85.0% of
infected individuals will develop chronic hepatitis C (CHC).1

Of those chronically infected with HCV, the risk of hepatic
cirrhosis ranges from 15.0% to 30.0% within 20 years.1

Although rapid changes in the management of those patients
are expected with direct-acting antivirals, these innovations
have a high cost and represent an obstacle for many health
systems around the world.2 Thus, viral hepatitis remains a
global health problem that affects millions of people.3

Hepatitis C virus is associated with several extrahepatic
manifestations and should be considered as a systemic
disease, which may increase the non-hepatic-related morbid-
ity and mortality.4 Extrahepatic manifestations include mixed
cryoglobulinemia, lymphoproliferative disorders, renal
disease, insulin resistance, type 2 diabetes, sicca syndrome,
rheumatoid arthritis-like polyarthritis, and autoantibody pro-
duction.4 In addition, HCV has been implicated in metabolic
bone impairment; osteopenia was observed in over 50.0%
of subjects with CHC.5

Bone loss has been observed in patients with liver
cirrhosis, which may be because of hypogonadism,6 vitamin
D deficiency,7 and low levels of insulin-like growth factor.8

However, the pathogenesis of bone disease in patients with
CHC, especially prior to the onset of cirrhosis, is still unclear.5

Chronic inflammation, inadequate diet and nutrition, and
weight and muscle loss might be potential factors involved
in low bone mineral density in subjects chronically infected
by HCV. Among the putative factors, it should be highlighted
the role of muscle mass and muscle strength in preserving
adequate bone strength and density.9 Altogether, muscle
mass and muscle strength stimulate the osteogenesis by
bone–muscle interactions.10 Furthermore, muscle mass is
considered an independent predictor of bone mineral density
in both healthy11,12 and diseased populations.13,14

Muscle depletion has been found in over 40.0% of the
patients with advanced chronic liver disease15 and markedly
impact on survival of cirrhotic subjects.16 A recent study
evaluating individuals chronically infected by HCV or hepatitis
B virus, sarcopenia, defined by a combination of low muscle
mass and reduced muscle strength or impaired physical
performance,17 was identified in 7.1%, 11.8%, and 21.9% of
non-cirrhotic, compensated cirrhotic (Child–Turcotte–Pugh
A), and decompensated cirrhotic (Child–Turcotte–Pugh B/C)
patients, respectively.18

Despite the risks and consequences associated with low
muscle mass and low BMD in subjects chronically infected
with HCV, there is a paucity of data evaluating the body com-
position, particularly, the cross-talk between muscle and
bone before the development of cirrhosis. Thus, the aim of
this study was to evaluate the association between bone

density and the components of body composition, lean and
fat masses, and muscle strength in non-cirrhotic and compen-
sated cirrhotic CHC outpatients. Furthermore, we investi-
gated the association between demographic, clinical,
lifestyle, nutritional, biochemical, and virological variables
and bone mineral density and sarcopenia. We hypothesized
that, as in healthy populations and in subjects with chronic
inflammatory diseases, the skeletal muscle might also be a
predictor of bone mineral density in patients with CHC, even
before the onset of liver cirrhosis.

Patients and methods

Study population and design

This is a cross-sectional study conducted at the Viral Hepatitis
Outpatient Clinics, University Hospital, Belo Horizonte, Brazil,
from August 2013 to July 2016. One hundred and ten consec-
utive adults outpatients who agreed to participate signed the
informed consent form and were prospectively selected to
participate in the study. The diagnosis of hepatitis C was
performed by the presence of serum antibodies to HCV and
confirmed by the HCV–RNA test.

All patients with CHC were screened for other hepatic
diseases. The exclusion criteria were the refusal to participate
in the study (n = 6), pregnancy, breastfeeding, women in
post-menopausal period, hepatic encephalopathy, hepatitis
B virus/HCV or HCV/HIV co-infection, current anti-viral treat-
ment, use of corticosteroids, use of exogenous hormones
including growth hormone and hormonal contraceptives in
the past 12 months, use of medication to treat osteoporosis,
and the presence of advanced disease such as chronic kidney
disease, heart failure, chronic pulmonary disease, and
neoplasia. Patients with decompensated liver cirrhosis or he-
patocellular carcinoma were also excluded.

The diagnosis of cirrhosis was based on standard clinical,
biochemical, radiological, and histological parameters.19

Compensated cirrhosis was defined by the absence of
variceal bleeding, ascites, and oedema on physical examina-
tion, jaundice, or symptomatic encephalopathy and decom-
pensated cirrhosis by the presence of any of these
complications.20 The Child–Turcotte–Pugh21 and aspartate
amino transferase to platelet ratio index scores22 were
calculated for each participant based on medical data. The
clinical and biochemical data were collected from medical
records.

All the included patients were from a similar socioeco-
nomic level, as assessed by a previously validated question-
naire,23 which included income and educational level, with
similar cultural habits, and all were natives of Minas Gerais
state with the same ethnic background: 33% of Portuguese
ancestry, 33% of Amerindian ancestry, and 33% of African
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ancestry homogeneously present in each patient, irrespective
of their phenotype.24

Laboratory parameters

Blood samples were obtained from each patient after
12–14 h overnight fast for HCV diagnosis, biochemical, and
haematological evaluation. Alanine aminotransferase,
aspartate aminotransferase, gamma-glutamyltranspeptidase,
alkaline phosphatase, albumin, total bilirubin, prothrombin
activity, total cholesterol, creatinine, glycaemia, vitamin D,
and parathyroid hormone were evaluated by routine labora-
tory methods. The insulin resistance index was calculated
according to homeostasis model assessment-insulin
resistance (HOMA-IR) using the following formula: HOMA-
IR = fasting blood insulin × fasting blood glucose ∕ 405.
HOMA-IR values ≥2.7 were used to define insulin
resistance.25

Lifestyle assessment

The lifestyle assessment evaluated the current and previous
history of smoking and/or alcohol use. Alcohol use was
dichotomised into ≤20 vs. >20 g/day on the basis of current
alcohol consumption guidelines.26 Participants’ habitual
physical activity was assessed using the International Physical
Activity Questionnaire (IPAQ) short version validated for the
Brazilian population.27 The physical activity was dichotomised
into normal [moderate-to-high categorical scale of IPAQ ≥600
metabolic equivalent of task (MET)-min/week] or low (<600
MET-min/week). A trained person administered the
questionnaires.

Clinical comorbidities

Hypertension was diagnosed according to the 2013 European
Society of Hypertension and of the European Society of
Cardiology Guidelines,28 and diabetes mellitus was defined
using the 2014, American Diabetes Association Guidelines
for diagnosis and classification of diabetes mellitus.29

Anthropometry assessment

A trained nutritionist carried out all nutritional evaluations.
Weight and height were measured with a mechanical plat-
form scale (FILIZOLA®). Body mass index (BMI) was calculated
using the formula, BMI = weight ∕ height2, and the nutritional
status of the patients were determined according to the
World Health Organization criteria.30 Elderly individuals were
classified according to the Lipschitz classification.31

Mid-upper arm circumference was measured at the
midpoint between the olecranon and the acromial process
using a non-extensible measuring tape. Triceps skin fold
was measured directly over the triceps muscle on the
posterior midline of the upper arm, at the midpoint between
the acromial process of the scapula and the olecranon of the
ulna using LANGE® Adipometer (Cambridge Scientific
Industries Inc., Cambridge, MD). Mid-arm muscle circumfer-
ence (MAMC) was calculated by the following formula:
MAMC = mid-upper arm circumference (cm) � π × [TSF ∕ 10].
Low MAMC was classified according to a previous study.32

Evaluation of nutritional status

Malnutrition was classified by using the Controlling
Nutritional Status index (Controlling Nutritional Status index
score; measured between 0 and 12)33 as follows: 0–1,
normal; 2–4, light; 5–8, moderate; and 9–12, severe malnutri-
tion. The Controlling Nutritional Status index score uses
serum albumin, cholesterol, and total lymphocyte count.

Evaluation of body composition

The whole body dual-energy X-ray absorptiometry (DXA)
exams were performed according to the procedures recom-
mended by the manufacturer on a Discovery W densitometer
(Hologic, Inc., Bedford, MA), software version 3.3.0. All proce-
dures were blindly carried out and interpreted by the same
operator (A. M. K). The analysis included the whole body
DXA measurements as fat mass (kg), lean mass, and appen-
dicular skeletal mass index, which is the sum of the lean mass
of the arms and legs (kg) being considered the functional lean
mass.34 FM/height2 and ASM/height2 (appendicular skeletal
mass index) were also calculated.

Bone mass evaluation

All the subjects with CHC prospectively underwent scanning
of the total lumbar spine (L1–L4), total hip, femoral neck,
whole-body bone mineral density, and bone mineral content
by DXA. The results were compared with age-matched,
sex-matched, and ethnicity-matched reference population
provided by the manufacturer to generate T-score and
Z-score conforming to The International Osteoporosis
Foundation Guidelines.35,36 According to the World Health
Organization’s criteria,37 in men older than 50 years of age,
osteoporosis is defined by a T-score less than or equal to
�2.5 standard deviation (SD) below the young normal mean
for men, and osteopenia is defined by a T-score between
�1.0 and �2.5 SD below the young average value. In women,
in the menacme, and men younger than 50 years of age, low
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bone mass is defined by a Z-score less than or equal to �2.0
SD below the expected range for their age.35–37

Pre-sarcopenia assessment

Pre-sarcopenia is characterized by low muscle mass without
impact on muscle strength.17 The cut-off points adopted for
low muscle mass were those recommended by the European
Working Group on Sarcopenia in Older People (EWGSOP)
criteria.17 Low muscle mass was defined as an appendicular
skeletal mass index >2 SD below the reference population.38

This criterion was previously employed in studies evaluating
low muscle mass in Brazilian subjects.39,40 The cut-off points
adopted for low appendicular skeletal mass index were 5.45
and 7.26 kg/m2 for women and men, respectively.38

Muscle strength evaluation

Muscle strength was evaluated by handgrip strength that was
performed with the patient in a standardized position. Mus-
cle strength was measured with the hand-held dynamometer
JAMAR® (Asimow Engineering Co., Los Angeles, CA). Subjects
were seated, with their elbows flexed at 90°, and supported
at the time of the measurement.39 We collected three
measurements from each hand and used the mean value in
all analyses.41 During handgrip strength measurement, we
asked the patient to grip the dynamometer with maximum
strength and hold the grip for 3 s. The cut-off points adopted
for low muscle strength were those recommended by
EWGSOP.17 Low muscle strength was defined as handgrip
strength below 20 and 30 kg for women and men, respec-
tively, based on the reference population.42

Sarcopenia assessment

Sarcopenia was defined as the presence of both low appen-
dicular skeletal index (ASM/height2) and low muscle strength
as recommended by EWGSOP.17

Sarcopenic obesity assessment

Sarcopenic obesity was defined as the presence of both
sarcopenia and body fat percentage > 27% and > 38% for
men and women, respectively.17,43

Glomerular filtration rate evaluation

Glomerular filtration rate (eGFR) was estimated by Modifica-
tion of Diet in Renal Disease equation.44

Ethical statement

The study was designed and conducted in accordance with
the Declaration of Helsinki and was approved by the Ethics
Committee of our Institution (CAAE: 20390513.2.0000.5149).

Statistical analysis

Data were analysed with SPSS (SPSS Inc., Chicago, IL) statisti-
cal software package version 17.0. Descriptive statistics were
used to provide information regarding the demographic,
clinical, lifestyle, nutritional, and biochemical data. The
Shapiro–Wilk test was used to evaluate whether the data
were normally distributed. For the comparison of the per-
centage, the asymptotic Pearson’s χ2 test was used. For com-
parisons of medians, the Mann–Whitney U or Kruskal–Wallis
and, for means, the Student’s t-test or ANOVA were used.

The associations between the following coupled variables:
appendicular skeletal index and mid-arm muscle circumfer-
ence; bone mineral content and mid-arm muscle circumfer-
ence; bone mineral content and appendicular skeletal index;
bone mineral content and muscle strength; appendicular
skeletal index and muscle strength; mid-arm muscle
circumference and muscle strength; and the direction of the
relationship were analysed by Pearson’s or Spearman’s
correlation.

Kappa test was used to analyse the concordance between
mid-arm muscle circumference and DXA, the latter consid-
ered the gold standard for evaluation of pre-sarcopenia/
sarcopenia.

Associations between bone mineral density or bone
mineral content and the following variables: appendicular
skeletal index, fat mass index, compensated cirrhosis, malnu-
trition, sedentary life style [low vs. normal physical activity
(normal: ≥600 MET-min/week)], alcohol use (≤20 vs.
>20 g/day), muscle strength, controlling for sex, age, body
mass index, and eGFR, were evaluated by univariate analysis.
Variables with a P-value<0.20 in the univariate analysis were
selected for the linear multivariate analysis. The R2 (adjusted
coefficient of determination) and the ANOVA were used to
assess the adequacy of the models.

Associations between sarcopenia and the following
variables: HOMA-IR, hypertension, compensated cirrhosis,
malnutrition, and sedentary life style [low vs. normal physical
activity (normal: ≥600 MET-min/week)], alcohol use (≤20 vs.
>20 g/day), and total body bone mineral content, controlling
for sex, age and body mass index were evaluated by univari-
ate analysis. All variables with P-values <0.20 were included
in the full models of logistic regression. Odds ratio and 95%
confidence interval were used as an estimate of the risk.
The Hosmer–Lemeshow test was used to assess the adequacy
of the models.

The level of significance was set at P-values ≤0.05.
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Results

Characteristics of the patients

The characteristics of CHC patients are summarized in Table 1.
The mean age of the patients was 50.5 ± 11.3 years (range, 22
to 71 years), and 78/104 (75.0%) were males. Thirty-four
(32.7%) patients had compensated liver cirrhosis [Child–
Turcotte–Pugh score, (A5): 19 (55.9%) and (A6): 15 (44.1%);
aspartate amino transferase to platelet ratio index score
(mean ± SD): 1.5 ± 1.6].

The prevalence of cirrhosis was higher in males than in fe-
males (Table 1). Hypertension and alcohol use were also
more frequently observed in cirrhotic than in non-cirrhotic
patients. The abnormalities of the liver function tests and
HOMA-IR ≥2.7 values were most frequently found in
compensated cirrhotic patients (Table 1). The majority of
patients was infected with HCV genotype 1 (Table 1).

Bone mass, body composition, and nutritional
characteristics of the patients with chronic
hepatitis C

Among the CHC patients, 20 (19.2%) had osteopenia, and 11
(10.6%) had osteoporosis. Low muscle strength,
pre-sarcopenia, sarcopenia, and sarcopenic obesity were
observed in 27.9% (29/104), 14.4% (15/104), 8.7% (9/104)
and 3.8% (4/104) of the patients, respectively.

Body composition, bone mineral density/content, and
nutritional characteristics of CHC patients with compensated
cirrhosis and without cirrhosis were compared (Table 2). In
the univariate analysis, only fat mass index was significantly
lower in compensated cirrhotic subjects than in those
without cirrhosis.

When stratified by BMI status, eight (88.9%) and one
(11.1%) sarcopenic individuals were classified as eutrophic
and underweight, respectively. All patients with sarcopenic

Table 1 Demographic, clinical, life style, biochemical, and virological data of patients with chronic hepatitis C (n = 104)

Variables

Stage of liver disease

Without cirrhosis With compensated cirrhosis P-value

Demographics
Patients 70 (67.3) 34 (32.7)
Male n (%) 47 (67.1) 31 (91.2) 0.008*
Female n (%) 23 (32.9) 3 (8.8)
Age (years)a 49.4 ± 12.0 52.7 ± 9.4 0.13

Clinical comorbidities n (%)
DM 12 (17.1) 10 (29.4) 0.15
HTN 23 (32.9) 22 (64.7) 0.002*

Life style data n (%)
Alcohol use (>20 g/day) 42 (60.0) 28 (82.4) 0.02*
IPAQ (<600 MET-min/week) 26 (37.1) 13 (38.2) 0.91

Biochemical and haematological data
Albumin (g/dl)b 4.3 (4.2–4.6) 4.0 (3.8–4.3) <0.0001*
ALT (U/l)b 45.0 (33.5–78.5) 111.5 (83.5–145.5) <0.0001*
ALP (U/l)b 71.0 (58.5–88.5) 113.0 (78.0–153.0) 0.001*
AST (U/l)b 44.0 (34.5–65.0) 109.0 (78.2–146.7) <0.0001*
eGFR (ml/min)b 103.2 (85.5–128.1) 104.7 (88.8–115.4) 0.63
γ-GT (U/l)b 72.0 (42.5–108.0) 150.0 (76.8–262.4) <0.0001*
Glycaemia (mg/dl)b 94.0 (86.0–98.0) 96.0 (87.0–117.0) 0.15
HOMA-IRc 20/69 (29.0) 22/32 (68.8) <0.0001*
Lymphocytesa 2218.6 ± 801.4 2126.6 ± 912.1 0.61
PA (%)b 95.5 (87.7–100.8) 78.2 (67.0–91.9) 0.06
Total bilirubin (mg/dl)b 0.8 (0.7–1.1) 1.1 (0.9–1.5) <0.0001*
Total cholesterol (mg/dl)a 168.1 ± 42.3 162.3 ± 28.9 0.47
25 (OH) Vitamin Da 32.0 ± 13.3 32.3 ± 12.7 0.90
PTHb 35.8 (26.0–48.4) 31.9 (23.2–52.8) 0.47

Virological parameters
HCV-RNA log10 (IU/ml)b 6.0 (5.5–6.5) 5.8 (5.4–6.3) 0.24
Genotype 1 n (%) 65 (92.9) 28 (82.4) 0.10

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus; eGFR, estimated
glomerular filtration rate by utilizing the Modification of Diet in Renal Disease Study equation; γ-GT gamma-glutamyltranspeptidase;
HCV, hepatitis C virus; HOMA-IR, homeostasis model assessment-insulin resistance (HOMA-IR value ≥2.7 was used to detect insulin
resistance); HTN, hypertension; IPAQ, International Physical Activity Questionnaire (short): low vs. normal (normal: ≥600 MET-min/week);
PA, prothrombin activity; PTH, parathyroid hormone; RNA, ribonucleic acid.
aMean ± standard deviation (SD).
bMedian and interquartile range, 25–75th percentile.
c101/104 (97.0%) patients.
*P-values ≤0.05 were considered significant (The asymptotic Pearson’s Χ2 test was used to compare categorical variables. The test T
and Mann Whitney U test were used for comparison of means and medians, respectively).
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obesity had normal BMI. Regarding low bone mineral density,
23 (63.9%), 10 (27.8%), and 1 (2.8%) patients were classified
as eutrophic, overweight, and obese, respectively.

Bone mineral content was positively correlated with mid-
arm muscle circumference, appendicular skeletal mass index,
and muscle strength (Figure. 1).

Regarding the nutrition status, malnutrition, varying from
light to moderate degree, was observed in 42.3% (44/104)

of the patients. Malnutrition was positively correlated with
pre-sarcopenia (r = 0.25, P = 0.009) and sarcopenia
(r = 0.39, P < 0.0001). When all patients with CHC were
included in the analysis, no correlation was observed
between malnutrition and low bone mineral density
(P = 0.18). Otherwise, a positive correlation between malnu-
trition and bone mineral density was found (r = 0.55,
P = 0.03) in CHC patients with low muscle mass (n = 15).

Table 2 Body composition bone mineral density/content assessment and nutritional characteristics of patients with chronic hepatitis C (n = 104)

Variables

Stage of liver disease

Without cirrhosis (n = 70) With compensated cirrhosis (n = 34) P

DXA data
Soft tissue body composition
Appendicular skeletal muscle mass (kg)
ASMI (kg/m2)a 8.0 (7.0–8.9) 7.7 (7.1–8.5) 0.36
Pre-sarcopenia (low ASMI)b 9 (12.9) 6 (17.6) 0.51

Fat mass
FMI (kg/m2)a 8.5 (6.2–9.8) 6.9 (5.3–8.8) 0.05*

Bone mass density/contentc

Total body BMD (g/cm2) 1.1 ± 0.1 1.0 ± 0.2 0.50
Total body BMD T-score �0.6 ± 1.3 �0.8 ± 1.3 0.56
Total body BMC (g)a 2354.2 (1972.6–2709.9) 2276.4 (2003.5–2741.0) 0.92
Lumbar spine BMD (g/cm2) 1.0 ± 0.1 0.9 ± 0.1 0.07
Lumbar spine BMD T-score �0.8 ± 1.5 �1.3 ± 1.4 0.16
Femoral neck 0.8 ± 0.2 0.8 ± 0.2 0.49
Lumbar spine BMD T-score �0.9 ± 0.2 �0.9 ± 0.2 0.89
Total hip BMD (g/cm2) 1.0 ± 0.1 0.9 ± 0.1 0.40
Total hip BMD T-score �0.4 ± 1.0 �0.5 ± 0.8 0.68
Low bone mass n (%)d 21 (30.0) 15 (44.0) 0.16
Low bone mass to age n (%) 2 (2.9) 3 (8.8) 0.39
Osteopenia n (%) 14 (20.0) 6 (17.6) 0.98
Osteoporosis n (%) 5 (7.1) 6 (17.6) 0.20

Anthropometric data
BMI (kg/m2)a 26.1 (23.8–30.1) 25.1 (23.8–28.9) 0.22
MAMCc 26.2 ± 3.7 26.0 ± 3.0 0.83
Low MAMC n (%)e 12 (17.1) 8 (23.5) 0.44

Assessment of malnutrition n (%)f

Normal 41 (58.6) 19 (55.9) 0.86
Light 28 (4.0) 14 (41.2)
Moderate 1 (1.4) 1 (2.9)
Severe 0 0

Grip strength data
Low muscle strengthg 18 (25.7) 11 (32.4) 0.48

Sarcopeniah

Low ASMIb and muscle strengthg 5 (7.1) 4 (11.8) 0.43
Sarcopenic obesityi 2 (2.9) 2 (5.9) 1.00

ASMI, Appendicular skeletal muscle mass index (appendicular skeletal muscle mass/height2); BMC, bone mineral content; BMD, bone min-
eral density; BMI, body mass index; DXA, dual-energy X-ray absorptiometry; FMI, fat mass/height2; MAMC, mid-arm muscle circumfer-
ence. The asymptotic Pearson’s χ2 test was used to compare categorical variables. The test t and Mann Whitney U test were used for
comparison of means and medians, respectively.
aMedian and interquartile range, 25–75th percentile.
bPre-sarcopenia, the cut-off points adopted for low muscle mass were those recommended by the European Working Group on
Sarcopenia in Older People (EWGSOP) criteria17: 5.45 kg/m2 and 7.26 kg/m2 for women and men, respectively.38
cMean ± standard deviation (SD).
dAccording to the adopted WHO criteria in men aged > 50 years, the T-score of osteopenia is between � 1.0 and � 2.49 SD below the
young average value and of osteoporosis is ≥ �2.5SD below the young normal mean for men and the Z-score of low bone mass is ≤ �2.0
SD below the expected range in men aged < 50 years and women in the menacme.35–37
eAccording to Frisancho (1990).32
fAssessment of malnutrition: Absent = 0–1, Light = 2–4, Moderate = 5–8 and Severe = 9–12 according to COntrolling NUTritional Status
index scores.33
gThe cut-off points adopted for low muscle strength were those recommended by EWGSOP criteria.17
hSarcopenia was defined by the presence of both low ASMI (ASM/height2) and low MS as recommended by EWGSOP.17
iSarcopenic obesity was defined by the presence of both low appendicular skeletal index (ASM/height2), low muscle strength and body fat
percentage greater than 27% in men and 38%in women.17,43

*P-values ≤ 0.05 were considered significant.
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Factors associated with low bone mineral
density/bone mineral content in patients with
chronic hepatitis C

Eleven subjects had osteoporosis with low bone mineral
density detected in the following skeletal sites: lumbar spine
[8/11 (72.7%)] and lumbar spine and femoral neck [3/11
(27.3%)]. Among the 20 individuals with osteopenia, low
bone mineral density was identified in the following skeletal
sites: lumbar spine, femoral neck, and total hip [8/20
(40.0%)], lumbar spine and femoral neck [6/20 (30.0%)],
lumbar spine [5/20 (25.0%)], femoral neck and total hip [1/
20 (5.0%)].

A linear regression analysis demonstrated that appendicu-
lar skeletal mass index was independently associated with
lumbar spine bone mineral density, femoral neck bone
mineral density, total hip bone mineral density, and total
body mineral composition (Table 3). Regarding lumbar spine
bone mineral density, in the univariate analysis, appendicular
skeletal mass index, BMI, and eGFR were selected. Appendic-
ular skeletal mass index and eGFR remained independently
associated with lumbar spine bone mineral density in the lin-
ear regression analysis (Table 3).

In the univariate analysis age, male gender and appendicu-
lar skeletal mass index were selected, and they remained
independently associated with femoral neck bone mineral

density in the linear regression analysis (Table 3). Concerning
total hip bone mineral density, male gender, appendicular
skeletal mass index, and IPAQ (<600 MET-min/week) were
selected in the univariate analysis. Male gender and bone
mineral density remained independently associated with
total hip bone mineral density in the linear regression analy-
sis (Table 3).

In the univariate analysis, male gender, appendicular
skeletal muscle index, and eGFR were selected and remained
independently associated with total body bone mineral
content in the linear regression analysis (Table 3).

Bone mineral content and bone mineral density did not as-
sociate with HOMA-IR ≥2.7 (p = 0.79 and p = 0.88) and serum
parathormone levels (p = 0.38 and p = 0.40), respectively.

Demographic, nutritional, body composition,
clinical and life style characteristics of the patients
with chronic hepatitis C, and sarcopenia

The characteristics of the patients with CHC and sarcopenia
are summarized in Table 4. The mean age (52.7 vs. 50.3 yrs.;
P = 0.55), gender (77.8% vs. 74.7% males; P = 0.84), and liver
disease severity (44.4% vs. 31.6%; p = 0.47) did not differ
between patients with and without sarcopenia, respectively.
Although 8/9 (88.9%) of the patients with sarcopenia were

Figure 1 Correlation between total bone mineral content and mid-upper arm muscle (1A), total bone mineral content and appendicular muscle mass
(1B), and total bone mineral content and muscle strength (1C) in patients with chronic hepatitis C with and without sarcopenia.
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classified as eutrophic by BMI, 77.8% and 44.5% had malnutri-
tion and sarcopenic obesity, respectively.

Factors associated with sarcopenia in patients with
chronic hepatitis C

In the univariate analysis, BMI, bone mineral content,
malnutrition, and alcohol use (≤20 vs. >20 g/day) were
selected. Bone mineral content and malnutrition remained
independently associated with sarcopenia in the multivariate
analysis (Table 5). Bone mineral content was lower in
patients with than in those without sarcopenia (Figure 2A).

In order to evaluate whether the difference was because of
aging, next we stratified the patients by age range. No
difference (P = 0.82) was observed in the bone mineral
content between the age groups (Figure 2B).

Correlation between mid-arm muscle
circumference, appendicular skeletal mass, and
muscle strength in patients with chronic hepatitis C

A positive correlation was found between mid-arm muscle
circumference and appendicular skeletal mass index
(Figure 3A). Mid-arm muscle circumference and appendicular

Table 4 Demographic, nutritional, body composition, clinical, and life style characteristics of sarcopenic patients with chronic hepatitis C (n = 9)

Patient Sex Age Malnutritiona
BMI

(kg/m2)
BMIb

classification MAMC
Low

MAMCc
% Body

Fat
Sarcopenic
obesityd Cirrhosise

Low
IPAQf

1 M 58 Moderate 23.6 Eutrophic 20.9 + 25.0 � � +
2 M 44 Light 20.3 Eutrophic 23.5 + 25.0 � + +
3 M 67 Light 24.0 Eutrophic 22.9 � 28.1 + + +
4 M 64 Light 20.0 Underweight 22.4 + 19.9 � � �
5 M 54 Absent 21.7 Eutrophic 23.5 + 24.6 � + +
6 M 52 Moderate 18.8 Eutrophic 22.3 + 20.0 � + +
7 F 33 Absent 21.8 Eutrophic 20.3 � 42.5 + � �
8 F 40 Light 19.9 Eutrophic 18.5 + 39.3 + � �
9 M 62 Light 20.1 Eutrophic 20.4 + 30.9 + � +

M = male; F = female; MAMC, Mid-arm muscle circumference; +, presence; �, absence.
aAbsent = 0–1, Light = 2–4, Moderate = 5–8 and Severe = 9–12 according to COntrolling NUTritional Status index scores.33
bBMI (body mass index) classification according to the World Health Organization criteria30 and to the Lipschitz classification in elderly
individuals.31
cAccording to Frisancho (1990).32
dDefined by concurrent presence of low appendicular skeletal index (ASM/height2), low muscle strength, and body fat percentage greater
than 27% in men and 38%in women, respectively.43
eCompensated cirrhosis in all positive cases [Child–Turcotte–Pugh score (A5)].
fInternational Physical Activity Questionnaire low < 600 MET-min/week.

Table 3 Variables associated with bone mineral density/content in non-cirrhotic and compensated cirrhotic patients with chronic hepatitis C (n = 104)

BMD/BMC
topographic
distribution
variables

Beta regression
coefficient t P Adjusted R2 F value

Lumbar spine BMD 0.19 12.92
ASMI 0.27 2.89 0.05
eGFR (ml/min) 0.30 3.25 0.02

Femoral neck 0.42 25.57
Male sex �0.263 �2.98 0.004
Age �0.189 �2.34 0.021
ASMI 0.70 8.45 <0.0001

Total hip BMD 0.42 37.06
ASMI 0.72 8.53 <0.0001
Male sex �0.22 �2.61 0.01

Total body BMC 0.52 35.83
ASMI 0.52 5.84 <0.0001
Male sex �0.25 �2.77 0.007
eGFR (ml/min) 0.24 2.84 0.006

BMC, bone mineral content; BMD, bone mineral density; CI, Confidence interval; eGFR, glomerular filtration rate; t, computed by dividing
the estimated value of the β coefficient by its standard error. The linear regression models were appropriately adjusted according to the F-
test of the ANOVA (P < 0.05). Appendicular skeletal muscle mass index [ASMI (appendicular skeletal muscle mass/height2)]; alcohol use
(≤20 vs. >20 g/day); compensated cirrhosis; fat mass index [FMI (fat mass/height2)]; International Physical Activity Questionnaire (short):
low vs. normal (normal: ≥600 MET-min/week), and muscle strength were variables included on the linear regression models, adjusted by
age, sex, body index mass (BMI), and eGFR estimate by Modification of Diet in Renal Disease.
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skeletal mass index were also significantly correlated with
muscle strength (Figure 3B and 3C).

Agreement between mid-arm muscle circumference,
appendicular skeletal mass, and muscle strength in the evalu-
ation of pre-sarcopenia and sarcopenia in patients with CHC.

Because mid-arm muscle circumference was positively
correlated with appendicular skeletal mass index, we
analysed the agreement between these nutritional methods
in the assessment of pre-sarcopenia and sarcopenia. When
the appendicular skeletal mass index was replaced by mid-
arm muscle circumference in the evaluation of muscle mass,
low mid-arm muscle circumference and low mid-arm muscle
circumference plus low handgrip strength were observed in
20 (19.2%) and 11 (10.6%) subjects, respectively. Moderate
and substantial agreement was found between mid-arm mus-
cle circumference and appendicular skeletal mass index in the
evaluation of pre-sarcopenia (Kappa = 0.49; P < 0.0001) and
sarcopenia (Kappa = 0.67; P < 0.0001), respectively.

Discussion

To the best of our knowledge, this is the first study to demon-
strate that appendicular skeletal mass is an independent
predictor of bone mineral density in non-cirrhotic and
compensated cirrhotic patients with CHC. Similarly, previous

studies addressing the role of skeletal muscle in the mainte-
nance of bone health, muscle mass/strength was also
identified as a protector factor against low bone mineral
density in both healthy11,12 and diseased populations.13,14

However, in the setting of metabolic bone disease, the role
of each specific body component in preventing bone loss
has not yet been completely clarified.

In the current study, neither fat mass nor BMI was
associated with low bone mineral density. Differently, Sharma
et al., using DXA and bioimpedance analyses to evaluate lean
mass, fat mass, and bone mineral density of 318 HIV-infected
and 122 HIV-uninfected females, observed that both lean
mass and fat mass were strong and independent predictors
of low bone mineral density.45 However, the authors
observed that HIV-infected females were older, post-
menopausal, and had higher prevalence of HCV/HIV-

Figure 2 Box plots representing body mineral content. The upper and
lower limits of the boxes represent 75th and 25th percentiles, respec-
tively; the horizontal bar across the box indicates the median and the
end of the vertical lines indicate the minimum and maximum data values;
*, P = 0.006 (2A). No difference was observed in the bone mineral con-
tent between the age groups (P = 0.82) (2B).
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Table 5 Variables associated with sarcopenia in non-cirrhotic and com-
pensated cirrhotic patients with chronic hepatitis C (n = 104)

Variables Sarcopeniaa

Univariate
analysis

Multivariate
analysis

P OR 95% CI P
Sex 0.83 — — —

Age 0.49 — — —

Body mass
index

0.001 0.06 0.003–1.12 0.06

Bone mineral
content

0.003 0.996 0.993–0.999 0.02

Hypertension 0.89 — — —

HOMA-IR 0.05 0.10 0.01–1.56 0.10
Compensated
cirrhosis

0.37 — — —

Malnutrition <0.0001 2.79 1.28–6.09 0.01
Low physical
activityb

0.35 — — —

Alcohol use
(>20 g/day)c

0.15 0.98 0.05–21.30 0.99

CI, confidential interval; HOMA-IR, homeostasis model assessment-
insulin resistance (HOMA-IR value ≥2.7 was used to detect insulin
resistance); OR, odds ratio.
aSarcopenia was defined as both low ASMI (ASM/height2) and low
MS as recommended by European Working Group on Sarcopenia
in Older People.17
bThe physical activity was dichotomised into normal (moderate-to-
high categorical scale of International Physical Activity Question-
naire ≥600 MET-min/week or low <600 MET-min per week).
cAlcohol use was stratified as ≤20 vs. >20 g/day.
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coinfection than HIV-uninfected females. It should be
emphasized that the females (n = 26) enrolled in the present
study were younger and pre-menopausal. These findings are
in agreement with a previous study demonstrating that in
males and pre-menopausal women, the effect of lean mass
on bone mineral density was greater than that of fat mass.46

Conversely, in post-menopausal women, lean mass and fat
mass influence the bone mineral density.46

In this study, low bone mineral density was observed in
36 (34.6%) of the patients, and both osteopenia and osteo-
porosis were more frequently detected in the lumbar spine
and femoral neck than in the hip. Bone wasting has been
known to be common in cirrhosis, regardless of its
aetiology.47 Recently, a meta-analysis of six case–control
studies (372 cirrhotic patients and 1579 controls) found a
higher prevalence of osteoporosis in cirrhotic patients than
in controls (34.7% vs. 12.8%), with a significant reduction
in lumbar spine bone mineral density.48 Regarding the
association between bone mineral density and viral
hepatitis, most studies focused on patients in late stages
of cirrhosis47,48; therefore, little is known about bone status
in non-cirrhotic patients with CHC. In the current study, in
which only non-cirrhotic and compensated cirrhotic patients
(Child–Turcotte–Pugh A) chronically infected by HCV were
included, a marked prevalence of low bone mineral density
was observed even in the absence of cirrhosis. Similarly,

Schiefke et al. (2005) observed a high prevalence of
osteopenia and osteoporosis in non-cirrhotic patients with
CHC. Moreover, the authors showed that the serum levels
of bone-specific alkaline phosphatase and intact parathor-
mone were significantly elevated in more advanced stages
of liver fibrosis.5 Differently, our results did not show
substantial alterations in serum parathormone levels and
vitamin D status between patients with and without low
bone mineral content or bone mineral density, indepen-
dently of hepatic fibrosis stage (Data not shown). These
findings are in line with a previous study that did not find
clinically important changes in bone markers and
calciotropic hormones among non-cirrhotic individuals with
hepatitis C.5 Apart from this, in consonance with findings
of a previous study,49 our results demonstrated no
significant association between bone mineral density/bone
mineral content measurements and the presence of com-
pensated cirrhosis, viral load, and HCV genotype. Although
patients with alcoholism were not excluded from our inves-
tigation, low bone mineral density and low bone mineral
content did not associate with alcohol use.

In the current study, appendicular skeletal mass was a
strong positive independent predictor of lumbar spine,
femoral neck, hip, and total body bone mineral content. It
is well-known that appendicular skeletal mass, the lean soft
tissue found in the arms and legs, represents a large

Figure 3 Correlation between appendicular muscle mass and mid-upper arm muscle (3A), muscle strength and mid-upper arm (3B), and muscle
strength and appendicular muscle mass (3C) in patients with chronic hepatitis C with and without sarcopenia.
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proportion of total body skeletal muscle mass.50 Further-
more, the tight interaction between skeletal muscle and bone
is crucial for the bone modelling and remodelling, which is
considered a process that improves both bone mass and
bone strength.51 Of note, in our study, low bone mineral com-
position was a strong determinant of sarcopenia. This finding
points to a complex bi-directional crosstalk between bone
and muscle involving not only the mechanical interaction
but also a putative paracrine function that might be related
to the secretion of biological mediators by both of these com-
ponents of the musculoskeletal system.52 In fact, recently, it
was experimentally demonstrated in an animal model that
conditioned media from osteocytes enhance myogenic differ-
entiation of myoblasts pointing to bone-derived mediators as
potential candidates in the skeletal muscle proliferate signal-
ling.53,54 It should to be highlighted among them, the prosta-
glandin E2, which via prostaglandin E2 receptor 4 promotes
primary myoblast proliferation by accelerating G1-S phase
transition in the cell cycle.53 Prostaglandin E2 signalling may
also have an important modulation of the oxidative stress
in skeletal muscle with significant implications in a number
of muscle disorders, such as muscle atrophy, muscular dystro-
phies, and aging sarcopenia.53

Taking into account the lack of a specific consensus
criterion for diagnosing sarcopenia in patients with hepatic
diseases and the paucity of wasting muscle data from sub-
jects chronically infected with HCV, in this study, we used
the reference values recommended by EWGSOP. We
observed the presence of sarcopenia in 7.1% and 11.8%
of the non-cirrhotic and compensated cirrhotic patients
(Child–Turcotte–Pugh A), respectively. In a recent investiga-
tion, Hiraoka et al. (2016), also based on EWGSOP criteria,
using computed tomography and handgrip strength, found
sarcopenia in 7.1%, 11.8% and 21.9% non-cirrhotic, compen-
sated cirrhotic (Child–Turcotte–Pugh A), and decompen-
sated cirrhotic (Child–Turcotte–Pugh B/C) Japanese
patients with chronic B and/or C viral hepatitis, respec-
tively.18 In those individuals, the prevalence of sarcopenia
increased in parallel with the progression of hepatic fibrosis.
Of particular concern, in the current study, was the finding
that 7.0% of CHC subjects had sarcopenia prior the onset
of cirrhosis.

Conceptually, sarcopenia is defined as a combination of
low muscle mass and reduced muscle strength or impaired
physical performance.17 Sarcopenia can be considered
primary when it is associated with aging itself; however, it
can also be present as a consequence of chronic diseases.17

Skeletal muscle loss, considered a component of malnutri-
tion, has been found in approximately 40.0% of patients with
cirrhosis.55 Despite the negative impact of sarcopenia on
survival,16 quality of life,56 severe advanced liver disease-
related complications such as hepatic encephalopathy, and
infections, the role of muscle usually remains unseen in
chronic liver diseases.57

Several researchers also using the EWGSOP criteria have
demonstrated higher prevalence of sarcopenia than that
observed in this study. However, it has to be emphasized that
the differences in the sarcopenia prevalence here observed
may be explained by the high number of patients with cirrho-
sis evaluated in other studies. Of note, we included a few
number of HCV with cirrhosis, all of them with compensated
cirrhosis. In a recent investigation,58 including 678 patients
with cirrhosis because of different aetiologies, sarcopenia
was found in 43.0%, but when only patients with compen-
sated cirrhosis (Child–Turcotte–Pugh scores A5 and A6) were
analysed, the prevalence of sarcopenia (12.6%) was very
similar to that observed in the patients with compensated
cirrhosis of the present study (11.8%).

Differences may also be because of the older age of
individuals included in other studies. In an investigation
conducted in a Southern Brazilian city including 1291 elderly
aged 60 years or over, the overall sarcopenia prevalence was
13.9%.59 In another study enrolling 18 363 people aged-
65 years from different countries, the prevalence of

sarcopenia ranged from 12.6% to 17.5%.60 Of note, among
the factors linked to muscle loss, high percentage of body
fat was associated with lower skeletal muscle mass in all
countries and with sarcopenia in five countries.60

In the present study, a concurrent presence of skeletal
muscle loss and adipose tissue gain—sarcopenic obesity—
was observed in four (3.8%) patients. When only compen-
sated cirrhosis was evaluated, sarcopenic obesity was
observed in 5.9% of the patients. In the earlier cited study
of Montano-Loza et al.,58 the percentage of sarcopenic
obesity in the compensated cirrhotic patients was of 8.0%
compared with 20.0% identified when both compensated
and decompensated patients were evaluated.

It has also to be emphasized that sarcopenia is associated
with a high long-term mortality in cirrhosis.58,61

Taking all data together, our results point to the relevance
of investigating the presence of sarcopenia and sarcopenic
obesity in early stages of hepatic diseases before the devel-
opment of cirrhosis.

Regarding the muscularity assessment in patients with
chronic liver disease, DXA accuracy might be limited in the
presence of fluid retention. However, only patients with
compensated cirrhosis or without cirrhosis were enrolled in
this study; therefore, none of the patients had signals of fluid
overload.

Of note, our results showed a positive correlation between
appendicular skeletal mass, mid-upper arm circumference,
and muscle strength. Furthermore, moderate and substantial
agreement was found between mid-upper arm circumfer-
ence and appendicular skeletal mass index in the evaluation
of pre-sarcopenia and sarcopenia, respectively. It is well-
known that the accurate assessment of muscle mass is an
essential step for classifying sarcopenic subjects. Although
computed tomography, magnetic resonance imaging, and
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DXA are considered to be the most accurate techniques in
estimating muscle wasting,62 the exposition of patients to
high levels of ionizing radiation and the high cost limit the
method use in routine practice.

It should be emphasized that in 89.0%, 64.0%, and 100.0%
of the patients with sarcopenia, low bone mineral density,
and sarcopenic obesity, respectively, were classified as eutro-
phic according to BMI. It is well-known that sarcopenia, loss
of muscle mass and function, which affects the elderly and
patients with chronic diseases, is not accurately diagnosed
by using the BMI.63 In fact, the BMI predictive value to
evaluate the percentage of body fat at individual level is very
limited.63 Moreover, our data demonstrated a strong associa-
tion between sarcopenia and malnutrition. Therefore, our
results point to the relevance of incorporating routine mid-
upper arm circumference coupled with handgrip strength,
considered simple non-invasive and inexpensive nutritional
methods, alongside BMI, into routine clinical evaluation of
patients chronically infected by HCV, to screen for earlier
skeletal muscle loss. Corroborating with this, a recent cross-
sectional study from National Health Examination and
Nutrition demonstrated that low muscle mass, as assessed
by mid-upper arm circumference measurements <10th
percentile, precedes the development of cirrhosis in patients
with CHC.64 Apart from this, in the hepatic disease context,
the ESPEN guidelines recommend that the evaluation of
malnutrition should be performed using anthropometric
methods, which are not affected by the presence of ascites
and peripheral oedema as mid-upper arm circumference
and triceps skin fold.65

The limitations of our study should be considered. The in-
cluded subjects were recruited from a referral centre and
consequently may not be representative of all patients with
CHC. In addition, the cross-sectional nature of this investiga-
tion precluded the possibility to recognize any cause–effect
relationship between low BMD/sarcopenia and clinical,
lifestyle, and nutritional cofactors. Despite the meticulous
clinical interview, self-reporting of alcohol consumption is
subjective, and exact quantity of alcohol intake might be
underestimated. Further weaknesses include the lack of a

control group for muscularity and bone mass assessment in
the statistical analysis.

The data presented here should be taken into account in
the understanding of the sarcopenia and lowered bone
mineral density in patients with CHC and in the translation
of the results into daily clinical practice. Altogether, these
findings may influence clinical decision-making and contrib-
ute to the development of effective strategies to screen the
musculoskeletal system abnormalities in all patients with
CHC, independently of the stage of the liver disease.
Maintenance of healthy bone and preserved skeletal muscle
is essential to reduce the negative effects of sarcopenia and
low bone mineral density on the quality of life, morbidity,
and mortality of patients with CHC. The challenge remains
for further research to identify potential molecular and
biochemical mediators involved in the crosstalk between
bone, skeletal muscle, and liver. Furthermore, better compre-
hension of these processes will positively influence in the
management strategies for decreasing the wasting of muscle
and bone in subjects with CHC.
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