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Abstract

Background: Chronic alcoholic myopathy is a common
complication of alcoholism, leading to muscle atrophy and reduced
muscle strength. Sclerostin inhibits bone synthesis in situations of
reduced load, such as prolonged bed rest or spinal cord injury. The
aim pf this study is to analyze the behavior of serum sclerostin in
chronic alcoholic myopathy.

Methods: Seventy alcoholic male patients were included, 33 of
them cirrhotics, drinkers of about 180 g ethanol daily during more
than 30 years. After informed consent patients underwent a whole
body densitometric analysis (Lunar Prodigy bone densitometer;
General Electric Medical systems, Madison, Wisconsin USA),
assessing lean mass and T score at femoral hip and lumbar
spine. Dominant handgrip strength was assessed by a Collins
dynamometer. Serum sclerostin was measured by one step
enzyme-linked immunosorbent assay to the 70 patients and 9 age-
matched controls.

Results: Serum sclerostin levels were significantly higher among
cirrhotics than non cirrhotics and controls (F = 4.64, p = 0.012), and
were related with Pugh score (p = 0.36, p = 0.002), prothrombin
activity (p =-0.24, p = 0.05), albumin (p = -0.35, p = 0.003), and the
duration of ethanol consumption (p = 0.33, p = 0.008). Cirrhotics
showed lower lean mass than non cirrhotics, both at right arm (t
=244, p = 0.018) and left arm (t = 3.52, p < 0.001), and a trend
to a lower handgrip. There was an inverse correlation between
handgrip strength and serum sclerostin (p = -0.38, p = 0.03), that
was independent of liver function and age by multivariate analysis,
and a significant association among the lowest left arm lean mass
tercile and sclerostin over the median (x> = 4.69; p = 0.03). No
relation was observed between sclerostin and T-score or Z-score
at the hip or lumbar spine.

Conclusion: Sclerostin is raised among alcoholics, keeping a
relationship with liver function derangement and with reduced
handgrip strength. Handgrip strength is independently related to
sclerostin and age.
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Introduction

Since several years ago it is well known that osteocytes form a
tridimensional net within the bone cortex, able to detect changes in
load. Prolongation of osteocytes contact with those of neighbouring
cells, so that true “synapsis” becomes established, connecting the
osteocytes among each other. An increase in bone load is immediately
transformed into a biochemical signal that activates the canonical
Wnt- P catenin pathway, leading to an increase in bone mass [1].
Osteocytes also secrete a biochemical mediator that exerts an opposite
action, leading to increased bone resorption, namely sclerostin. Load
changes on bone are heavily dependent on muscle contraction. In this
sense there are several reports underscoring the role of sclerostin in
situations of muscle disuse, such as spinal cord injury [2], or situations
characterized by muscle unloading, such as prolonged bed rest [3], or,
possibly, living in a low gravity environment.

In alcoholic patients muscle atrophy has been described. A direct
effect of ethanol seems to play a major role in muscle atrophy in these
patients, although undernutrition, vitamin D deficiency, ethanol
mediated neuropathy and the peculiar lifestyle of the alcoholics may
undoubtedly play significant contributory roles [4]. In parallel with
muscle affectation, more or less severe osteoporosis constitutes also
a common finding among these patients [5]. As in muscle, a direct
effect of ethanol on osteocyte/osteoblast function seems to play a
major role [6], together with a probably effect on bone resorption [7].

Inapreliminary report we described raised sclerostin levelsamong
31 alcoholics (11 with coexisting hepatitis C virus (HCV) infection).
Raised sclerostin levels were directly related with serum telopeptide
and inversely with osteocalcin, fully in accordance with expected
role of sclerostin on bone [8]. Other authors have also shown raised
sclerostin levels in cirrhotics, especially in Child s B or C patients [9].
However in these studies the relation between sclerostin and muscle
was not analyzed. This relation does exist and has been pointed out in
studies in which plasma sclerostin has been measured in individuals
participating in a cycling race [10]. Given the dependence of the Wnt-
B catenin system on bone load, the bone-forming effect of muscle
contraction and the muscle atrophy described in alcoholics, the aim
of the present study is to analyze the relation of sclerostin with lean
mass in arms, legs and trunk, and handgrip strength in a cohort of 70
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alcoholic men. Women were not included due to differences in body
composition, muscle strength and muscle mass with respect to men.

Patients and Methods

We included 70 alcoholic men aged 59.01 +/- 11.13 years drinkers
of 183 +/- 104 g ethanol daily during 34 +/- 12 years, consecutively
admitted to the Internal Medicine Unit of our hospital due to organic
problems related with excessive ethanol consumption (withdrawal
syndrome, complicated with pneumonia or urinary infection,

decompensation of liver cirrhosis). Given the different body
composition and muscle strength of men and women, only men were
included. The sample comprised 33 cirrhotics and 37 non cirrhotics.
Diagnosis of liver cirrhosis was based on liver ultrasonography
(heterogeneous liver together with dilated portal vein and
splenomegaly), and clinical data, such as ascites, encephalopathy
and or variceal bleeding. Some clinical and biological data of these
patients are shown in table 1. For cirrhotics, the Child-Pugh score was
calculated; in order to globally estimate liver function in the totality

Table 1: Some relevant clinical features of the patients included (33 cirrhotics and 37 non-cirrhotics). In addition to mean + standard deviation, median value and

interquartile range are given for those variables with a non-parametric distribution.

Cirrhotics (n = 33)

Non-cirrhotics (n = 37)

Student’s t test or mann-whitney test (Z) Controls (n =13)

Age (years) 60.12 + 10.09 58.03 + 12.04 T = 0.97;NS 55.75 +9.32
Daily consumption (g) 191+ 118 175+ 92 T = 0.66; NS <10
Years of addiction 35 £12 34 £12 T=085NS e
Mean corpuscular volume (fl) 102.4 £ 9.0 100.6 + 6.2 T = 2.08;p = 0.041 Normal range = 77-91
Serum GGT (U/l) 359 +£772 205 +242 Z=1.03; NS Normal range = 7-40
172 (51-362) 85 (62-210)
Serum ASAT (U/l) 82.8 +109.1 64.9+ 118 Z=2.77;p=0.006 Normal range = 7-40
50 (30-93) 29 (19-43)
Serum ALAT (U/l) 58.6 + 74.9 52.2+76.1 Z=1.36; NS Normal range = 7-40
32 (17-58) 28 (14-53)
Prothrombin activity (%) 66.9 + 18.2 91.2 £125 T=7.44;p <0.001 Normal range = 80-100
Serum albumin (g/dl) 3.25+0.76 3.73+0.60 T =3.26; p =0.002 Normal range = 3.8-4.5
Serum bilirubin (mg/dl) 3.22 £ 3.46 1.39+2.15 Z=4.83;p<0.001 Normal range = < 1.4
2.30 (1.00-4.20) 1.00 (1.00-1.00)
Serum creatinine (mg/dl) 1.09+0.73 0.73+0.27 Z=1.54; NS Normal range = 0.5-1.1
0.80 (0.65-1.10) 0.71 (0.65-0.88)
Platelet count (x 109/1) 1274 £74.0 2178+ 747 Z=5.03; p<0.001 Normal range = 150-
128 (76-162) 209 (173-281) 400
Sclerostin (pmol/l) 63.71 + 47.63 36.81 + 30.47 T =2.85; p=0.006 47.62 +20.32
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Figure 1: Sclerostin levels in cirrhotics, non cirrhotics and controls (Kruskall-Wallis test = 10.43; p = -0.005).
Circles = outliers; asterisks = extreme values.
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Table 2: Lean and fat mass and T-score at femoral neck and lumbar spine in
cirrhotics and non-cirrhotics.

Liver cirrhosis (1 =yes;2=no) N mean Standard T;p
deviation

T-score femoral neck 1 127 -1.53 0.92 T=1.34; NS
2 24 -1.15 1.09

T-score lumbar spine 1 123 -0.78 0.96 T=0.87; NS
2 20 -042 1.7

Left arm lean mass (g) 1 129 2462.66 498.41 T=4.02;
2 24 312221 693.99 p <0.001

Right arm lean mass (g) 1 29 2521.55 |560.98 T=2.62
2 24 298017 (7126 p=0.011

Left leg lean mass (g) 1 |29 7326.45 1645.76 T=1.23;NS
2 24 785242 1428.59

Right leg lean mass (g) 1 129 744145 |1669.63 T=0.91;NS
2 24 7844.08 1502.53

Handgrip strength (Ibs) 1 30 9.73 11.15 T=1.87;
2 29 1497 10.29 p =0.066

Table 3: Association between highest left arm lean mass and lowest Sclerostin
levels an mass (p = 0.03).

Left arm lean mass Sclerostin Total
Over the median | Below the median

First tercile 4 13 17

Second and third terciles 20 16 36

Total 24 29 53

of the sample, we also calculated a similar score for non-cirrhotics.
Seven patients showed positive antibodies against hepatitis C virus
(HCV) infection. Hepatitis B was absent in the patients included.
Besides ethanol and tobacco (51 patients), no other drug was used.

After clinical stabilization in relation with the problem that
caused hospital admission, the patients underwent whole body
densitometry (Lunar Prodigy bone densitometer; General Electric
Medical Systems, Madison, Wisconsin USA), determining lean
mass in both arms, trunk and both legs. Bone Z-scores were
also recorded at the hips and the lumbar spine. Muscle function
was assessed determining dominant arm hand grip strength
with a Collins hand dynamometer. Blood was extracted in
fasting conditions, and serum was separated and frozen at -80
°C. Serum sclerostin was measured by one step enzyme-linked
immunosorbent assay (ELISA, Biomedica gruppe; Wien, Austria,
inter-assay variation coefficient 4-6%; intra-assay variation
coefficient 5%). Sclerostin was also determined to 13 age-matched
male controls, workers at our hospital, who did not drink alcoholic
beverages besides 1-2 drinks/week, aged 55.75 + 9.32 years, i.e.,
similar to that of our controls (t = 0.96; p = 0.34).

In addition, complete routine biochemical laboratory evaluation
was also performed. Child-Pugh’s score was calculated for all
the patients, including cirrhotics and non cirrhotics (based on
prothrombin, albumin, bilirubin, ascitis and encephalopathy).

Statistics

The Kolmogorov- Smirnov test was used to analyze if sclerostin
and the remaining variables followed a normal distribution or not. In
those cases in which variables did not follow a normal distribution,
we used non parametric tests, such as Mann-Whitney’s and Kruskal
-Wallis tests to assess differences between groups, and Spearman’s
correlation (p). On the other hand, Student’s t test, variance analysis
with Student-Newman-Keuls post hoc analysis, and Pearson’s
correlation were also used to analyse parametric variables, and x* was
used to study the association between two qualitative variables. We
performed stepwise logistic regression and/or multiple correlation
analyses, in order to disclose which of the analyzed variables
were independently related to sclerostin or to handgrip strength.
Statistically significance was established if p value was < 0.05 (two-
tailed). Statistical analyses were performed using SPSS software
(Chicago, IL, USA).

Table 4A and Table 4B: Stepwise multiple regression analysis destined to
disclose which variables were independently related to handgrip strength.

Model Non-standardized Typified t P
coefficients coefficients
B Standard error |Beta
1 (Constant) [15.994 2.077 7.700 0.000
Sclerostin  -0.075 0.032 -0.299 -2.367 0.021
Excluded variables
Model Beta t P Partial correlation Tolerance
1 Prothrombin |0.109 0.832 0.409 0.110 0.930
Albumin -0.069 -0.501 0.619 -0.067 0.846
Bilirubin 0.055 0.420 0.676 0.056 0.954
Ethical approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. Informed
consent was obtained from all individual participants included in the
study. This study forms part of a larger protocol, destined to assess
vascular risk among alcoholics that was approved by the ethical
committee of our hospital.

Results

Serum sclerostin levels were significantly different when
cirrhotics, non cirrhotics and controls were compared (F = 4.64, p
= 0.012; Kruskall-Wallis test = 10.43; p = -0.005; Figure 1). Highest
values were observed among cirrhotics (Table 2). Serum sclerostin was
directly related with Pugh score, among cirrhotics only (p = 0.34, p =
0.05), but also when a similar score was calculated for all the patients,
both cirrhotics and non-cirrhotics (p = 0.36, p = 0.002), and inverse
correlations were observed with prothrombin activity (p = -0.24, p =
0.05) and albumin (p = -0.35, p = 0.003). Serum sclerostin also showed
a direct correlation with the duration of ethanol consumption (p =
0.33, p = 0.008), but not with the amount of ethanol consumed daily
Serum sclerostin was also directly related with serum creatinine (p =
0.29, p =0.016).

Cirrhotics showed lower lean mass than non cirrhotics, both at
right arm (t = 2.44, p = 0.018) and left arm (t = 3.52, p < 0.001). There
was also a trend to a lower handgrip among cirrhotic patients that
did not reach statistical significance. There was an inverse correlation
between serum sclerostin and handgrip strength (p =-0.38, p = 0.03).
There was a trend to inverse correlations between sclerostin and lean
mass, that did not reach statistical signification (the closest one, with
left arm lean mass: p = -0.25, p = 0.066). However, when we classified
left arm lean mass in terciles and compared sclerostin over the
median or below the median with lean mass terciles (the highest one
versus the second and third terciles) we found an association between
the lowest lean mass and the highest sclerostin levels (x> = 4.69; p =
0.03; Table 3). In the same sense, sclerostin levels were lower among
patients with the higher left arm lean mass tercile (Z = 2.29; p = 0.027,
Figure 2). No relation was observed between sclerostin and T-score or
Z-score at the hip or lumbar spine.

In order to disclose whether the relation between handgrip
strength and sclerostin was due to a relation of sclerostin with
liver cirrhosis we performed a multivariate analysis between the
relation of handgrip strength and the following variables (stepwisely
introduced): Child-Pugh’s score, prothrombin, bilirubin, albumin
and sclerostin. We found that the only variable selected was serum
sclerostin (beta value = -0.30, p = 0.021) (Table 4A and Table 4B).
Handgrip strength maintained its inverse relation with sclerostin
also when the variable age was introduced in the multivariate
analysis (Table 5A and Table 5B).

In order to establish which variables sclerostin levels depend on
we classified the patients in those with sclerostin above or below the
median, and performed a logistic regression analysis. We observed
that prothrombin activity was the first variable selected, followed by

Gonzalez-Reimers et al. J Musculoskelet Disord Treat 2017, 3:030

e Page 3 0of5e



300,00
250,007
- 200,007
-
(=3
—
S 150,00
b
0
o
@
o *
9 400,00+
(@)
(o]
50,00
MANN
EAANONONANANNANNNNNY
0,00 -
T
left arm lean mass highest tercile
Figure 2: Sclerostin levels and left arm lean mass classified in terciles (Z = 2.29; p = 0.027).
Circles = outliers; asterisks = extreme values.

T
left arm lean mass terciles 2+3

Tables 5A and Table 5B: Stepwise Multiple regression analysis destined to
disclose which variables were independently related to handgrip strength.

Model Non-standardized

coefficients

Typified t P
coefficients

B Standard error Beta
1 (Constant) 36.039 6.759 5.332 1 0.000
Age -0.404 0.113 -0.428 -3.579 0.001
2 (Constant) 37.340 6.589 5.667 0.000
Age -0.374 0.1 -0.397 -3.385 0.001
Sclerostin  |-0.063 | 0.030 -0.248 -2.121 0.038
Excluded variables
Model Beta t p Partial correlation Tolerance
1 Prothrombin 0.167 1.408 0.165 0.185 0.999
Albumin 0.005 0.039 0.969 0.005 0.984
Bilirrubin -0.103 -0.839 0.405 -0.111 0.959
Sclerostin -0.248 -2.121 0.038 -0.273 0.984
2 |Prothrombin 10.110 0.913 |0.365 0.122 0.930
Albumin -0.106 -0.832 0.409 -0.111 0.840
Bilirrubin -0.043 -0.348 0.729 -0.047 0.900

years of addiction. The remaining variables included in the analysis
(age, albumin, bilirubin, daily ethanol consumption, left arm lean
mass, handgrip strength and creatinine) were not selected (Table 6A
and Table 6B).

Discussion

In this study we found that serum sclerostin levels were raised
in cirrhotics, keeping a relationship with liver function. These
findings support a role of liver function on sclerostin levels, and are
in accordance with the study of Rhee, et al. [9]. These authors also
found an inverse correlation with more severe stages of cirrhosis
(Child’s B and C groups) among 47 patients, and a direct one with
creatinine, as in the present study. As said before sclerostin may be
viewed as a marker of bone breakdown in opposition to the bone
forming effect of the canonical Wnt B catenin system. It is well known

that alcoholism is a risk factor for osteoporosis that increases when
liver cirrhosis ensues [6]. It is therefore logical that sclerostin -which
raised levels are associated with low bone mass- are also increased
in more advanced stages of liver cirrhosis, although in our study no
relation was observed with T-score values at hip and lumbar spine,
possible because in this group of patients bone affectation was not
very intense.

Several studies have shown that a relation between sclerostin
and muscle mass also exists, as commented earlier [10]. Although
the interpretation may be not “a direct one”, changes in sclerostin
probably reflect homeostatic adaptation of the bone to the changes
in load exerted by the muscle activity, so that in situations of muscle
atrophy and/or disuse, sclerostin levels may raise. Chronic alcoholic
myopathy is a well known complication of alcoholics, already
described several decades ago [11-14]. As shown in this study,
decreased handgrip and reduced lean mass are more intense among
cirrhotic patients, and these two variables were related with raised
sclerostin levels. Since, as commented, other factors such as notably
poor nutrition and vitamin D deficiency also play contributory roles
on alcoholic myopathy, and are more frequently observed among
cirrhotics [15], it is logical that cirrhotics are more intensely affected
than non cirrhotic.

A remarkably finding of this study is the fact that handgrip
strength was inversely related with sclerostin levels, independently
on liver function derangement and on age. It is also worth of note
the lack of relation between sclerostin and bone mass both at lumbar
spine and femur, suggesting that perhaps the altered behavior of
sclerostin is partly independent on bone changes, or, at least, on
clinically relevant bone changes.

A shortage of this study is the lack of histological analysis, both of
muscle and liver. Muscle biopsy is rarely indicated in alcoholics, and
chronic alcoholic myopathy is seldom accompanied by biochemical
alterations [16], so reduced muscle mass and/or function remain as
the main diagnostic criteria. On the other hand, the finding of the
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Table 6A and Table 6B: Logistic regression analysis performed in order to assess which variables were independently related to raised sclerostin values (over the median).

B Standard error Wald Degrees of freedom P
1st step Prothrombin 0.045 0.017 6.780 1 0.009
Constant -3.322 1.377 5.820 1 0.016
2nd step Consumption (years) -0.082 0.036 5.271 1 0.022
Prothrombin 0.057 0.020 8.329 1 0.004
Constant -1.358 1.528 0.790 1 0.374
Punctuation Degrees of freedom p

Step 1 Variables Age 2.620 1 0.106

Daily ethanol consumption 0.597 1 0.440

Duration of consumption 5.887 1 0.015

Albumin 0.806 1 0.369

Bilirrubin 1.709 1 0.191

Handgrip 3.420 1 0.064

Left arm lean mass 0.029 1 0.865

Creatinine 2.855 1 0.091

Global statistics 15.137 8 0.057

Step 2 Variables Age 0.076 1 0.783

Daily ethanol consumption 0.979 1 0.323

Albumin 0.028 1 0.868

Bilirrubin 2.549 1 0.110

Handgrip 0.892 1 0.345

Left arm lean mass 0.397 1 0.529

Creatinine 1.929 1 0.165

Global statistics 9.132 7 0.243

relation of newly described molecules with muscle alteration in
these patients, as is the case of sclerostin, may aid in the diagnostic
evaluation of this common complication of alcoholism.

Therefore, we conclude that serum sclerostin is raised among
alcoholics, keeping a relationship with liver function derangement.
Among cirrhotic, lean mass and handgrip strength are reduced, and
muscle strength keeps and inverse relationship with sclerostin, that is
independent on liver function or age. However, these results deserve
confirmation, given the relatively short sample included in this study.
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