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Abstract
Chronic kidney disease (CKD) is a progressive condition that may negatively affect musculoskeletal health. Secondary sarcopenia due to CKD may be associated with mobility limitations and elevated fall risk. Thus, it is important to investigate surrogate methods that enable
the assessment of muscle mass. Myostatin regulates synthesis and degradation of skeletal muscle proteins and is associated with the development of sarcopenia. This study assessed the myostatin level in CKD patients and correlated with body mass index. This a prospective case
control study, carried out on 30 Egyptian patients with CKD (15 have post-HCV cirrhosis) attended for dialysis in Al-Hammoul Central Hospital and 15 healthy controls. All patients were
subjected to detailed medical history and through clinical examination, abdominal ultrasound
and determination of serum myostatin level. The mean, standard deviation and chi-square were
calculated by SPSS. ROC curves were conducted to test the discriminative value of myostatin
level on sarcopenia and to detect the cut-off points. The results showed significant increase in
the serum myostatin level in hemodialysis patients. Myostatin level in post-HCV cirrhotic patients was insignificantly higher than in non-cirrhotic patients. There was a significant negative
correlation between serum myostatin level and BMI and skeletal muscle index (SMI). ROC
curve showed that a cut off value of 39.05ng/ml can detect sarcopenia in hemodialysis patients.
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not fully correct the responses to hemodialysis (Cruz-Jentoft et al, 2010). Diagnosis of
sarcopenia could be achieved by measuring
mid-arm circumference which is a simple
anthropometric method that reflected the
muscle mass amount by deducting amount
of measured fat in the triceps and bone
width. Sarcopenia can be diagnosed when
this value is below the 10th percentile from
a reference population (Duarte-Roio et al,
2015). In the same context, Up to 70% of
patients having an advanced liver disease
might develop sarcopenia. Liver cirrhosis is
associated with an altered glucose metabolism, ketogenesis, lipid oxidation and protein
catabolism, leading to the loss of muscle and
adipose tissue. The gastrointestinal dysfunction of cirrhotic patients results in insufficient nutrients intake and is responsible for
muscle weakness thus limiting physical exercise and perpetuating reduction of muscle
mass (Panziani and Gasbarrini, 2018).

Introduction
Chronic kidney disease (CKD) is a progressive condition that might negatively affect
musculoskeletal health. Secondary sarcopenia due to CKD may be accompanied with
elevated fall risk and mobility limitations
(Hernand et al, 2018). The loss of muscle
mass, in addition to the impact of poor body
composition on muscle strength and mobility status are necessary for classification and
staging of sarcopenia (Cruz-Jentoft, et al,
2010). Patients with CKD are prone to muscle wasting. Thus, it is important to investigate suitable methods for the clinical assessment of muscle mass (Giglio et al,
2018). The hemodialysis was found to stimulate protein degradation and reduced protein synthesis for 2hr following dialysis, suggested that a process causing protein loss was
initiated by this therapy and persisted. Increasing the intake of protein and calories
could improve protein turnover but, it did
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Patients with cirrhosis (Child B or C), chronic pulmonary disease, autoimmune disease or cancer were excluded. The study was
done according to the ethical guidelines of
the 1975 Declaration of Helsinki and approval by Institutional Review Board (IRB) for
human subject research at Ain Shams University. A written informed consent was obtained from all enrolled participants before
enrolment to the study.
Study design: It is a prospective observantional case control study of patients with chronic renal failure on hemodialysis, Al Hammoul Central Hospital, Kafr El-Shaikh Governorate. All participants were subjected to
complete history taking with special emphasis on causes of the chronic kidney disease
(hypertension and diabetes mellitus nephrosclerosis, renal vascular disease, and chronic
glomerulonephritis
) history of jaundice, disturbed conscious level, bleeding tendency, hematemesis or melena, lower limbs
edema, and weight loss. History of Comorbid illnesses and drugs were obtained by patient interventions and confirmed from medical records later. Physical examination was
done and all were evaluated for their height,
weight, body mass index (BMI). Weight was
measured immediately after hemodialysis
(HD) session. BMI was calculated as weight
divided by height squared (kg/m2). Measurement of skeletal muscle index (SMI);
mid-arm circumference was reflected amount of muscle mass by deducted the amount
of measured fat in triceps and bone width.
Diagnosis of sarcopenia was considered if
the value was below 10th percentile from a
reference standard (Duarte-Roio et al, 2018).
Routine lab examinations were done as CBC
(Schiff et al, 2011), kidney function test;
blood urea, serum creatinine (Delanphe and
Speekaert, 2011), liver function test; ALT,
AST, Albumin, PT, INR (Dufour et al, 2011),
Na, K, Ca, Po4 electrolytes (Weissman and Pileggi, 1974) and viral markers serological tests for HCVAb by ELISA (Villar et al, 2014).
To determine serum myostatin level, blood
samples were collected before midweek HD

gradation, and it is associated with sarcopenia. It also regulates the proliferation and
differentiation of myoblasts (Langley et al,
2002). It acts in a paracrine fashion to maintain satellite cells within muscle in a quiescent state. Insulin-like growth factor 1 (IGF1) has dual action such that it inhibits myostatin as well as it stimulates mammalian
target of rapamycin (mTOR), through stimulating muscle growth by both activating satellite cells and muscle protein synthesis
(Thapalive et al, 2014). Besides, it controls
the activation and proliferation of the stem
cells of skeletal muscle. Myostatin is upregulated in the skeletal muscle of CKD patients and is thought to be involved in the
development of uremic sarcopenia. But, serum myostatin levels were rarely determined
and the relationship between myostatin levels with clinical and metabolic factors remain
unknown (Yamada, 2016). Complex biology
of myostatin and its inhibition as an effective way to counter sarcopenia, and the challenges facing its clinical translation were of
great interest by authors in the last decade.
This study aimed to assess the myostatin
level in chronic renal failure patients with or
without cirrhosis, and to study its correlation
with body mass index in those patients as
compared to matched controls.
Subjects and Methods
Patient recruitment: It is a prospective case
control study was carried out on 30 Egyptian
patients with chronic kidney disease (15 patients had post-HCV cirrhosis) who attended
for dialysis in Al Hammoul Central Hospital
and 15 Egyptian apparently healthy subjects
as a control group. It was conducted during
the period from June 2018 to May 2019. The
age of the included subjects ranged from 25
-50 years. They were divided into 3 groups;
GI: 15 hemodialysis patients without cirrhosis or HCV, GII: 15 hemodialysis patients
with post-HCV cirrhosis and GIII: 15 healthy controls with cross matched age and sex.
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session and plasma was separated within 30
min by centrifuging at 3600r/min for 15 min
at room temperature and frozed at -80°C until myostatin analysis. Serum myostatin levels were determined by commercial ELISA
1200ng/L
600ng/L
300ng/L
150ng/L
75ng/L

First, 50
tavidin-HRP were
of samples, then 10

kit (Sun Red, Biotechnology Co, Shanghai,
201-12-0404). Kit used a double-antibody
sandwich ELISA. Chroma of color and concentration of human substance myostatin of
sample correlated positively (Tab. 1).

Table 1: Standard dilution
StandardNo.5
Standard No.4
Standard No.3
Standard No.2
Standard No.1

p-

In the present study, the commonest cause
of chronic renal failure in GI & GII was diabetic nephropathy (20%), but hypertensive
nephropathy was 13.3%, glomerulonephritis
was 11.1% and hereditary causes were 6.7%.
The interstitial nephritis and unknown causes were 4.4% with same distribution among
patients. Polycystic kidney, renal vascular
disease and pyelonephritis were 2.2% but
with different distributions among patients.
The mean ± SD BMI in GI, GII & GIII
was 17.3±3.9, 15.7±3.6 & 22.7±2.0, respectively. The skeletal muscle mass index in GI,
GII & GIII was 26.4±5.7, 23.3±4.7 &
35.3±3.1, respectively. BMI and SMI, did
not show significant difference among the
groups, but significant difference was between GI & GII (P<0.001 by
Myostatin level in GI, GII & GIII was
42.3±6.1, 43.9±8.8 & 4.0±0.9, respectively,
without significant difference between GI &
GII was found, but GIII showed significant
difference with both GI & GII (p<0.001).
Myostatin level showed a significant negative correlation with BMI (r= -0.646,
p<0.001) and SMI (r= -0.682, p<0.001), but
without significant correlation between myostatin level and age.
The ROC curves showed that myostatin
level could be a valuable marker in prediction of sarcopenia in hemodialysis patients.
The cut-off value was 39.05ng/ml, with
94.1% sensitivity, 85.7% specificity, 80.0%
positive predictive value, 96.0% negative
predictive value, and 88.9% accuracy.
Discussion
Patients with chronic kidney disease are
subjected to muscle wasting. So, it was imp-

MSTN antibody and
-HRP were added to
each sample well. Sealing membrane was
applied, gently shaking was done and plate
was incubated for 60 minutes at 37 . Wash
buffer (30×) was diluted 30 times with 380
ml distilled water. Membrane was carefully
removed, and liquid was drained. Chromou, incubated for 10min at 37 in dark. Stop solution
reaction (blue change into to yellow color
immediately). The optical density (OD) was
measured under 450nm wavelength within
15 min after adding the stop solution.
Abdominal ultrasonography was done using
Siemens Sonolone Sienna sonography for all
to detect kidney size, shape and liver cirrhosis, Splenomegaly, evidence of portal hypertension or ascites. Child score was determined according to Modified Child-Pugh classification of liver disease severity according
to the ascites degree, plasma concentrations
of bilirubin and albumin, prothrombin time,
and the encephalopathy degree [5-6 =grade
A, 7-9 = grade B, 10-15 =grade C] (Durand
and Valla, 2005).

Results
The demographic characteristics showed
the mean age of non-cirrhotic (GI) was 38.3
years; 6 patients of them were male and the
mean age of post-HCV (GII) was 37.7 years;
7 patients of them were male however the
mean age of the control (GIII) was 35.7
years; 5 individuals of them were male.
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ortant to investigate surrogate methods that
enable the assessment of muscle mass loss in
the clinical setting (Giglio et al, 2018). Myostatin is the major negative regulator of
growth that is highly enriched in skeletal
muscle (Thapalive et al, 2014). There was
great interest in myostatin as a potential mediator of sarcopenia as well as a therapeutic
target.
In the present study, there was no significant difference between the studied groups
regarding age and gender. This ensured that
neither age and sex effected on the study results nor reflected the homogeneity of the
patient sample. But in this study, there was
female predominance with female/male ratio
of 27/18. Female patients with CKD were
more as compared to male counterparts. The
present data agreed with others as old-aged
female was CKD risky (Zaman et al, 2016).
This agreed also with Han et al. (2011) who
assessed the serum myostatin levels and grip
strength among patients on maintenance hemodialysis compared to controls, but did not
find difference in age and sex between patients and controls.
In the present study, there was significant
decrease in the mean platelet count values in
CKD with post-HCV cirrhosis patients compared to controls. This agreed with Han et
al. (2011). HCV infection was the etiology
of cirrhosis in all present patients. McCormick and Murphy (2000) showed high levels
of platelets associated IgG in cirrhotic patients with thrombocytopenia and this IgG is
believed to represent binding of anti-platelets antibody and/or IgG immune complexes
to the platelets, removed by the splenic and
hepatic reticuloendothelial system and destroyed. This suggested that the present thrombocytopenia patients could be immune mediated more over than decreased production
of platelets due to thrombocytopenia in cirrhotic patients. This agreed with McCormick
and Murphy (2000).
In the present study, the etiology of chronic renal failure showed wide variations; the
commonest cause was diabetic nephropathy

(20%, 4 patients in GI & 5 patients in GII).
Hypertensive nephropathy was represented
by 13.3% (3 patients in each of GI & G II).
But, glomerulonephritis was represented by
11.1% (3 patients in GI & 2 patients in GII),
hereditary causes were represented by 6.7%
(1 patient in GI & 2 patients in GII). However, the interstitial nephritis and unknown
causes had the same value (4.4%) and the
same distribution among patients (1 patient
in each of GI &GII). Polycystic kidney, renal vascular disease and pyelonephritis had
the same value (2.2%) but with different distribution among them (1 patient in GI, 1 patient in GII &1 patient in GI, respectively).
This agreed with Japanese Society of Nephrology (2014) who reported that the most common recognized cause of CKD was diabetes mellitus. Others included idiopathic cause
often associated with small kidneys on renal
ultrasound, hypertension, and/or glomerulonephritis. This caused about 75% of all adults. Historically, kidney disease was classified according to the part of the kidney anatomy involved. This disagreed with Ishikawa
et al. (2018) who found that the commonest
origin of CKD was sarcopenia in the chronic
renal disease patients, which diuretics effect
was benign nephrosclerosis (48.8%), chronic
glomerulonephritis (19.6%) & diabetic nephropathy (13.1%). Koyun et al. (2018) reported the causes of chronic kidney disease
were hypertensive nephrosclerosis and renal
vascular (25%), diabetic nephropathy (12%),
chronic glomerulonephritis (11%), pyelonephritis (7%), polycystic kidney disease (6%),
or unknown causes (39%).
In the present study, body mass index showed a significant difference in comparison
between groups with the lowest values of
mean and standard deviation reported in GII
(15.7±3.6) with P <0.001. The reason of low
BMI in CRF patients could be that CKD patients usually develop anemia with decline
in their nutritional status (Mafra et al, 2008).
This agreed with Han et al. (2011) who
found that patients receiving hemodialysis
had lower BMI and weaker grip strength.
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Also, Zaman et al. (2017) who reported that
the measure of BMI was found lower among
-CKD group.
In the present study, there was high significant difference (p < 0.001) among patients
regarding SMI with the lowest level in patients of post-HCV cirrhosis (23.3±4.7).
They submitted that low-muscle mass was
secondary to the effects of low muscle strength but other factors such as contractile quality, neural activation, systemic inflammation, and underestimated nutritional disorders
may play a more important part (Isoyama et
al, 2014). This agreed with Du et al. (2005)
who reported that skeletal muscle wasting
and cachexia are common in patients receiving hemodialysis. Also, Han et al. (2011) reported that body weight, BMI, muscle mass,
and grip strength had a downward tendency
in HD patients, with the muscle mass higher
in normal controls than that in dialysis ones.
In the present study, sarcopenia was significantly different among groups. It was significantly higher in GI but the highest one
was in GII (chronic kidney disease with
HCV positive patients). The sarcopenia incidence in all was (53.3%, 60.0%, 00.0% respectively) with total 17 patients out of 45
subjects (37.8%). Muscle turnover increases
during HD, resulting in net increase in catabolism (Raj et al, 2014). Cross-sectional
imaging studies reported that the prevalence
of sarcopenia was 30%-70% among patients
with cirrhosis (Kim and Jang, 2015).
In the present study, there was a highly significant difference of myostatin level between groups (P<0.001), with the highest
one in GII (43.9±8.8). This agreed with Koyun et al. (2018) who found significant serum myostatin elevated level as compared to
controls (40.1±8.3 vs. 2.5±2.4ng/ml, P <
0.001). This agreed with Yano et al. (2015)
who found that plasma myostatin level was
elevated in an early CKD stage due to sarcopenia progression. But, the result disagreed
with Han et al. (2011) who found lower serum myostatin levels in 60 HD patients than
healthy ones.

In the present study, there was a negative
relation between myostatin level and both
BMI & SMI. This agreed with Ju and Chen
(2012) and Wang et al. (2012) they found
contradictory results between serum myostatin levels and skeletal muscle mass, measured by various methods, in diabetes mellitus,
chronic obstructive pulmonary disease, heart
failure and end-stage liver disease. This disagreed with Han at al. (2011) who found the
myostatin level did not correlate with sex,
height, body weight, BMI and muscle mass.
In the present study, myostatin level at a
cutoff value 39.05ng/ml in detecting sarcopenia gave a sensitivity 94.1%, specificity
85.7%, PPV 80.0%, NPV 96.0%, & accuracy 88.9%. This agreed with Koyun et al.
(2018) who found that HD patients had significant elevated serum myostatin level as compared to controls (40.1±8.3 vs. 2.5±-2.4
ng/ml, P <0.001). Yano et al. (2015) reported that plasma myostatin level was elevated
in an early stage of CKD, which could involve the sarcopenia progression. But, Han
et al. (2011) found that myostatin serum and
IGF-1 level in hemodialysis patients had lower myostatin level, IGF-1, lower grip strength and lower BMI compared with controls.
Conclusion
The serum myostatin level was significantly higher in hemodialysis patients than controls, particularly in post-HCV cirrhotic than
non-cirrhotic ones. Serum myostatin level
was significantly related to sarcopenia pathogenesis as a predictor marker.
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Explanation of figures
Fig. 1: Pearson Correlation test between myostatin level and body mass index.
Fig. 2: Correlation between myostatin level and skeletal muscle mass index.
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