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Abstract
Background: Although individuals undergoing maintenance hemodialysis are a major sarcopenic population, there
are few methods to assess their skeletal muscle mass conveniently. Here, we investigated the usefulness of serum
myostatin and insulin-like growth factor-1 (IGF-1) measurements for the evaluation of skeletal muscle mass.
Methods: We examined 117 patients undergoing conventional hemodialysis. The serum myostatin level and IGF-1
level were measured once and compared to clinical parameters (especially skeletal muscle mass-related factors) in
hemodialysis patients.
Results: The myostatin levels were positively correlated with body cell mass, arm muscle circumference, basal metabolic
rate, creatinine, creatinine phosphokinase, and albumin and negatively correlated with body fat rate, arm circumference–
arm muscle circumference, age, and C-reactive protein (CRP). The IGF-1 levels were positively correlated with body cell
mass, body mass index, arm muscle circumference, arm circumference–arm muscle circumference, blood urea nitrogen,
creatinine, protein catabolism rate, transferrin, cholesterol, and triglyceride, and negatively with age and human atrial
natriuretic polypeptide.
Conclusions: Our findings indicate that serum myostatin might be a useful biomarker for predicting muscle mass and
serum IGF-1 might be a useful predictor of nutritional status in hemodialysis patients.
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Background
Sarcopenia, the reduction of systemic skeletal muscle
mass and muscle strength, is a change related to aging.
Decreased muscle mass and strength caused by chronic
inflammatory disease, a malignant tumor, or chronic
kidney disease are also represented by the same concept as sarcopenia. Individuals undergoing maintenance
hemodialysis are a major population among patients with
sarcopenia [1].
Despite the increasing number of individuals with
sarcopenia among hemodialysis patients, few methods are
available for assessing a patient’s skeletal muscle mass
expeditiously and conveniently. Computed tomography
scans, magnetic resonance imaging, and dual-energy
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X-ray absorptiometry are gold-standard methods to
measure muscle mass precisely, but they require the
use of radiation equipment and take time to measure.
A bioimpedance analysis is comparatively easy to use and
generates reproducible results, but not all institutions
possess the necessary bioimpedance equipment [2].
Myostatin, a member of the transforming growth
factor-beta (TGF-β) superfamily, is known to be a negative regulator of skeletal muscle growth. Spontaneous
mutation of the myostatin gene in children accounts for
muscle hypertrophy [3]. Gonzalez et al. demonstrated
that myostatin is an attenuator of skeletal muscle growth
in adult men and contributes to muscle wasting in
human immunodeficiency virus (HIV)-infected men [4].
Serum myostatin may thus seem to be a potentially
useful parameter to predict an individual’s skeletal muscle
mass, but there are few reports about the relevance of
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serum myostatin levels and muscle mass in hemodialysis
patients.
Insulin-like growth factor-1 (IGF-1) is another representative myokine. An abnormality of the growth
hormone/IGF-1 axis is thought to be one of the causes
of sarcopenia. Several studies have indicated that the
serum IGF-1 level could be used as a predictor of nutritional status in hemodialysis patients [5–7], but there is
little information about the association between the
serum IGF-1 level and the muscle mass contents in
dialysis patients.
In this study, we investigated the relationships among
the serum myostatin level, serum IGF-1 level, and clinical parameters (especially skeletal muscle mass-related
factors) in hemodialysis patients. Our findings revealed
that serum myostatin is better than serum IGF-1 for the
prediction of skeletal muscle mass contents.
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Table 1 The characteristics of the patients (n = 117)
Age, years

58.9 ± 12.1

Male to female

76:41

Dialysis vintage, years

8.67 ± 8.1

Cause of renal failure, n
CGN

62 (53%)

DN

39 (33%)

RPGN

2 (2%)

PKD

3 (3%)

Others

11 (9%)

Alb, g/dL

3.85 ± 0.24

BUN, mg/dL

74.1 ± 17.0

Creatinine, mg/dL

11.5 ± 2.79

Calcium, mg/dL

9.16 ± 0.96

Phosphorus, mg/dL

5.93 ± 1.48

Total cholesterol, mg/dL

157 ± 36

Methods

LDL, mg/dL

92.1 ± 27.2

Study population

HDL, mg/dL

44 ± 15

Triglyceride, mg/dL

103 ± 72

Myostatin, pg/mL

5424 ± 2887

IGF-1, ng/mL

156.8 ± 70.7

A total of 117 hemodialysis patients who were undergoing
conventional hemodialysis three times per week (4 h per
day) participated in our cross-sectional clinical study.
Since the measurement of body composition using a bioelectrical impedance analysis was conducted in the standing position, patients who were unable to stand up were
excluded. All dialysis therapy was conducted using standard high-flux dialysis membranes. The patients’ characteristics are summarized in Table 1. This study was
approved by the Research Ethics Committee of our
hospital (IRB number 14-9), and written informed consent
was obtained from all participants.
Assay of serum samples

Serum samples were collected as regular blood tests before the start of each dialysis session on the first Monday
or Tuesday of April and were analyzed in our hospital
blood test room using an auto-analyzer (Toshiba, Tokyo).
The serum myostatin level was measured once at the
same time as the above regular blood test with the use of
enzyme-linked immunoassay (ELISA) kits (GDF-8/Myostatin Quantikine ELISA kit, DGDF80, R&D Systems,
Minneapolis, MN), and the serum IGF-1 level was
measured by an immunoradiometric assay (IRMA) kit
(IGF-1 assay “Daiichi”; TFB Co., Tokyo). Each patient’s
value of Kt/V (K = dialyzer clearance of urea, t = dialysis
time, V = volume of distribution of urea) was estimated
using Shinzato’s formula [8], and the normalized
protein catabolic rate (nPCR) was calculated from
pre- and postdialysis blood urea nitrogen concentrations. The measurement of human atrial natriuretic
polypeptide (hANP) was entrusted to an outside laboratory (LSI Medience, Tokyo).

Drugs, n
ARB

58 (50%)

ACEi

3 (3%)

Calcium blocker

71 (61%)

Vit. D

81 (69%)

Statin

10 (9%)

Kt/V

1.36 ± 0.24

PCR, g/kg/day

0.83 ± 0.21

ACEi angiotensin converting enzyme inhibitor, ARB angiotensin receptor
blocker, CGN chronic glomerulonephritis, DN diabetic nephropathy, HD
hemodialysis, IGF-1 insulin-like growth factor-1, PCR protein catabolism rate,
PKD polycystic kidney disease, RPGN rapid progressive glomerulonephritis

Body composition analysis

The patients’ body composition was measured using a
segmental multi-frequency bioelectrical impedance analysis with an Inbody 3.2 device (Biospace, Tokyo). To
exclude the influence of body fluid condition, the
measurement of body composition was conducted just
after dialysis therapy. The patients’ body mass index
(BMI) was calculated using body height and body
weight. The basal metabolic rate (BMR), body cell
mass (BCM), arm muscle circumference (AMC), arm
circumference (AC), and body fat rate were reported
as additional data by the Inbody 3.2 device.
Statistical analysis

All data are given as means ± SD. Correlations between
serum myostatin, IGF-1, the results of the bioelectrical
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impedance analysis, and clinical parameters were evaluated by Spearman’s rank correlation analysis. Comparison of the serum myostatin and IGF-1 levels between
male and female, diabetic patients, and non-diabetic
patients was performed by using the unpaired t test.
Multiple regression analyses were performed to explore
the impact of the serum myostatin and IGF-1 level on
various clinical parameters. All calculations were performed on a computer using StatView ver. 5.0J for
Windows (SAS Institute, Cary, NC). Differences with
p values < 0.05 were considered significant.

Results
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Table 2 Relationship between serum myostatin, serum IGF-1
levels, and body composition parameters
Bioelectrical
impedance
analysis

Myostatin, pg/mL

IGF-1, ng/mL

r

p

r

p

BMI, kg/m

0.102

0.290

0.270

0.004

BMR, kcal

0.441

< 0.0001

0.181

0.058

BCM, kg

0.487

< 0.0001

0.238

0.012

AMC, cm

0.355

0.001

0.207

0.029

AC-AMC, cm

− 0.214

0.024

0.255

0.007

Body fat, %

− 0.296

0.002

0.184

0.053

2

AC arm circumference, AMC arm muscle circumference, BCM body cell mass,
BMI body mass index, BMR basal metabolic rate

The patients’ characteristics

Table 1 summarizes the characteristics of the 117
patients. The average age was 58.9 ± 12.1 years, and the
duration of hemodialysis was 8.67 ± 8.1 years. Of the
enrolled patients, 76 were male and 41 were female. The
causes of renal failure were chronic glomerulonephritis in
62 patients, diabetic nephropathy in 39, rapid progressive
glomerulonephritis in two, polycystic kidney disease in
three, and “other” in 11. The main antihypertensive
drugs were a calcium blocker in 71 patients, an angiotensin receptor blocker in 58, and an angiotensin-converting
enzyme in three. Vitamin D was prescribed for 64%
of the patients.
The mean serum myostatin level was 5424 ± 2887 pg/mL,
and the mean IGF-1 level was 156.8 ± 70.7 ng/mL. The
serum myostatin level of male (6009.1 ± 3211.1 pg/mL) and
non-diabetic patients (5868.8 ± 3227.5 pg/mL) was significantly higher than that of female (4338.8 ± 1727.6 pg/mL)
and diabetic patients (4533.6 ± 1766.7 pg/mL) (gender;
P = 0.003, diabetes; P = 0.018). There was no significant difference in serum IGF-1 level about having sex
difference and diabetes or not. The efficacy of dialysis in
the patients was sufficiently high (Kt/V 1.36 ± 0.24), and
the nPCR levels were slightly low (0.83 ± 0.21 g/kg/day)
compared to general dialysis patient average levels.
The relationship between serum myostatin, IGF-1, and
body composition

The patients’ serum myostatin levels were significantly
positively correlated with their values of body cell mass
(BCM) (r = 0.487, p < 0.0001), arm muscle circumference
(AMC) (r = 0.355, p = 0.001), and basal metabolic rate
(BMR) (r = 0.441, p < 0.0001). The patients’ serum myostatin levels were significantly negatively correlated with their
values of body fat rate (r = − 0.296, p = 0.002) and arm
circumference–AMC (AC–AMC) (r = − 0.214, p = 0.024).
The patients’ serum IGF-1 levels were significantly positively correlated with their BCM (r = 0.238, p = 0.012),
BMI (r = 0.270, p = 0.004), AMC (r = 0.207, p = 0.029), and
AC–AMC (r = 0.255, p = 0.007) (Table 2). The BCM is
comprised of total intracellular water and protein and is

thought to be a reliable muscle mass content marker.
AMC measured directly by a bioelectrical impedance
analyzer correlates well with the skeletal muscle mass.
The BMR also depends on the content of skeletal muscle.
In contrast, the AC–AMC represents the subcutaneous fat mass of the upper arm. As our results demonstrated that the patients’ serum myostatin levels were
significantly positively correlated with muscle-related
factors and negatively correlated with fat-related factors,
it was revealed that the serum myostatin level specifically represents the extent of muscle mass. On the other
hand, the serum IGF-1 level had positive correlations
with both BCM and fat mass; that is, the patients’ serum
IGF-1 levels were positively correlated with their total
body mass. These results indicate that the serum myostatin level appears to be a marker of skeletal muscle
mass and that the serum IGF-1 level could be a marker
of body constitution.
The relationship between serum myostatin, IGF-1, and
clinical laboratory parameters

We next investigated the relationship between serum
myostatin and IGF-1 levels and clinical laboratory parameters by performing a univariate analysis. The results are
shown in Table 3. The serum myostatin levels correlated
positively with serum creatinine (r = 0.417, p < 0.0001),
creatinine phosphokinase (r = 0.329, p = 0.000), and albumin (r = 0.220, p = 0.017), and negatively with age
(r = − 0.326, p = 0.000) and C-reactive protein (r = − 0.232,
p = 0.012). In contrast, the serum IGF-1 levels correlated
positively with blood urea nitrogen (r = 0.392, p < 0.0001),
serum creatinine (r = 0.278, p = 0.002), the protein catabolism rate (r = 0.246, p = 0.008), transferrin (r = 0.227,
p = 0.015), total cholesterol (r = 0.248, p = 0.007), lowdensity lipoprotein (r = 0.183, p = 0.048), and triglyceride
(r = 0.307, p = 0.001), and negatively with age (r = − 0.269,
p = 0.003) and hANP (r = − 0.256, p = 0.005).
Thus, significant positive correlations to serum myostatin levels were observed in muscle-related laboratory
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Table 3 Univariate correlation of serum myostatin and IGF-1 to
clinical parameters

Table 4 Multiple regression analysis of serum myostatin, IGF-1
levels

Clinical parameters

Myostatin, pg/mL IGF-1, ng/mL

Independent variable

r

Myostatin, pg/mL

p

r

p

β

p
0.205

Age, years

− 0.326 0.000

− 0.269 0.003

Age, years

− 0.116

Dialysis vintage, years

0.072

− 0.168 0.070

Sex, male

− 0.255

0.058

Total protein, g/dL

− 0.093 0.317

0.071

0.445

BCM, kg

0.568

< 0.0001

Albumin, g/dL

0.220

0.017

0.128

0.168

Body fat, %

− 0.232

0.022

Blood urea nitrogen, mg/dL

0.148

0.111

0.392

< 0.0001

Albumin, g/dL

0.167

0.056

Creatinine, mg/dL

0.417

< 0.0001 0.278

CRP, mg/dL

− 0.061

0.500

Creatinine phosphokinase, IU/L

0.329

0.000

− 0.066 0.479

Protein catabolism rate, g/kg/day 0.068

0.469

0.246

0.008

Age, years

− 0.154

0.111

Transferrin, mg/dL

0.089

0.345

0.227

0.015

Sex, male

− 0.278

0.042

Total cholesterol, mg/dL

− 0.036 0.699

0.248

0.007

BCM, kg

0.381

0.022

LDL, mg/dL

− 0.130 0.164

0.183

0.048

BMI, kg/m2

0.062

0.586

HDL, mg/dL

0.168

− 0.039 0.674

Protein catabolism rate, g/kg/day

0.211

0.014

Triglyceride, mg/dL

− 0.018 0.847

0.307

0.001

Total cholesterol, mg/dL

0.198

0.037

CRP, mg/dL

− 0.232 0.012

0.101

0.919

Triglyceride, mg/dL

0.184

0.069

hANP, pg/mL

− 0.145 0.119

− 0.256 0.005

β2-MG, mg/dL

− 0.117 0.209

0.010

0.916

Kt/V

− 0.085 0.366

0.035

0.712

0.443

0.070

0.002

CRP C-reactive protein, hANP human atrial natriuretic polypeptide, HDL highdensity lipoprotein, LDL low-density lipoprotein, MG macroglobulin

data (serum creatinine, creatinine phosphokinase), and
negative correlations to serum myostatin levels were
observed in age and CRP. These results are reasonable
because inflammation and aging contribute to skeletal
muscle mass reduction. On the other hand, the patients’
serum IGF-1 levels were correlated with nutrition-related factors such as creatinine, the protein catabolism
rate, transferrin, total cholesterol, and triglyceride.
Combined with the abovementioned body composition
result, the serum IGF-1 level seems to be a marker of
nutritional status.
Multiple regression analysis of serum myostatin, IGF-1,
and other factors

We performed a multiple regression analysis to examine
the relationships between serum myostatin and IGF-1
levels and other factors that had a significant correlation
in the univariate analysis. The BCM was the most significant and independent positive determinant of the serum
myostatin level, whereas many nutrition-related factors
such as the BCM, total cholesterol, triglyceride, and the
protein catabolism rate were significantly associated with
serum IGF-1 (Table 4). Based on these results, we conclude that the measurement of a hemodialysis patient’s
serum myostatin level could be a useful tool for assessing
the contents of skeletal muscle mass, and the serum
IGF-1 level might become a predictor of nutritional status.

IGF-1, ng/mL

BCM body cell mass, BMI body mass index, CRP C-reactive protein

Discussion
Myostatin is recognized as a negative regulator of
skeletal muscle mass in general, and there are many
reports that show a negative relationship between the
serum myostatin level and muscle wasting conditions such
as chronic obstructive pulmonary disease (COPD) [9],
aging [10], HIV [4], and heart failure [11]. Saremi et al.
showed that resistance training for 8 weeks led to a significant decrease in the serum level of myostatin [12]. In the
field of basic research, Zhang et al. showed that the
administration of a myostatin inhibitor suppressed muscle
atrophy in mice with chronic kidney disease [13].
Our present analyses demonstrated that the patients’
serum myostatin levels were positively correlated with
muscle-related factors such as the BCM, AMC, BMR,
and serum creatinine level. These results are opposite
those described in previous reports. The reason why we
obtained opposite results is uncertain. According to the
yin and yang theory of Mak and Rotwein [14], myostatin
plays inhibitory roles in the situation of skeletal muscle
increase. This means the expression of myostatin increases in the skeletal muscle growth condition, whereas
increased myostatin might also accumulate in the serum
of patients with renal dysfunction. Previously, Yamada et
al. showed serum myostatin levels were significantly and
positively associated with lean body mass and serum creatinine levels in patients undergoing peritoneal dialysis
[15]. These results support our assumption that serum
myostatin increase with muscle mass in patient having
renal dysfunction. Furthermore, Han et al. demonstrated
that the time-averaged concentration of serum myostatin
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was positively related to the BMI and negatively related
to grip strength but not to muscle mass [16]. Willoughby demonstrated that 12-week resistance training
increased not only the subjects’ total body mass, fat-free
mass, strength, and thigh volume and mass but also
their skeletal muscle myostatin mRNA, skeletal muscle
myostatin content, and serum myostatin content [17]. In
that report, Willoughby explains that the observed increase in serum myostatin that occurred in response to
resistance training was likely inhibited by concomitant
increases in serum follistatin-like-related gene along with
the concomitant downregulation of the activin 2b receptor, and he suggested that this is the reason why resistance training is associated with increases in myostatin
mRNA, skeletal muscle mass, and serum myostatin.
In our study, the serum follistatin-like-related gene was
not measured, so it is unclear whether that level was high
or low. However, in light of the findings reported by
Yamada et al., Han et al., and Willoughby, it seems that
the existence of a positive relationship between skeletal
muscle mass and the serum myostatin level is possible.
The decreases of growth hormone and IGF-1 with
aging have been implicated in the progressive decline of
lean body mass [18], and Caregaro et al. demonstrated
that in patients with eating disorders, serum IGF-1 was
correlated with the BMI, body fat, mid-arm muscle
circumference, and muscle mass, whereas it was not
correlated with serum protein [19]. These results are
similar to our present findings, and we agree with their
conclusion that IGF-1 appears to be a reliable biochemical marker of malnutrition. In addition, in elderly
women, 12 weeks of muscle strength training (but not
aerobic training) increased serum IGF-1 levels without a
change in the cortisol level [20], and another study
demonstrated that 8 weeks of resistance training increased the total IGF-1 concentration and decreased
the insulin-like growth factor-binding protein 1 (IGFBP-1)
concentration [21].
In light of these previous reports, we speculated that
the serum IGF-1 level could be a predictor of skeletal
muscle mass, similar to the serum myostatin level. However, our results indicated that the serum IGF-1 level
represented the patients’ general nutritional status and
not the skeletal muscle mass only. Especially, the serum
IGF-1 levels correlated positively with total cholesterol,
low-density lipoprotein, and triglyceride. Malik et al.
showed that isolated hypercholesterolemia subjects and
mixed hyperlipidemia subjects (high cholesterol and
high triglyceride) had a lower IGF-1 in general population [22]. Since these results are opposite to our results,
we consider that the positive association between serum
IGF-1 and lipid profile was limited to dialysis patients.
Several reports have described IGF-1 as a predictor of
malnutrition in hemodialysis patients [5–7], but there are
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few reports that show the relationship between the serum
IGF-1 level and skeletal muscle mass in hemodialysis
patients. Rymarz et al. recently demonstrated that the
body cell mass (measured by bioimpedance spectroscopy),
handgrip strength, and serum creatinine were positively
correlated with IGF-1 [23]. Since these findings are identical to our present results, it appears that positive correlations might exist between IGF-1 and muscle-related
factors (such as body cell mass) and serum creatinine.
However, our multiple regression analysis revealed that
serum myostatin but not serum IGF-1 has a strong
relationship with muscle mass contents.
Our study has several limitations. First, the study
population was small because the study was conducted
at a single dialysis center. Our patients may thus not
represent general dialysis populations. However, since
we sought to reveal the relationship between myokines
(myostatin and IGF-1) and clinical parameters (especially
muscle mass-related factors) and to investigate the usage
of these myokines for the prediction of muscle mass,
we were able to achieve our goals in this study. We
hope that our results are proven by future large
population studies.
Second, since our study design was cross-sectional,
it is uncertain whether changes in clinical parameters
are reflected by changes in serum myostatin or IGF-1
levels. We are now planning to conduct longitudinal
research to investigate the changes in serum myostatin
and IGF-1 levels before and after resistance exercise
during hemodialysis treatment.

Conclusions
In conclusion, our findings indicate that serum myostatin might be a useful biomarker for predicting muscle
mass contents in hemodialysis patients, and serum
IGF-1 might be a useful predictor of nutritional status
including muscle mass in hemodialysis patients. Further
studies of larger populations and longitudinal research
are needed to confirm these results.
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