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Mass, and Mortality in Patients on
Hemodialysis
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Objective:Muscle strength is frequently altered in hemodialysis patients. In the present work, five potential muscle biomarkers have

been studied in their ability to assess muscular strength, muscular mass and to predict mortality of hemodialysis patients: activin-A,

procollagen III N-terminal peptide, follistatin, myostatin and insulin-like growth factor-1 (IGF-1).

Design and methods: Three independent cohorts of prevalent hemodialysis patients (2 from Li�ege, Belgium and 1 from Marseille,

France) were considered in this observational prospective study. The biomarkers were first measured in the Liege1 cohort. Two of

them, myostatin and IGF-1, were then assessed in the whole population of patients (Liege1, Liege2 and Marseille). Muscle strength

was assessed with handgrip strength (HGS) and muscle mass with bioimpedance analysis. One-year mortality predictive value of bio-

markers was also studied in the Li�ege1 and Marseille cohorts.

Results: In the Li�ege1 cohort (n567), HGS was only associated with concentrations of myostatin and IGF-1. These associations were

confirmed in the whole population of 204 patients (r50.37, P,0.001 and r50.46, P,0.001, respectively) and remained significant

(P,0.05) in multivariable models. The association between muscle mass and concentrations of myostatin and IGF-1were also signifi-

cant. The ability of myostatin, IGF-1 and serum creatinine to detect a low HGS compared by Receiver Operating Characteristic curves

analysis were not significantly different. Bothmyostatin and IGF-1 had a significant and comparable area under the curve to predict one-

year mortality: 0.73 (95% CI: 0.64 to 0.83) and 0.72 (95% CI: 0.61 to 0.82), respectively.

Conclusion:Our results suggest that myostatin and IGF-1 are two biomarkers of interest to assess muscle status of dialysis patients.

Both biomarkers are associated with HGS, muscular mass, and one-year mortality.
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Introduction

MUSCLE MASS AND muscle strength are
frequently altered in patients on hemodialysis,1,2

a condition associated with poor outcomes.3,4 Detecting
sarcopenia is crucial as it can be reversed using
nutritional approaches and physical exercising.5,6

Measuring muscle strength or muscle mass requires
specific tools and is time-consuming. There is no
consensus regarding assessment of muscle function in he-
modialysis clinical routine.5 In a quest to facilitate sarco-
penia screening and follow-up, biomarkers are of major
interest.
Until now, the best biomarker to assess muscle function

in patients on hemodialysis is serum creatinine (SCr), but
with important limitations as creatinine is influenced by re-
sidual renal function and dialysis modality.7 New bio-
markers related to muscle function have emerged in
general population.8 Insulin-like growth factor 1 (IGF-1)
induces protein synthesis and muscle production by acti-
vating the akt/mTOR pathway.9,10 Conversely, both
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activin A and myostatin are blocking the akt/mTOR
pathway.11-13 Follistatin is an extracellular glycoprotein
that neutralizes the activity of myostatin.14 Procollagen III
N-terminal peptide (PIIINP) is the part of procollagen III
released in the circulation when collagen III is synthetized
in the muscle.15 In the present work, these molecules were
measured in serum of hemodialysis patients and compared
with functional (handgrip strength [HGS]) and structural
tests (muscle mass by bioimpedance analysis [BIA]). We
also tested their ability to predict mortality within 1-year.
Methods
Population

In this observational prospective study, three indepen-
dent cohorts of prevalent hemodialysis patients were
explored. Two cohorts were from Li�ege, Belgium (referred
as Li�ege1 [n5 67] and Li�ege2 [n5 56]). The third cohort
was fromMarseille, France (referred as Marseille [n5 81]).
In Li�ege, the protocol was approved by the Ethics Commit-
tee of our institution ‘‘Comit�e d’�ethique hospitalo-
facultaire universitaire de Li�ege’’ (number
B707201525774). In Marseille, this study obtained
approval from the Health Research Data Processing Advi-
sory Committee and the French National Commission for
Data Protection and Liberties. The study was in accordance
with the ethical standards of Helsinki declaration, and
signed written consent was obtained for each patient.

Measurement of Biomarkers
Samples were drawn from participating patients before

the dialysis session. Sampleswere allowed to clot 30minutes
and then centrifuged at 45,000 RPM for 10 minutes. Sera
were aliquoted and kept frozen at280�C until determina-
tion. IGF-1 was determined on the IDS-iSYS analyzer
(IDS, Boldon, UK). In this chemiluminescent assay, the pa-
tient samples are incubated with an acidic solution to disso-
ciate IGF-1 from the binding proteins, and two
monoclonal antibodies are used to measure IGF-1. In our
hands, the coefficient of variation (CV) was ,7%. PIIINP
was measured using the radioimmunoassay fromOrion Di-
agnostica (Espoo, Finland), and follistatin, myostatin and
activin A were measured using an ELISA from R&D
(R&D Systems, Minneapolis, MN). We have extensively
analytically validated PIIINP, myostatin, and activin A.8

The interassay CV ranged from 5.5% to 8.4% for activin
A, from 7.2% to 8.9% for myostatin, from 5.2% to 10.1%
for PIIINP, and from 7.1 to 9.2% for follistatin. According
to R&D, the follistatin assay measures total follistatin con-
centration (follistatin 288, follistatin 300, and follistatin
315), and the myostatin assay measures the total form of
the peptide (only the C-terminal form being bioactive).
IGF-1, PIIINP, follistatin, myostatin, and activin A were
measured in the same laboratory (Department of Clinical
Chemistry, University of Li�ege) accredited for the ISO
15189 Guideline. Other biological parameters (serum cal-
cium, phosphorus, parathyroid hormone (PTH), C-reac-
tive protein (CRP), albumin, and SCr) were measured
locally. Albumin was measured using Bromocresol green
in all centers. Because PTH was measured by different as-
says in the three centers, we considered relative results ex-
pressed in multiples of the upper normal limit values, as
established by our team.16

Handgrip Strength Measurement
Muscle strength was assessed by HGS. HGS was

measured in dominant arms on a dialysis day but before
connection to the dialysis machine.17 In the two Li�ege co-
horts, measurements were performed in triplicates, with an
interval of 5 seconds between measurements, and the
higher value was kept for further analysis.18 The same Jamar
dynamometer (Jamar� Hydraulic Hand Dynamometer,
Patterson Medical, Warrenville, IL) with a precision of
0.5 kg was used for all measurements in Li�ege1 and Li�ege2.
In Marseille, HGS was measured using a quantitative hand-
grip dynamometer (Kern, Germany). Measurement was
performed in the dominant arm, and the value used was
the mean of three consecutive measurements. An HGS
value below 30 kg in men and 20 kg in women was consid-
ered as abnormally low (EuropeanWorking Group on Sar-
copenia in Older People recommendations).19

Step by Step Process
In the Li�ege1 cohort (exploratory cohort), which was

used for the first proof-of-concept analyses, associations be-
tween the five biomarker candidates and muscle strength
were studied. In the second step of analyses, only the bio-
markers of interest detected in the Li�ege1 were tested in
the two other cohorts (Li�ege2 and Marseille, validation
cohorts).

Biomarkers and Muscle Mass
The two biomarkers of interest identified in the proof-

of-concept cohort were also studied as muscle mass index
(MMI) biomarkers in the Marseille cohort. Muscular
mass measurements by BIA were available only in this
cohort. BIA was performed during the midweek hemodi-
alysis session in the recommended standardized conditions
using Z-Hydra� (Bioparhom, France), which is a multifre-
quency BIA device that allows measurement during a he-
modialysis session. The MMI was calculated as muscle
mass in kilograms divided by squared height in meters. Pa-
tients with limb amputation or pacemaker were excluded
(n 5 10).

The Effect of Dialysis on Myostatin
Concentration
To assess the intradialytic variation of myostatin, we

measured and compared its concentration before and after



MYOSTATIN AND IGF-1: TWO MUSCLE BIOMARKERS 3
dialysis in 10 single dialysis sessions performed in 10 Li�ege1
patients. Among them, 5 patients were dialyzed by hemo-
dialysis and 5 by hemodiafiltration. Results after dialysis
were corrected for total extracellular volume change.

Survival Analysis
Finally, the mortality predictive value of the biomarkers

was studied in the Li�ege1 and Marseille cohorts for which
1-year survival data were prospectively followed up.

Statistics
Data are expressed as mean 6 standard deviation when

distribution was normal and as median with interquartile
range [quartile1 to quartile 3] when not. Normality was as-
sessed by the Shapiro-Wilk test. A comparison between co-
horts was realized by calculating p-values with analysis of
variance for continuous variables, followed by Tukey’s Stu-
dentized range test to control type 1 error rate. For categor-
ical variables, Pearson’s exact chi-square test was used. The
correlation between assays and HGSwas evaluated by Pear-
son correlation. Backward and forward multiple regression
analysis using a 5 0.05 as the entry criterion was used to
study the potential linear relationship between biomarkers
and clinical or biological data. For the comparison of con-
centration results between assays before and after dialysis,
Wilcoxon rank sum test was used to test the equality of
the mean relative change between hemodialysis and hemo-
diafiltration sessions. Univariate survival curves (Kaplan-
Meier) were calculated for strata defined by the biomarker
cutoff correspondingwith the optimal Youden index, based
on the receiver operating characteristic (ROC) analysis
(with subgroups based on death). Cox proportional hazard
regression models were used to study the risk of 1-year
mortality associated with biomarkers adjusted for age and
gender. ROC curves (with subgroups based once on death
and once on decreasedHGS)were evaluated for biomarkers
of interest. For these analyses, we also compared the com-
bination of myostatin and IGF-1 (logistic regression model)
with SCr.

Results
Demographics and biochemistry data for the total stud-

ied population (n 5 204) and each cohort separately are
summarized in Table 1. Briefly, the median age of the total
studied population was 71 [58-81] years, 60% of the popu-
lation were men, and 42% of patient had diabetes. The me-
dian HGS was 20 [14-29] kg. A total of 67% of patients had
a low muscle strength, as defined previously.19 Median my-
ostatin and IGF-1 serum concentrations were 2573 [1663-
3703] pg/mL and 118 [84-172] mg/L, respectively.

Linear Correlation Between the 5 Biomarkers
and HGS in the Exploratory Cohort (n = 67)
A significant association was found between HGS and

myostatin and IGF-1 concentrations, but no association
was found between HGS and activin A, follistatin, or
PIIINP (Table 2). Therefore, myostatin and IGF-1 were
further studied (Table 3).
HGS and Concentrations of Myostatin and
IGF-1 in the Whole Cohort (n = 204)
The significant associations between HGS and myostatin

or IGF-1 were confirmed in the whole population
(r 5 0.37 [95% confidence interval (CI): 0.25 to 0.48],
P , .0001 and r 5 0.46 [95% CI: 0.35-0.57], P , .0001,
respectively) (Fig. 1A and 1B, respectively). In the total
cohort, we also found a significant correlation between
HGS and SCr (r 5 0.50 [95% CI: 0.39-0.59], P , .0001)
(Fig. 1C). To note, correlations between myostatin, IGF-
1, SCr, and HGS were not significant in Li�ege2 (Table 3).
We found a significant linear association (2 if negative

and 1 if positive) in univariate analysis (P , .05) between
myostatin and age (2), gender (higher concentrations in
men), height (1), hemodiafiltration (higher concentration
compared to hemodialysis), bicarbonates (2), prealbumin
(1), center, CRP (2), and HGS (1). In the multivariable
model (R2 5 0.31), with myostatin as the dependent vari-
able, a significant association (P , .05) was found between
myostatin and age, center, CRP, and HGS.
Regarding IGF-1, we found a significant linear associa-

tion in univariate analysis (P , .05) with age (2), height
(1), dry weight (1), dialysis vintage (2), hemodiafiltration
(higher concentration compared to hemodialysis), bicar-
bonates (2), phosphates (1), albumin (1), prealbumin
(1), and HGS (1). In the multivariable model
(R2 5 0.41), a significant association (P , .05) was still
found between IGF-1 and age, prealbumin, and HGS.
For SCr, we found a significant linear association in uni-

variate (P , .05) with age (2), gender (higher concentra-
tion in men), height (1), dry weight (1), HGS (1),
phosphates (1), albumin (1), bicarbonates (2), prealbu-
min (1), PTH (1), CRP (2), center, dialysis vintage
(1), hemodiafiltration (higher concentration with hemo-
diafiltration), and residual renal function (2). In the multi-
variable model (R2 5 0.42), a significant association
(P , .05) was still found between SCr and HGS, phos-
phates, PTH, prealbumin, dialysis vintage and residual renal
function.
The ability of myostatin, IGF-1, and SCr to detect a

decreasedHGSwas then compared byROC curve analysis.
Bothmyostatin and IGF-1 had a significant and comparable
area under the curve (AUC): AUC5 0.72 (95% CI: 0.65-
0.79) for myostatin and AUC 5 0.71 (95% CI: 0.63-0.79)
for IGF-1. AUC for creatinine was lower although the dif-
ference was not significant compared with myostatin and
IGF-1: AUC 5 0.67 (95% CI: 0.59-0.74) (Fig. 2).
Combining IGF-1 with myostatin increased the AUC to
0.76 (95% CI: 0.69-0.83; P 5 .0238, in comparison to
AUC of SCr alone), whereas adding SCr to myostatin or
IGF-1 did not reach higher AUCs.



Table 1. Demographics and Biochemistry Description of Cohorts

Variables Whole (n 5 204) Li�ege1 (n 5 67) Li�ege2 (n 5 56) Marseille (n 5 81) P Value

Age 71 [58; 81] 65 [46; 77] 70 [58; 77] 77 [69; 85]* ,.0001

Gender (% of men) 60 64 55 60 NS
Residual renal function (.200 mL/day) (%) 69 49 88† 72* ,.0001

Dialysis vintage (months) 29.5 [15.0; 54.5] 24 [14.0; 51.5] 33.5 [18.0; 56.0] 32.0 [13.8; 70.0] NS

Height (cm) 166 6 10 168 6 11 166 6 10 165 6 9 NS

Dry weight (kg) 71 6 16 71 6 17 73 6 17 69 6 15 NS
Dialysis time per session (hour) 4.0 6 0.4 3.9 6 0.3 3.8 6 0.4 4.2 6 0.5* ,.0001

Hemodiafiltration (%) 50 69 100† 0* ,.0001

Diabetes (%) 42 42 41 42 NS
Bicarbonates (mmol/L) 23.5 6 3.8 21.3 6 2.8 22.7 6 2.8† 26.0 6 3.7* ,.0001

Hemoglobin (g/dL) 10.9 6 1.2 10.7 6 1.2 11.4 6 1.1* 10.7 6 1.3 .0038

Calcium (mmol/L) 2.20 6 0.18 2.22 6 0.18 2.18 6 0.19 2.19 6 0.18 NS

Phosphorus (mmol/L) 1.56 [1.25; 1.92] 1.75 [1.35; 2.06] 1.46 [1.19; 1.92] 1.50 [1.2; 1.7]† .0169
PTH (multiples of the upper normal

limit values)

4.9 [2.6; 8.4] 4.8 [2.6; 7.8] 7.8 [5.6; 11.2]* 3.2 [1.8; 5.8] ,.0001

25OH-vitamin D (ng/mL) 30 [21; 39] 38 [27; 45] 21 [13; 31]* 31 [23; 38] ,.0001

CRP (mg/L) 6 [2; 15] 7 [2; 15] 5 [2; 10] 8 [3; 23] .0489
Creatinine (mg/dL) 7.51 6 2.61 8.02 6 2.82 7.74 6 2.56 6.92 6 2.37‡ .0283

Albumin (g/L) 38 [35; 40] 40 [38; 42]* 36 [34; 39] 38 [34; 39] ,.0001

Prealbumin (g/L) 0.28 [0.22; 0.33] 0.30 [0.24; 0.35] 0.28 [0.25; 0.32] 0.26 [0.20; 0.33]† .0066
Handgrip strength 20 [14; 29] 26 [20; 36]* 21 [16; 29] 17 [12; 24] ,.0001

Handgrip strength (men) 25 [19; 34] 32 [22; 40] 26 [20; 31] 20 [14; 26] ,.0001

Handgrip strength (women) 16 [11; 20] 20 [18; 24] 16 [10; 20] 12 [9; 14] ,.0001

Decreased handgrip strength (%) 67 42 66† 88* ,.0001
Myostatin (pg/mL) 2573 [1662; 3703] 3008 [1978; 4295] 3357 [2184; 4892] 1755* [1163; 2670] ,.0001

IGF-1 (mg/L) 118 [84; 172] 152 [88; 208] 123 [90; 168] 104 [76; 152]† .002

CRP, C-reactive protein; IGF-1, insulin-like growth factor 1; NS, not significant; PTH, parathyroid hormone.

*If P , .05 in comparison with the two other cohorts.
†If P , .05 in comparison with Li�ege1.

‡If P , .05 in comparison with Li�ege2.
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Linear Correlation Between Myostatin and
IGF-1 and Muscle Mass Index

In the 71 patients with BIA measurements, mean MMI
was 8.37 6 1.73 kg/m2. Serum myostatin and IGF-1
were statistically correlated with MMI: r 5 0.30 (95%
CI: 0.07-0.50; P 5 .0103) and r 5 0.44 (95% CI: 0.23-
0.61; P , .0001), respectively.

Concentration of Myostatin Before and After
the Dialysis Session

In the 10 tested patients, serum myostatin significantly
decreased after the dialysis session (median decrease of
212% [218; 24]). Median concentrations after dialysis
were significantly lower than those before the session:
Table 2. Pearson Correlations Between Biomarkers and
Handgrip Strength in the Exploratory Li�ege1 Cohort (n5 67)

Biomarkers Correlation (r) (95% CI) P Values

Activin A 20.09 (20.33 to 0.16) NS

Follistatin 0.007 (20.23 to 0.25) NS

PIIINP 0.0008 (20.23 to 0.25) NS
IGF-1 0.44 (0.22 to 0.61) .0002

Myostatin 0.50 (0.30 to 0.66) ,.0001

CI, confidence interval; IGF-1, insulin-like growth factor 1; NS, not

significant; PIIINP, procollagen III N-terminal peptide.
from 1007 to 874 pg/mL (P 5 .006). The decrease of my-
ostatin was equivalent between patients treated with hemo-
dialysis or hemodiafiltration.
Concentrations of Myostatin and IGF-1 and
One-Year Mortality
One-year survival status was available for 143 patients,

from Li�ege1 and Marseille cohorts (31 nonsurvivors, 112
survivors, 5 lost to follow-up). Characteristics of survivors
and nonsurvivors are shown in Table 4. In univariate anal-
ysis, a significant difference between survivors and nonsur-
vivors was found for age, percentage of patients treated by
hemodiafiltration, albumin, CRP, prealbumin, HGS,
SCr, myostatin, and IGF-1. The ability of biomarkers to
predict mortality was assessed by ROC curve analyses.
Bothmyostatin and IGF-1 had a significant and comparable
AUC: 0.73 (95% CI: 0.64-0.83) and 0.72 (95% CI: 0.61-
0.82), respectively. The more predictive cutoff values
(Youden index) were concentrations of 1647 pg/mL for
myostatin and of 106.5 mg/L for IGF-1. Including age to
myostatin or IGF-1 did not change the AUC. AUC for
creatinine was lower, but the difference was not significant:
0.66 (95% CI: 0.58-0.74) (Fig. 3). However, in a model
combining both myostatin and IGF-1, the AUC of the
ROC curve was significantly better than the AUC of the



Table 3. Pearson Correlations Between Myostatin/IGF-1/Serum Creatinine and Handgrip Strength in the Whole and Different
Cohorts

Biomarkers Whole (n 5 204) Li�ege1 (n 5 67) Li�ege2 (n 5 56) Marseille (n 5 81)

Serum creatinine 0.50 (0.39 to 0.59)
P , .0001

0.57 (0.38 to 0.71)
P 5 .0002

0.15 (20.11 to 0.40)
NS

0.59 (0.43 to 0.72)
P , .0001

Myostatin 0.37 (0.25 to 0.48)

P , .0001

0.50 (0.30 to 0.66)

P , .0001

0.06 (20.20 to 0.32)

NS

0.54 (0.37 to 0.68)

P , .0001

IGF-1 0.46 (0.35 to 0.57)
P , .0001

0.44 (0.22 to 0.61)
P , .0001

0.18 (20.09 to 0.42)
NS

0.52 (0.34 to 0.66)
P , .0001

CI, confidence interval; IGF-1, insulin-like growth factor 1; NS, not significant.

Results are provided as correlation coefficient (95% CI) and P-value (univariate analysis).
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ROC of SCr alone (AUC: 0.76 [95% CI: 0.65-0.86],
P 5 .0193) (Fig. S1).
Cox proportional hazards models are presented in

Table 5. Myostatin and IGF-1 were associated with mortal-
ity in all models, except when prealbumin was considered.
Survival curves were calculated with the cutoff value of

biomarkers obtained from the ROC curve analysis (1647
pg/mL for myostatin, 106.5 mg/L for IGF-1, and
7.2 mg/dL for SCr). These curves were significantly
different (P,.0001) between patients with myostatin con-
centrations above and below the cutoff value (Fig. 4A). The
same result was obtained when comparing the subgroups
obtained with IGF-1 concentrations cutoff (P 5 .0006)
(Fig. 4B) and comparing the subgroups for SCr
(P 5 .0034) (Fig. 4C). After adjusting for age and gender,
the survival curves (above and below the cutoffs) remained
significantly different from each other for the three bio-
markers. Including albumin, CRP, and the percentage of
patients treated by hemodiafiltration did not modify the re-
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sults. Adding prealbumin in the adjusted model, SCr, and
IGF-1 was no longer significant (only prealbumin,
P,.0001), but the difference was still significant for myo-
statin (P 5 .0197) and prealbumin (P , .0001).

Discussion
We report the interest of myostatin and IGF-1 to assess

the muscular health of patients on hemodialysis. These
two biomarkers were correlated with muscle function and
muscular mass and perform similar to creatinine in detect-
ing low HGS. They were also independently associated
with a higher risk of 1-year mortality, even after adjustment
for gender, age, and other variables such as CRP, albumin,
and dialysis modality. Only the adjustment made for preal-
bumin resulted inmyostatin and IGF-1 being not predictive
of mortality.
Nowadays, sarcopenia is mostly diagnosed by interviews,

scoring, or HGS measurement, but such measurements
have limitations, and eventually a single, unique definition
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of sarcopenia is still lacking in the CKD context.5 Potential
advantages of biomarkers are simplicity and
reproducibility.8

In our preliminary analysis, we did not confirm the sig-
nificant (negative) association between HGS and follistatin
described by others14 but found a positive association be-
tween HGS and myostatin and IGF-1, which persisted in
the multivariable analyses. IGF-1 is a well-know protein
that strongly activates protein formation by activating the
akt/mTOR pathway in the muscle, leading to an increase
in muscle functioning, growth, and repair. Based on these
physiological data, a positive association was expected to
Table 4. Demographics and Biochemistry Comparison of Patients

Variables Alive (

Age 70 [58; 8

Gender (% of men) 59
Residual renal function (.200 mL/day) (%) 59

Dialysis vintage (month) 27 [14.0

Height (cm) 167 6 1

Dry weight (kg) 71 6 16
Dialysis time per session (hour) 4.0 6 0.

Hemodiafiltration (%) 37

Center effect 84% Li�e

73% in
Diabetes (%) 40

Bicarbonates (mmol/L) 23.8 6 4

Hemoglobin (g/dL) 10.7 6 1
Calcium (mmol/L) 2.21 6 0

Phosphorus (mmol/L) 1.61 [1.2

PTH (multiples of the upper normal limit values) 4.3 [2.1;

25OH-vitamin D (ng/mL) 34 [26; 4
CRP (mg/L) 5 [2; 14]

Creatinine (mg/dL) 7.72 6 2

Albumin (g/L) 39 [36; 4

Prealbumin (g/L) 0.30 [0.2
Handgrip strength 20 [14; 3

Myostatin (pg/mL) 2557 [17

IGF-1 (mg/L) 134 [88;

CRP, C-reactive protein; IGF-1, insulin-like growth factor 1; NS, not sign
be found between HGS or muscle mass and IGF-1, and
we confirmed here the prior data published regarding pa-
tients on hemodialysis.20-24 Of interest, authors have
described an impaired signaling of IGF-1 in a model of
CKD mouse,25 and others evoked a possible resistance to
IGF-1 in patients on dialysis.26

Myostatin, also named growth and differentiation factor
8, is a member of the superfamily of transforming growth
factor b. Myostatin is a chalone protein, i.e., a protein
secreted by the muscle itself. Its role is to inhibit the akt/
mTOR pathway expressed in myogenic stem cells and
proliferating myoblasts by activating specific activin IIb re-
ceptors and acts as a robust negative regulator of muscle
mass.27,28 A mutation in myostatin leading to a
phenotype of higher muscle mass has been described in a
human newborn.29 The positive association between myo-
statin and HGS observed in our patients must be discussed.
The positive association observed between myostatin and
HGS in different populations is still debated in the current
literature, with some authors showing negative or no asso-
ciations30-38 and others showing a positive one.11,39-43 Such
discrepancies in the literature could be explained, at least in
part, by the difference in assays used to measure myostatin.
Indeed, myostatin seems particularly difficult to measure
(lack of specificity with other proteins from the
transforming growth factor b superfamily, lack of
sensitivity, and measurement of the full-myostatin protein,
whereas only the C terminal fragment is bioactive).13,40 In
this context, it is important to underline that two studies
According to the One-Year Survival Status

n 5 112) Death (n 5 31) P Value

1] 78 [72; 84] .006

71 NS
68 NS

; 57.0] 38 [24.3; 49.5] NS

0 164 6 9 NS

67 6 14 NS
4 4.1 6 0.5 NS

10 .0038

ge

Marseille

16% Li�ege

27% in Marseille

NS

48 NS

.1 24.4 6 3.9 NS

.2 10.8 6 1.3 NS

.18 2.20 6 0.20 NS

9; 1.92] 1.49 [1.23; 1.79] NS

6.8] 3.9 [1.1; 6] NS

2] 30 [21; 40] NS
12 [3; 35] .0095

.71 6.24 6 1.85 .0007

2] 37 [33; 39] .0038

4; 0.36] 0.22 [0.14; 0.27] ,.0001
0] 18 [11; 26] .0478

26; 3537] 1603 [944; 2518] .0002

183] 88 [62; 116] .0003

ificant; PTH, parathyroid hormone.
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Figure 3. ROC curves for myostatin, IGF-1, and serum creat-
inine to predictmortality at 1 year (unadjusted). AUC, area un-
der the curve; IGF-1, insulin-like growth factor 1; ROC,
receiver operating characteristic.

Table 5. Association Between Plasmatic Concentrations of
Myostatin and IGF-1 and One-Year Survival: Cox
Proportional Hazards Models (n 5 143)

Included variables

Univariate Analysis

HR [95% CI] P Value

Univariate model

Age 1.041 [1.012-1.071]* .0052

Gender — NS
Albumin 1.09 [1.02-1.16]* .0069

Prealbumin† 2.72 [1.84-4.03]* ,.0001

CRP 1.006 [1.002-1.011]* .0033

Hemodiafiltration 4.61 [1.40-15.2]* .0119
Serum creatinine* 1.27 [1.07-1.52] .0073

Myostatin‡ 1.81 [1.26-2.58]* .012

IGF-1§ 1.15 [1.06-1.25]* .0008
Multivariable models

Model 1

Age - NS

Gender - NS
Myostatin 1.49 [1.03-2.15] .0356

IGF-1 1.11 [1.01-1.21] .025

Model 2

Age - NS
Gender - NS

Albumin - NS

CRP - NS
Hemodiafiltration - NS

Serum creatinine - NS

Myostatin 1.49 [1.03-2.15] .0356

IGF-1 1.11 [1.01-1.21] .0250
Model 3

Age - NS

Gender - NS

Albumin - NS
Prealbumin† 2.72 [1.84-4.03] ,.0001

CRP - NS

Hemodiafiltration - NS
Serum creatinine - NS

Myostatin - NS

IGF-1 - NS

CI, confidence interval; CRP, C-reactive protein; HR, Hazard Ratio;
IGF-1, insulin-like growth factor 1; NS, not significant.

*HR for a serum creatinine decrease of 1 mg/dL.

†HR for a prealbumin decrease of 0.1 g/L.

‡HR for a myostatin decrease of 1000 pg/mL.
§HR for a IGF-1 decrease of 10 mg/L.
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using mass spectrometry to measure myostatin found a
positive association between myostatin and muscle
function in nondialysis patients.39,40 Until now, only
scarce and discrepant data are available regarding patients
on dialysis. In 2011, Han et al.21 measured myostatin and
IGF-1 in 60 patients undergoing dialysis. They found a
negative association between HGS and myostatin using a
home-made assay, with poor performance (intraassay CV
of 15% and interassay CV of 20%). In 2016, Yamada
et al.41 studied myostatin in 69 Japanese patients treated
by peritoneal dialysis, using the same assay as in our study.
The authors showed a positive correlation betweenmyosta-
tin and SCr, creatinine excretion, or a model of creatinine
kinetics (all indirect measurements of muscle mass).
Only hypotheses can be advanced to explain such a pos-

itive correlation. In specific populations, a negative feed-
back is not necessary because the muscle is already
negatively influenced by other pathologic factors: malnu-
trition, uremic toxins, high oxidative stress, physical inac-
tivity, hypogonadism, and inflammation.44-47 In other
words, the role of ‘‘brake’’ of muscle synthesis by
myostatin is unnecessary in these patients who already
have a decreased muscle formation for other reasons.
Another hypothesis is that myostatin, being produced by
the muscle, concentration could be dependent on the
number of mature muscle fibers.34,41 To note, myostatin
acts essentially in a paracrine manner, and intramuscular
concentrations of myostatin might not be correlated to
serum concentrations. Nevertheless, intramuscular dosing
of myostatin is impossible in clinical routine. It is also
important to consider that myostatin secretion is
influenced by numerous factors: its secretion is enhanced
by nutritional intakes,48 inflammation,49 oxidative stress,
or uremic toxins.46

Our data confirm previous studies showing that IGF-1
was predictive of mortality in patients on dialysis.9 For
the first time, we showed that myostatin was also associated
with mortality. Moreover, myostatin was the only variable
associated with 1-year mortality in a model in which
SCr, IGF-1, age, gender, CRP, and albuminwere included.
Prealbumin seems, as an integrative nutritional biomarker,
better than myostatin, IGF-1, and SCr (when continuous
variables are considered) or in combination with myostatin
(when dichotomized variables are considered) to predict
mortality. These results probably reflect the strong and ex-
pected association between nutrition and muscle function.
This study must be considered in the light of its limita-

tions. First, our sample is relatively limited, although obser-
vations were repeated in three independent centers.
Moreover, biomarkers have been measured once, and the
interest of repeated measurement should be assessed in
further studies. Second, it could be argued that the new
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Figure 4. Survival curves within 1 year for myostatin (A), IGF-1 (B), and serum creatinine (C) (unadjusted). IGF-1, insulin-like
growth factor 1.

DELANAYE ET AL8
biomarkers do not perform better than SCr. Indeed, the
biomarkers have an added value compared with creatinine
only when they are considered together. These biomarkers
are however less influenced than SCr by other variables, the
most important being the absence of association with renal
residual function.50 Also, even if we showed a slight decline
of myostatin after the dialysis session (212%, an expected
result according to its molecular weight: 26,000 Da12),
this decline is much less important than the decline
observed with SCr. IGF-1 (molecular weight: 7,600 Da)
is not dialyzable because it circulates in the plasma bound
to specific protein51. Third, because of legal reasons in
France, ethnicity could not be considered in the current
analysis. Fourth, myostatin and IGF-1 could theoretically
be influenced by therapies, notably steroids,52,53 but
treatments were not analyzed in our cohorts. Finally, the
assay used to measure myostatin is an ELISA with
limitations, and the R&D assay measures the full intact
protein. As only the C terminal fragment is bioactive, the
real degree of biological activity of myostatin is probably
imperfectly reflected by the assay we used. Having said
that, the kit we used has been extensively validated from
an analytical perspective.8

Our results suggest that myostatin and IGF-1 are two
biomarkers of interest to assess the muscle status of pa-
tients on dialysis. Both biomarkers are associated with
HGS, muscular mass, and 1-year mortality. These results
should be confirmed in larger cohorts and externally
validated.
Practical Application
Myostatin and IGF-1 are two biomarkers of muscle

strength and muscle mass in patients on hemodialysis.
These biomarkers are also able to detect low HGS values
and are also associated with 1-year mortality. These bio-
markers could be of clinical use as screening tools of sarco-
penia in patients on hemodialysis.
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