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Abstract

Purpose Protein-energy wasting, characterized by decreased muscle mass, is one of the strongest predictors of mortality in
patients on maintenance hemodialysis (MHD). As people get older, their muscle strength usually declines faster than muscle
mass. However, the association between lower-limb muscle strength and all-cause mortality remains unclear. We aimed to
evaluate risk factors for decreased upper-limb muscle strength in MHD patients and its impact on patient survival.
Methods The cross-sectional part of the study included 174 MHD patients. Subsequently, they were followed up for
52 weeks. Biceps muscle strength, anthropometry, body composition, dietary intake, daily steps, and biochemical indica-
tors of malnutrition and inflammation were evaluated. Risk factors for muscle weakness were screened by multiple linear
regression analysis, and patient survival was analyzed by Kaplan—Merier and Cox multivariate analysis.

Results The 174 MHD patients (93 men; 63.05 + 12.29 years) were classified as a young (< 65 years, n=97) group and an
elderly group (> 65 years, n="77). Gender, daily steps, muscle mass, 25(OH)D level and IL-6 in young group, and muscle
mass, 25(OH)D, daily steps, and NT-proBNP in elderly group were associated with the decreased biceps muscle strength.
The survival rate in high muscle strength group was significantly higher than that in low muscle strength group (P=0.002).
The association between low muscle strength and high mortality risk remained strong in the fully adjusted model.
Conclusion Risk factors of muscle weakness were different between young and elderly MHD patients. There was a strong
correlation between strong biceps muscle strength and high patient survival.

Keywords Maintenance hemodialysis - Muscle strength - Muscle mass - Mortality

Introduction

Protein-energy wasting (PEW), a pathological condition
characterized by a progressive reduction of protein and
energy stores, has been increasingly reported in patients
with chronic kidney disease (CKD) and is associated with
adverse clinical outcomes [1, 2]. It was reported that PEW
occurred in approximately 18-75% CKD patients [3-5].
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Henceforth, early recognition and early intervention of PEW
may improve the clinical outcome.

Decreased muscle mass is one of the most important cri-
teria for the diagnosis of PEW [1]. Actually, both muscle
mass and muscle strength are vital prognostic indicators in
CKD patients [6, 7]. When people get older, the loss of mus-
cle mass is associated with the decline in muscle strength.
This strength decline is more prominent than the concomi-
tant loss of muscle mass [8]. In some cases, muscle strength
reduction occurs when muscle mass remains constant or is
even increased [9]. It has been recently documented that low
muscle strength is more unequivocally associated with PEW
and mortality than low muscle mass [10]. Muscle strength
assessment may give extra diagnostic and prognostic data in
CKD patients from different age groups.

Serum 25(OH)D is a reliable indicator of the vitamin D
status [11]. Vitamin D deficiency is defined as a 25(OH)
D level of less than 50 nmol/L (20 ng/mL) and is a highly
prevalent condition in the older population [12]. Vitamin
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D deficiency is also common among CKD patients, and as
CKD progresses, vitamin D deficiency becomes more pro-
nounced [13, 14]. It has been documented that the vitamin
D status is positively correlated with physical performance
and muscle size in CKD patients [15]. Our previous work
also showed that vitamin D receptor activators (VDRASs)
increased serum creatinine (SCr) levels in non-dialysis
patients, but had no effect on renal function [16]. We specu-
lated that VDR As may be directly involved in Cr metabolism
in the body muscles by increasing its release. A consider-
able number of dialysis patients need to use VDRAs for the
treatment of CKD—mineral and bone disorder (CKD-MBD).
However, whether 25(OH)D level or application of VDRAs
is related to muscle strength in dialysis patients remains
unclear.

The prevalence of chronic disease increases with age.
The burden of chronic disease increases the risk of disabil-
ity in the elderly who often need special support and care
[17, 18]. In China, some elderly MHD patients are usually
less active and have been confined to bed for many years or
have to rely on wheelchairs. So we hypothesized that upper-
limb muscle strength might be a more convincing indicator
to assess the patient’s overall muscle strength than lower-
limb muscle strength. The aim of the present study was to
determine risk factors for decreased biceps muscle strength
in MHD patients of different age groups and evaluate the
impact of muscle strength change on the mortality rate of
MHD patients.

Methods
Participants and study design

The single-centre study has a cross-sectional and a longitu-
dinal part. The cross-sectional study was carried out in Janu-
ary 2016 in the dialysis centre of Fudan University Huashan
Hospital (Shanghai, China), then the patients were followed
up for 52 weeks for subsequent survival analysis. The selec-
tion criteria were patients (1) > 18 years; (2) who under-
went thrice-weekly hemodialysis for more than 3 months;
(3) without residual renal function (urine volume less than
200 mL/day). Patients with evidence of serious infectious
diseases and severe anemia disease were excluded from the
study. The included patients were first categorized into two
groups (low muscle strength group, n=_87; high muscle
strength group, n=_87) according to biceps muscle strength,
and then divided into a young MHD group (age < 65 years,
n=97) and an elderly MHD group (age > 65 years, n="77).
Biocompatible membranes (polysulfone), ultrapure water
and bicarbonate buffered dialysis fluid were used. The study
was approved by the ethics committee of Huashan Hospital.
Written informed consent was obtained from each patient.
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Study outcome

Patients were followed for 52 weeks up to death, kidney
transplant, or the end of follow-up period. The endpoint of
the study was all-cause mortality. Data for endpoints were
obtained from hospital charts and through telephone inter-
view with patients.

Data collection

Bicep muscle strength was measured with a digital hand-
held dynamometer (Hoggan) in the nonfistula hand if
implanted or in the dominant hand. Handgrip strength was
assessed with a handgrip dynamometer. Each measurement
was repeated three times, and the mean value of these three
measurements was recorded for the analysis. Body compo-
sition was tested by estimating muscle mass and fat mass
using bioelectrical impedance analysis (TANITA) 30 min
after a midweek dialysis session. Patients were asked to
remove all the accessories and stand on the body composi-
tion analyzer with bare feet. Body composition was meas-
ured by the prediction equations of manufacturer within the
analyzer as previously reported [19-21]. Body mass index
(BMI), waist-to-hip ratio (WHR), triceps skinfold thickness
(TSF), midarm circumference (MAC), midarm muscle cir-
cumference (MAMC), and calf circumference were meas-
ured and calculated according to the standard techniques.
Digital Pocket Pedometer (Omron) was used to record daily
steps. Each patient was asked to keep a food diary for 3
consecutive days. Three-day-dietary diaries were collected
and analyzed by dieticians using Keto nutritional assessment
software (vision 2.0, Fresenius Kabi Pharmaceutical Co.,
Ltd, Beijing, China). The nutritional status was assessed by
subjective global assessment (SGA).

Biochemical methods

Pre-dialysis blood specimens were taken during a midweek
session for laboratory assessment by standard techniques.
25(0OH)D levels were detected by enzyme immunoassay.
Interleukin 6 (IL-6) and tumor necrosis factor-o (TNF-a)
were measured by Elisa (ANOGEN). The levels of total
superoxide dismutase (T-SOD) and malondialdehyde
(MDA) were measured by Oxidative Stress Kit (Nanjing
Jiancheng). The normalized protein catabolic rate (nPCR)
was calculated using the formula described previously [22].

Statistical analyses

Continuous variables were summarized as the mean + stand-
ard deviation (SD) or median. The differences between
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groups were analyzed using two independent-sample t tests
or Wilcoxon—-Mann—Whitney test, as appropriate. Categori-
cal variables were described using proportions and analyzed
with the Chi square test. The correlation between muscle
strength and other nutritional markers was assessed through
Pearson’s correlation coefficient. Univariable linear regres-
sion was used to analyze the predictors of decreased upper-
limb muscle strength. Values of P <0.20 were included in
multivariate regression analysis. Survival curves were esti-
mated using the Kaplan—Meier method, and differences in
survival distribution were evaluated by the log-rank test. The
Cox proportional-hazards regression model was used to esti-
mate hazard ratios. We included covariates in multivariable-
adjusted models if they were biological relevance or clinical
interest. Cox regression analyses are presented as hazard
ratios with 95% confidence intervals. Statistical analysis was
carried out using SPSS17.0. The level of significance was
set at < 0.05.

Results

Of the 174 MHD patients included, 93 were male and 81
were female with a mean age of 63.05+ 12.29 years and a
dialysis vintage of 9.19 +6.06 years. The leading cause of
end-stage renal disease was glomerulonephritis (44.83%),
followed by hypertension (17.82%), diabetic nephropathy
(17.24%), and other causes (20.11%). Paticipants were first

categorized into two groups (low muscle strength group,
n=_87; high muscle strength group, n=287) according to
biceps muscle strength. Those with low muscle strength
were older, more of women, had higher SGA scores and the
smaller number of daily steps (P <0.001) (Table 1).

Baseline characteristics of young and elderly MHD
patients by biceps muscle strength

To examine biceps muscle strength of the MHD patients
of different age groups, they were categorized into a young
MHD group (< 65 years, n=97) and an elderly MHD group
(=65 years, n="77). Then, the patients were further divided
according to the age-specific median biceps muscle strength
values, and the baseline characteristics are depicted in
Table 1. It was found that patients with low muscle strength
had higher SGA scores and the smaller number of daily
steps in both groups. In young MHD group, compared with
patients with high biceps muscle strength, those with low
muscle strength were more of women (P <0.001) and had
longer dialysis vintage (P =0.003). As expected, patients
with low muscle strength were older in elderly MHD group
(P=0.004), but not in young MHD group (P =0.54). There
was no significant difference in K#/V, diabetes (%), calcitriol
dosage, daily energy intake (DEI) and daily protein intake
(DPI) between the high and low muscle strength patients in
both groups.

Table 1 Baseline characteristics of young and elderly dialysis patients according to biceps muscle strength

MHD (n=174) Young MHD (n=97) Elderly MHD (n=77)
Low (n=87) High (n=87) P Low (n=49) High (n=48) P Low (n=39) High(n=38) P
Age (years) 68.34+11.46 57.76+10.78 <0.001 54.76+7.71 53.77+7.99 0.54 76.23+7.11 71.95+5.44 0.004
Gender (male/ 33/54 60/27 <0.001 13/36 36/12 <0.001 18/21 26/12 0.08
female)
Dialysis vin-  8.00 (4.00, 8.00 (4.00, 0.67 12.00 (6.50, 6.00 (3.25, 0.003 7.00 (5.00, 7.50 (3.00, 0.44
tage (year) 12.00) 14.00) 17.5) 11.50) 11.00) 11.00)
Diabetes (%) 17 (19.54) 13 (14.94) 042 10(20.41) 6 (12.50) 0.44 7(17.95) 7(18.42) 0.81
Ku'v 1.37+0.13 1.38+0.21 0.52 1.40+0.14 1.36+0.24 0.35 1.40+0.14 1.37+0.16 0.54
SGA score 12.49+2.60 11.13+1.89 <0.001 11.61%2.01 10.77+1.73 0.03 13.44+2.73 11.71+£2.34 0.004
nPCR (g/kg/ 1.08+0.19 1.12+0.14 0.69 1.13+0.16 1.14+0.15 0.73  1.07+0.19 1.07+0.17 0.96
day)
Daily steps 2803 (824, 5589 (4659, <0.001 4157 (2787, 6138 (5193, 0.001 941 (354, 4169 (3261, <0.001
4154) 6511) 5216) 6836) 3214) 5420)
DEI (kcal/kg/  26.97 +8.79 26.59+10.03 0.78 28.80+11.58 25.18+7.95 0.08 27.07+10.35 25.92+6.33 0.56
day)
DPI (g/kg/day) 1.06+0.28 1.11+£0.26 0.14  1.09+0.25 1.08+0.29 0.83 1.08+0.32 1.08+0.26 0.98
Calcitriol dos- 1.78+1.20 1.70+1.06 0.64 1.73+1.15 1.54+1.03 0.39 197+1.29 1.76 +1.08 0.44

age (pg/w)

Values indicate means + SDs or proportions. 1 kcal =4.1868 kJ

MHD maintenance hemodialysis, SGA subjective global assessment, nPCR standardized protein decomposition rate, DEI daily energy intake,

DPI daily protein intake
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Muscle-related parameters in young and elderly
MHD patients by biceps muscle strength

As shown in Table 2, patients with low muscle strength had
lower handgrip strength, less midarm muscle circumfer-
ence (MAMC), calf circumference, and muscle mass in both
groups. The levels of muscle metabolism-related parameters
SCr were also lower in patients with low muscle strength.
Pearson’s correlation analysis showed that biceps muscle
strength had a significant positive correlation with muscle
mass (r=0.403, P <0.001), MAMC (r=0.394, P<0.001),
calf circumference (r=0.314, P<0.001) and SCr (r=0.417,
P <0.001) (Fig. 1).There was no significant difference in
BMI, WHR and fat mass between the patients with high and
low muscle strength.

Laboratory characteristics of young and elderly
MHD patients by biceps muscle strength

As summarized in Table 3, there were no significant dif-
ferences in nutritional parameters, serum calcium, phos-
phorus, iPTH, C-reactive protein (CRP), oxidative stress
parameters, and bicarbonate between the patients with high
and low muscle strength. In young MHD group, compared
with patients with high biceps muscle strength, those with
low muscle strength had high levels of IL-6 (P=0.04) and

TNF-a (P=0.04). In elderly MHD group, those with low
muscle strength had higher concentrations of N-terminal-
proBNP (NT-pro BNP) (P =0.04).

25(0OH)D levels of young and elderly MHD patients
by biceps muscle strength

In both young and elderly MHD groups, compared with
patients with high biceps muscle strength, those with low
muscle strength had lower concentrations of 25(OH)D
(Table 3). In addition, 25(OH)D levels were significantly
positively correlated with biceps muscle strength (r=0.362,
P <0.001) (Fig. 2a). Patients were further stratified into
four groups according to 25(OH)D levels (<25 nmol/L,
25-50 nmol/L, 50-75 nmol/L and > 75 nmol/L). Compared
with 25(OH)D <25 nmol/L group, muscle strength of the
biceps gradually improved with the increase of 25(OH)D
level in 25-50 nmol/L group (P <0.05) and 50-75 nmol/L
group (P <0.05), but not in > 75 nmol/L group (P> 0.05)
(Fig. 2b).

Major determinants of biceps muscle strength
in young and elderly MHD patients

In young MHD patients, univariate variable screening indi-
cated that gender, dialysis vintage, SGA score, daily steps,

Table 2 Muscle-related parameters in young and elderly dialysis patients according to biceps muscle strength

MHD (n=174) Young MHD (n=97) Elderly MHD (n=77)
Low (n=87) High (n=87) P Low (n=49) High (n=48) P Low (n=39) High (n=38) P
Muscle strength
Biceps mus- 6.16+2.12 10.98 +1.64 <0.001 7.48+1.95 11.59+1.66 <0.001 4.95+1.96 9.89+1.62 <0.001
cle strength
(kg)
Elapsed time 4.92+2.50 4.36+1.67 0.09 4.62+2.47 4.34+1.79 0.53 4.74+£2.08 4924223 0.72
(s)
Handgrip 15.96 +7.00 24.54+8.77 <0.001 17.29+7.08 28.27+£7.47 <0.001 12.69+6.16 21.70+6.83 <0.001
strength
(kg)
Nutritional status assessment
BMI (kg/m?) 20.61+£2.99 21.31+£2.72 0.11 20.83+3.35 21.30+2.75 0.46 20.29+2.50 21.41+2.70 0.06
Waist-hip 0.87+0.08 0.87+0.09 0.73 0.84+0.08 0.87+0.09 0.16 0.89+0.07 0.91+0.08 0.39
ratio
MAMC (cm) 18.53+£2.50 20.27+2.52 <0.001 19.30+2.84 20.42+2.50 0.04 18.09+2.61 19.61+2.09 0.006
Calf circum- 29.11+4.39 30.92+3.37 0.003 29.58+3.98 31.34+3.30 0.02 28.23+4.77 30.77+3.35 0.009
ference
(cm)
Muscle mass 40.26+8.51 45.61+7.34 <0.001 39.57+8.31 46.84 +7.37 <0.001 40.59+8.36 44.73+7.29 0.02
(kg)
Fat mass (kg) 12.02+5.00 11.71+£5.61 0.69 12.54 +5.44 11.83+£5.99 0.55 11.59+4.19 11.33+£5.36 0.82
Serum 833.96+229.22 1005.54 £225.08  <0.001 952.24+251.21 1051.29+220.99 0.04 749.56 £209.13 886.37+173.66 0.003
creatinine
(pmol/L)

Values indicate means + SDs

MHD maintenance hemodialysis, BMI body mass index, MAMC midarm muscle circumference
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Fig. 1 Linear correlation between biceps muscle strength and muscle mass, serum creatinine, MAMC, and calf circumference. MAMC midarm

muscle circumference

muscle mass, 25(OH)D, IL-6, and TNF-a were significant at
P <0.20 and considered as potential predictors of low biceps
muscle strength. Multivariable analysis showed that gender
(f=-1.98, P=0.004), daily steps (f=4.03, P=0.001),
muscle mass (f=0.07, P=0.03), 25(OH)D ($=0.04,
P=0.04), and IL-6 (f=— 0.08, P=0.004) were signifi-
cantly correlated with biceps muscle strength (Table 4).
In elderly MHD patients, univariate analysis showed that
gender, age, SGA score, muscle mass, DPI, serum albumin,
25(OH)D, CRP, NT-proBNP, daily steps, and bicarbonate
were significant at P <0.20 and considered as potential
predictors. Multivariate analysis showed that muscle mass
($=0.09, P=0.01), 25(OH)D ($=0.06, P =0.004), daily
steps (#=3.91, P=0.001), and NT-proBNP (f=- 0.97,
P =0.04) were independent factors association with biceps
muscle strength (Table 5).

Effect of biceps muscle strength on survival

During the 52-week follow-up period, 16 patients (9.20%,
16/174) died of cardiovascular disease (14) and tumors (2).
27(15.52%, 277/174) patients developed non-mortal cardio-
vascular events. Figure 3a indicates that MHD patients

with high biceps muscle strength (97.70%, thick dark line)
had significantly better survival than those with low biceps
muscle strength (83.90%, dotted line) (P =0.002 by log-
rank test). Figure 3b further shows the survival rate strati-
fied according to the presence of high or low biceps mus-
cle strength in different age groups. Elderly patients with
low muscle strength had the worst prognosis (P =0.001).
We also indicates that non-mortal cardiovascular events
were more common in patients with low biceps muscle
strength (Supplementary Fig. 1).

As continuous variables, after adjustment for Model 1
(age and sex), Model 2 (age, sex and muscle mass), and
Model 3 [age, sex, muscle mass, diabetes, hemoglobin,
cholesterol, CRP and 25(0OH)D], the HR became 0.76
(95% C10.63-0.91, P=0.003), indicating that low biceps
muscle strength still had a significant negative effect on
survival after adjustment (Table 6). With categorical vari-
ables against low biceps muscle strength group taken into
consideration, high biceps muscle strength group was still
associated with a lower mortality risk (HR 0.14, 95% CI
0.02-0.78, P=0.03). Low biceps muscle strength was also
associated with an increased risk of non-mortal cardio-
vascular events after adjustment (Supplementary Table 1).
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Table 3 Laboratory characteristics of young and elderly dialysis patients according to biceps muscle strength

MHD (n=174) Young MHD (n=97) Elderly MHD (n=77)
Low (n=87) High (n=87) P Low (n=49) High n=48) P Low (n=39) High n=38) P
Nutritional parameters
Serum albumin 38.94 +3.02 39.98+2.65 0.02 40.18+2.62 40.31+£2.37 0.80 38.21+3.54 38.76 +2.50 0.43
(g/L)
Hemoglobin 109.42+15.36  109.10+14.45 0.88 108.88+15.09 109.77+15.97 0.78 110.87+13.12 107.47+15.23 0.29
(g/L)
Serum glucose  5.66+1.79 5.79+1.57 0.63 5.98+2.15 5.55+0.97 021 5.58+1.73 5.78+1.70 0.59
(mmol/L)
Serum 1.60+1.04 1.92+1.27 0.07 1.70+1.15 2.04+1.21 0.16 1.65+1.04 1.62+1.23 0.93
triglyceride
(mmol/L)
Cholesterol 4.19+1.10 3.96+0.93 0.13 4.18+1.01 4.08+0.95 0.60 4.23+1.15 3.81+1.01 0.08
(mmol/L)
Mineral metabolism parameters
Serum cor- 2.51+0.20 2.50+0.25 0.76  2.55+0.24 2.51+0.25 0.31 2.50+0.22 2.45+0.19 0.27
rected
calcium
(mmol/L)
Serum 1.81+0.49 1.91+0.48 0.18 1.94+0.49 1.92+0.49 0.75 1.79+0.52 1.74+0.45 0.71
phosphorus
(mmol/L)
iPTH (pg/mL) 274 (143, 453) 309 (153, 562) 0.53 302 (160, 547) 308 (132,473) 0.42 240(114,433) 309 (152,444) 0.97
25(OH)D 32.01 (26.84,  43.50 (39.36, <0.001 35.09+13.60 47.74+13.67 0.001 35.06+9.01 40.17+12.55 0.04
(nmol/L) 35.76) 52.33)
Inflammation and oxidative stress parameters
CRP (mg/L) 5.20 (3.38, 4.00 (3.16, 0.08  4.42 (3.00, 4.29 (3.00, 0.50 5.44(3.38, 4.89 (3.83, 0.08
10.90) 6.56) 6.78) 6.91) 12.50) 9.21)
IL-6 (pg/mL)  8.86 (4.49, 4.49 (1.80, 0.001 6.74 (2.58, 4.65 (1.67, 0.04 8.27(3.24, 6.37 (4.46, 0.48
16.70) 7.81) 12.80) 9.66) 16.70) 11.71)
TNF-a (pg/mL) 7.18 (2.81, 4.35 (2.49, 0.008 5.12 (4.11, 4.66 (2.86, 0.04 8.45(2.23, 6.25 (1.95, 0.10
13.67) 7.63) 15.41) 7.23) 13.67) 11.27)
T-SOD (U/mL) 62.05+22.15  69.03+20.81 0.03 6523+21.67 7041+£2096 024 61.76+21.48 63.69+22.67 0.70
MDA (nmol/ 6.28+2.76 4.92+2.04 <0.001 5.12+2.32 4.68+2.12 0.33 6.84+2.74 6.14+2.44 0.24
mL)
Others
NT-pro BNP 2961 (1768, 3077 (1454, 0.35 2961 (1655, 3027 (1205, 0.42 3383 (2514, 2711 (1759, 0.04
(pg/mL) 7093) 5677) 5867) 5579) 13,105) 6069)
Serum 23.62+2.85 22.96 +2.54 0.11  23.01+2.63 22.80+2.75 0.71 24.17+2.68 23.38+2.71 0.20
bicarbonate
(mmol/L)

Values indicate means + SDs

MHD maintenance hemodialysis, iPTH intact parathyroid hormone, CRP C-reactive protein, /L-6 interleukin 6, TNF-a tumor necrosis factor-a,
T-SOD total superoxide dismutase, MDA malondialdehyde, NT-pro BNP N-terminal pro-B-type natriuretic peptide

Discussion

Compared with younger patients, a higher proportion of
hemodialysis patients older than 65 years were malnourished
[23]. With age progressing, the reduction in lean body mass
(LBM) and muscle area further aggravates in MHD patients
[24, 25]. In the current study, we examined biceps muscle
strength in MHD patients older and younger than 65 years
and evaluated the risk factors of muscle weakness, finding
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that gender, daily steps, muscle mass, 25(OH)D, and IL-6
were associated with the decreased biceps muscle strength
in young MHD group, while in elderly MHD group, muscle
mass, 25(OH)D, daily steps, and NT-proBNP were associ-
ated with the decreased biceps muscle strength. This study
also confirmed that biceps muscle strength was an independ-
ent risk factor for survival in MHD patients.

In this study, we found a significant difference in mus-
cle mass between high and low muscle strength at both
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Table 4 Multiple regression analysis of factors associated with biceps
muscle strength in young MHD patients (< 65 years)

Table 5 Multiple regression analysis of factors associated with biceps
muscle strength in elderly MHD patients (> 65 years)

Variable Young MHD patients (< 65 years)

Univariate Multivariate

Regression P Regression P

Variable Elderly MHD patients (> 65 years)

Univariate Multivariate

Regression P Regression P

coefficient coefficient coefficient coefficient
Gender (male) —3.38 0.001 -1.98 0.004 Gender (male) - 1.62 0.03
Age (years) —0.04 0.29 Age (years) -0.27 <0.001
Dialysis vintage (year) —0.12 0.009 Dialysis vintage (years) —0.008 0.91
SGA score —0.42 0.01 SGA score —-0.34 0.01
Muscle mass (kg) 0.18 <0.001 0.07 0.03 Muscle mass (kg) 0.13 0.004 0.09 0.01
DPI (g/kg/day) 0.15 0.90 DPI (g/kg/day) 1.71 0.17
Serum albumin (g/L) 0.13 0.33 Serum albumin (g/L) 0.22 0.06
Hemoglobin (g/L) 0.002 0.93 Hemoglobin (g/L) —0.009 0.73
25(0OH)D (nmol/L) 0.09 0.002 0.04 0.04 25(0OH)D (nmol/L) 0.05 0.10 0.06 0.004
IL-6 (pg/mL) —-0.12 0.003 —0.08 0.004 CRP (mg/L) -0.16 0.005
TNF-a (pg/mL) —0.09 0.01 Log NT-proBNP (pg/mL) —1.99 0.01 -0.97 0.04
Bicarbonate (mmol/L) 0.07 0.57 Bicarbonate (mmol/L) —-0.19 0.17
Log (daily steps) 5.82 0.001 4.03 0.001 Log (daily steps) 4.25 0.001 391 0.001
Adjusted R? 0.61 Adjusted R? 0.68

MHD maintenance hemodialysis, SGA subjective global assessment,
DPI daily protein intake, /L-6 interleukin 6, TNF-o tumor necrosis
factor-a

age groups. However, although muscle mass and muscle
strength are highly correlated, loss of muscle mass can
only partly explain the decrease of muscle strength [26].
Our study also demonstrated a significant difference in
SGA score, inflammatory factors, 25(OH)D, and NT-
proBNP between the high and low strength groups. A
cohort study showed that muscle strength, as a marker
of muscle quality, was more important than muscle mass
in estimating mortality risk [27]. Another recent study
[10] including 330 incident dialysis patients who were
followed up for 5 years reported that patients with low
muscle strength (by handgrip) were more likely to die,
irrespective of their muscle mass. We further noticed that

MHD maintenance hemodialysis, SGA subjective global assessment,
DPI daily protein intake, CRP C-reactive protein, NT-pro BNP N-ter-
minal pro-B-type natriuretic peptide

after adjusting for muscle mass and other factors, biceps
strength was still significantly associated with all-cause
mortality in the survival analysis. Hence, muscle mass
quantification and muscle strength assessment are of
importance for MHD patients.

According to a recent meta-analysis, exercise training was
shown to significantly increase 6-min walk distance, lower
extremity muscle strength, and quality of life in hemodi-
alysis patients [28]. Intra-dialytic, low-intensity progressive
strength training was safe and effective to improve physical
performance in hemodialysis patients [29]. In this study,
we also found that daily steps were significantly correlated
with biceps muscle strength in both young group and elderly
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Table 6 HRs and 95% ClIs for Model 1 Model 2 Model 3

all-cause mortality in relation to

biceps muscle strength

HR (95% CI) 2

HR (95% CI) P HR (95% CI) P

As continuous variables
As categories, in separate models
Low muscle strength 1.00

High muscle strength

0.75 (0.62-0.92)

0.16 (0.03-0.75)

0.004 0.75(0.62-0.91) 0.003 0.76 (0.63-0.91) 0.003
1.00 1.00
0.02 0.15(0.03-0.71) 0.02  0.14 (0.02-0.78) 0.03

Model 1 includes adjustment for age and sex. Model 2 includes adjustment for age, sex and muscle mass.
Model 3 includes adjustment for age, sex, muscle mass, diabetes, hemoglobin, cholesterol, CRP and

25(0OH)D

group. Further studies are needed to establish the generaliz-
ability of exercise interventions in dialysis patients.
Vitamin D deficiency or insufficiency is common
among CKD patients or dialysis patients. Studies [30-32]
have demonstrated that vitamin D deficiency is associ-
ated with atherosclerosis, vascular calcification, stroke,
cardiovascular death and all-cause mortality. The 2009
KDIGO CKD-MBD guidelines suggest that vitamin D
deficiency and insufficiency be corrected using treatment

@ Springer

strategies recommended for the general population in
patients with CKD stages 3-5D [33]. A cross-sectional
study [34] indicated that suboptimal levels of 25(OH)D
were associated with reduced quadriceps muscle strength
and increased fall risk in dialysis patients. A "dose—effect"
relationship was also identified between 25(OH)D levels
and handgrip strength under 75 nmol/L (30 ng/mL) in
hemodialysis patients, which was no more present above
75 nmol/L [35]. Hemodialysis patients supplemented with
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cholecalciferol for 6 months had higher 25(OH)D [36].
However, no effect on muscle strength was detected, sug-
gesting that the process of muscle adaptation to improved
25(0OH)D levels may require more than 6 months. Active
vitamin D administration is also associated with increased
muscle mass and health-related quality of life in men [37].
Our study revealed that 25(OH)D level was independently
associated with biceps muscle strength. Interestingly,
weekly dosage of calcitriol was similar between high and
low strength groups, suggesting that calcitriol supplemen-
tation for the treatment of CKD-MBD is not sufficient to
improve vitamin D deficiency in MHD patients and other
sources of vitamin D may be needed. It was found in our
study that biceps muscle strength improved with the grad-
ual increase in circulating 25(OH)D level, while 25(OH)
D level > 75 nmol/L failed to confer additional benefits
for muscle strength. But as the sample size of the present
study is relatively small and most of the enrolled patients
had 25(OH)D insufficiency or deficiency, more larger
sample randomized studies are needed to further evaluate
the effect of natural or active vitamin D administration on
muscle strength.

Proinflammatory cytokines play a role in the development
of systemic inflammation in patients with end-stage renal
disease [38]. The presence of an inflammatory state may be
closely related to mortality in dialysis patients [39, 40]. Pre-
vious data suggest that IL-6 was positively correlated with
age, and IL-6 elevation was associated with decreased mus-
cle power but not with decreased muscle fibre size [41]. Sim-
ilar to previous studies, we found that IL-6 level in elderly
MHD patients was higher than that in young MHD group.
IL-6 is known as a determinant of biceps muscle strength
in young MHD patients, but we failed to observe signifi-
cant differences in IL-6 level between high and low muscle
strength groups in elderly patients in the present study.

Natriuretic peptide is recommended as an aid to the diag-
nosis of heart failure [42]. Observational studies [43] have
shown that serum level of B-type natriuretic peptide (BNP)
has a strong relationship to both the volume status and sur-
vival in HD patients. The relationship between natriuretic
peptide and muscle strength is rarely reported. A population-
based cohort study [44] demonstrated that greater lean mass
rather fat mass was associated with low BNP and N-ter-
minal-proBNP levels. It was recently reported that plasma
BNP was negatively correlated with mid-arm circumference
and grip strength in male patients [45]. It was found in the
present study that NT-proBNP was an independent risk
factor for biceps strength in elderly MHD group, probably
because the normal metabolic balance between catabolism
and anabolism is altered in patients with cardiac volume
overload [46]. Achieving and maintaining dry weight might
be a strategy in improving muscle strength among elderly
patients on hemodialysis.

This study has some limitations. First, it is a single-centre
study with a relatively small sample size. The study followed
an observational design and cannot provide direct cause-
and-effect associations. Second, the study only included
prevalent patients. It lacked age-matched healthy control
group for comparative analysis. Third, the follow-up period
is only 1 year in the survival analysis and, therefore, the
results should be interpreted with caution. Fourth, polyneu-
ropathy in hemodialysis patients is a very disabling condi-
tion. There also may be an interaction between the polyneu-
ropathy and muscle strength. However, we did not do the
neurophysiological examinations. Finally, we only tested the
strength of biceps brachii muscle; although it showed a good
correlation with grip strength, whether it can represent mus-
cle strength of the upper limbs needs to be verified.

In conclusion, risk factors of muscle weakness were dif-
ferent in young and elderly MHD patients. Biceps muscle
strength was an independent risk factor for survival of MHD
patients. Appropriate amount of exercise, dry weight con-
trol, and increasing 25(OH)D levels might be beneficial to
improve muscle strength in hemodialysis patients.
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