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Abstract

Background Muscle wasting is common and insidious in
end-stage renal disease (ESRD). Loss of muscle quantity
and quality reduces quality of life and increases mortality
in ESRD patients. Additionally, secondary hyperparathy-
roidism (SHPT) causes muscle atrophy. Meanwhile, vita-
min D, which is used for SHPT treatment, plays an
essential role in muscle growth.

Objectives We prospectively investigated the effect of
active vitamin D administration on muscle mass.
Methods We measured muscle mass based on bioelec-
trical impedance analysis in 68 hemodialysis patients.
Patients were divided into a control group (without active
vitamin D administration) and a VitD group (with active
vitamin D administration). We compared muscle mass at
the beginning of treatment and 1 year later. We also
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investigated health-related quality of life (HR-QOL) using
the Medical Outcome Study Short Form-36 (SF-36).
Results The VitD group experienced a significant
increase in the amount of change in total muscle mass and
muscle mass percentage in men (p = 0.025) but not in
women (p = 0.945). By multivariable logistic regression
analysis, active vitamin D administration was indepen-
dently associated with increased muscle mass percentage in
men only. In the SF-36, the physical functioning (PF)
scores were significantly decreased at the end of the study
in the patients without active vitamin D treatment, espe-
cially in women.

Conclusion Our results suggested that active vitamin D
treatment was associated with increased muscle mass in
men, and it might have a favorable effect on maintaining
PF in HR-QOL in hemodialysis patients.

1 Introduction

Skeletal muscle wasting is common and insidious in end-
stage renal disease (ESRD) [1, 2]. Previous literature
demonstrated that factors including acidosis, protein-
energy malnutrition, co-morbid illnesses, aging, oxidative
stress, inflammation [3], anemia, water and electrolyte
disturbances, carnitine deficiency [4], hyperparathyroidism
[5-7], and very low levels of physical activity contribute
markedly to muscle fiber loss and atrophy [1, 3—10]. This
loss of muscle quantity and quality is associated with
metabolic and functional deficits and reduced quality of life
in hemodialysis patients [11]. Furthermore, muscle wasting
is recognized as a strong predictor of mortality in ESRD
[12].

Secondary hyperparathyroidism (SHPT) develops in
ESRD in response to disruptions in the homeostatic control
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of parathyroid hormone (PTH) secretion related to altera-
tions in serum phosphorous, calcium, and declining 1,25
dihydroxy vitamin D (1,25(OH),D) levels, which occur
with deterioration in renal function [13]. As a major action,
PTH regulates serum calcium by acting mainly on bone
and kidney and stimulating calcium reabsorption and bone
resorption in low serum calcium level situations [14]. In
addition, increased PTH causes wasting, weight loss,
weakness, muscle atrophy, and negative nitrogen balance
in patients with primary and secondary hyperparathyroid-
ism [5-7].

Vitamin D plays an essential role in muscle growth and
development [15] and in regulating muscle contractility
[16]. 1,25(0OH),D is the biologically active metabolite and
the form of vitamin D that binds to receptors on human
muscle tissue [17]. Numerous animal and human studies
have demonstrated that vitamin D deficiency is associated
with decreased muscle size [18-20] and strength [21, 22],
and with reduced physical function, and increased falls and
non-vertebral fractures in the elderly [13, 23]. Conversely,
vitamin D supplementation improves muscle strength,
walking distance, and functional ability in vitamin
D-deficient elderly people [23]. In ESRD patients, the
1,25(0OH),D level usually decreases with a decline in renal
function. Thus, vitamin D deficiency may contribute to the
significant muscle atrophy, weakness, and widespread
disability experienced by not only elderly people but also
ESRD patients. However, the current focus of vitamin D
treatment is mainly the control of SHPT and its effects on
bone metabolism and tissue calcification, as outlined in the
current Kidney Disease Outcomes Quality Initiative (K/
DOQI) guidelines [13]. In fact, a few studies have exam-
ined the effects of vitamin D treatment on muscle function
in patients with ESRD [24, 25].

Hence, we prospectively investigated the effect of active
vitamin D administration on muscle mass and health-rela-
ted quality of life (HR-QOL) in hemodialysis patients.

2 Methods
2.1 Study Subjects

This was a prospective study of data from a single medical
center (Shinzato Clinic, Nagasaki, Japan). In total, 184
patients who received hemodialysis between April 2007
and April 2008 were eligible for this study. Kindaly AF-
2P® and AF-3P® (Fuso Pharmaceutical Industries Ltd.,
Osaka, Japan) were mixed in equal proportions and used as
dialysate. The final electrolyte concentrations after prepa-
ration of the dialysate were as follows: Na* 140 mEq/L;
K" 2.0 mEq/L; Ca®" 2.75 mEq/L; Mg*" 1.0 mEq/L; CI~
112.25 mEq/L; CH3COO™ 8 mEq/L; HCO5;~ 27.5 mEq/L;
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and CgH,0¢ 125 mg/dL. The dialysate was not changed
during the study period. Exclusion criteria were patients
who resumed dialysis after renal graft failure and in whom
we could not measure precise muscle mass because of
amputation and astasia. We excluded 116 participants
based on the aforementioned exclusion criteria. Finally, 68
patients (28 men and 40 women) were included for further
analysis. These patients were divided into two groups: (1)
the subjects without active vitamin D administration,
defined as the control group; and (2) the subjects with
active vitamin D administration for more than 9 months of
the year, defined as the VitD group. Active vitamin D
includes alfacalcidol, calcitriol, and maxacalcitol, regard-
less of the route of administration. All subjects gave
informed consent for study participation. This study was
approved by the Ethics Committee of Nagasaki University
Hospital (authorization number 12052801) and performed
in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

2.2 Clinical Measurements and Health-Related Quality
of Life (HR-QOL) Evaluation

Sociodemographic characteristics, ESRD etiology, medical
history, prescription, and details of the hemodialysis
treatment modality were obtained from medical records.
Height and body weight (BW) before dialysis at the
beginning of the week were recorded in the clinic. Body
mass index (BMI) was calculated as weight in kg divided
by the square of height in meters. Routine laboratory
examination was performed before dialysis at the begin-
ning of the week fortnightly, and levels of hemoglobin,
serum calcium and phosphorus, serum albumin, intact PTH
(iPTH), creatinine, total cholesterol (TC), C-reactive pro-
tein (CRP), and HCO;~ were determined. The level of
corrected calcium (cCa) was calculated using albumin. The
adequacy of dialysis was assessed by K#/V (amount of
dialysis delivered: K = clearance of urea, ¢t = time on
dialysis, V = estimated total body water) [26]. The nor-
malized protein catabolic rate (n-PCR) was calculated
using a single-compartment model [26]. All data were
measured at the beginning of the study and again 1 year
later. In addition, we investigated HR-QOL using the
Medical Outcome Study Short Form-36 (SF-36 version 2,
iHope International, Tokyo, Japan) for patients at the
beginning and 1 year after the beginning of the study. This
instrument has been used extensively in populations of
patients with renal disease [27].

2.3 Muscle Mass Measurement

We measured muscle mass based on bioelectrical imped-
ance analysis (BIA) by using body composition meter dual-
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frequency DC-320 (Tanita Corporation, Tokyo, Japan)
before dialysis at the beginning of the week. We measured
muscle mass at the beginning and 1 year after the begin-
ning of the study.

2.4 Statistical Analysis

Results are expressed as mean =+ standard deviation (SD).
Differences in laboratory values between the control group
and VitD group were evaluated using the ¢ test. Multiple
logistic linear regression analysis was performed to deter-
mine the correlation between the rate of change in muscle
mass and the other variables measured at the beginning of
study. Probability values <0.05 were indicative of

statistical significance. All statistical analyses were per-
formed using SPSS® version 11.0 software (SPSS Japan,
Tokyo, Japan).

3 Results
3.1 Baseline Characteristics of Study Patients

Baseline characteristics of the two groups are shown in
Table 1. Mean age &= SD was 58.9 £ 13.6 years. The
mean dialysis period £ SD was 133.2 & 96.4 months,
mean BW £ SD was 53.0 £+ 8.9 kg, and mean BMI £+ SD
was 22.0 & 3.4 kg/m?. The primary ESRD etiologies were

Table 1 Baseline characteristics for the total patient population and by treatment group

Control group®

VitD groupb

Characteristic All patients
Number of patients 68
Sex [no.] (men/women) 28/40
Age (years) 58.9 + 13.6
Dialysis period (months) 133.2 £ 96.4
Primary etiology of ESRD

Chronic glomerulonephritis 41

Diabetic nephropathy

Nephrosclerosis

Polycystic kidney

Other 10
Height (cm) 155.0 £ 7.9
Body weight (kg) 53.0 £ 89
BMI (kg/m?) 22.0 £ 34
Total body muscle mass (kg) 204 £ 6.0
Muscle mass percentage (%) 37.8 £ 5.8
Hb (g/dL) 109 £ 1.2
cCa (mg/dL) 93+ 1.0
Ph (mg/dL) 57+ 14
Alb (g/dL) 42+£03
iPTH (pg/mL) 202.1 £ 168.7
Cr (mg/dL) 11.6 £ 2.7
T-chol (mg/dL) 153.9 £+ 304
CRP (mg/dL) 0.44 £ 1.04
HCO;™ (mEgq/L) 20.44 £ 2.50
Kt'v 1.27 £ 0.24
n-PCR (g/kg/day) 0.90 £ 0.13

26 42

10/16 18/24 0.188
57.7 £ 14.6 59.6 £ 129 0.606
109.3 £ 105.9 148.0 £ 86.8 0.131
9 32

7 2

3 2

1 2

6 4

1554 £ 179 1548 £ 179 0.750
532 +£76 528 £9.6 0.885
22.1 £ 3.4 220+ 34 0.929
20.1 £5.0 20.5 £ 6.5 0.767
374 +£53 38.0 £ 6.1 0.662
109 £ 1.0 109 £ 1.3 0.967
9.0 £0.7 95+ 1.0 0.028*
57+ 15 57+13 0.970
41+£02 42 +£03 0.240
87.3 £ 629 273.2 £ 174.5 <0.001*
112 £238 11.8 £ 2.6 0.391
164.8 £ 27.3 147.2 £ 30.3 0.018*
0.54 £ 1.40 0.35 £ 0.63 0.533
20.78 £ 2.63 20.26 £+ 2.42 0.576
1.22 £0.25 1.30 £ 0.23 0.175
0.90 £ 0.14 0.89 £0.13 0.714

Values are mean =+ standard deviation except where stated otherwise

Alb albumin, BMI body mass index, cCa corrected calcium, Cr creatinine, CRP C-reactive protein, ESRD end-stage renal disease, Hb hemo-
globin, iPTH intact parathyroid hormone, K#/V (amount of dialysis delivered: K clearance of urea, ¢ time on dialysis, V estimated total body

water), n-PCR normalized protein catabolism rate, p control group vs. VitD group, Ph phosphorus, T-chol total cholesterol

*Statistically significant

# Control group: the subjects without active vitamin D administration
° VitD group: the subjects with active vitamin D administration for more than 9 months of the year
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Table 2 Clinical measurements for the total patient population and by treatment group after 1 year

Clinical measurement All patients (n = 68)

Control group®

VitD group” p (VitD vs control)

After 1 year p (vs. pre) After 1 year p (vs. pre) After 1 year p (vs. pre)
Body weight (kg) 53.0 £09.1 0.643 533+£76 0717 529 +£99 0.774 0.867
BMI (kg/m?) 22.1+£34 0.712 222 +34  0.643 220+ 34 0.949 0.877
Total body muscle mass (kg)  20.4 £+ 6.2 0.938 199 £50 0.170 20.7 £ 6.8 0.357 0.596
Muscle mass percentage (%) 377 £ 6.1 0.733 369 £53  0.093 382+ 6.5 0.414 0.396
Hb (g/dL) 107 £ 1.3 0.203 10.8 £ 1.3  0.681 10.6 £ 1.4 0.215 0.610
cCa (mg/dL) 95+£09 0.029* 9205  0.085 9.7+ 1.0 0.106 0.004*
Ph (mg/dL) 56 £ 1.1 0.437 52+12 0.034% 59+£1.0 0.447 0.023*
Alb (g/dL) 40+£03 <0.001%* 39+03 0.001%* 40=£03 <0.001* 0.130
iPTH (pg/mL) 194.2 £+ 142.7 0.746 117.0 £ 77.8  0.044* 242.0 £ 152.5 0.418 <0.001*
Cr (mg/dL) 11.6 £ 2.6 0.773 109 £2.8 0.165 120 £ 24 0.502 0.131
T-chol (mg/dL) 148.8 £ 29.3 0.023%* 158.5 £25.0 0.090 142.8 £+ 30.2 0.126 0.026*
CRP (mg/dL) 0.18 £ 0.29 0.028* 0.17 £ 0.25 0.150 0.19 £ 0.32 0.042* 0.733
KtV 1.34 £022  <0.001* 1.29 £ 024 0.054 1.37 £ 0.20 0.001%* 0.180
n-PCR (g/kg/day) 0.92 £ 0.12 0.182 0.90 £ 0.13  0.936 0.93 £ 0.11 0.075 0.482

Values are mean + standard deviation

Alb albumin, BMI body mass index, cCa corrected calcium, Cr creatinine, CRP C-reactive protein, Hb hemoglobin, iPTH intact parathyroid
hormone, K#/V (amount of dialysis delivered: K clearance of urea, ¢ time on dialysis, V estimated total body water), n number of patients, n-PCR
normalized protein catabolism rate, Ph phosphorus, pre values measured at the beginning of study, 7T-chol total cholesterol

*Statistically significant

# Control group: the subjects without active vitamin D administration

° VitD group: the subjects with active vitamin D administration for more than 9 months of the year

as follows: 41 patients had chronic glomerulonephritis,
nine had diabetic nephropathy, five had nephrosclerosis,
and 13 had other diseases. The mean percentage of muscle
mass = SD in BW (muscle mass/BW x 100) was
37.8 £ 5.8 % in all participants. The mean size of dialyzer
membrane £+ SD was 1.80 + 0.26 mz, and the mean time
of dialysis treatment £ SD was 3.93 & 0.47 h. The mean
Kt/V £+ SD was 1.27 + 0.24, and the mean n-PCR £ SD
was 0.90 £ 0.13 g/kg/day. During the study period, 26
patients never received vitamin D therapy (control group),
and 42 patients received active vitamin D therapy for
>9 months (VitD group). There were no significant dif-
ferences in age, primary ESRD etiology, dialysis period,
the condition of dialysis, BW, and BMI between the two
groups at the beginning of the study. In addition, there was
also no significant difference in mean muscle mass per-
centage = SD between the control group and VitD group
at baseline status (374 £5.3 vs. 38.0 £ 6.1 %;
p = 0.662). At the beginning of the study, the VitD group
showed significantly higher levels of serum cCa and iPTH
and lower levels of TC than the control group. However, no
significant difference in hemoglobin, phosphorus, albumin,
creatinine, CRP, HCO; ™, Kt/V, or n-PCR levels was noted
between groups (Table 1).
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Fig. 1 Change in total muscle mass percentage (a) and total muscle
mass (b) from the beginning to the end of the study in all subjects
(control and VitD groups). There were no significant differences
between the control and VitD groups. The values in the figure show
mean =+ standard deviation. ALL all participants, Control subjects
without active vitamin D administration, Vitamin D subjects with
active vitamin D administration for >9 months in a year, VitD
vitamin D group
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Table 3 Baseline characteristics of the study population by sex
Characteristics Men Women

Control group® VitD group® 14 Control group® VitD group®
Number of patients 10 18 16 24
Age (years) 62.3 £ 18.0 61.2 + 14.1 0.872 549 £ 11.1 584 £ 11.8 0.360
Dialysis period (months) 75.0 £ 78.3 118.3 £ 81.1 0.201 130.8 £ 114.9 170.4 £+ 84.2 0.261
Height (cm) 1594 +£ 64 160.6 £+ 5.7 0.653 1529 £ 7.7 1504 +£ 6.3 0.303
Body weight (kg) 533 +£49 55.0 £ 6.4 0.452 531+ 89 512 +£11.2 0.576
BMI (kg/m?) 21.0 £ 2.0 213 £2.0 0.727 228 £3.8 225+ 4.1 0.868
Total body muscle mass (kg) 223 + 3.7 237+ 52 0.439 18.7 £ 5.2 18.1 £ 6.4 0.762
Muscle mass percentage (%) 41.7 £ 3.8 42.6 £4.7 0.586 347+ 43 346 + 44 0.920
Hb (g/dL) 10.7 £ 1.0 109 £ 0.9 0.645 11.1 £ 09 11.0+ 1.6 0.815
cCa (mg/dL) 8.9 £+ 0.6 9.1 £1.1 0.494 9.1+ 0.7 9.8 £09 0.015*
Ph (mg/dL) 52+15 58+ 15 0.315 6.0+ 1.5 56+ 1.1 0.402
Alb (g/dL) 42 +£02 43 +£03 0.449 4.1+£03 42 +£03 0.394
iPTH (pg/mL) 70.1 £ 52.1 293.3 £ 217.8 0.001* 98.1 &+ 66.5 258.1 & 131.0 <0.001*
Cr (mg/dL) 10.7 £ 3.5 125 £ 32 0.233 11.6 £ 2.1 114+ 19 0.750
T-chol (mg/dL) 162.2 + 245 131.4 £ 20.7 0.005* 166.4 £+ 28.8 159.0 + 31.0 0.457
CRP (mg/dL) 0.5£09 04 £0.8 0.798 0.6 £1.6 03 £04 0.574
HCO;™ (mEg/L) 20.64 £ 1.93 19.83 £ 2.72 0.509 20.93 £ 3.25 20.55 £ 2.14 0.815
Kvv 1.18 £ 0.26 1.23 £ 0.24 0.595 1.24 £0.23 1.35 £ 0.20 0.153
n-PCR (g/kg/day) 0.85 £+ 0.08 0.85 £ 0.14 0.961 0.94 £ 0.12 0.92 £ 0.12 0.668

Values are mean =+ standard deviation except where stated otherwise

Alb albumin, BMI body mass index, cCa corrected calcium, Cr creatinine, CRP C-reactive protein, Hb hemoglobin, iPTH intact parathyroid
hormone, K#/V (amount of dialysis delivered: K clearance of urea, ¢ time on dialysis, V estimated total body water), n-PCR normalized protein
catabolism rate, p control group vs. VitD group, Ph phosphorus, T-chol total cholesterol

*Statistically significant

* Control group: the subjects without active vitamin D administration

° VitD group: the subjects with active vitamin D administration for more than 9 months of the year

3.2 Clinical Parameters of All Patients and Each Group
After 1 Year

One year later, there were similar differences between cCa,
iPTH, and TC. We observed significantly higher levels of
phosphorus in the VitD group than in the control group at
the end of the study. Although K#V and n-PCR showed an
increasing trend in both groups, no significant difference in
these levels was noted between the control and VitD
groups at the end of the study period (Table 2). As to the
amount of change in total muscle mass and muscle mass
percentage between the beginning and end of the study,
there were no significant differences between the control
group and VitD group (Fig. 1).

3.3 Baseline Characteristics by Sex

Next, we analyzed these parameters in subgroups by sex.
Baseline characteristics of men and women in the two
groups are shown in Table 3. The men in the VitD group
showed significantly higher iPTH levels and lower TC

levels than those in the control group at the beginning of
the study. After active vitamin D treatment, the mean
cCa % SD level increased (9.1 & 1.1 to 9.8 + 1.2 mg/dL,;
p = 0.017). Similarly, women in the VitD group showed
higher cCa and iPTH levels than those in the control group
at the beginning of the study. However, in women, active
vitamin D treatment had no effect on the cCa level at the
end of the study (Table 4). The dosage and type of vitamin
D administered are shown in Table 5.

3.4 Amounts of Change in Muscle Mass in Men
and Women in Each Group

Active vitamin D administration significantly increased
the amount of change in total muscle mass and mean
muscle mass percentage &= SD in men (control group,
—0.90 £ 1.6 % vs. VitD group, 0.63 & 1.26 %; p = 0.025)
but not in women (control group, —0.2 & 1.00 % vs. VitD
group, —0.2 £ 1.40 %; p = 0.945) (Fig. 2). In multivari-
able logistic regression analysis adjusted for confounding
factors such as sex, age, dialysis period, height, BW, iPTH,
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Table 4 Clinical measurements for the total patient population and by treatment group and sex after 1 year

Clinical Men Women

measurement a X 5 N - 5
Control group VitD group” (n = 18) Control group VitD group” (n = 24)
(n = 10) (n = 16)

After 1 year p (vs. After 1 year p (vs. p (vs. After 1 year p (vs. After 1 year p (vs. p (vs.
pre) pre) control) pre) pre) control)

Body weight (kg) 535+£52 0.593 554 £ 6.6 0.219  0.450 53.1 £87 0.954 51.1 £114 0578  0.538
BMI (kg/m?) 21.1 £22 0518 2143 £20 0.518  0.720 228 £39 0.841 225 £4.1 0.518  0.796

Total body muscle 22.0 43 0.535 242 + 52 0.054 0.259 18.6 £49 0492 18.0 + 6.7 0.221  0.765
mass (kg)

Muscle mass 40.8 £49 0.614 432 £ 4.6 0.053  0.229 345+£41 0479 344 £5.0 0.130  0.936
percentage (%)
Hb (g/dL) 103+ 1.5 0.320 10.6 £ 1.3 0.469  0.687 11.0 £ 1.0 0975 10.6 + 1.4 0.403 0.319
cCa (mg/dL) 92+05 0.709 9.8 £ 1.2 0.017* 0.090 9.2 +04 0476 9.7 £0.8 0.037* 0.020*
Ph (mg/dL) 5012 0774 6.1 £1.2 0.380  0.052 53+12 0.039% 57+£09 0.550  0.240
Alb (g/dL) 4.0+ 03 0.005* 4.1£03 0.013* 0.367 39+02 0.023* 40+£0.2 0.009* 0.237
iPTH (pg/mL) 91.1 £63.1 0960 2179 &£ 151.6 0.303 0.006* 133.2 +£81.6 0.134  260.1 &+ 150.6 0.057  0.002*
Cr (mg/dL) 104 £3.6 0.275 125 £ 2.7 0.989  0.145 11.3£2.1 0.370 11.6 £ 2.1 0.262  0.661
T-chol (mg/dL) 156.7 £25.5 0266 127.5+22.0 0.299 0.010* 159.6 £24.6 0.109 1543 +30.4 0453 0.553
CRP (mg/dL) 0.1 £0.1 0.073 03 +04 0.277  0.130 02+03 0318 0.1 £0.2 0.264 0428
) 674 1.17 £ 0.26  0.943 1.31 £ 0.21  0.046* 0.179 1.37 £ 0.19 0.017* 141 +£0.17 0.011* 0.481
n-PCR (g/kg/day) 0.8 £0.13 0.223 0.87 £0.07 0579 0.220 0.96 £ 0.10 0.565 096 £0.12 0.031* 0.882

Values are mean =+ standard deviation

Alb albumin, BMI body mass index, cCa corrected calcium, Cr creatinine, CRP C-reactive protein, Hb hemoglobin, iPTH intact parathyroid
hormone, K#/V (amount of dialysis delivered: K clearance of urea, ¢ time on dialysis, V estimated total body water), n number of patients, n-PCR
normalized protein catabolism rate, Ph phosphorus, pre values measured at the beginning of study, 7T-chol total cholesterol

*Statistically significant
* Control group: the subjects without active vitamin D administration

® VitD group: the subjects with active vitamin D administration for more than 9 months of the year

Table 5 The dosages and kinds of vitamin D by sex 3.5 Effect of Active Vitamin D Administration
Kinds of vitamin D Men (n = 18) Women (n = 24) on HR-QOL
n  Dosage n  Dosage

We analyzed the effect of active vitamin D administration
on HR-QOL using the SF-36. In the control group, a
117.1 £ 1104 6 98.6 £ 173.7 significant decrease of scores in physical functioning (PF)
179.6 £ 814 3 1737 £ 63.7 was found at the end of the study compared with the

(ng/year) (ng/year)

Alfacalcidol (oral)
Calcitriol (oral)

W = K~

Calcitriol (intravenous) 97.5 3 1474 41530  beginning of the study (p = 0.013) (Fig. 3a). However, in
Maxacalcitriol 784.5 + 4502 12 622.7 + 456.6 the VitD group, there was no difference in the scores of
(intravenous) all SF-36 components before and after the study (Fig. 3b).

Next, we analyzed the SF-36 scores for men and women.
For the men in the VitD group, mental health scores at
the end of the study significantly decreased compared
and muscle mass percentage at baseline, active vitamin D~ with scores at the beginning (p = 0.016) [Fig. 3d].
administration was independently associated with the  Meanwhile, in women, we observed a significant decrease
increased muscle mass percentage in men but not in in PF scores only in the control group (p = .010)
women (Table 6). [Fig. 3e].

Values are mean =+ standard deviation, except where stated otherwise
n number of patients
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4 Discussion

In this study, we investigated the association between
active vitamin D administration and the amount of change
in muscle mass in hemodialysis patients. In consideration
of the effects of age, dialysis period, height, BW, iPTH,
and muscle mass percentage at the beginning of the study,
we found a significant correlation between active vitamin
D administration and increased muscle mass in men only.
Meanwhile, active vitamin D administration in women
prevented a decrease in PF scores independent of the effect
on muscle mass.

a [P=0.025]

= [P-o0s] P = 0.945
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Fig. 2 Change in total muscle mass percentage (a) and total muscle
mass (b) from the beginning to the end of the study in men and
women in each group (control and VitD groups). The amount of
change in total muscle mass and muscle mass percentage significantly
increased in men but not in women in the VitD group compared with
the control group. The black bars represent the mean £+ SD in the
control group (subjects without active vitamin D administration). The
white bars show the mean £ SD in the vitamin D group (subjects
with active vitamin D administration for >9 months in a year). SD
standard deviation, VitD vitamin D group

Vitamin D supplementation has beneficial effects on
muscle strength and balance in elderly people [28]. How-
ever, a few studies have examined the effects of vitamin D
treatment on muscle and muscle function in patients with
ESRD [24, 25, 29-31]. To our knowledge, our study is the
first report on the association between active vitamin D and
the amount of change in muscle mass assessed by BIA and
HRQOL simultaneously. BIA is well-known to be an easily
reproducible, inexpensive, and non-invasive method to
measure body composition, such as body fluid volume,
muscle mass, and fat mass [32-34], compared with the
conventional methods, dual-energy X-ray absorptiometry,
and whole-body magnetic resonance imaging [33, 35].
Therefore, we consider BIA to be a useful method to assess
muscle mass in the clinical condition.

We considered several mechanisms by which active
vitamin D administration increased muscle mass. Active
vitamin D binding to the nuclear and membrane-associated
vitamin D receptor (VDR) of skeletal muscle cells triggers
genomic and non-genomic effects shown to positively
affect muscle [36]. The activation of nuclear VDR
increases the synthesis of muscle skeletal proteins impor-
tant for muscle function [37-40] and phosphate metabo-
lism, resulting in positive effects on muscle contraction
[37]. Furthermore, active vitamin D plays a role in the
regulation of muscle cell proliferation and differentiation
[40, 41]. Thus, active vitamin D itself might exert positive
effects on muscle mass directly via these mechanisms.
Furthermore, we observed a significant association
between active vitamin D administration and increased
muscle mass in men but not in women. The reasons for
differences between the sexes are uncertain, yet potential
explanations may involve differences in baseline lean body
mass, muscle strength, physical activity, and circulating
levels of testosterone, a hormone that is anabolic to muscle
[42, 43].

In the present study, we also investigated the association
between active vitamin D and HR-QOL. As a result,
although the PF scores were significantly decreased at the
end of the study in the patients without active vitamin D

Table 6 Multivariable logistic

. . Factor All patients Men Women
regression analysis of factors
associated with increased B p B p B p
muscle mass
Sex 0.337 0.561
Age (years) 0.152 0.697 0.954 0.329 0.409 0.523
Dialysis period (months) 0.408 0.523 0.291 0.590 0.966 0.326
Height (cm) 0.020 0.963 0.175 0.675 0.485 0.469
Body weight (kg) 1.199 0.273 1.623 0.203 0.281 0.596
) ) ' iPTH (pg/mL) 0.124 0.725 2.645 0.104 2.400 0.121
f regression coefficient, iPTH iy vitamin D 0.146 0702 468  0031* 1667  0.197
intact parathyroid hormone
Baseline muscle mass percentage (%) 0.173 0.678 0.079 0.778 0.029 0.865

*Statistically significant
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Fig. 3 The results of the SF-36 score between the beginning and end
of the study in the control group (a all participants; ¢ men; e women)
and VitD group (b all participants; d men; f women). In the control
group, a significant decrease of scores in physical functioning was
found at the end of the study compared with the beginning of the
study (a). However, in all participants of the VitD group (b) and in the
men of the control group (c), there was no difference in the scores of
all SF-36 components before and after the study. In the men of the
VitD group, mental health scores at the end of the study significantly
decreased compared with those at the beginning of the study (d).
Meanwhile, in women, we observed a significant decrease of physical

treatment, especially in women, the VitD group showed no
significant change in PF scores before and after the study.
These results suggest that active vitamin D administration
might prevent the decline of PF associated with aging or
other factors, independent of the change in muscle mass.
Although we did not assess muscle strength or muscle
function in the present study, there might be a significant
association with these parameters and HR-QOL. On the
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functioning scores in the control group (e) but not in the VitD group
(f). The black bars represent the mean SF-36 scores &= SD at the
beginning of the study. The white bars show the mean SF-36
scores = SD at the end of the study. BP bodily pain, GH general
health, MCS mental component summary, MH mental health, PCS
physical component summary, PF physical functioning, pre the SF-36
scores investigated at the beginning of the study, post the SF-36
scores investigated at the end of the study, RCS role/social component
summary, RE role emotional, RP role physical, SD standard
deviation, SF social functioning, SF-36 Medical Outcome Study
Short Form-36, VitD vitamin D group, VT vitality

other hand, for the men in the VitD group, mental health
scores at the end of the study were significantly decreased
compared with those at the beginning. Although the reason
for this is uncertain, men treated with active vitamin D
tended to show an increased level of serum calcium within
the normal range. Because Tanaka et al. [44] previously
reported that hypercalcemia is associated with poor mental
health in dialysis patients, the increased serum calcium
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level may influence mental health in the men of the VitD
group.

There are several limitations to this study. First, this
study is a retrospective analysis in which follow-up and
treatment protocols were not standardized. In addition, the
total number of participants was only 68 patients, which is
a relatively small sample size, and the patients showed a
low prevalence of diabetes mellitus. Second, we could not
examine the difference among drugs, dose, or active vita-
min D administration route because of the small sample
size. In addition, we did not check the physical activity
levels or exercise frequency in daily life, and we could not
examine the effect of history of active vitamin D admin-
istration. Therefore, these factors might affect our results.
Third, we could not investigate the effect of acidosis on
muscle mass, which is reported to enhance amino acid
degradation and increase muscle proteolysis [45] because
data on HCO;™ after 1 year were lacking. However, since
there was no difference in HCO;3™ levels before dialysis,
and the adequacy of dialysis throughout the study period
was the same between groups, we believe that muscle mass
was not affected by acidosis in this study. Last, our study
period was limited to 1 year. Therefore, the long-term
effect of active vitamin D is unclear.

5 Conclusion

Our results suggested that active vitamin D treatment was
associated with increased muscle mass in men, and it might
have a favorable effect on maintaining PF in HR-QOL.
Hence, we hope for a prospective large-scale study to
confirm our results and to investigate the long-term effects
of active vitamin D on falls, fractures, HR-QOL, or mor-
tality, which are attributed to decreased muscle mass.
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