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ABSTRACT

Low bone mineral density and low serum vitamin D are associated with 
low skeletal muscle mass in early stage chronic kidney disease

Jo Eun Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sung-Kil Lim)

We previously identified that chronic kidney disease (CKD) stage 3 was 

strongly associated with sarcopenia. However, few studies have 

investigated sarcopenia in early-stage CKD. This study was designed to 

determine the prevalence of sarcopenia and analyze the factors associated 

with low skeletal muscle mass by focusing on bone mineral density 

(BMD) in early-stage CKD population. This cross-sectional study 

included the participants aged ≥55 years from the Korea National Health 

and Nutrition Examination Survey 2008–2010. As results, the prevalence 

of sarcopenia was 30.0% in control group and 38.4% in CKD in men. In 

control group, total hip BMD, serum vitamin D, insulin resistance, and 

total energy intake were associated with skeletal muscle mass in men, 

while total hip BMD, vitamin D, and total energy intake were associated 

with skeletal muscle mass in women. Meanwhile, in CKD group, only 

total hip BMD was associated with muscle mass in men, while total hip 

BMD and vitamin D level were associated with muscle mass in women.

In conclusion, low hip BMD and low serum vitamin D levels are closely 

associated with low skeletal muscle mass in patients with early-stage 

CKD. 

----------------------------------------------------------------------------------------

Key words: chronic kidney disease, sarcopenia, bone mineral density, 

vitamin D, muscle mass
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Low bone mineral density and low serum vitamin D are associated with 
low skeletal muscle mass in early stage chronic kidney disease

Jo Eun Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sung-Kil Lim)

I. INTRODUCTION

Sarcopenia is a syndrome characterized by the progressive and generalized loss of 

skeletal muscle mass and strength that occurs with advancing age. It 

accompanies adverse outcomes such as the loss of independence, falls and 

fractures, poor quality of life, and eventually death.1-3 The prevalence of 

sarcopenia is 6–26% according to age, sex, and skeletal muscle mass, but it 

generally increases with age, showing a >50% prevalence after age 80 years.4,5

Sarcopenia has been explained as a multifactorial condition. Age-related factors 

such as decreased sex hormones, apoptosis, and mitochondrial dysfunction; 

endocrinopathies such as corticosteroid excess, abnormal thyroid function, and 

insulin resistance; neurodegenerative disease; physical inactivity; poor 

nutritional intake; and chronic disease and inflammatory status are associated 

with skeletal muscle loss.1,6-9 In our previous study using data from the Korea 

National Health and Nutrition Examination Survey (KNHANES IV), we found 

that osteoporosis, insulin resistance, and chronic kidney disease (CKD) stage 3

were the most influential risk factors for sarcopenia in an elderly Korean 

population.10 Among these factors, we especially noted that only a moderate 

decrease in estimated glomerular filtration rate (eGFR) has a substantial role in 

reducing skeletal muscle mass. After the adjustment for multiple confounding

factors, participants with CKD stage 3 had an odds ratio (OR) of 3.13 (95% 

confidence interval [CI], 1.14–8.61) for sarcopenia compared to those with a 
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normal eGFR.

Sarcopenia is frequently observed in patients with CKD who are on dialysis, and it 

increases cardiovascular complications as well as CKD-related morbidity and 

mortality.11-14 Muscle wasting in uremic patients is well described as “uremic 

sarcopenia,” emphasizing that uremia and sarcopenia are progressive diseases.15

However, the majority of studies are limited to patients with end-stage renal 

disease; to date, sarcopenia in earlier stages of CKD has been insufficiently 

characterized and data are lacking. The number of patients with early-stage CKD 

is not small. In the United States, between 1999 and 2004, an estimated 

6,500,000 (3.2%) people had CKD stage 2 and 15,500,000 (7.7%) had CKD

stage 3.16

Therefore, the aims of this study were to determine the prevalence of sarcopenia 

and analyze the factors associated with low skeletal muscle mass focusing on 

bone mineral density (BMD) in a population of patients with mild to moderate 

CKD from the KNHANES 2008–2010. We also describe the sarcopenia-related 

clinical characteristics of early-stage CKD population.

II. MATERIALS AND METHODS

1. Study participants 

The KNHANES is a nationwide, population-based, and cross-sectional health 

examination and survey that is regularly conducted by the Korea Centers for 

Disease Control and Prevention using a multistage clustered and stratified 

random sampling method to monitor the general health and nutrition status of 

South Koreans. 

A total of 29,235 individuals participated in the KNHANES between 2008 and 

2010, and this study ultimately included 4,108 participants (1,844 men and 

2,264 women) aged ≥55 years. Participants with missing data for muscle 

mass, BMD, or serum levels of creatinine and 25(OH)D were excluded. Due 

to the study aim, participants with an eGFR ≥90 mL/min/1.73 m2 or eGFR 

<30 mL/min/1.73 m2 or who were on dialysis were also excluded.  
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2. Measurements of appendicular skeletal muscle mass and BMD

Appendicular skeletal muscle mass (ASM) was measured by dual-energy X-ray 

absorptiometry (DXA; QDR 4500A; Hologic Inc.). ASM was calculated as 

the sum of the lean soft tissue masses of the arms and legs. Sarcopenia was 

defined as an ASM divided by height squared of <1 standard deviation (SD) 

below the sex-specific mean for a young reference group aged 20–39 years. 

The cutoff value for sarcopenia was 7.00 kg/m2 for men and 4.96 kg/m2 for 

women. 

BMD at the femoral neck, total hip, and lumbar spine (L1–L4) was also 

examined using DXA (QDR 4500A; Hologic Inc.). The geometric structures 

of the femoral neck were further analyzed using the hip structure analysis 

program included with the APEX software (Hologic Inc.) as previously 

described.17,18

3. Measurement of biochemistry and hormones

Blood samples were obtained after 8 h of fasting by each subject, then 

immediately refrigerated and transported to the central testing institute 

(NeoDin Medical Institute). All blood samples were analyzed within 24 hours 

after transportation. Glycated hemoglobin A1c (HbA1c) was measured by 

high-performance liquid chromatography using an HLC-723G7 apparatus 

(Tosoh). Total cholesterol and fasting glucose were measured by an enzyme 

method, while serum creatinine and blood urea nitrogen were measured by 

colorimetric assay using an Automatic Analyzer 7600 (Hitachi). Serum 

25(OH)D concentration was determined by radioimmunoassay (DiaSorin) 

using a γ-counter (1470 Wizard; PerkinElmer). The parathyroid hormone 

(PTH) assay was performed by chemiluminescence immunoassay (DiaSorin).

The homeostasis model assessment of insulin resistance (HOMA-IR) was 

calculated using the following formula: fasting plasma glucose 

(mg/dL)×fasting insulin (mIU/mL)/405. The eGFR was calculated using the 

equation from the Modification of Diet in Renal Disease Study (186×serum 

creatinine−1.154×age−0.203 [×0.742 for women]). Control group was defined as 
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participants with an eGFR of 60–90 mL/min/1.73 m2 and CKD group was 

defined as participants with an eGFR of 30–60 mL/min/1.73 m2.  

4. Assessment of lifestyle and health-related behavior

Smoking history was classified into categories of never smoker, ex-smoker, and 

current smoker by self-reporting. Limitation in daily activity was defined as a 

disability in day-to-day activities such as clothing oneself or bathing alone. 

Regular exercise was defined as vigorous physical activity (e.g., running, 

mountaineering, fast bicycling, fast swimming, soccer, basketball, and singles 

tennis) for at least 20 min for 3 days per week or moderate physical activity 

(e.g., slow swimming, volleyball, doubles tennis, badminton, and walking) for 

at least 30 min for 5 days per week. Nutrition intake status was evaluated using 

a 24-hour recall method. History of estrogen replacement therapy was 

collected for women.

5. Statistical analysis

Clinical characteristics, bone density, and bone geometry according to CKD 

stage were analyzed using independent-sample Student’s t tests for continuous 

variables and χ2 tests for categorical variables. Data are presented as 

means±SD or percent of the people in Tables 1 and 2. The associations 

between relative ASM (ASM/height squared) and other clinical parameters in 

Table 3 were analyzed using a multiple linear regression model, and OR for 

sarcopenia in Table 4 were analyzed using a multiple logistic regression 

model. All data were analyzed using SPSS version 20.0 for Windows (IBM 

Corp.)

III. RESULTS

1. Clinical characteristics of participants

The clinical characteristics of the study sample are presented in Table 1. The 

mean age was higher in participants with CKD than control group. Body mass 

index, waist circumference, total fat mass, and total fat percent was increased 
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in men with CKD compared to control group. Relative ASM was reduced in 

patients with CKD compared to control group in both sexes, but statistical 

significance was seen in men only. The prevalence of sarcopenia was 

significantly higher in CKD group (38.4%) than in control group (30.0%) in 

men, although there was no difference between control group (5.2%) and 

CKD (4.7%) in women. Hypertension and diabetes mellitus were more 

prevalent in CKD than control group for both sexes. HOMA-IR was also 

increased in participants with CKD than control group. Serum vitamin D level 

did not differ between the two groups in both sexes. The mean PTH level was 

increased to 65.1 pg/mL in control group and 77.6 pg/mL in CKD for men and 

68.7 pg/mL in control group and 83.5 pg/mL in CKD for women (Figure 1). 

Daily energy and protein intake were lower in CKD than in control, but there 

was no difference in daily calcium intake by CKD status. Fewer women with 

CKD than control group were engaging in regular exercise.

Table 1. Clinical characteristics of participants

Variables

Men Women

Control

(n=1632)

CKD

(n=203)
P-value

Control

(n=2045)

CKD

(n=211)
P-value

Age (years) 65.8±7.3 70.4±7.8 <0.001 66.4±7.4 72.5±8.3 <0.001

BMI (kg/m2) 23.7±2.9 24.3±2.9 0.004 24.4±3.2 24.5±3.4 0.634

Waist circ. (cm) 85.5±8.8 88.3±8.8 <0.001 83.1±9.1 84.1±9.9 0.123

Total fat mass 

(kg)
15.0±4.8 16.7±4.5 <0.001 19.7±5.2 19.5±5.6 0.584

Total fat (%) 22.6±5.1 25.0±4.9 <0.001 34.5±5.3 34.8±5.7 0.365

ASM (kg) 20.5±2.9 19.9±2.9 0.002 14.0±2.0 13.5±2.0 <0.001

ASM/Height2 

(kg/m2)
7.4±0.8 7.3±0.9 0.014 6.0±0.7 5.9±0.7 0.355

Sarcopenia 30.0% 38.4% 0.015 5.2% 4.7% 0.759

HTN (%) 39.1% 64.2% <0.001 43.7% 71.9% <0.001

DM (%) 13.7% 28.9% <0.001 13.8% 27.6% <0.001

HbA1c 7.2±1.3 7.4±1.5 0.203 7.2±1.3 7.1±1.2 0.511
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Variables

Men Women

Control

(n=1632)

CKD

(n=203)
P-value

Control

(n=2045)

CKD

(n=211)
P-value

Glucose (mg/dL) 104.9±27.0 110.9±30.6 0.008 102.6±24.5 105.4±30.3 0.194

Insulin (mg/dL) 9.7±5.4 10.7±5.7 0.016 10.7±7.2 12.7±9.7 0.004

HOMA-IR 2.6±1.8 3.0±2.0 0.005 2.8±3.1 3.4±3.1 0.008

Total cholesterol 

(mg/dL)
185.7±35.9 178.9±37.0 0.011 201.5±35.6 197.1±43.8 0.158

BUN (mg/dL) 16.5±4.3 21.2±6.2 <0.001 15.8±4.1 20.8±6.5 <0.001

Creatinine 

(mg/dL)
1.0±0.1 1.4±0.2 <0.001 0.8±0.1 1.1±0.2 <0.001

eGFR (MDRD) 76.9±7.7 51.9±6.6 <0.001 77.5±7.9 50.6±7.0 <0.001

25(OH) D 

(ng/mL)
21.9±7.5 21.9±8.9 0.958 19.2±7.4 19.2±7.2 0.963

PTH (pg/mL) 65.1±24.6 77.6±42.1 <0.001 68.7±30.3 83.5±45.1 <0.001

Current smoker 29.1% 20.4% 0.010 4.1% 7.6% 0.020

Daily energy 

intake (kcal)
2059±716 17767±605 <0.001 1519±591 1331±541 <0.001

Daily protein 

intake (g)
71.3±33.9 61.8±31.5 <0.001 50.0±25.5 42.7±23.6 <0.001

Daily calcium 

intake (mg)
533.6±357.7 507.3±485.3 0.372 402.4±297.9 425.3±982.6 0.744

Limitation in daily 

activities 
20.6% 31.8% <0.001 33.3% 40.2% 0.044

Regular exercise 

(yes)
61.4% 61.2% 0.954 51.8% 37.6% <0.001

1Data are presented as means±SD or percent.
2Control group was defined as an eGFR of 60–90 mL/min/1.73 m2 and CKD was defined as an 

eGFR of 30–60 mL/min/1.73 m2.

CKD, chronic kidney disease; BMI, body mass index; ASM, appendicular skeletal muscle mass; 

HTN, hypertension; DM, diabetes mellitus; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis 

model assessment of insulin resistance; BUN, blood urea nitrogen; eGFR, estimated glomerular 

filtration rate; MDRD, Modification of Diet in Renal Disease study; PTH, parathyroid hormone
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2. BMD and geometry of femoral neck in patients with CKD

Differences also existed in BMD and geometry of the femoral neck between 

control group and patients with CKD (Table 2). In men, total hip BMD tended 

to be lower in CKD than in control, while femoral neck BMD was 

significantly reduced in CKD group. Although femoral neck geometry did not 

differ by CKD status, lumbar spine BMD was increased in men with CKD 

compared to control. In women, total hip and femoral neck BMD were 

significantly decreased in CKD compared to control group, and bone 

geometry was deteriorated in those with CKD; femoral neck cross-sectional 

area and cortical thickness were more reduced in CKD than in control gorup. 

Figure 1. Change of serum parathyroid hormone (PTH), vitamin D and 
HOMA-IR between control group and chronic kidney disease (CKD) group. PTH 
and HOMA-IR were significantly increased in CKD compared to control group. 
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Table 2. BMD and bone geometry in patients with CKD

Variables

Men Women

Control

(n=1632)

CKD

(n=203)
P-value

Control

(n=2045)

CKD

  (n=211)
P-value

BMD 

Total hip

BMD (g/cm2) 0.918±0.128 0.910±0.125 0.393 0.759±0.113 0.711±0.119 <0.001

T-score -0.2±0.9 -0.2±0.9 0.393 -0.8±1.0 -1.2±1.0 <0.001

Femoral neck

BMD (g/cm2) 0.738±0.118 0.716±0.113 0.016 0.605±0.101 0.558±0.102 <0.001

T-score -0.9±1.0 -1.0±0.9 0.016 -1.8±0.9 -2.3±1.0 <0.001

Lumbar spine

BMD (g/cm2) 0.941±0.156 0.990±0.175 <0.001 0.785±0.134 0.772±0.125 0.199

T-score -0.7±1.3 -0.3±1.5 <0.001 -1.9±1.2 -2.0±1.1 0.199

Geometry 

Cross-sectional

area (cm2)
3.00±0.45 2.98±0.52 0.783 2.28±0.36 2.15±0.39 0.018

Width (cm) 3.65±0.22 3.67±0.20 0.548 3.24±0.22 3.24±0.26 0.971

Cortical 

thickness (cm)
0.17±0.03 0.16±0.03 0.609 0.14±0.02 0.13±0.03 0.033

1Data are presented as means±SD.
2Control group was defined as an estimated glomerular filtration rate of 60–90 mL/min/1.73 m2 and 

CKD was defined as an estimated glomerular filtration rate of 30–60 mL/min/1.73 m2.

BMD, bone mineral density; CKD, chronic kidney disease

3. Clinical factors associated with low skeletal muscle mass

Next, the association between skeletal muscle mass and clinical parameters 

including BMD, insulin resistance, and nutritional intake were evaluated using 

a multiple linear regression model (Table 3). After the adjustment for multiple 

confounding factors, total hip BMD (ß=0.258, p<0.001), serum 25(OH)D 

level (ß=0.152, p<0.001), HOMA-IR (ß=-0.061, p=0.002), and daily total 
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energy intake (ß=0.098, p=0.001) were positively associated with skeletal 

muscle mass in men in control group, while total hip BMD (ß=0.288, 

p<0.001), 25(OH)D (ß=0.079, p<0.001), and daily total energy intake 

(ß=0.130, p<0.001) were positively associated in women in control group. 

Daily protein intake was negatively associated with skeletal muscle mass in 

women in control group. In contrast, only total hip BMD (ß=0.284, p=0.025) 

was associated with skeletal muscle mass in men with CKD, while total hip 

BMD (ß=0.432, p<0.001) and 25(OH)D (ß=0.155, p=0.008) were associated 

in women with CKD. 

Table 3. Association between appendicular skeletal mass/height2 and clinical 

parameters

Variables

Control CKD

Men Women Men Women

ß
P

value
ß

P
value

ß
P

value
ß

P
value

Total hip BMD 

(g/cm
2
)

0.258 <0.001 0.288 <0.001 0.284 0.025 0.432 <0.001

25(OH)D 
(ng/mL)

0.152 <0.001 0.079 <0.001 0.003 0.962 0.155 0.008

Total energy 
intake (kcal)

0.098 0.001 0.130 <0.001 0.103 0.235 0.185 0.068

HOMA-IR -0.061 0.002 -0.008 0.673 -0.037 0.502 0.045 0.432

Protein intake 
(g)

-0.026 0.380 -0.099 0.002 -0.086 0.321 -0.198 0.051

1Control group was defined as an estimated glomerular filtration rate of 60–90 

mL/min/1.73 m2 and CKD was defined as an estimated glomerular filtration rate of 30–60 

mL/min/1.73 m2.
2Age, weight, femur neck BMD, lumbar spine BMD, parathyroid hormone, regular 

exercise were adjusted.

BMD, bone mineral density; CKD, chronic kidney disease
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4. Effect of bone loss at total hip and vitamin D deficiency on skeletal muscle 

mass

In a multiple logistic regression model of patients with CKD, after the 

adjustment for age, weight, femur neck BMD, lumbar spine BMD, PTH, 

regular exercise, daily total energy intake, HOMA-IR, history of hormone 

replacement therapy for women, the OR for sarcopenia increased to 8.94 (95% 

CI, 1.15–69.34) in men and 8.02 (95% CI, 1.11–57.8) in women with each 1 

SD decrease in total hip BMD. However, vitamin D deficiency was not 

associated with the development of sarcopenia after the adjustment for 

multiple confounding factors (Table 4).

Table 4. Odds ratio for sarcopenia in patients with CKD

Variables (unit)
Men Women

OR (95% CI) OR (95% CI)

Total hip BMD 

  Decrease of 1SD 8.94 (1.15-69.34) 8.02 (1.11-57.8)

25(OH) D

<20 ng/mL 1.15 (0.44-2.92) 1.495 (0.26-8.52)

1Values are after adjustment for age, weight, femur neck BMD, lumbar spine BMD,
parathyroid hormone, regular exercise, total energy intake, homeostasis model 
assessment of insulin resistance, history of hormone replacement therapy if female.
OR, odds ratio; CKD, chronic kidney disease; CI, confidence interval; BMD, bone 
mineral density; SD, standard deviation

IV. DISCUSSION  

In the present study, we identified that the sarcopenia-related factors in patients 

with mild to moderate CKD using population-based data from KNHNES. Total 

hip BMD, serum 25(OH)D, daily energy intake, and insulin resistance were 

closely associated with skeletal muscle mass in control group. When the kidney 

function was aggravated, the association between total hip BMD and skeletal 
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muscle mass strengthened; meanwhile, the association with other factors was 

diminished. Sarcopenia was more prevalent in men than in women.

CKD and sarcopenia are both progressive diseases with aging-related increases in 

prevalence.5,16,19 Sarcopenia has been associated with multiple conditions such as 

physical inactivity, poor nutritional intake, decline of anabolic hormone levels,

chronic inflammation, and in addition, early CKD was revealed to associated 

with low skeletal muscle mass in our previous study.6-10

Several studies reported that mild renal insufficiency is associated with increased 

cardiovascular disease and mortality,20-22 and sarcopenia itself represents an 

increased risk of fall and fractures, disabilities, morbidity, and death.1,3,23

However, few studies have investigated sarcopenia in patients with early-stage 

CKD. Foley et al. reported that the prevalence of class I sarcopenia was 33.6% 

for CKD-2 and 50.7% for CKD-3 and beyond (eGFR <60 mL/min/1.73 m2), and 

multivariate associations including: older age; low income-to-poverty ratio; 

overweight; lack of exercise; low carbohydrate, fat, and protein intake; 

hypercalcemia, low 25-hydroxy-vitamin D; higher diastolic blood pressure; and 

insulin resistance.24 Although the definition of sarcopenia differed, the authors 

found an association between increasing sarcopenia prevalence and declining 

GFR consistent with the finding of our study. 

The prevalence of sarcopenia was much higher in men than women in early CKD 

participants. This tendency was also observed in a general population of elderly 

Korean and elderly Italian subjects.25,26 However, no gender-specific prevalence 

of sarcopenia was found in an Austrian or New Mexican population.4,27 This 

finding implicates gender and ethnicity differences in the development of 

sarcopenia. Gender specificity might be explained by differences in the effect of 

sex hormones on the bone-muscle relationship. The close relationship between 

muscle and bone mass appears to be weaker in women than in men. The reports 

studying bone and muscle relationship in elderly demonstrated that skeletal 

muscle mass was positively associated with BMD in men and fat mass in 

women.26-29 The conversion of androgens to estrogens in the adipose tissue of 

postmenopausal women may have a positive effect on bone tissue and skeletal 
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muscle. Regarding ethnic differences, in Korea, peak muscle mass was obtained 

at 20–39 years of age in men, but peak muscle mass was reached at 40–59 years 

of age in women.25 Since sarcopenia is defined compared to a young reference 

group aged 20–39 years, the prevalence of sarcopenia is naturally lower in 

women. The lack of physical activity and a growing tendency to prefer a thin 

body among young Korean women are reasons why peak muscle mass is 

achieved at middle age.

While musculoskeletal health of the CKD population has traditionally focused on 

bone and mineral disease, it was recently reported that sarcopenia also plays a 

critical role in poor outcomes in CKD. Similar to sarcopenia in the general 

population, multiple factors and different mechanisms seem to contribute to the 

muscle loss seen in patients with CKD. Increases in angiotensin II, metabolic 

acidosis, and inflammation as well as testosterone deficiency in CKD are 

expected to impair insulin/IGF-1 intracellular signaling and stimulate muscle 

protein degradation by the adenosine triphosphate–dependent 

ubiquitin-proteasome system, which is known to be the most important pathway 

for muscle breakdown.13,30 Moreover, tissue necrosis factor-α, myostatin, 

glucocorticoid, nuclear factor of kappaB, and reactive oxygen species are 

involved in protein degradation, while immunologic and myocellular changes 

and impaired function of satellite cells are involved in the inhibited protein 

synthesis in patients with CKD.15

Interestingly, in our study, when the kidney function was aggravated to CKD stage 

3, only total hip BMD was significantly associated with skeletal muscle mass. 

The correlations between bone and muscle and their pleiotropic factors are 

relatively well recognized. Muscle cells and osteoblasts are derived from a 

common mesenchymal precursor, and both components are regulated and 

controlled by common genes and mechanisms. The candidate genes and 

pathways for pleiotropic action on bone and muscle involve androgen receptor, 

estrogen receptor 1, insulin-like growth factor (IGF)-1, myostatin, vitamin D 

receptor, interleukin-6, bone morphogenetic protein-2, peroxisome 

proliferator-activated receptor-γ, glucocorticoid receptor, and pleiotropin.31
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Furthermore, sarcopenia and osteoporosis share common risk factors such as 

physical inactivity, cognitive decline, sedentary lifestyle, oxidative stress, 

chronic inflammatory conditions, and hormonal deficiencies.32,33 Although bones 

and muscles have their own correlations, CKD seems to provide a susceptible 

environment for both bone and muscle. Increased pro-inflammatory cytokines, 

decreased exercise, inactivity, decreased sex hormones, growth hormone 

resistance, insulin resistance, and vitamin D deficiency aggravate the loss of 

bone and muscle mass. 

Unexpectedly, of the three sites of BMD, only total hip BMD was associated with 

muscle mass. In men, lumbar spine BMD was increased in CKD compared to 

control group. Because of the way DXA works, subjects with osteophytes and 

vascular calcifications had greater spinal bone density.34,35 In recent studies, 

early CKD stimulated early vascular calcification, vascular osteoblastic 

transition, and circulating levels of fibroblast growth factor-23.36,37 This suggests 

that lumbar spine BMD by DXA could be overestimated due to extravertebral 

calcification and that its use may be inappropriate for assessing the status of 

bone loss in patients with early-stage CKD.  

This study has some limitations. First, it was cross-sectional, so we could not 

conclude a causal relationship of bone mass and muscle mass, although a 1 SD 

reduction of total hip BMD increased the OR for sarcopenia by 8 times in 

multiple logistic regression model. Second, low muscle function and low 

physical performance were not used to define sarcopenia, unlike 

recommendations of the European Working Group on Sarcopenia or the 

International Working Group on Sarcopenia.1,38 Third, we could not use data of 

sex hormones, inflammatory cytokines that can affect both bone and muscle.

V. CONCLUSION

In conclusion, low total hip BMD and low vitamin D levels are closely associated 

with low skeletal muscle mass in patients with early-stage CKD, and the 

association between BMD and muscle mass strengthened as the kidney function 

aggravated. Chronic inflammation, deficiency of anabolic hormone, impaired 



15

insulin/IGF-1 signaling, myostatin, oxidative stress might simultaneously affect 

the bone and muscle in CKD patients during aging process, although further

studies are needed to identify the causal relationship. Preventing osteoporosis 

and vitamin D deficiency may slow the progression of sarcopenia in patients 

with mild to moderate CKD at a stage when musculoskeletal complications may 

still be reversible.
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ABSTRACT(IN KOREAN)

조 만 신질환 환 에 근 량과 골 도, 비타민 D 연

<지도 수 승 >

연 학 학원 학과

조

전 연 에 3 만 신질환 근감 증과 강한 연

다는 것 혔지만, 아직 지 조 만 신질환과 근감 증에

한 연 는 드물다. 그러므 연 에 는 경∙중등도

만 신질환에 근감 증 병 과 근 량과 들

하고 하 다. 본 연 는 민건강 양조사 2008 에

2010 료 하여, 55 상 남 상 한

단 적 연 다. 그 결과, 근감 증 병 , 남 경우, 

조 에 30.0%, 조 만 신질환에 는 38.4% 고, 여

경우, 조 에 는 5.2%, 조 만 신질환에 는 4.7% 다. 

조 남 에 는 퇴 골 도, 비타민 D 수 , 

슐린저항 , 에 지 취량 근 량과 었고, 

조 여 에 는 퇴 골 도, 비타민 D 수 , 에 지

취량 근 량과 었다. , 조 만 신질환

는 남 에 는 직 퇴 골 도만 근 량과

보 고, 조 만 신질환 는 여 에 는 퇴 골 도, 

비타민 D 수 가 근 량과 연 었다. 결 적 , 조

만 신질환 환 에 는 낮 퇴 골 도, 낮 혈청 비타민

D 수 가 낮 근 량과 다는 것

확 하 다. 

----------------------------------------------------------------------------------------

핵심 는 말: 만 신질환, 근감 증, 골 도, 비타민 D, 근 량



21

PUBLICATION LIST
Kim JE, Lee YH, Huh JH, Kang DR, Rhee Y, Lim SK. Early-stage 

chronic kidney disease, insulin resistance, and osteoporosis as risk factors 

of sarcopenia in aged population: the fourth Korea National Health and 

Nutrition Examination Survey (KNHANES IV), 2008-2009. Osteoporos 

Int 2014;25:2189-98.

Huh JH, Song MK, Park KH, Kim KJ, Kim JE, Rhee YM, et al. 

Gender-specific pleiotropic bone-muscle relationship in the elderly from 

a nationwide survey (KNHANES IV). Osteoporos Int 2014;25:1053-61.


