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Recent studies in Western countries have reported a significant association between
glomerular filtration rate (GFR) and bone mineral density (BMD) in the absence of dialysis
among the general population. However, there have been few studies regarding renal
function and BMD among Korean or Asian subjects with moderate to severe (stage 3 or 4)
chronic kidney disease (MS-CKD). The aim of the present study was to investigate the
association between MS-CKD and BMD in the general Korean population. BMD, serum
creatinine and other measures were obtained from 3,190 subjects (1,428 males and 1,762
females; the fourth Korean National Health and Nutrition Examination Survey). GFR was
estimated using the Cockeroft-Gault formula, with adjustment for body surface area.
After adjustment for all variables, multiple regression analysis showed that BMD in the
femur neck, total femur and lumbar spine were positively associated with eGFR in both
males and females. Additional analysis showed that MS-CKD was also significantly
associated with osteoporosis in both males and females (odds ratio [OR] 2.20, 95%
confidence interval [Cl] 1.15-4.20 in males; and OR 1.96, 95% Cl 1.33-2.88 in females).
Individuals with MS-CKD may be at higher risk of osteoporosis even among Asians.
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INTRODUCTION

End-stage renal disease (ESRD) is a well-established risk factor
for reduced bone mineral density (BMD) and osteoporosis as
well as for hip fracture (1-3). Since the relationship between re-
nal function and BMD in ESRD patients has been extensively
investigated (4-7), it is suggested that an association between a
moderate to severe decrease in glomerular filtration rate (GFR)
in the absence of dialysis (K-DOQI [Kidney Disease Outcomes
Quality Initiative] 3 and 4) and BMD (or osteoporosis) may exist
among the general population (6, 7). Though the values of GFR
and BMD vary across ethnicity, most previous studies of the
potential association between renal function and BMD among
the general population with stage 3 or 4 CKD have been per-
formed in Western countries (6, 7). There have been few studies
regarding renal function and BMD among the general popula-
tion with moderate to severe (stage 3 or 4) chronic kidney dis-
ease (MS-CKD) in Korea or Asia. Furthermore, former studies
have been performed only in postmenopausal women (8, 9) or
with small sample sizes (9).

In addition to ethnicity, previous studies concerning bone
health have also been conducted mainly for women, especially
postmenopausal women (8-10). Few studies have been per-
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formed on men. Given the increasing prevalence of both osteo-
genesis and CKD without dialysis and osteoporosis in Asian
countries (11, 12), even among men, evaluating the relation-
ship between decreased renal function and BMD in both Kore-
an men and women is of great importance. Therefore, we in-
vestigate the association between MS-CKD and BMD in the
general Korean population.

MATERIALS AND METHODS

Data source and study subjects

The present study used the BMD data subset of the Korean Na-
tional Health and Nutrition Examination Survey IV (KNHANES
IV) of 2008. The KNHANES collected representative data on the
health, nutritional status, and BMD of the civilian, non-institu-
tionalized Korean general population. A stratified multistage
clustered probability design was used to select representative
samples of non-institutionalized Korean civilians for the KNH-
ANES (13). The survey data were publicly available. A total of
3,583 subjects were recruited in the BMD sub-dataset. We ex-
cluded the data from individuals that did not include serum
creatinine levels (n = 116). The data for BMD and clinical ex-
amination findings, including serum creatinine levels, were avail-
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able for a total of 3,467 individuals. Individuals with incomplete
survey responses (n = 8), diagnosis and treatment of osteopo-
rosis (n = 257), or ESRD (eGFR < 15 mL/min/1.73 m?) and dial-
ysis (n = 12) were also excluded, leaving a total of 3,190 subjects.

BMD and definition of osteoporosis

In KNHANES 1V, subjects were examined in a mobile examina-
tion vehicle. Licensed, trained technicians measured BMD in
men and non-pregnant women aged 2 20 yr by using dual en-
ergy X-ray absorptiometry (DXA; HOLOGIC, DISCOVERY-W,
Bedford, MA, USA). BMD was measured at several areas (whole
femur, femoral neck and lumbar spine). BMD was expressed as
g/cm?. For the purpose of DXA quality control, daily automatic
calibration was performed to maintain a precision standard of
1.5% for the total hip measurements according to the manufac-
turer’s instructions (13). Osteoporosis was operationally de-
fined as a T-score of equal or below -2.5. T-score was estimated
using the following equation: (measured BMD - mean of maxi-
mum BMD)/standard deviation (SD) of maximum BMD. As
there is no universal consensus on maximum BMD, an Asian
standard (Japanese) measured for BMD was used. The mean
(# SD) values in the femur neck were 0.846 ( + 0.124) for males
and 0.803 (+ 0.107) for females. The values in the total femur
were 0.940 (+ 0.137) for males and 0.851 (+ 0.115) for females.
The values in the lumbar spine were 1.024 (+ 0.120) for males
and 1.006 (+ 0.115) for females (14).

GFR estimation

In KNHANES 1V, serum creatinine was measured using the Ja-
ffe method and a Hitachi Automatic Analyzer 7600 (Hitachi,
Tokyo, Japan), and serum creatinine concentrations were cali-
brated to a creatinine standard. Renal function was estimated
using the estimated glomerular filtration rate (eGFR). As Modi-
fication of Diet in Renal Disease (MDRD) study population had
been derived from almost non-dialysis patients with CKD (15),
the GFR of healthy people might be underestimated by the MD-
RD equation. Therefore, we estimated the GFR (mL/min/1.73
m?) using the following Cockcroft-Gault (CG) formula: eGFR
(mL/min/1.73 m?) = ([140-age] x weight x [0.85 if subject was
female])/72 x serum creatinine, adjusted for body surface area
(BSA). BSA was calculated as follows: BSA = weight (kg)***® x

height (cm)*™ x 0.007184 (16). With K-DOQI, MS-CKD was
defined as subjects with eGFR < 60 mL/min/1.73 m* (K-DOQI
stage 3 or 4).

Covariate assessments

Body mass index (BMI) was calculated by dividing weight (kg)
by square of height (m?*). BMI was classified into the following 3
groups: underweight (BMI < 18.5 kg/m?), normal weight (BMI
18.5 kg/m® to < 25 kg/m?) and obesity (BMI > 25 kg/m?) (13).
Daily calcium intake (mg/day) was calculated using the 24-hr
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recall method. Information concerning cigarette smoking (nev-
er smoked & ex-smoker/ current smoking), alcohol consump-
tion (less than once per month/more than once per month),
exercise (none/1-2 times per week/3-4 times per week/5 times
or more per week), and menopause and hormone replacement
therapy, and fracture-related history, such as any history of os-
teoporosis in family members and any history of fracture in
themselves (no/yes) were assessed using survey questionnaires.

Statistical analysis

All statistical analyses were performed using SAS software, ver-
sion 9.2 (SAS Institute Inc, Cary, NC, USA) to account for the
stratified multistage clustered probability design and survey
weights. The age-standardized prevalence of osteoporosis was
measured by using the standardization methods for the popu-
lation derived from the 2005 Korean Census as the standard
population. For continuous variables (age, BMI, daily calcium
intake, vitamin D level, and BMD at various sites), a univariate
regression analysis was applied to evaluate the difference in
means between subjects with and without MS-CKD according
to statistical guidelines (13). For categorical variables (BMI, smo-
king status, exercise, alcohol consumption, fracture-related his-
tory, and menopause & hormonal replacement threrapy), a
Rao-Scott chi-square analysis was applied to account for differ-
ences in terms of the absence or presence of MS-CKD. The re-
lationship between eGFR and BMD was determined in terms
of sex by MS-CKD stratified simple and multiple regression
analysis (SAS syntax: SURVEYREG); after adjustment for age
and BMI, covariates were related to bone health (age, BMI, dai-
ly calcium intake, vitamin D level, alcohol consumption, ciga-
rette smoking, exercise, and fracture-related history, as well as
menopause and hormone replacement therapy in females).
The association between MS-CKD and osteoporosis was esti-
mated using a logistic regression model. For the first step, ad-
justments were made for age and BMI. Next, multiple logistic
regression analysis included all variables. The reference catego-
ryin each model was an eGFR of = 60 mL/min/1.73 m®.

Ethics statement

The design of the present study was approved by institutional
review board of the Catholic University of Korea, College of
Medicine (approval ID: CUMC11U139). The Korea Center for
Disease Control and Prevention received the informed consent
from all participants (13). The data are publicly available in web-
site (13).

RESULTS
The estimated percentages of subjects with MS-CKD were 6.4%

in males and 17.0% in females. The subjects with MS-CKD were
older than those with an eGFR of > 60 mL/min/1.73 m> Both
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males and females with MS-CKD were more likely to have lower
BMD and calcium intake. The subjects who were underweight
or normal weight, former smokers/non-smokers, and who had
a history of fracture risks had higher prevalence of MS-CKD in
all four groups. Women with MS-CKD were more likely to be
taking hormone replacement therapy (Table 1).

Table 2 shows the association between eGFR (per 5 mL/min/
1.73 m*) and BMD. Multiple regression analysis revealed that in
both males and females, the BMD at femur neck, total femur,
and lumbar spine area were positively associated with eGFR
among those with MS-CKD. The regression coefficients of eGFR
on BMD were higher in females with MS-CKD ( = 0.013-0.019)
at all sites than in those with an eGFR of > 60 mL/min/1.73 m?
(B = 0.007-0.008). For males, the regression coefficients of eGFR
on BMD were higher in males with MS-CKD (f = 0.017-0.022)
at total femur (P < 0.001) and lumbar spine (P = 0.014) than in

those with an eGFR of > 60 mL/min/1.73 m* (8 = 0.010-0.011)
(Table 2).

Table 3 shows the association between MS-CKD and osteo-
porosis. After adjustment for all confounding factors, the MS-
CKD was significantly associated with osteoporosis (odds ratio
[OR] 2.20, 95% confidence interval [CI] 1.15-4.20 in males; and
OR 1.96, 95% CI 1.33-2.88 in females) (Table 3).

DISCUSSION

Our study results revealed that there was a positive association
between eGFR and BMD in the Korean population and that
both men and women with MS-CKD were likely to have a higher
decline in BMD than those with an eGFR of > 60 mL/min/1.73
m? in multiple linear regression analysis.

In ESRD patients undergoing dialysis, the bone loss resulted

Table 1. Characteristics of 3,190 subjects by sex and moderate to severe chronic kidney disease

Male Female
Estimated GFR Estimated GFR
Parameters eGFR > 60 eGFR < 60 Pualue eGFR > 60 eGFR < 60 Pualue
(mL/min/1.73 m?) (mL/min/1.73 m?) (mL/min/1.73 m?) (mL/min/1.73 m?)
No. % (SE) No. % (SE) No. % (SE) No. % (SE)
Total 1,273 93.6(0.7) 155 4(0.7) 1,412 83.0 (1.5) 350 17.0(1.5)
Age* (yr) 45.5 (0.4) 69 6(0.8) < 0.001 42.4(0.4) 64 (0.8) < 0.001
BMI* (kg/m?) 24.1(0.1) 21.2(0.2) < 0.001 23.4(0.1) 22.1(0.2 < 0.001
Obesity
BMI < 18.5 86 3.3(0.6) 32 22.5 (4.1) < 0.001 70 8(0.7) 49  17.3(2.9 < 0.001
BMI: 18.5-25 775 60.3 (1.5) 106 64.1 (4.5) 930 681 (1.5) 244 70.4 (3.0)
BMI-25 463 36.5 (1 .5) 17 13.5(3.9) 412 26.1 (1.6) 57  123(1.7)
Ca intake* (mg/day) 548.4 (13. 392.7 (36.0) 0.300 457.1 (11.2) 369.5 (18.6) 0.096
Vitamin D (ng/mL) 22.7 (0. 4) 25.6 (0.7) < 0.001 19.1 (0.4) 20.0 (0.6) 0.142
Femoral neck BMD* (g/cm?) 0.844 (0.005) 0.661 (0.010) < 0.001 0.748 (0.004) 0.603 (0.009) < 0.001
Total femoral BMD* (g/cm?) 0.989 (0.004) 0.833(0.011) < 0.001 0.889 (0.004) 0.749 (0.010) < 0.001
Lumbar spine BMD* (g/cm?) 0.983 (0.004) 0.883(0.015) < 0.001 0.963 (0.005) 0.796 (0.010) < 0.001
Alcohol
1 time/month > 306 222 (1.7) 70 43.9(4.9) < 0.001 755 51.9(1.3) 262 725(2.4) < 0.001
1 time/month < 967 77.8(1.7) 85 56.1 (4.8) 657 481 (1.3) 88 27.5(24)
Smoking
Current 603 49.4 (1.4) 54 35.1 (4.9 0.007 99 7.4(1.0) 28 8.8 (2.2 0.561
Former/non 670 50.6 (1.4) 101 64.9 (4.9) 1,313 92.6 (1.0) 322 91222
Exercise
No 334 24.3 (1.5) 69 45.2 (4.6) < 0.001 583 40.2 (1.9) 184  53.6 (3.6) 0.009
1-2/week 325 28.2 (1.4) 21 12.3(3.2 298 21.7(1.2) 47 156 (2.1)
3-4/week 250 20.8(1.1) 21 14.3 (3.8) 222 16.4 (1.1) 43 1213.1)
5 < /week 364 26.7 (1.4) 44 28.2 (4.8) 309 21.7.(1.6) 76 18.7(23)
Fracture-related history"
No 1,074 85.5(1.3) 139 85.8 (4.1) 0.937 1,167 822(1.2 299 84.3(24) 0.460
Yes 199 14.5(1.3) 16 14.2 (4.1) 245 17.8(1.2) 51 157 (2.4
Menopause & HRT* status
Pre-menopause 363 20.8 (1.4) 266  70.5(3.4) < 0.001
Post-menopause & HRT (-) 875 66.9 (1.4) 68  24.4(3.1)
Post-menopause & HRT (+) 174 12.3(0.8) 16 51(1.8)

All values were numbers of subjects, estimated percent and standard error (SE) with weight unless otherwise stated. As there is no consensus on maximum BMD for Koreans,
the Japanese standards for BMD at those three sites were used. The mean (standard deviation, SD) values for femoral neck = 0.846 (0.124) for men and 0.803 (0.107) for
women. The mean (SD) values in total femur = 0.940 (0.137) for men and 0.851 (0.115) for women. The mean (SD) values in lumbar spine = 1.024 (0.120) for men and 1.006
(0.115) for women. *Weighted mean (SE); *Any history of osteoporosis in family member and any history of fracture in themselves; *HRT hormone replacement therapy.
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Table 2. Univariate and multiple linear regression of glomerular filtration rate according to bone mineral density in subjects by sex and moderate to severe chronic kidney

disease
Male Female
Variables eGFR > 60 mL/min/1.73 m? eGFR < 60 mL /min/1.73 m? eGFR > 60 mL/min/1.73 m? eGFR < 60 mL/min/1.73 m?
B SE Pvalue B Pvalue B SE Pvalue B SE Pvalue
Femur neck BMD
eGFR (per 5 mL/min/1.73 m?) 0.013 0.001 < 0.001 0.011 0.004 0.025 0.009 0.001 < 0.001 0.023 0.005 < 0.001
+all variables* 0.014 0.001 < 0.001 0.011 0.005 0.024 0.008 0.001 < 0.001 0.015 0.005 0.004
Total femur BMD
eGFR (per 5 mL/min/1.73 m?) 0.010 0.001 < 0.001 0.017 0.005 0.002 0.008 0.001 < 0.001 0.027 0.006 < 0.001
+all variables* 0.011 0.001 < 0.001 0.017 0.005 0.001 0.007 0.001 < 0.001 0.019 0.006 0.001
Lumbar spine BMD
eGFR (per 5 mL/min/1.73 m? 0.009 0.001 < 0.001 0.018 0.006 0.004 0.010 0.001 < 0.001 0.022 0.006 < 0.001
+all variables* 0.010 0.001 < 0.001 0.022 0.006 < 0.001 0.008 0.001 < 0.001 0.013 0.005 0.014

*For male: adjusted for (age, BMI, daily calcium intake, blood vitamin D level, alcohol consumption, smoking, exercise, and any history of osteoporosis in family member and
any history of fracture in themselves); For females: adjusted for (age, BMI, daily calcium intake, blood vitamin D level, alcohol consumption, smoking, exercise, any history of
osteoporosis in family member and any history of fracture in themselves, and menopause & hormone replacement therapy).

Table 3. Multiple logistic regression for the association between osteoporosis and moderate to severe chronic kidney disease (MS-CKD) by sex

Male Female
Kidney disease Prevalence of osteoporosis Model 1* Model 2 Prevalence of osteoporosis Model 1* Model 2*
Agi/;szgg‘;‘;“g)zed OR (95% C)) OR (95% C)) Ag'f,/;szggf,’/:‘%’li)zed OR (95% Cl) OR (95% C))
MS- CKD No 6.2 (4.7-7.8) 1 1 14.2 (9.3-19.7) 1 1
Yes 9.5 (2.0-17.1) 3.28 (1.82-5.58) 2.20 (1.15-4.20) 18.0 (14.5-21.6) 2.66 (1.88-3.74) 1.96 (1.33-2.88)

eGFR estimated glomerular filtration; OR odds ratio; Cl confidence interval. Osteoporosis was defined as a T-score < -2.5 for any sites of the measured bones (total femur, femo-
ral neck, or lumbar spine). The age-standardized prevalence of osteoporosis was measured by the standardization methods for the population derived from the 2005 Korean
Census as the standard population. *Adjusted for age. "Adjusted for (age, BMI, smoking, exercise, frequency of alcohol consumption, daily calcium intake, blood vitamin D level
and any history of osteoporosis in family member and any history of fracture in themselves). *Adjusted for (age, BMI, smoking, exercise, frequency of alcohol consumption, daily
calcium intake, blood vitamin D level, any history of osteoporosis in family member and any history of fracture in themselves, and HRT & menopause).

from secondary hyperparathyroidism. However, there have
been few reports of obvious mechanisms for the association
between BMD and MS-CKD in terms of the degrees of CKD.
Recently, some studies have suggested several possible mecha-
nisms behind bone loss in patients with MS-CKD without dial-
ysis (17-19). As GFR decreases below 60 mL/min/1.73 m? phos-
phate retention in blood triggers a rise in parathyroid hormone
(PTH) and fibroblast growth factor-23 (FGF-23) as well as a de-
cline in tubular 1,25(OH), vitamin D; these changes may have a
negative influence on BMD (17). Another possible mechanism
is that chronic metabolic acidosis characterized by decreased
serum bicarbonate may result in a gradual dissolution of bone
mineral (18). Consistent with our study results, a study concern-
ing early impairment of bony structures revealed that early tra-
becular microarchitectures were seen in K-DOQI stages II throu-
gh IV (20). That study also showed early impairments of bony
structures among early stage CKD patients. However, they did
not explain why the more severe degrees of CKD had greater
bone loss. Therefore, further studies should be conducted to
demonstrate a biologically plausible explanation of difference
in bone loss between early and severe stage CKD.

There have been few studies concerning the association be-
tween BMD and renal function in males. Our study demon-
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strated that both males and females with MS-CKD had higher
ORs for osteoporosis. Consistent with our study results, a pro-
spective study has supported this association (4). In the pro-
spective Osteoporotic Fractures in Men (MrOS) study, a corre-
lation between changes in total hip BMD and the eGFR quar-
tiles (calculated using a MDRD formula) was reported. The mean
annualized BMD percentage changes of -0.58%, -0.39%, -0.37%,
and -0.31% for the first (lowest) to fourth (highest) eGFR quar-
tiles, respectively (P for linear trend = 0.020) were also shown in
multiple regression analysis (4). As this study demonstrated a
significant association between eGFR and BMD observed in
the males from their cohort, its results suggested that a positive
association between eGFR and BMD might exist in males.
Since ethnic differences in bone density and GFR are well
described (10, 21, 22), we can assume that the relationship be-
tween GFR and BMD may be different among ethnic groups.
The effect of height, weight and/or body composition (fat mass,
lean body mass, etc.) may result in ethnic differences in bone
mass (23). Our study demonstrated that the age-standardized
prevalence of osteoporosis in individuals with MS-CKD were
lower (9.5% for males and 18.0% for females in Table 3) than
those of previous studies in Western countries (6, 24). However,
due to the fact that subjects were recruited from a certain hos-
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pital in Ireland, there may have been a selection bias in that
older subjects or those with more co-morbid diseases related to
osteoporosis or kidney disease had been referred to the hospi-
tal for DXA and assessments of renal function (24). Environ-
mental factors and lifestyle may also affect ethnic differences in
bone density. A previous study has shown that US born Japa-
nese females may have significantly higher body fat and BMD
than native Japanese females due to lifestyle differences (25).
Thus, ethnic and environmental differences may play an im-
portant role in evaluating association between BMD and other
factors. Further studies are needed to generalize the association
between BMD and MS-CKD in the absence of dialysis in the
Korean general population as well as in other ethnic groups.

In our study, serum vitamin D was higher in males with MS-
CKD than in those without. Our data was not in accordance
with previously described mechanism through vitamin D defi-
ciency (17). After adjustment for potential confounding factors,
such as age and smoking, multiple regression analysis was per-
formed (not shown in Tables). Although a positive regression
coefficient was found for MS-CKD (2.915; comparing to those
with eGFR > 60 mL/min/1.73 m?) and serum vitamin D levels
(unadjusted), non significant regression coefficient of MS-CKD
(-0.157; comparing to those with eGFR > 60 mL/min/1.73 m?)
was also seen after adjustment for age and smoking rate. There-
fore, age and smoking rate might serve as confounders for se-
rum vitamin D levels. Furthermore, with the limitation of the
KNHANES survey, the authors could not check for supplement
use including vitamin D or the active form of vitamin D (includ-
ing 1,25(0H).D; calcitriol). Thus, further longitudinal studies
are required to confirm this issue.

Our study had some limitations. First, the data were derived
from the cross-sectional KNHANES survey, and so we could
not evaluate the causal relationship between MS-CKD, BMD
and osteoporosis. Second, measurement of GFR with 24-hr
urine collection was not available. A 24-hr urine collection is a
more precise method for measuring creatinine clearance or
GFR than the CG formula and MDRD equation used in research,
and this urine collection was used in a previous epidemiologi-
cal study (26). However, this method is not feasible in the con-
text of population-based studies, such as the KNHANES and
the NHANES, which estimated eGFR using serum creatinine
instead (6, 7, 9). Third, it was necessary to estimate the figures
for patients with a family history of osteoporosis and the num-
ber of patients with ‘fragility’ fractures at the age of > 50 yr. How-
ever, due to the limitation of our questionnaire, we could not
evaluate this issue.

Our study had some strengths, including the use of a large,
healthy and community-based study population. To the best of
our knowledge, our study is the first to evaluate the association
between MS-CKD, BMD and osteoporosis in the Korean gener-
al population. In addition, we performed sex-stratification and

http://dx.doi.org/10.3346/jkms.2013.28.4.569

age-standardization for the prevalence of MS-CKD as well as
adjustments for known confounder, including eGFR and BMD.
This point is important because the CG formula uses age, sex,
weight and BSA to estimate GFR and because it would be un-
clear whether the observed association was a consequence of
renal dysfunction or confounders, such as age or sex.

In conclusion, the results of present study provide important
evidence to support an association between GFR and BMD in
both males and females and suggest that osteoporosis may be
highly prevalent in individuals with MS-CKD in the Korean ge-
neral population. Further longitudinal studies are warranted to
investigate the potential effects of MS-CKD on individuals from
the general population who are vulnerable to osteoporosis. Hen-
ce, screening procedures for the early detection of such patients
should be established.
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