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Objectives: The relationship between renal function and bone mineral density (BMD) is controversial. We evaluated the
relationship between markers of renal function and BMD in healthy Korean women.

Methods: A total of 1,093 women who visited the health promotion center at Pusan National University hospital were included in
the cross-sectional study. We divided the study population into two groups by BMD: osteopenia-osteoporosis and normal in the
lumbar and femur regions, respectively. We compared the relationship between renal function and BMD using a logistic regression
model and used SAS 9.3 (SAS Institute, Inc,, Cary, NC, USA) for all statistical analysis.

Results: Blood urea nitrogen (BUN), creatinine, and cystatin C (Cys-C) were correlated with BMD in both the normal and
osteopenia-osteoporosis groups, and in logistic regression analysis, BUN and Cys-C were correlated with lumbar and femur BMD.
However, after we adjusted for age, menopause, and body mass index, only creatinine showed a negative correlation with lumbar
BMD, and estimated glomerular filtration rate (eGFR) was related positively with femur BMD.

Conclusions: Serum creatinine could be a marker for lumbar BMD and eGFR for femur BMD in Korean women without overt
nephropathy. (J Menopausal Med 2017;23:96-101)
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Introduction

The prevalence of low bone mineral density (BMD) and
risk of fracture are increased among patients with end—
stage renal disease,’ but the effects of mild—to—moderate
renal insufficiency on BMD have been less widely studied,”
Separately, studies have reported conflicting data, In one
matched case—control study, patients with kidney disease
had lower BMD,? but in another study, kidney function did
not predict lower BMD after adjusting age, gender, and
weight,” This discrepancy could have been attributable to
the characteristics of the study populations such as race and

age, and the degree of decreased renal function could have

affected the results, The relationship between renal function
and BMD could differ by degree of renal function,

Another possible cause of this conflicting result is the use
of different renal function markers, A number of markers
have been used to estimate renal function estimation, most
widely, creatinine, However, creatinine levels are influenced
partly by muscle mass, which is associated with age, gender,
and weight,” Although estimated glomerular filtration rate
(eGFR) can be used as an improved marker of renal func—
tion, it is also calculated from serum creatinine, Cystatin C
(Cys—C) is a member of the human cysteine superfamily and
is an extracellular inhibitor of cysteine proteases; it can be

used to represent the changes in the GFR, similar to serum

Received: February 6, 2017 Revised: March 15, 2017 Accepted: March 27,2017
Address for Correspondence: Jong Kil Joo, Department of Obstetrics and Gynecology, Pusan National University School of Medicine,

179 Gudeko-ro, Seo-gu, Busan 49241, Korea

Tel: +82-51-240-7287, Fax: +82-51-248-2384, E-mail: jongkilj@hanmail.net

Copyright © 2017 by The Korean Society of Menopause

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/).

96



Byung Kyu Park, et al. Renal Function and Bone Marrow Density

creatinine, Serum Cys—C was found to be a better marker
than serum creatinine and also a better representative of
GFR than serum B2-microglobulin,®® In addition, serum
Cys—C is known not to be influenced by body mass or age.’
Cys—C may be a better marker than traditional ones, but its
correlation with BMD is still unclear,

In this study, we evaluated the correlation between BMD
and renal function with multiple markers in Korean women

without overt nephropathy,

Materials and Methods

1. Study population and anthropometric
measurements

This study include 1,093 women aged 50 to 70 years old
who completed our self—report questionnaires without ex—
ception among 3,670 women who visited the health pro—
motion center at Pusan National University Hospital from
January 2011 to December 2014, We obtained information on
menstrual history, operative history, and disease history in
addition to medical history, medication use, and lifestyle us—
ing self—report questionnaires and interviews with health—
care providers, Using a standing stadiometer, we measured
body weight and height with light clothing while the subjects
were barefoot and rounded the values to the nearest 0.1 kg
and 0.1 cm, We calculated body mass index (BMI) as the
weight in kilograms divided by the height in meters squared,

In order to apply this study to the normal population
group, we set the exclusion criteria as follows: 1) patients
with overt nephropathy; 2) patients whose blood test results
raised the suspicion of renal disease (creatinine level higher
than 1,5 mg/L, an eGFR less than 60 mL/minute/1,73 m2);
3) patients who had received hormone therapy within the
previous 12 months; and 4) patients who were currently un—

dergoing chemotherapy or radiation therapy,

2. Blood sampling and laboratory analysis

Blood was drawn at the antecubital vein from all subjects
between 8:30 and 10:00 am following at least eight hours of
fasting, and we analyzed Cys—C using turbidimetric immu—
noassay, The liver and renal function tests included alanine

aminotransferase, aspartate aminotransferase, lipid profiles,

blood urea nitrogen (BUN), serum creatinine, and total bili—
rubin as well as others, all of which we measured using the
Toshiba TBA200FR (Toshiba Co., Tokyo, Japan),

3. BMD measurement

We measured BMD by dual energy X—ray absorptiometry
(Hologic QDR—4500A; Hologic Inc,, Bedford, MA, USA) at
the lumbar spine (L1-14), femur neck, and femur total and
classified the results according to World Health Organization
(WHO) criteria as normal BMD: T—score > —1 or osteopenia

or osteoporosis: —2.5 < T—score <—1 or T—score < —2.5,

respectively).

4, Statistical analysis

We used SAS 9.3 (SAS Institute, Inc,, Cary, NC, USA) for
the statistical analysis, entering all data into a database for
verification by an independent person, We divided the study
population into two groups by body area: osteopenia—osteo—
porosis and normal BMD in the lumbar and femur regions,
respectively, We investigated the basic characteristics of the
groups using the x” test, independent t—test, or Wilcoxon
rank sum test, and we compared the relationship between

renal function and BMD using a logistic regression model,

Results

The basic characteristics of our study groups are pre—
sented in Table 1, Between women with osteopenia—osteo—
porosis and women with normal BMD in the lumbar region,
there were more postmenopausal women in the osteopenia—
osteoporosis group: serum phosphate, alkaline phosphatase
(ALP), insulin, and homocysteine were also significantly
higher in the osteopenia—osteoporosis group, The results for
the femur region were similar except there was no difference
in insulin level,

Table 2 shows the correlations between BMD and the re—
nal function markers, In the lumbar region, BUN and Cys—
C were significantly higher in the osteopenia—osteoporosis
group, but creatinine was lower in this group, The femur
region showed the same results,

Table 3 shows the logistic regression analysis results for

BMD and the renal function markers, The odds radios of
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Table 1. Population characteristics by lumbar and femur bone marrow density

Lumbar Femur

(())s?czec?pp:rr(])i:i; Normal P value g)sstleoopp;r?)isai-s Normal P value

N (%) 372 (34.0) 721 (66.0) <0.001 384 (35.1) 709 (64.9) <0.001
premenopausal 29 (7.8) 294 (40.8) 47 (12.2) 276 (38.9)
postmenopausal 343 (92.2) 427 (59.2) 337 (87.8) 433 (61.1)

Age 60.21 +7.81 52.66 + 8.97 <0.001* 59.52 + 8.83 5291 + 872 <0.001*
WC 79.66 £ 8.55 79.01 + 849 0.139* 79.06 + 847 79.33 £ 8.54 0.932*
BMI 22.74 £ 3.08 2290 £ 3.9 0.665* 2263 £ 293 2296 + 3.16 0.353*
Uric acid 446 £ 101 453 +1.04 0411* 448 +1.04 452 +1.03 0.389*
Phosphate 382+ 053 3.71+049 <0.001* 384+ 053 3.70 £ 049 <0.001*
Calcium 943 +0.39 941 + 037 0.171* 942 + 041 942 + 037 0.426*
ALP 96.74 + 58.11 8249 + 51.01 <0.001* 96.45 + 57.85 8241 + 51.05 <0.001*
Vitamin D 16.12 + 853 1634 £9.24 0.880* 16.12 + 8.63 16.35 £ 9.20 0.866*
Insulin (RIA) 478 £ 2.62 461 + 2.64 0.037* 4.66 £ 2.37 467 £ 2.77 0.178*
Homocysteine 7.75 + 333 7.27 + 233 0.010* 7.76 + 3.26 7.26 + 236 0.003*
RA 11.10 £ 24.50 9.77 £9.35 0.242* 10.92 + 23.38 9.85 + 10.39 0.859*
TSH (RIA) 281 +6.21 218 + 340 0.900* 274 £ 611 220 £ 344 0.976*
L1-14 -1.89 + 0.61 049 + 1.03 <0.001* -137£19 0.25+ 129 <0.001*
Femur -1.36 £ 0.72 -019+£ 091 <0.001* -1.64 + 043 -0.01 £ 0.75 <0.001*
L1 -1.95 +0.75 0.18 + 1.05 <0.001* -1.56 + 1.02 0.00 £ 1.25 <0.001*
L2 -1.99 + 0.76 033+ 110 <0.001* -1.52 £ 113 012 +133 <0.001*
L3 -193 £+ 081 0.54 +1.15 <0.001* -143£1.20 0.31 + 140 <0.001*
L4 -163 £ 091 0.78 + 1.26 <0.001* -111+£1.30 0.54 + 148 <0.001*

The data is presented as mean + standard deviation or number (%)
*Wilcoxon rank sum test

WC: waist circumference, BMI: body mass index, ALP: alkaline phosphatase, RIA: radioimmunoassay, RA: rheumatoid arthritis, TSH: thy-

roid-stimulating hormone

BUN and Cys—C were statistically significant in both regions
with unadjusted analysis; however, once we adjusted for
age, menopausal status, and BMI, there was no statistical
significance for either, Creatinine showed negative correla—
tions in lumbar BMD, and eGFR showed positive correlations

with femur BMD after adjustment,
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Discussion

In this study, BUN, creatinine, and Cys—C were correlated
with BMD in both the normal and osteopenia—osteoporosis
groups, In logistic regression analysis, BUN and Cys—C were
correlated with lumbar and femur BMD, but after we ad—
justed for age, menopause, and BMI, only creatinine showed
a negative correlation with lumbar BMD and eGFR was re—
lated positively with femur BMD,

Generally, it is known that decreased renal function is as—
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Table 2. The correlations between bone marrow density and the renal function markers

Lumbar Femur
;)Ss::ggsgg{s normal BMD P value g::sgggg:s normal BMD P value
N (%) 372 (34.0) 721 (66.0) 384 (35.1) 709 (64.9)
BUN 1498 + 448 1401 +3.84 0.002* 14.88 + 4.82 14.04 + 361 0.014*
Cr 0.70 £ 0.13 0.72 £0.15 0.007* 0.71+0.18 0.72 £0.12 0.019*
cGFR 91.22 + 1851 9229 + 1791 0.451* 9247 + 18.86 91.60 + 17.71 0.467*
Cystatin-C 0.82 £ 0.16 0.78 £ 0.15 <0.001* 0.82 £ 0.18 0.78 £ 0.13 <0.001*
The data is presented as mean * standard deviation or number (%)
*Wilcoxon rank sum test
BMD: bone mineral density, BUN: blood urea nitrogen, Cr: creatinine, cGFR: corrected glomerular filtration rate
Table 3. Logistic regression analysis results for bone marrow density and renal function markers
Lumbar Femur
Unadjusted Adjusted’ Unadjusted Adjusted’
BUN 1.059* (1.026-1.093) 0.992 (0.958-1.027) 1.051* (1.019-1.084) 0.993 (0.96-1.027)
Cr 0.325 (0.115-0.921) 0.186* (0.057-0.604) 0.582 (0.226-1.499) 0.423 (0.145-1.235)
cGFR 0.997 (0.988-1.005) 1.008 (0.999-1.018) 1.003 (0.994-1.011) 1.014* (1.004-1.024)
Cystatin-C 7.456* (3.04-18.282) 1.097 (0.426-2.824) 6.749* (2.775-16.411) 1.457 (0.581-3.654)

The data is presented as odds radio (95% confidence interval)
*P <0.05
‘age, menopause, body mass index

BUN: blood urea nitrogen, Cr: creatinine, cGFR: corrected glomerular filtration rate

sociated with decreased BMD, Decreasing GFR is associated
with increased parathyroid hormone secretion and fibroblast
growth factor 23 signaling, which leads to decreased vita—
min D synthesis, which is then associated with bone loss, "
However, many studies found no relationship between renal
function and BMD, The reasons for this disagreement might
be the degrees of diminished renal function and the renal
function markers that were used for the analyses,

Patients with end—stage renal disease (ESRD) have a
higher prevalence of low BMD and a higher risk of fracture,'
The mechanism of low BMD in ESRD patients is multifac—
torial,"” Metabolic bone disease, f2—microglobulin—related
amyloidosis, hypogonadism, avascular necrosis, and chronic
acidosis in ESRD patients could all be associated with in—
creased bone loss,” and conversely, osteoporosis and frac—
ture can accelerate the development of ESRD,

Decreasing GFR is associated with increased parathy—

roid hormone secretion, which leads to decreased vitamin D
synthesis, which is then associated with bone loss, In our
data, calcium and vitamin D were not different between os—
teopenia/osteoporosis and normal BMD, So we assume that
difference in BMD may be caused by other factors partly,
Osteoporosis is characterized by long—term chronic inflam—
mation and microvascular disease that could enhance the
deterioration of renal function, Additionally, acute inflam—
matory response in bone healing following fracture might
further deteriorate renal function,™

In patients with mild—to—moderate chronic renal disease,
the relationship between renal function and BMD could be
different from that in ESRD patients, Kong et al.” reported
that mild—to—moderate chronic renal disease was not in—
dependently associated with decreased BMD, but Kaji et
al.™® reported that postmenopausal women with mild renal

dysfunction were at increased risk for BMD decrease and

https://doi.org/10.6118/jmm.2017.23296  9Q



-
-

Journal of Menopausal Medicine 2017;23:96-101

s

vertebral fractures, This discrepancy is probably due to the
difference in gender and age between the two studies, In the
report of Kong et al.”’, both men and women were included
and the mean age was 49,9 years, However in the report of
Kaji et al.'®, only women were included and the mean age
was 64,5 years,

Osteoporosis is an age—related disease with several
gender—specific differences, Bisphosphonate and hormone
therapy are used for the treatment of osteoporosis, and cell
therapy is also being studied recently.” Its prevalence is
higher in women than in men, Due to their larger bones,
men have greater bending strength than do women.” In ad—
dition, the effect of estrogen has to be considered, It is well—
known that estrogen has a positive effect on BMD, Hypoes—
trogenism induced by gonadopin—releasing hormone agonist
can cause low BMD status that need treatment,” Moreover,
multiparity and prolonged lactation have negative impact
on BMD.* Additionally, many studies suggest that estro—

gen has a nephroprotective effect,”

Menopause can cause
a decrease in estrogen, which affects both the bone and
the kidney, Therefore, health care through comprehensive
screening including renal function at the time of menopause
is necessary, There is a possibility of predictive role of renal
function test in BMD to some extent,

In a population without overt nephropathy, Huh et al*
reported that serum creatinine reflected muscle mass, and
low serum creatinine was independently associated with low
BMD, and these results correspond with those of our study,
Reduced muscle mass, or sarcopenia, is a well-known risk
factor for osteoporosis; it affects balance and thereby in—
creases the risk of falls and subsequent fractures.” Serum
creatinine reflects physical activity levels as well as skeletal
muscle mass, and both are important for maintaining bone
health. ™ Because creatinine degradation is stimulated by
reactive oxygen species, decreased serum creatinine may
reflect increased oxidative stress, which may consequently
deteriorate BMD via this oxidative stress,27

The serum creatinine cut—point for the presence of sar—
copenia was suggested to be below 0.7 mg/dL in postmeno—
pausal women.” In our study, mean creatinine was 0.7 &
0.13 mg/dL in the lumbar region and 0,71 + 0,18 mg/dL in
the femur region in the osteopenia—osteoporosis group, both
of which were lower than the levels in the normal BMD group,

100 https://doi.org/10.6118/jmm.2017.23.2.96

Renal function should be analyzed differently according
to presence or severity of renal dysfunction, In ESRD, renal
function is highly correlated with low BMD, and renal func—
tion markers could predict osteoporosis or fractures, How—
ever, in patients with normal renal function, lower serum
creatinine is associated with lower BMD in relation to sar—
copenia, In mild—to—moderate renal disease, the correlation
of renal function and BMD is controversial,

Regarding the renal function markers, creatinine is a
better marker for BMD, Cys—C is a good marker for renal
function, but it has limited value in reflecting BMD because
BMD is determined by multiple factors,

This study has a number of limitations, First, we did not
evaluate body mass, which is important in estimating the
relationship between renal function and BMD, Second, we
used only participants who had attended the health promo—
tion center, and this population might have tended to care
more about their health, Third, we did not analyzed data as
subgroups of renal dysfunction degree, Despite these limita—
tions, this study has value in showing the clear correlation
between decreased creatinine and lower BMD in healthy

Korea women,
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