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Background: Serum cystatin C has been known as a novel marker of preclinical renal
dysfunction, and higher cystatin C levels are associated with increased risks of hip and nonver-
tebral fractures. However, there are few reports on the association between serum cystatin C and
bone mineral density (BMD), especially in the Asian population. We evaluated the association
between cystatin C levels and BMD of the spine and hip in Korean adults.

Methods: A cross-sectional study was performed in 865 Korean adults (325 men and
540 women) who participated in a comprehensive medical examination program and underwent
bone densitometry. Renal function was assessed by the estimated glomerular filtration rate
(eGFR), which was calculated using an equation based on creatinine (¢GFRcre) and cystatin C
(eGFRcys).

Results: The serum cystatin C level was negatively correlated with different types of BMD,
including the lowest lumbar, total lumbar, femoral neck, and total femur BMD, in women, but
not in men. Higher cystatin C levels were associated with a higher prevalence of osteoporosis
in women (odds ratio [OR], 3.68; 95% confidence interval [CI], 1.69-8.03; P=0.001), but not
in men (OR, 0.85; 95% CI, 0.30-2.38; P=0.761). However, this association was attenuated in
the multivariable model adjusted for age, body mass index, serum 25-hydroxyvitamin D,, and
creatinine (OR, 1.01; 95% CI, 0.38-2.71) in women. In addition, the eGFRcys showed a stronger
positive correlation with BMD than the eGFRcre.

Conclusion: Our findings suggest that serum cystatin C levels might help identify women with
osteoporosis who are susceptible to fractures.

Keywords: cystatin C, bone density, osteoporosis, glomerular filtration rate

Plain language summary

Osteoporosis, a skeletal condition causing an increased risk of fractures, is becoming more
prevalent due to the recent global expansion of the aging population. Osteoporosis and osteo-
porotic fractures are serious public health threats resulting in high morbidity and mortality.
Osteoporosis is diagnosed by measuring bone mineral density (BMD), which is the best pre-
dictor of primary osteoporotic fractures. Cystatin C is an endogenous protein that reflects renal
function. A decline of renal function is associated with high risk of fractures. An association
between high serum cystatin C levels and increased risk of fractures was found in several studies.
Therefore, we aimed to evaluate the association between serum cystatin C levels and BMD
in Korean adults. We evaluated the BMD measurements of 865 Korean adults (325 men and
540 women) who participated in a comprehensive medical examination program. The serum
cystatin C levels were negatively correlated with BMD in women, but not in men. Higher
cystatin C levels were associated with a higher prevalence of osteoporosis in women, but not
in men. Our findings suggest that serum cystatin C levels might help identify women with
osteoporosis who are susceptible to fractures.
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Introduction
Osteoporosis is a skeletal condition characterized by low
bone mass, disrupted bone microarchitecture, and skeletal
fragility, causing an increased risk of fractures.! Age-related
bone loss begins soon after the attainment of peak bone mass
in adulthood, and continues until senescence.? Osteoporosis
and osteoporotic fractures are becoming more prevalent as
a result of the recent global expansion of the aging popula-
tion, and these health conditions are considered to be seri-
ous public health threats resulting in high morbidity and
mortality.>* According to a report in 2014, the prevalence
of osteoporosis in Korean adults aged >50 years was 10%
in men and 35% in women.’ Osteoporosis is diagnosed by
measuring bone mineral density (BMD), which is the best
predictor of primary osteoporotic fractures.®

Cystatin C, an endogenous protein, is produced by all
nucleated cells, filtered at the glomerulus, and reabsorbed
and catabolized by the proximal tubule.” Cystatin C has
been proposed as a novel alternative marker of kidney
function that allows earlier detection of renal impairment
than serum creatinine.® An association between high serum
cystatin C levels and increased risk of hip® and nonvertebral
fractures'® has been observed in previous prospective studies
in postmenopausal Caucasian women. In another study
in older adults, a high cystatin C concentration was only
significantly associated with hip fractures in women, while
the magnitude of the relationship appeared similar among
women and men.!! However, few researchers have evalu-
ated the association between serum cystatin C, an indicator
of early reduced kidney function, and BMD, especially in
the Asian population. Therefore, the aim of this study was
to evaluate the association of serum cystatin C with BMD
in Korean adults.

Methods

Subjects

This is a cross-sectional study and, among a total of 5,458
Korean adults who had a medical checkup at Pusan National
University Yangsan Hospital in Korea in 2013, we evalu-
ated data from 1,360 adults aged =20 years who underwent
bone densitometry. We excluded subjects with active liver
disease (serum aspartate aminotransferase or alanine amin-
otransferase levels greater than three times the upper limit
of the reference range; n=19), abnormal serum thyroid-
stimulating hormone levels (<0.27 uIU/mL or >4.2 unIU/mL;
n=473), or elevated high-sensitivity C-reactive protein levels
(>10.0 mg/L; n=3). A total of 865 adults (325 men and
540 women) were included in the study.

Informed consent for the use of the health screening data
for the research was obtained from all subjects included in
this study at the time of participating in the medical checkup
program. This study was approved by the Institutional Review
Board of Pusan National University Yangsan Hospital.

Anthropometric and biochemical data
Height (cm) and weight (kg) were measured to the nearest
0.1 cm and 0.1 kg, respectively, with the subjects wearing
light clothing and barefooted. The body mass index (BMI)
was calculated as the ratio of weight to height squared. Serum
25-hydroxyvitamin D, (25(OH)D,) levels were measured
using a chemiluminescent immunoassay (Liaison; DiaSorin,
Saluggia, Italy). Serum creatinine (Jaffe’s kinetic assay)
levels were measured using an auto-analyzer and enzymatic
colorimetric method (Hitachi 7600; Hitachi Ltd., Tokyo,
Japan). The serum cystatin C level was measured by the
latex agglutination test (Modular P800; Roche Diagnostics,
Indianapolis, IN, USA).

BMD of the lumbar spine, total femur, and femoral neck
was measured by dual-energy X-ray absorptiometry with
DISCOVERY-W fan-beam densitometer (Hologic Inc.,
Marlborough, MA, USA) using the APEX software (release
3.3; Hologic Inc.). According to the measured BMD and
the World Health Organization criteria, 7-scores =-1.0,
between <—1.0 and >-2.5, and <-2.5 indicated normal,
osteopenia, and osteoporosis, respectively.!

The estimated glomerular filtration rate (¢GFR) was
calculated using equations developed by the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI). The eGFR
based on creatinine (eGFRcre) and cystatin C (eGFRcys)
was computed using the CKD-EPI creatinine 2009'>!* and
cystatin C 2012!2!4 equations, respectively.

Statistical analysis

Data are expressed as mean + SD for continuous variables.
The subjects were divided into three groups based on their
T-scores (ie, normal, osteopenia, and osteoporosis). The
subjects were further categorized into four groups accord-
ing to quartiles of serum cystatin C distribution: first
(<0.9 mg/L), second (0.9 mg/L), third (1.0 mg/L), and
fourth (=1.1 mg/L) in men; and first (<0.8 mg/L), second
(0.8 mg/L), third (0.9 mg/L), and fourth (=1.0 mg/L) in
women. The mean levels of continuous variables were
compared using one-way analysis of variance with a post
hoc Student-Newman—Keuls test. The bivariate correlation
analyses between BMD and variables were performed using
Pearson correlation analysis. Categorical variables were
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compared using chi-square test. Finally, the odds ratios
(ORs) and corresponding 95% confidence intervals (CIs) of
the group with the highest serum cystatin C levels (fourth)
were calculated as an estimate of the relative osteoporosis
risk compared to the lowest group (first; reference category)
using multiple logistic regression analyses consisting of the
unadjusted and multivariable-adjusted (age, BMI, 25(OH)
D,, and creatinine) models. Statistical analyses were per-
formed using SPSS version 18.0 (SPSS Inc., Chicago, IL,
USA). All tests for statistical significance were two-tailed,
and P-values <0.05 were considered significant.

Results

The mean serum cystatin C level was 0.99+0.21 mg/L and
0.8720.16 mg/L in men and women, respectively. Osteope-
nia was diagnosed in 159 men (48.9%) and 263 women
(48.7%). Osteoporosis was diagnosed in 46 men (14.1%)
and 135 women (25.0%). Osteopenia and osteoporosis were
more likely to be observed in older men and women and in
men with a low BMI (Table 1).

Serum cystatin C levels in women with osteopenia and
osteoporosis were significantly increased compared to sub-
jects with normal 7-scores (0.8710.16 mg/L in osteopenia
and 0.9120.16 mg/L in osteoporosis vs 0.84+0.14 mg/L in
subjects with normal 7-scores, P=0.003). There were no
significant differences in creatinine levels among groups.
The eGFRcys and eGFRcre were significantly decreased
in those with osteopenia and osteoporosis compared to
those with normal 7-scores. Moreover, the eGFRcys was
also significantly decreased in subjects with osteoporosis
compared to that of subjects with osteopenia, but there was
no significant difference in the eGFRcre between groups.
There were no significant differences in cystatin C levels,
creatinine levels, eGFRcys, and eGFRcre among groups in
men (Table 1).

In the correlation analyses, BMI had significant positive
associations with all BMDs in both sexes. Age had significant
negative associations with all BMDs in women. In men, there
were only significant, but weak, negative associations between
femoral neck and total femur BMDs and age (Table 2).

Table | Characteristics of subjects in the normal, osteopenia, and osteoporosis group

Normal Osteopenia Osteoporosis P-value for trend
Men (n=325)
n 120 159 46
Age (years) 54.618.7 56.6+8.9*° 58.5£9.2° 0.026
BMI (kg/m?) 25.0+2.4* 23.9+2.4 23.943.3° 0.001
25(0OH)D, (ng/mL) 17.816.1 18.317.5 17.8+6.3 0.806
Creatinine (mg/dL) 0.9840.13 1.01£0.21 0.9440.19 0.067
Cystatin C (mg/L) 0.99+0.14 1.01+0.27 0.99+0.16 0.739
Lowest lumbar BMD (g/cm?) 1.045+0.102* 0.874+0.086° 0.743+0.049¢ <0.001
Total lumbar BMD (g/cm?) 1.134£0.116° 0.958+0.094° 0.848+0.066¢ <0.001
Femoral neck BMD (g/cm?) 0.866+0.092* 0.736+0.079° 0.683+0.088¢ <0.001
Total femur BMD (g/cm?) 1.023+0.090° 0.905+0.088° 0.829+0.109¢ <0.001
eGFRcre 86.5+12.0 84.3+14.6 87.9£14.0 0.197
eGFRcys 83.1+14.0 81.3+16.2 87.7+17.3 0.051
Women (n=540)
n 142 263 135
Age (years) 52.0+6.8 55.7£7.9° 61.817.7¢ <0.001
BMI (kg/m?) 23.543.1 22.943.0 22.8+2.9 0.132
25(0OH)D; (ng/mL) 14.9+7.5 15.748.0 16.748.2 0.181
Creatinine (mg/dL) 0.72+0.11 0.72+0.09 0.71£0.10 0514
Cystatin C (mg/L) 0.84+0.14* 0.8710.16* 0.91£0.16° 0.003
Lumbar the lowest BMD (g/cm?) 0.984+0.075* 0.809+0.075° 0.669+0.06 1< <0.001
Lumbar total BMD (g/cm?) 1.066+0.088° 0.895+0.086° 0.749+0.069¢ <0.001
Femoral neck BMD (g/cm?) 0.782+0.081° 0.663+0.104° 0.592+0.068¢ <0.001
Total femur BMD (g/cm?) 0.934+0.084° 0.811+0.085° 0.724+0.077¢ <0.001
eGFRcre 94.7£12.6* 92.3£I11.7° 89.4£10.9° 0.001
eGFRcys 93.7£15.6 89.2+17.8° 84.1£17.4 <0.001

Notes: Data are presented as mean + SD. P-values were calculated by one-way analysis of variance followed by the post hoc Student—-Newman—Keuls test. Within rows,

values with different superscript letters (a—c) are statistically different (P<<0.05).

Abbreviations: BMI, body mass index; 25(OH)D3, 25-hydroxyvitamin D3; BMD, bone mineral density; eGFRcre, estimated glomerular filtration rate based on creatinine;

eGFRcys, estimated glomerular filtration rate based on cystatin C.
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Table 2 Correlations between bone mineral density and study

variables
Variable Lowest Total Femoral Total
lumbar (r) lumbar (r) neck (r) femur (r)
Men
Age —0.025 0.025 —0.169* —0.120*
BMI 0.187* 0.197%* 0.319%* 0.391**
25(CH)D, —0.099 —0.104 —-0.023 -0.029
Creatinine 0.031 0.042 —0.062 —-0.023
Cystatin C 0.018 0.068 —0.057 -0.016
eGFRcre -0.014 -0.027 0.115*% 0.056
eGFRcys —0.041 —-0.042 0.058 —-0.001
Women
Age —0.493%* —0.41 I —0.385%* —0.399%*
BMI 0.085%* 0.148%* 0.172%* 0.253%*
25(CH)D, —-0.072 -0.070 —0.084 -0.107*
Creatinine 0.036 0.048 0.008 0.025
Cystatin C —0.176** —-0.120%* —0.161%* —0.148*
eGFRcre 0.195%* 0.144* 0.156%* 0.153**
eGFRcys 0.245%* 0.177* 0.206%* 0.194%*

Notes: *P<<0.05. **P<0.01.

Abbreviations: BMI, body mass index; 25(OH)D,, 25-hydroxyvitamin D; eGFRcre,
estimated glomerular filtration rate based on creatinine; eGFRcys, estimated
glomerular filtration rate based on cystatin C.

The eGFRcys and eGFRcre had significant positive cor-
relations with all BMDs in women, and the eGFRcys was
more strongly correlated than the eGFRcre with all BMDs
in women. However, there were no significant associations

between the eGFRcys or eGFRcere and BMDs in men
(Table 2).

Age, BMI, and creatinine levels were significantly
increased with an increase in the serum cystatin C levels in
women. In women, all BMDs were significantly decreased
with an increase in the serum cystatin C levels (Table 3). In
men, age and creatinine levels were significantly increased
with an increase in the serum cystatin C levels. There were
no significant differences in all BMDs with an increase in
the serum cystatin C levels in men (Table 3).

In men, there were no significant differences in the
prevalence of osteopenia with increasing serum cystatin C
levels (first, 50.9%; second, 53.0%; third, 49.5%; and fourth,
43.6%). However, the prevalence of osteopenia showed
increasing trends in women (first, 53.4%; second, 44.1%;
third, 48.6%; and fourth, 50.3%; Figure 1A). In men, there
were no significant differences in the prevalence of osteopo-
rosis with increasing serum cystatin C levels (first, 14.5%);
second, 10.8%; third, 16.1%; and fourth, 14.9%). However,
the prevalence of osteoporosis was significantly increased in
women with the highest serum cystatin C levels (first, 13.6%;
second, 26.3%; third, 26.8%; and fourth, 29.9%; P<<0.05)
compared to women with the lowest serum cystatin C levels
(Figure 1B).

Table 3 Differences in the parameter values among serum cystatin C groups

Parameters Cystatin C level P-value
First Second Third Fourth
Men
n 55 83 93 94
Age (years) 53.7£7.9 55.0+8.2* 55.249.32 59.6+9.0° <0.001
BMI (kg/m?) 23.8+2.3 242124 24.41£2.6 24.7£2.9 0.232
25(0H)D, (ng/mL) 18.947.1 19.247.5 18.0£6.2 16.716.3 0.068
Creatinine (mg/dL) 0.88+0.11* 0.9440.10°< 0.98+0.13¢ 1.10£0.24¢ <0.001
Lowest lumbar BMD (g/cm?) 0.899+0.123 0.939+0.151 0.898+0.129 0.933+0.140 0.100
Total lumbar BMD (g/cm?) 0.982+0.137 1.02440.159 0.990£0.136 1.025+0.138 0.130
Femoral neck BMD (g/cm?) 0.781£0.118 0.778+0.107 0.773£0.118 0.776+0.104 0.981
Total femur BMD (g/cm?) 0.935+0.124 0.942+0.112 0.930£0.113 0.94410.117 0.831
Women
n 103 152 138 147
Age (years) 50.9+7.4* 54.247.5° 57.3+6.6¢ 61.218.4¢ <0.001
BMI (kg/m?) 22.312.8* 22.6+3.0° 23.1£2.9° 23.943.2° <0.001
25(0OH)D; (ng/mL) 13.816.1° 16.548.1° 15.9+7.6° 16.2+8.9° 0.048
Creatinine (mg/dL) 0.66+0.09* 0.70+0.08° 0.72+0.10¢ 0.7740.114 <0.001
Lowest lumbar BMD (g/cm?) 0.859+0.136° 0.834+0.135* 0.810£0.133b¢ 0.788+0.125¢ <0.001
Total lumbar BMD (g/cm?) 0.935+0.143: 0.90940.1412* 0.89610.140* 0.882+0.135° 0.025
Femoral neck BMD (g/cm?) 0.707+0.108° 0.681+0.097+* 0.677+0.095** 0.652+0.142° 0.002
Total femur BMD (g/cm?) 0.845+0.121° 0.82940.1 | I=* 0.81610.100°< 0.803£0.1I5¢ 0.025

Notes: Data are presented as mean + SD, unless otherwise indicated. Serum cystatin C groups in men were: first (<0.9 mg/L), second (0.9 mg/L), third (1.0 mg/L), and fourth
(=1.1 mg/L). Serum cystatin C groups in women were: first (<0.8 mg/L), second (0.8 mg/L), third (0.9 mg/L), and fourth (=1.0 mg/L). P-values were calculated by one-way
analysis of variance followed by the post hoc Student—-Newman—Keuls test. Within rows, values with different superscript letters (a—d) are statistically different (P<<0.05).
Abbreviations: BMI, body mass index; 25(OH)D,, 25-hydroxyvitamin D,; BMD, bone mineral density.
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Figure | Differences in the prevalence of subjects with (A) osteopenia and (B) osteoporosis among serum cystatin C groups.
Notes: Serum cystatin C groups in men were: first (<0.9 mg/L), second (0.9 mg/L), third (1.0 mg/L), and fourth (=1.1 mg/L). Serum cystatin C groups in women were: first
(<0.8 mg/L), second (0.8 mg/L), third (0.9 mg/L), and fourth (=1.0 mg/L). *P<<0.05 vs first group from the chi-square test.

When stratified by sex, there was no significant increase
in the relative risk of osteoporosis in subjects with the
highest cystatin C levels compared to those with the lowest
cystatin C levels in all logistic regression models in men.
However, in women, there was a significant increase in the
OR of the unadjusted model (OR, 3.68; 95% CI, 1.69-8.03;
P=0.001), although it was attenuated and not significant in
the multivariable model adjusted for age, BMI, 25(OH)D,,
and creatinine (OR, 1.01; 95% CI, 0.38-2.71; Table 4).

Discussion

In this study, we investigated the correlation between serum
cystatin C levels and BMD in healthy Korean adults. In
women, there was an inverse association between serum
cystatin C levels and lumbar spine and femur BMD, and
a linear increase in the prevalence of osteoporosis across
increasing quartiles of cystatin C levels. However, this
association became no longer significant in the multivariable
model. Additionally, the eGFRcys showed a stronger positive
correlation with BMD than the eGFRcre. In contrast to
women, no significant relationships between cystatin C levels
or the eGFRcre and BMD were identified in men.

There have been several studies investigating the asso-
ciation between cystatin C levels and the risk of fractures.
However, studies that have included direct measures of
BMD are very limited, and there have been reports of quite
controversial results based on sex and the type of BMD.
In a cross-sectional analysis in the Cardiovascular Health

Table 4 Comparison of prevalence of osteoporosis among
cystatin C groups

Cystatin C OR*(95% Cl)  P-value OR®(95% Cl) P-value
Men

First | (reference) | (reference)

Second 0.71 (0.23-2.17)  0.550 0.95 (0.29-3.16)  0.940
Third I.11 (0.40-3.11) 0.838 1.78 (0.31-1.01) 0.327
Fourth 0.85 (0.30-2.38) 0.761 .31 (0.41-1.28) 0.682
Women

First | (reference) | (reference)

Second 2.16 (1.014.59) 0.046 1.41 (0.60-3.29) 0.428
Third 2.64 (1.21-5.75) 0.014 1.06 (0.43-2.64) 0.900
Fourth 3.68 (1.69-8.03) 0.001 1.0l (0.38-2.71) 0.976

Notes: Serum cystatin C groups in men were: first (<0.9 mg/L), second (0.9 mg/L),
third (1.0 mg/L), and fourth (=1.1 mg/L). Serum cystatin C groups in women were:
first (<0.8 mg/L), second (0.8 mg/L), third (0.9 mg/L), and fourth (=1.0 mg/L).
*Non-adjusted model. ®Multivariable model (adjusted for age, body mass index,
25-hydroxyvitamin D,, and creatinine).

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Study, an inverse association between cystatin C levels and
initial total hip BMD was observed in both men and women.
Cystatin C levels were associated with bone loss in men, but
not women, after adjusting for confounding factors.'* Fried
etal'' revealed an increased risk of hip fracture in older adults
with higher cystatin C levels, which was no longer significant
in men after adjusting for age and other clinical risk factors;
however, BMD data were not available in this previous
study. In a case-cohort study by Ensrud et al,'® old men with
high cystatin C levels (ie, low eGFRcys, not eGFRcre) had
an increased risk of hip fractures, but the relationship was
attenuated and not significant after adjusting for clinical risk
factors and BMD. In another cross-sectional analysis in the
Osteoporotic Fractures in Men Study, no differences were
observed in baseline hip BMD by quartiles of cystatin C
concentration; however, a significant linear decline in the
total hip BMD across increasing quartiles of cystatin C con-
centrations was found after a 4.4-year follow-up in the mul-
tivariable analysis.'” In the nested case-cohort analysis in the
Study of Osteoporotic Fractures, the researchers found that
higher cystatin C levels were associated with an increased
risk of hip fracture in older women, independent of classic
risk factors.'® Recently, Fujita et al' reported an inverse
association between the eGFR and BMD, and a similar, but
weaker, association between cystatin C levels and lumbar
spine BMD, but not between cystatin C levels and hip BMD
in community-dwelling elderly Japanese men.

These discrepancies in the findings regarding the asso-
ciation between cystatin C levels and BMD in men and
women may exist for several reasons. Firstly, osteoporosis
is generally thought of as a “female disease” primarily
affecting postmenopausal women. Furthermore, the number
of men included in our study was relatively smaller than
that of women resulting in limited statistical power, which
may have influenced the prevalence of osteoporosis and
the inconsistent patterns of cystatin C levels, eGFRcre, and
eGFRcys according to BMD status in men. Secondly, men
showed higher 25(OH)D, levels, BMI, and BMD in all
aspects (including lowest lumbar, total lumbar, femoral neck,
and total femur) than women in the normal, osteopenia, and
osteoporosis groups, which may have weakened the associa-
tion of cystatin C levels and BMD. Finally, the difference in
the effect of kidney function on BMD and a higher competing
risk of mortality between sexes may have also affected the
null result in men.

In women, one of the possible explanations for the
insignificant association between cystatin C levels and risk
of osteoporosis in the multivariable analysis is that most

subjects were healthy without severe chronic kidney dis-
ease (CKD). In our study, there were consistent trends for
a positive association between cystatin C levels and BMD;
therefore, significant trends might have been observed if
more subjects were included. On the other hand, BMI had
significant positive associations with all BMDs in both
sexes, and age had significant negative associations with all
BMDs in women (Table 2). Furthermore, age and BMI levels
were significantly increased with an increase in the serum
cystatin C levels in women (Table 3). Therefore, age and
BMI, as potential confounders, might account for some of
the insignificant associations between cystatin C levels and
risk of osteoporosis in the multiple regression analysis.

In this study, few subjects had mild-to-moderate renal
dysfunction shown by an eGFRcys <60 mL/min/1.73 m?.
However, the eGFRcys was more strongly correlated with
BMD than the eGFRcre in women, which corresponded to
findings from previous studies. In the nested case—control
Women’s Health Initiative Observational Study, renal
dysfunction, as manifested by a lower eGFRcys, was more
strongly associated with BMD than the eGFRcre.? In another
cohort study, cystatin C was found to be a prognostic bio-
marker for the risk of CKD, cardiovascular events, and
mortality in older adults with a lower eGFRcys and preserved
eGFRcre.”” More recently, Ensrud et al'® found a positive cor-
relation between cystatin C and risk of hip fractures in older
women, which remained significant even after subjects with
CKD, as determined by an eGFRcre of <60 mL/min/1.73 m?,
were excluded from the analysis. Collectively, these findings
suggest that cystatin C may identify a “preclinical” renal
dysfunction followed by clinical CKD and adverse health
consequences that is not detected with the eGFRcre.

We calculated the eGFR by both cystatin C-based and
creatinine-based CKD-EPI equations to estimate renal func-
tion. The first and most commonly used eGFR equation is
the Modification of Diet in Renal Disease (MDRD) equation,
which uses serum creatinine to measure renal function. Age-
related muscle loss results in lower creatinine production,
and the MDRD equation was formulated in a clinical trial
involving subjects with CKD; therefore, the MDRD equation
may not be an appropriate marker of renal function in healthy
older adults, such as the subjects in the present study.?** In
contrast, serum cystatin C levels are independent of muscle
mass and show a stronger correlation with direct GFR mea-
surements than creatinine-based eGFR.?*?* The recently
developed CKD-EPI equation can be calculated using serum
cystatin C, creatinine, or both, and cystatin C is less depen-
dent on muscle mass.!>!* Therefore, the eGFRcys calculated
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using the CKD-EPI formula is considered to be superior to
the eGFRcre, especially in community-dwelling populations
with mild-to-moderate kidney dysfunction.!” On the other
hand, the CKD-EPI equation provides a higher estimation of
eGFR with a less bias than the MDRD equation in general.
However, the differences in the eGFR estimates between
these two equations diminish in the elderly aged >70 years.
Furthermore, in a population study among the very elderly
(50 centenarians), the eGFR calculated using the MDRD
equation was even higher than the eGFR calculated using
the CKD-EPI equation, which suggests both equations can
be used in centenarians.?

There are several possible mechanisms that may under-
lie the positive relationship between cystatin C levels
and increased fracture risk in older adults.!® Firstly, 1,25-
dihydroxyvitamin D synthesis is decreased even in mild
renal impairment, leading to reduced calcium absorption,
secondary hyperparathyroidism, bone loss, and consequently,
fracture.?®?” Secondly, there has been an association between
moderate renal dysfunction and higher concentrations of
homocysteine and proinflammatory cytokines.?®*% In a pro-
spective cohort study by Cauley et al,* higher levels of proin-
flammatory cytokines have been linked to an increased risk of
fractures in older adults; however, the effect of renal function
was not investigated. Recent researchers have reported that
osteoporotic fractures in older adults had strong correlation
with higher homocysteine levels, which increased as renal
function declined.’'** Finally, high cystatin C levels could
be a marker of comorbidity and frailty leading to increased
risk of falls and fractures.?

This study has several strengths. We used both cystatin C-
and creatinine-based GFR equations for accurately assessing
renal function. High-quality direct measurements of BMD,
both in lumbar spine and femur, were included in this study.
Although cystatin C levels were shown to be related to the
risk of hip or nonvertebral fractures in a few studies, this is
the first study, to the best of our knowledge, in which the
association between cystatin C levels and BMD, especially
in Asian men and women, was evaluated.

The present study has several limitations. Firstly, it was
conducted using a cross-sectional design and, therefore, we
could not determine a causal relationship between cystatin C
levels and BMD, and the total number of enrolled men and
women was relatively small. This limitation may have
affected our results that showed no statistical correlation
between cystatin C levels and BMD after adjusting for mul-
tiple confounding factors. Secondly, we could not analyze
past medical history, including any previous fractures, social

data (ie, exercise, diet, and smoking), and medication use
in both sexes, which may affect the incidence of osteopo-
rosis. Lastly, the seasonal variations in serum vitamin D or
menopausal status and estrogen level in women were not
considered, which could have influenced the mean 25(OH)
D, levels in subjects.

In conclusion, we demonstrated an inverse association
of serum cystatin C levels with lumbar spine and femur
BMD, and a linear increase in the prevalence of osteoporo-
sis with increasing cystatin C levels in Korean women, but
not in men. Furthermore, the eGFRcys showed a stronger
positive correlation with BMD than the eGFRcre. Based on
our findings, the eGFRcys may be a prognostic biomarker
when evaluating the association between renal function
and fracture risk, especially in older adults with mild-to-
moderate kidney function. Additional large-scale prospec-
tive studies are required to confirm the causal relationship
of cystatin C levels with BMD and risk of fractures, and
whether measurement of cystatin C levels can provide
further prognostic information for recognizing older adults
with high fracture risk.
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