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ABSTRACT  

Coexistence of chronic kidney disease (CKD) is regarded as a risk for osteoporotic 

fracture particularly in postmenopausal women, not only because of increased 

parathyroid hormone level but also uremic sarcopenia. We examined the relationships 

of cystatin C-based glomerular filtration rate (eGFRcys) and creatinine-based GFR 

(eGFRcr), as well as their ratio with occurrence of osteoporotic fracture in 

postmenopausal osteoporotic women. This cross-sectional study included 555 

postmenopausal women with primary osteoporosis. eGFRcr and eGFRcys were 

simultaneously measured, while occurrence of osteoporotic fracture was obtained by a 

medical chart review. Patients with osteoporotic fractures (n=211) exhibited 

significantly lower levels of physical activity, eGFRcr, eGFRcys, and eGFRcys/eGFRcr 

ratio, while a higher percentage were CKD stage 3 or more, estimated by eGFRcr or 

eGFRcys (CKDcys), than those without (n=344). Lower eGFRcys, but not lower 

eGFRcr, was independently associated with osteoporotic fracture in the entire cohort 

and that association was retained in CKDcys patients. Of great interest, higher eGFRcr 

was associated with osteoporotic fracture independent of eGFRcys in CKDcys patients. 

Furthermore, lower eGFRcys/eGFRcr ratio was independently associated with 

osteoporotic fracture in both CKDcys patients and the entire cohort. eGFRcys reduction 
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might be associated with osteoporotic fracture in postmenopausal osteoporotic women, 

indicating the involvement of renal osteopathy in its occurrence. Furthermore, the 

association of higher, but not lower, eGFRcr with osteoporotic fracture in CKDcys cases 

might be explained by underestimation of renal dysfunction by eGFRcr resulting from 

decreased muscle mass and quality in those patients. 
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Introduction 

Osteoporosis is associated with increased risk for fragile fracture and most 

commonly seen in post-menopausal women [1]. Because of the higher incidence of 

osteoporotic fracture in aged women [2], the clinical significance of osteoporotic 

fracture as a health problem is increasing not only on the basis of fracture-associated 

impaired quality of life [3] but also because of the fracture-associated increased rate of 

mortality [4]. The rates of osteoporosis and chronic kidney disease (CKD) were found 

to be higher in older women due to age-related increased prevalence [1,5]. Furthermore, 

coexistence of those conditions is much higher in aged women, as osteoporosis may 

impair kidney function by increasing phosphate release from bone [6] and patients with 

CKD stage 3 or more have a greater risk for osteoporosis [7] due to development of 

secondary hyperparathyroidism [8,9].     

Osteoporosis and CKD are both major diseases associated with sarcopenia [10,11]. 

Although estimated glomerular filtration rate (eGFR) obtained using a creatinine-based 

formula (eGFRcr) provides a clinically useful index for renal function [12], sarcopenia 

might falsely elevate the eGFRcr value due to decreased release of creatine from 

muscle mass [13]. In contrast, estimated GFR, determined by a cystatin C-based 

formula (eGFRcys), is not affected by low muscle mass or muscle quality [13,14], and 
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provides a more precise measurement of renal function than eGFRcr [15]. 

Thus far, limited studies have examined the association of osteoporotic fracture with 

renal dysfunction using only eGFRcr [16,17]. Based on its underestimation of renal 

function, particularly in patients with sarcopenia, it is clear that eGFRcys should be 

measured to determine the association of renal dysfunction with prevalence of 

osteoporotic fracture. However, to the best of our knowledge, no such investigation has 

been presented, which led us to examine the relationship of renal function, determined 

by either eGFRcr or eGFRcys, with the prevalence of osteoporotic fracture in 

postmenopausal osteoporotic women. Furthermore, a decreased eGFRcys/eGFRcr ratio, 

which theoretically provides a measure for sarcopenia, might affect the prevalence of 

osteoporotic fracture in post-menopausal osteoporotic women after separation based on 

a eGFRcys cutoff value of 60 mL/min/1.73 m2.  

 

Patients and Methods 

Study design 

A previous cross-sectional, observational, and epidemiological study was performed 

at 41 medical institutions conducting osteoporosis diagnosis and treatment throughout 

Japan between July 2015 and November 2015, and designed to assess renal function 



7 

 

status and treatment patterns in Japanese patients aged 50 years and older with 

osteoporosis undergoing clinical examinations (in preparation). The present 

investigation was performed as a sub-analysis of the above-mentioned study. All 

assessments, including laboratory measurements, of the enrolled participants were 

performed once at the baseline visit, while all other data were obtained from medical 

chart reviews.  

 

Participants 

Subjects aged 50 years and older who were diagnosed with osteoporosis according to 

Japanese guidelines [18], and regularly visited their physician during the study period 

were considered eligible to participate (n=988). The study population included patients 

currently receiving treatment, previously treated but not currently receiving treatment, 

and never treated for osteoporosis. The exclusion criteria were presence of Paget’s 

disease, currently or previously diagnosed with a malignant neoplasm, and current or 

previous participation in a clinical trial within the past 6 months. This study was 

registered at www.clinicaltrials.jp as #JapicCTI-152989 and informed consent was 

obtained from all individual participants in the study. In this sub-analysis, to avoid the 

influence of gender on serum creatinine, male patients (n=41) were excluded. In 
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addition, patients younger than 55 years old (n=7), with rheumatoid arthritis (n=51), 

being treated with glucocorticoids (n=10), with secondary osteoporosis (n=56), or 

missing data for analysis (148) were also excluded, as were those with a body mass 

index (BMI) less than 18.5 kg/m2 (n=120), because serum creatinine has been shown to 

be reduced in subjects with a BMI lower than that value [19]. As a result, 555 

postmenopausal women with primary osteoporosis were analyzed in the present study. 

 

Assessment of risk factors of osteoporotic fracture 

 Medical charts were reviewed to determine baseline demographics and risk factors 

for osteoporotic fracture, with smoking habit, alcohol use (≥3 units/day), parental 

history of femoral neck fracture, hours of physical exercise per week, use of 

glucocorticoids, and co-existence of rheumatoid arthritis, secondary osteoporosis, 

diabetes, and hypertension noted. Dyslipidemia was defined as low-density lipoprotein 

cholesterol ≥140 mg/dl, high-density lipoprotein cholesterol ≤40 mg/dl, triglycerides 

≥150 mg/dl, or treatment for dyslipidemia [20]. Urine albumin-to-creatinine ratio 

(UACR) was determined based on measurement of a spot urine sample, with 

albuminuria defined as UACR ≥30 mg/g [13]. Fractures attributed to osteoporosis 

comprised those of the hip, vertebra, ribs, pelvic, proximal humerus, tibia, fibula, and 
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distal radius, as previously described [21]. 

 

Assessment of eGFR based on serum creatinine and serum cystatin C 

The concentration of creatinine in serum was measured using an enzymatic method 

and that of cystatin C using a colloidal gold immunoassay (Alfresa Pharma) [22]. eGFR 

based on serum creatinine (eGFRcr) and serum cystatin C (eGFRcys) were calculated 

using equations for women reported by the Japanese Society of Nephrology, as follows 

[22,23].  

eGFRcr (mL/min/1.73 m2) = 194 × serum creatinine-1.094 × age-0.287 × 0.739 

eGFRcys (mL/min/1.73 m2) = {104 × serum Cystatin C-1.019 × 0.996age × 0.929} − 8 

For the present study, CKD was defined as eGFRcr <60 mL/min/1.73 m2 (CKDcr) or 

eGFRcys <60 mL/min/1.73 m2 (CKDcys) [24].  

 

Statistical analysis 

Physical exercise per week including values of zero were natural 

logarithm-transformed [ln (x+1)] to achieve a normal distribution. A non-repeated t-test 

(continuous variables with normal distribution) and a chi-square test (categorical 

variables) were used to compare variables between groups. Pearson’s correlation test 
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was used to determine correlations between continuous variables. Multivariate logistic 

regression analyses were used to calculate odds ratio (OR) and 95% confidence interval 

(CI) values. Analysis of covariance was used to compare regression lines. All statistical 

analyses were performed using the Statistical Package for the Social Sciences software 

(PASW Statistics version 22.0). All reported p values are 2-tailed and were considered 

statistically significant at a level <0.05. 

 

Results 

Clinical characteristics of subjects with and without history of osteoporotic fracture 

The characteristics of the enrolled osteoporotic female patients are shown in Table 1. 

Patients with osteoporotic fractures were significantly older and had lower physical 

activity level as compared to those without, and also tended to have a higher BMI value. 

Also, the mean levels of eGFRcr and eGFRcys were significantly lower in patients with 

osteoporotic fractures. Based on the finding that the percentages of CKDcr and CKDcys 

were significantly higher in patients with osteoporotic fracture, we considered that 

impaired renal function might be associated with osteoporotic fracture in female 

osteoporotic patients. Notably, eGFRcys/eGFRcr ratio was significantly lower in those 

with osteoporotic fractures than in those without. In contrast, the presence of diabetes, 
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hypertension, dyslipidemia, alcohol drinking habit, smoking habit, parental history of 

femoral neck fracture, and albuminuria were not significantly different between the 

groups. 

 

Multivariate logistic regression analysis of factors associated with osteoporotic 

fractures in entire cohort 

To examine whether eGFRcys, eGFRcr, and/or eGFRcys/eGFRcr ratio are 

independently associated with osteoporotic fracture in female osteoporotic patients, 

multivariate logistic regression analyses were performed (Table 2). In basic model 1, 

which included age, BMI, physical activity, presence of diabetes, hypertension, 

dyslipidemia, alcohol drinking habit, current smoking habit, albuminuria, and parental 

history of femoral neck fracture as covariates, age and physical activity were 

significantly associated with osteoporotic fracture, while higher BMI tended to show an 

association. When eGFRcr was added as a covariate to the basic model (model 2), 

eGFRcr was not significantly associated with osteoporotic fracture. On the other hand, 

when eGFRcys was replaced with eGFRcr (model 3), eGFRcys in addition to physical 

activity emerged as significant factors associated with osteoporotic fracture. 

Furthermore, when both eGFRcr and eGFRcys were simultaneously included as 
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covariates (model 4), eGFRcys, but not eGFRcr, was significantly associated with 

osteoporotic fracture. Of interest, when eGFRcys/eGFRcr ratio was added as a covariate 

to the basic model (model 5), that as well as age were significantly associated with 

osteoporotic fracture, while physical activity had a tendency to show an association. 

 

Association of eGFRcys, eGFRcr, and eGFRcys/eGFRcr ratio with osteoporotic 

fracture in patients with and without CKDcys 

In patients with CKDcys (eGFRcys <60 mL/min/1.73 m2), eGFRcys and 

eGFRcys/eGFRcr ratio, but not eGFRcr, were significantly lower in the group with 

osteoporotic fracture (Table 3). The percentage of patients with osteoporotic fracture 

was significantly higher in the group with an eGFRcys/eGFRcr ratio <1.0 as compared 

to a ratio ≥1.0 (Table 4). The relationship between eGFRcr and eGFRcys in CKDcys 

patients both with and without osteoporotic fracture is shown in Figure 1. Although the 

slope of the regression line between eGFRcr and eGFRcys in those with osteoporotic 

fracture did not differ significantly from that in those without such fracture (p=0.979), 

the regression line was shifted significantly to the right for patients with osteoporotic 

fracture (p=0.001). On the other hand, in patients without CKDcys (eGFRcys 

≥60 mL/min/1.73 m2), eGFRcys, eGFRcr, and eGFRcys/eGFRcr ratio did not differ 
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significantly between those with and without osteoporotic fracture (Table 3), and the 

percentage of osteoporotic fracture was also not significantly different between the 

groups (Table 4). Furthermore, the relationship between eGFRcr and eGFRcys was not 

significantly different between non-CKDcys patients with and without osteoporotic 

fracture (data not shown). 

 

Multivariate logistic regression analysis of factors associated with osteoporotic fracture 

in patients with CKDcys 

Multivariate logistic regression analyses of patients with CKDcys were performed 

again to further examine whether eGFRcys, eGFRcr, and/or eGFRcys/eGFRcr ratio 

were independently associated with osteoporotic fracture (Table 5). When eGFRcr 

(model 2) or eGFRcys (model 3) was added as a covariate to the basic model, neither 

eGFRcr nor eGFRcys showed a significant association with osteoporotic fracture. 

However, we found it interesting that when both eGFRcr and eGFRcys were 

simultaneously added as covariates to the basic model (model 4), higher eGFRcr and 

lower eGFRcys were significantly and independently associated with osteoporotic 

fracture. Also, when eGFRcys/eGFRcr ratio was included as a covariate with the basic 

model (model 5), a lower ratio was found to be significantly associated with 
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osteoporotic fracture. With all models, physical activity, diabetes, hypertension, 

dyslipidemia, smoking habit, alcohol drinking habit, parental history of femoral neck 

fracture, and albuminuria were not significantly associated with osteoporotic fracture, 

while higher BMI exhibited a significant or borderline association. In patients without 

CKDcys, the factors eGFRcys, eGFRcr, and eGFRcys/eGFRcr ratio were not associated 

with osteoporotic fracture (data not shown). 

 

Discussion 

The primary findings in the present study are as follows. First, lower eGFRcys, but 

not lower eGFRcr, was found to be independently associated with osteoporotic fracture 

in postmenopausal women with primary osteoporosis. Second, the association of lower 

eGFRcys with osteoporotic fracture was retained even when the analyzed patients were 

restricted to those with CKDcys. Of great interest is the finding that higher eGFRcr, 

independent of eGFRcys, was associated with osteoporotic fracture in CKDcys patients, 

suggesting the presence of a mechanism other than renal dysfunction in the association 

of eGFRcr with osteoporotic fracture in CKDcys patients. Finally, in support of this 

finding is that a lower eGFRcys/eGFRcr ratio was shown to be independently 

associated with osteoporotic fracture in CKDcys patients as well as the entire cohort.  
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The discrepancy between eGFRcys and eGFRcr might be explained by a falsely 

elevated value for eGFRcr as compared to eGFRcys in patients with sarcopenia, which 

are characterized by loss of skeletal muscle mass and muscle strength, and/or low 

physical performance [25]. Sarcopenia is closely associated with osteoporotic fracture 

and a prospective study found that osteoporosis patients have increased risk for its 

development [10]. Since the release of creatine from muscle mass is the major 

determinant of creatinine serum level, due to its conversion to creatinine in circulation, 

serum creatinine should be lower and eGFRcr higher, as muscle volume in affected 

patients becomes lower in a manner independent of renal function [13]. Supportive of 

this notion are findings of our previous study showing that serum creatinine was lower 

in hemodialysis patients with lower muscle quality [26]. On the other hand, cystatin C 

is a cysteine protease inhibitor constantly produced by all nucleated cells, thus is 

unaffected by muscle mass [13,14], while eGFRcys value has a lower level of bias and 

greater accuracy for GFR measurement based on the urinary clearance of inulin [27]. 

In the present study, lower eGFRcys was independently associated with osteoporotic 

fracture in all patients or CKDcys, but not non-CKDcys patients (Table 2 and 5), 

supporting the notion that impaired renal function is a risk factor.  

eGFRcys/eGFRcr ratio has been suggested to provide a clinically relevant measure 
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of muscle mass, based on the assumption that eGFRcys is determined only by renal 

function, while eGFRcr is determined by not only by renal function but also muscle 

mass [14], thus indicating that a lower eGFRcys/eGFRcr ratio is a clinically useful 

parameter for reduced muscle mass. As expected, eGFRcys/eGFRcr ratio exhibited a 

positive correlation with physical activity level (r=0.144, p=0.001). In addition, that 

ratio was significantly lower in patients with osteoporotic fracture as compared to those 

without (Table 1). Addition of eGFRcys/eGFRcr ratio into multivariate analysis made 

the association between physical activity level and osteoporotic fracture insignificant 

(Table 2). These results suggest that adoption of eGFRcr as a marker for renal function 

in osteoporotic patients may result in underestimation of renal function, particularly in 

osteoporotic subjects with sarcopenia.  

Sarcopenia is frequently observed in dialysis patients [28] as well as pre-dialysis 

CKD patients [11]. CKD-associated sarcopenia, known as uremic sarcopenia, is 

induced by complex pathways including immunological, myocellular, hormonal, and 

renin-angiotensin system changes [29]. Consistent with that report, the incidence of 

osteoporotic fracture was significantly higher in our CKDcys patients with a 

eGFRcys/eGFRcr ratio <1.0 (Table 4), but not in patients without CKDcys. In addition, 

in patients with CKDcys, the regression line between eGFRcr and eGFRcys was 
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shifted significantly to the right (Fig. 1), and the eGFRcys/eGFRcr ratio was 

significantly lower in those with as compared to without osteoporotic fracture (Table 3). 

Therefore, it is possible that muscle mass and/or quality are decreased to a greater 

degree in osteoporotic subjects with CKD than in those without. Also, the association 

between higher BMI or eGFRcr and greater prevalence of osteoporotic fracture (Table 

5) suggested that increased eGFRcr reflects decreased muscle mass and quality in spite 

of obesity in CKD patients, and that eGFRcr is not a reliable index for renal function, 

especially in osteoporotic patients with CKD. 

 

Limitations 

This study has several limitations. First, it was conducted in an outpatient clinical 

setting and osteoporotic subjects who were not diagnosed may not have been included. 

Second, because of the study design, we did not measure serum PTH or vitamin D 

concentration, which are known to be important factors related to osteoporotic fracture. 

Third, data for bone mineral density (BMD) were obtained in the 3-month period prior 

to enrollment at various clinics using different measurement locations, techniques, and 

devices, thus we could not consider the influence of BMD on osteoporotic fracture. 

Finally, we did not directly assess muscle volume or muscle quality using MRI, DEXA, 
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or handgrip test findings, though we assessed physical activity level. Nevertheless, the 

present results clearly indicate that eGFRcr is not a reliable marker of renal function, 

especially in osteoporotic patients, since osteoporosis preferentially occurs in aged 

individuals with frequent coexistence of sarcopenia. Furthermore, the higher prevalence 

of CKD along with the main diseases responsible for development of sarcopenia might 

make eGFRcr an unreliable marker for renal function in aged osteoporotic patients. 

 

Conclusions 

In the present study, we found that reduced eGFRcys may be associated with 

osteoporotic fracture in postmenopausal women, indicating the involvement of renal 

osteopathy in its occurrence. Furthermore, the association of increased, but not 

decreased, eGFRcr with osteoporotic fracture in post-menopausal osteoporotic women 

with CKDcys might be explained by underestimation of renal dysfunction by use of 

eGFRcr, because of decreased muscle mass and/or quality in those patients.  
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Table 1. Clinical characteristics of patients with and without history of osteoporotic 

fracture 

 

Osteoporotic 

fracture (+) 

(n=211) 

Osteoporotic 

fracture (-) 

(n=344) 

p value 

Age, years 78.0±7.2  76.0±6.9  0.001  

Body mass index, kg/m2 23.3±3.1  22.8±2.6  0.078  

Diabetes mellitus, n (%) 27 (12.8) 30 (8.7) 0.125 

Hypertension, n (%) 119 (56.4) 175 (50.9) 0.205 

Dyslipidemia, n (%) 141 (66.8) 246 (71.5) 0.243 

Alcohol drinker, n (%) 3 (1.4) 12 (3.5) 0.145 

Smoking habit, n (%) 7 (3.3) 18 (5.2) 0.291 

Parental history of femoral neck fracture, n (%) 21 (10.0) 29 (8.4) 0.543 

Ln (physical exercise per week +1), hours 1.12±1.00  1.34±0.95  0.013  

Albuminuria, n (%) 53 (25.1) 86 (25.0) 0.975 

eGFRcr, ml/min/1.73 m2 64.7±16.3  67.4±15.4 0.049  

eGFRcys, ml/min/1.73 m2 62.9±17.8  69.2±17.0  <0.001 

CKDcr, n (%) 82 (38.9) 99 (28.8) 0.014 

CKDcys, n (%) 92 (43.6) 100 (29.1) <0.001 

eGFRcys/eGFRcr ratio 0.98±0.17 1.04±0.20 <0.001 

Data are presented as the mean ± standard deviation or number (%) for dichotomous variables.  

Physical exercise per week was natural logarithm-transformed (ln) to achieve a normal 

distribution. P values are shown for comparisons of the mean values between the groups 

(unrepeated t-test) or percentages (chi-square test).  

Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; cr, 

creatinine; cys, Cystatin C 
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Table 2. Multivariate logistic regression analysis of factors associated with osteoporotic fracture in all patients 

 Model 1  Model 2  Model 3  Model 4  Model 5 

Variables 
OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

Age  

(per 1year) 

1.042  

(1.014-1.070)  
0.003  

 1.038  

(1.009-1.069)  
0.011  

 1.020  

(0.987-1.054)  
0.247  

 1.018  

(0.984-1.052)  
0.305  

 1.031  

(1.002-1.061)  
0.039  

Body mass index  

(per 1kg/m2) 

1.060  

(0.993-1.131)  
0.082  

 1.060  

(0.993-1.131)  
0.082  

 1.049  

(0.982-1.121)  
0.156  

 1.044  

(0.976-1.116)  
0.208  

 1.047  

(0.980-1.119)  
0.172  

Diabetes mellitus  

(absence = 0, presence = 1) 

1.416  

(0.790-2.538)  
0.243  

 1.409 

 (0.786-2.528)  
0.250  

 1.312  

(0.729-2.361)  
0.364  

 1.282 

 (0.713-2.307)  
0.407  

 1.330  

(0.741-2.389)  
0.339  

Parent fractured hip 

 (absence = 0, presence = 1) 

1.427  

(0.775-2.627)  
0.253  

 1.440 

 (0.782-2.655)  
0.242  

 1.429  

(0.773-2.639)  
0.255  

 1.397  

(0.755-2.586)  
0.288  

 1.359  

(0.736-2.510)  
0.328  

Albuminuria 

 (absence = 0, presence = 1) 

0.800  

(0.523-1.221)  
0.301  

 0.802 

 (0.525-1.225)  
0.307  

 0.767  

(0.500-1.176)  
0.224  

 0.747  

(0.486-1.149)  
0.184  

 0.755  

(0.492-1.160)  
0.199  

Ln (physical exercise +1) 

 (per week) 

0.823 

 (0.686-0.988)  
0.037  

 0.823  

(0.686-0.988)  
0.037  

 0.831  

(0.692-0.999)  
0.049  

 0.836  

(0.695-1.004)  
0.056  

 0.837  

(0.697-1.006)  
0.058  

eGFRcr 

(per 10 ml/min/1.73 m2) 
  

 0.961  

(0.851-1.086)  
0.527  

 
  

 1.098  

(0.932-1.293)  
0.265  

 
  

eGFRcys 

 (per 10 ml/min/1.73 m2) 
  

    0.861  

(0.752-0.985  
0.029  

 0.803  

(0.669-0.964)  
0.019  

   

eGFRcys/eGFRcr ratio 

(per 0.1) 
  

          0.894  

(0.801-0.997)  
0.043 

Model 1 included age, BMI, physical activity, presence of diabetes, hypertension, dyslipidemia, alcohol drinking habit, current smoking habit, albuminuria, 

and parental history of femoral neck fracture as covariates. In other models, eGFRcr (Model 2), eGFRcys (Model 3), eGFRcr and eGFRcys (Model 4), and 

eGFRcys/eGFRcr ratio (Model 5) were added to model 1. 

Abbreviations: eGFR, estimated glomerular filtration rate; cr, creatinine; cys, Cystatin C; OR, odds ratio; CI, confidence interval 
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Table 3. eGFRcys, eGFRcr, and eGFRcys/eGFRcr ratio and osteoporotic fracture in patients with and without CKDcys 

 With CKDcys  Without CKDcys 

  

Osteoporotic 

fracture (+) 

(n=92) 

Osteoporotic 

fracture (-) 

(n=100) 

p value 

 Osteoporotic 

fracture (+) 

(n=119) 

Osteoporotic 

fracture (-) 

(n=244) 

p value 

eGFRcr, ml/min/1.73 m2 53.8±14.5 53.0±10.8 0.638   73.0±12.3 73.3±12.8 0.858  

eGFRcys, ml/min/1.73 m2 46.6±9.9 49.3±8.6 0.044   75.5±10.8 77.3±12.2 0.170  

eGFRcys /eGFRcr ratio 0.89±0.15 0.95±0.17 0.009   1.05±0.16 1.08±0.20 0.219  

Data are presented as the mean ± standard deviation. P values are shown for comparisons of the mean values of 2 groups (unrepeated t-test). 

Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; cr, creatinine; cys, Cystatin C 
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Table 4. Osteoporotic fracture and eGFRcys/eGFRcr ratio in patients with and without CKDcys 

 
eGFRcys/eGFRcr ratio  

<1.0 

eGFRcys/eGFRcr ratio  

≥1.0 
p value 

Osteoporotic fracture  

in patients with CKDcys, n (%) 
74 (53.2) 18 (34.0) 0.017 

Osteoporotic fracture 

in patients without CKDcys, n (%) 
48 (34.3) 71 (31.8) 0.629 

P values are shown for comparisons of percentages (chi-square test). 

Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; cr, creatinine; cys, Cystatin C 
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Table 5. Multivariate logistic regression analysis of factors associated with osteoporotic fracture in patients with CKDcys 

 Model 1  Model 2  Model 3  Model 4  Model 5 

Variables 
OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

 OR  

(95% CI) 

p  

value 

Age  

(per 1 year) 

1.074  

(1.008-1.143)  
0.026  

 1.076  

(1.010-1.147)  
0.023  

 1.061  

(0.995-1.131)  
0.071  

 1.051  

(0.985-1.123)  
0.134  

 1.060  

(0.994-1.131)  
0.075  

Body mass index  

(per 1 kg/m2) 

1.132  

(1.017-1.261)  
0.024  

 1.130  

(1.015-1.259)  
0.026  

 1.129  

(1.013-1.259)  
0.029  

 1.113  

(0.997-1.242)  
0.056  

 1.116  

(1.001-1.244)  
0.047  

Diabetes mellitus  

(absence = 0, presence = 1) 

1.597  

(0.682-3.737)  
0.281  

 1.609  

(0.685-3.782)  
0.275  

 1.612  

(0.689-3.774)  
0.271  

 1.675  

(0.705-3.982)  
0.243  

 1.634  

(0.690-3.870)  
0.264  

Parent fractured hip 

 (absence = 0, presence = 1) 

2.077  

(0.652-6.610)  
0.216  

 2.111  

(0.660-6.748)  
0.208  

 1.989  

(0.621-6.374)  
0.247  

 1.959  

(0.599-6.406)  
0.266  

 2.010  

(0.622-6.497)  
0.243  

Albuminuria 

 (absence = 0, presence = 1) 

1.070  

(0.572-2.004)  
0.831  

 1.081  

(0.577-2.027)  
0.807  

 0.999  

(0.527-1.894)  
0.997  

 0.945  

(0.492-1.815)  
0.864  

 1.003  

(0.530-1.901)  
0.992  

Ln (physical exercise +1) 

 (per week) 

0.937  

(0.680-1.291)  
0.693  

 0.925  

(0.670-1.277)  
0.636  

 0.967  

(0.699-1.337)  
0.839  

 0.956  

(0.688-1.329)  
0.790  

 0.936  

(0.677-1.294)  
0.687  

eGFRcr 

(per 10 ml/min/1.73 m2) 
  

 1.105  

(0.861-1.419)  
0.431  

 
  

 1.478  

(1.049-2.083)  
0.026  

 
  

eGFRcys 

 (per 10 ml/min/1.73 m2) 
  

    0.765  

(0.537-1.090)  
0.138  

 0.531  

(0.327-0.863)  
0.011  

 
  

eGFRcys/eGFRcr ratio 

(per 0.1) 
  

          0.802  

(0.655-0.982)  
0.032  

Model 1 included age, BMI, physical activity, presence of diabetes, hypertension, dyslipidemia, alcohol drinking habit, current smoking habit, albuminuria, 

and parental history of femoral neck fracture as covariates. In other models, eGFRcr (Model 2), eGFRcys (Model 3), eGFRcr and eGFRcys (Model 4), and 

eGFRcys/eGFRcr ratio (Model 5) were added to model 1. 

Abbreviations: eGFR, estimated glomerular filtration rate; cr, creatinine; cys, Cystatin C; OR, odds ratio; CI, confidence interval 
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Figure legends 

Figure 1. Relationship between eGFRcr and eGFRcys in CKDcys patients with or 

without osteoporotic fracture. 

The following linear regression equations were used.  

1) Patients with osteoporotic fracture: y = 19.85 + 0.4963x, r=0.725, p<0.001  

2) Patients without osteoporotic fracture: y = 23.12 + 0.492x, r=0.624, p<0.001 

Analysis of covariance (ANCOVA) indicated that the regression line was significantly 

different between those with and without osteoporotic fracture (p=0.001). 

Abbreviations: eGFR, estimated glomerular filtration rate; cr, creatinine; cys, Cystatin C 
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