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1  |  INTRODUC TION

Osteoporotic fracture is the biggest social pressure factor world-
wide,1 especially in Japan, which is facing an aging society,2 and pre-
venting this outbreak is one of the major missions for medical care.3,4 
Identifying risk factors for osteoporotic fractures, sharing them, and 

having them recognized as a common knowledge will be very bene-
ficial in preventing the occurrence of osteoporotic fractures, and the 
significance will make a great clinical contribution. Known risk fac-
tors include aging, gender, smoking, alcohol use, low bone density, 
rheumatoid arthritis, lifestyle-related diseases such as diabetes and 
chronic obstructive pulmonary disease, and steroid use.5–7

Received: 4 November 2022 | Revised: 11 February 2023 | Accepted: 21 March 2023

DOI: 10.1002/jgf2.618  

O R I G I N A L  A R T I C L E

Clinical significance of serum cystatin C-to-creatinine ratio as a 
surrogate marker for incident osteoporotic fracture predictions

Ichiro Yoshii MD1  |   Naoya Sawada MD2  |   Tatsumi Chijiwa MD3

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Journal of General and Family Medicine published by John Wiley & Sons Australia, Ltd on behalf of Japan Primary Care Association.

1Department of Musculoskeletal 
Medicine, Yoshii Hospital, Shimanto City, 
Japan
2Department of Rheumatology, Dohgo 
Onsen Hospital Rheumatology Center, 
Matsuyama, Japan
3Department of Rheumatology, Kochi 
Memorial Hospital, Kochi, Japan

Correspondence
Ichiro Yoshii, Department of 
Musculoskeletal Medicine, Yoshii Hospital, 
6-7-5 Nakamura-Ohashidori, Shimanto 
City, Kochi 787-0033, Japan.
Email: ichiroyoshii@gmail.com and 
ichiroyo@giga.ocn.ne.jp

Abstract
Background: Detection of appropriate indicators is valuable for preventing incidental 
osteoporotic fractures. We statistically evaluated the significance of serum cystatin 
C-to-creatinine ratio (CysC/Cr) as a surrogate marker for incident major osteoporotic 
fractures (MOF) prediction.
Methods: Eligible patients with simultaneous measurement of CysC/Cr and bone 
mineral density in the lumbar spine and proximal femur were selected, and their frac-
ture histories until 5 years after baseline were observed in the retrospective area co-
hort data. Patients who were followed up until termination or the first osteoporotic 
fracture were included, and loss of follow-up or death was excluded. Candidate risk 
factors for osteoporotic fractures were tested for risk ratios using a cox regression 
analysis. Receiver operating characteristic tests were performed on factors with sig-
nificantly higher risk ratios and evaluated with Kaplan-Meier survival analysis to de-
termine the hazard ratios of the factors.
Results: A total of 175 patients of whom 28 had incident MOF, 38 men, and 137 
women, were enrolled. The mean age was 70.2 years. A significantly higher risk ratio 
was shown in the presence of prevalent MOF, hyper fall-ability, lifestyle-related dis-
eases, chronic kidney diseases ≥ Grade3a, and higher CysC/Cr. All parameters had 
cutoff indices and showed significantly higher hazard ratios.
Conclusions: These results suggested that CysC/Cr may be a predictive marker of 
incident osteoporotic fractures. It might work as a screening tool for MOF risk.
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Serum creatinine-to-cystatin C ratio (Cr/CysC) has attracted 
attention in recent years as a surrogate marker of muscle mass. 
Although serum CysC and Cr levels are indicators of renal function, 
CysC is distributed to all nucleated cells of the body, while Cr is 
produced only in the striated muscle, and therefore, Cr/CysC levels 
can be considered a sarcopenia index8–12 because it indirectly re-
flects the skeletal muscle mass. Cr/CysC has also been attracted as 
a marker of osteoporosis. A cross-sectional study was conducted to 
investigate the association between Cr/CysC and fractures, includ-
ing fragility fractures, in 285 patients with type 2 diabetes. A high 
BMI with low Cr/CysC was associated with a relative increase in fat 
mass and an increased risk of fracture. These authors also suggested 
that Cr/CysC could be used as a screening tool for fragility fractures, 
using an optimal cutoff value of 0.90 and a hazard ratio of 2.60 in 
postmenopausal women.13 Another retrospective longitudinal study 
of the relationship between body weight and risk of fragility frac-
tures in patients with type 2 diabetes showed that decreased BMI 
increased the risk of fragility fractures.14 In addition, another study 
from the same registry examined the association between Cr/CysC 
and bone fragility fractures and found that the incidence of bone 
fragility fractures was significantly higher in the lowest quartile of 
patients with Cr/CysC.15 Moreover, a novel index of osteoporosis 
that represented as T-score ≤ −2.5, which constituted the combined 
criteria of age, Cr/CysC, and tartrate-resistant acid phosphatase-5b 
(TRACP-5b), was promoted recently.16

Although these studies were limited in diabetic patients, cor-
relation between Cr/CysC and osteoporotic fracture would be 
suggested.17 Therefore, we hypothesized that serum cystine C-to-
creatine ratio (CysC/Cr), that is, the reciprocal of Cr/CysC, might 
function as a surrogate marker for expecting incident osteoporotic 
fractures in elderly population, and tested this hypothesis in a retro-
spective cohort study.

2  |  MATERIAL S AND METHODS

Institute where this study was performed is the one clinic; however, 
one osteoporosis control center in the community where the clinic 
is located. Patients who had relatively higher risk were followed up 
every 3-month interval. Risk factors adopted in the institute are fe-
male gender, age no <50 in female or no <70 in male, low body mass 
index (BMI) ≤18 or high BMI >30, presence of history of fractures 
of patient's parent, prevalent major osteoporotic fracture of the 
patient (MOF; pr-MOF), comorbidities such as lifestyle-related dis-
eases (LSD), hyper fall-ability (Fall-ability), chronic kidney diseases 
≥ Grade3a (CKD), cognitive impairment (C-I), rheumatoid arthritis 
(RA), and low bone mineral density (BMD) with the T-score ≤ −2.0. 
These patients were judged as high-risk patient and got blood tests 
simultaneously. BMDs were measured using dual-energy X-ray ab-
sorptiometry in the lumbar spine and femoral neck, and item of the 
blood test included CysC/Cr. MOF included vertebral fractures, 
proximal femur fractures, proximal humerus fractures, and distal 

radius fractures. These fractures were picked up in an interview 
performed by nurses and physicians and confirmed using X-ray 
pictures, of what X-ray of the spine was routinely performed es-
pecially in order to confirm morphological fracture. LSD included 
comorbidities such as type 2 diabetes mellitus, chronic obstructive 
pulmonary disease, hypertension, hyperlipidemia, chronic heart 
failure, and insomnia. Fall-ability included comorbidities such as 
musculoskeletal ambulation disability complex, osteoarthritis of the 
lower extremities, joint contractures of the trunk or lower extremi-
ties, disuse syndrome, parkinsonism, and neuromuscular disorders. 
The diagnoses of these comorbidities were made by the authors, 
who are specialists certified by the Japanese Society of Internal 
Medicine, the Japanese Orthopedic Association, and the Japanese 
College of Rheumatology.

Patients who were judged as high-risk patients from November 
2010 to December 2015 were picked up and had been followed up. 
The dates of when judged as a high-risk patient were set as base-
line. Their clinical data were in follow-up until 5 years after baseline 
data were collected. Inclusion criteria of subjects' age were 65 years 
or older in female, 70 years or older in male, and 50 years or older 
to whom oral glucocorticoid (GCS) was thrown. Patients who had 
lost to follow-up, faced death, hospitalized due to serious comor-
bidities such as pneumonia, stroke, and cardiovascular events were 
extruded from the study. As one more extrude criterion, patients 
who had CKD ≥ Grade 3b were extruded, because of inaccuracy 
of measuring the creatinine. The primary outcomes were incident 
MOF. Follow-up was continued until the first fracture occurred or 
was completed (Figure 1).

In these patients, the relationship between incident MOF and 
variants at baseline was investigated using a cox regression analysis. 
The variants were set as candidate risk factors for incident MOF, 
which included female gender, older age, lower BMD in the LS and in 
the FN, higher CysC/Cr, presence of LSD, Fall-ability, CKD ≥ Grade3a 
(CKD), C-I, RA, pr-MOF, drug administration of anti-osteoporotic 
drug (OPD), vitamin-D, GCS, and administration of polypharmacy ≥6 
kinds of tablets/capsules (Polypharmacy), and presence of habitat 
such as smoking and alcohol drinking.

After identifying the risk factors using univariate models, multi-
variate model was undergone in order to relative higher risk in the 
factors. Receivers operating characteristic analyses (ROC) were con-
ducted in order to determine the cutoff index (COI) of significant 
factors demonstrated in the univariate model. Kaplan-Meier survival 
analysis was tested in order to determine hazard ratio for presenting 
these risk factors. Statistical significance was lower than 5%. All sta-
tistical analyses were performed using StatPlus:mac® (AnalystSoft, 
Inc.).

The research was approved by the IRB of the authors. In ad-
dition, informed consent has been obtained from all patient and 
relevant persons after explaining anonymity was ensured for all 
patients and their families who participated in this study, and no 
names and/or addresses were issued that could help identify these 
individuals.
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3  |  RESULTS

A total of 1084 patients were recruited. In these, 427 had lost to 
follow-up in whom almost of them had admitted in nursing homes, 
49 had dead, 245 had failed to follow-up because of serious co-
morbidities, and 188 had CKD ≥ Grade3B. Afterall, 175 patients in 
whom 38 men and 137 women and 28 incident MOF were included 
in the dataset (Figure 1). The mean age at baseline was 70.2 years, 
ranged from 50 to 98 years, and the mean time length after base-
line to incident MOR was 15.8 months. Mean BMD at baseline was 
0.734 and 0.659 g/cm2 (T-score: −2.21 and −2.04) in the lumbar 
spine and femoral neck, respectively, and mean CysC/Cr at base-
line was 1.49. Fall-ability, LSD, and pr-MOF were present in, 59, 
113, and 77, respectively. Administration of OPD, vitamin-D, GCS, 
and polypharmacy were present in 92, 170, 12, and 47, respectively 
(Table 1).

In cox regression analysis, the presence of pr-MOF, fall-ability, 
LSD, CKD ≥ Grade3a, and higher CysC/Cr had significant higher 
risk ratios with univariate models. In these, the presence of LSD 
and fall-ability had significant higher risk ratios with multivariate 
model (Table 1). The COI of ROC for binary factors was the pres-
ence of each event. CysC/Cr also had COI with 1.345 (Figure 2A). 
Thus, all factors showed statistically significant COI (Table 2 and 
Figure 2A).

In the Kaplan-Meier survival analysis, CysC/Cr > 1.345, presence 
of fall-ability, presence of pr-MOF, presence of LSD, and presence 
of CKD were significantly higher in descending order of hazard ratio 
(6.32, 4.83, 4.81, 3.60, 2.56, respectively) (Table 2 and Figure 2B).

4  |  DISCUSSION

This is a cohort study evaluating the association between CysC/
Cr and the presence of incident MOF in clinical practice. In select-
ing candidate risk factors, commonly established risk factors such 
as female gender, older age, and low BMD were included. Recently 
focused risk factor for MOF, namely presenting diabetes mellitus, 
chronic obstructive pulmonary diseases, chronic kidney disfunction, 

and insomnia, was included together in the presence of LSD. Adding 
to them, hyper fall-ability was included because the more fall-ability 
increases, the more fracture risk increase is expected.18 Drug factors 
such as antiosteoporotic drug and glucocorticoid were also included. 
However, we did not include family history of MOF because almost 
of patients were elderly person so that their memory was vague and 
unreliable. BMD > 30 was not also included because there was no 
case whose BMD > 30. Preference habitat such as current smoking 
and drinking alcohol were also included because there were very 
few number of subjects in the study.

Cystatin C is an endogenous cysteine proteinase inhibitor be-
longing to the type 2 cystatin superfamily. Its molecular weight is 
13,343–13,359 Da, containing four characteristic disulfide-paired 
cysteine residues. Human cystatin C is encoded by the CST3 gene, 
ubiquitously expressed at moderate levels.19,20 The main catabolic 
site of cystatin C is the kidney: more than 99% of the protein is 
cleared from the circulation by glomerular ultrafiltration and tubular 
reabsorption. The diagnostic value of cystatin C as a marker of kid-
ney dysfunction has been extensively investigated in multiple clini-
cal studies on adults, children, and in the elderly,20 and even for race 
free studies.21 Equations that include cystatin C predict GFR more 
accurately than serum creatinine in children, adults, and older adults 
with larger effects among persons who are acutely ill.22 Not only 
illness but also drug influences were diminished by using cystatin 
C that improves the safety and efficacy of medications that have 
narrow therapeutic windows.23

Based on these characteristics of cystatin C, mixed studies 
with creatinine are applicable to clinical use, such as measurement 
of drug trough levels,22 detection of immune disorders,24 diagno-
sis of shrunken pore syndrome,25 diagnosis of sarcopenia,10–13,26–29 
surrogate marker of prognosis prediction in chronic pulmonary dis-
eases,30 and cancer.28,29,31

Cr/CysC is a novel surrogate marker of osteoporosis. It might 
reflect the lean muscle mass, which may correlate with fall ten-
dency and bone fragility. Thus, the reciprocal of Cr/CysC equal 
to CysC/Cr should correlate with the incidence of bone fragility 
fracture. These results suggest that CysC/Cr may be a strong 
candidate surrogate marker for MOF occurrence or a strong risk 

F I G U R E  1  Flowchart of the study. 
CKD, chronic kidney disease.
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factor when it exceeds the COI. This value is the reciprocal of Cr/
CysC, and if Cr/CysC reflects the lean muscle mass, CysC/Cr is 
assumed to reflect the low relative muscle mass. It is supposed 
that this is also affected by gender difference and age. When the 
parameters associated with CysC/Cr in the present dataset were 
examined by linear regression analysis, the presence of female 
gender, older age, and pr-MOF was significantly associated with 
CysC/Cr (Table 3). Thus, CysC/Cr is included as a risk factor for 
osteoporotic and preexisting fractures in women and the elderly. 
This suggests that the risk of osteoporosis can be estimated by 
blood examination even in clinics without radiographic facilities. 
CysC/Cr did not demonstrate significant higher risk factor with 
Cox regression analysis using multivariate model; however, it 

demonstrated significantly higher hazard ratio with Kaplan-Meier 
analysis. Therefore, CysC/Cr might be suggested as a primary 
screening index for incident MOF.

However, there was no significant correlation with BMD. In one 
previous cross-sectional study examining an association between 
BMD and Cr/CysC, there was no significant correlation between 
them,16 and there was a significant correlation by age and combi-
nation with one of the bone resorption markers, TRACP-5b.16 Cr/
CysC and BMD are influenced by several common factors, such 
as women and older age, but are likely to be influenced by other 
factors. For example, BMD may be influenced by the involvement 
of inflammatory cytokines, the presence of autoantibodies such 
as anticitrullinated polypeptide antibodies, blood calcium and 

TA B L E  1  Demographic characteristics and results of Cox regression analysis in the dataset.

Dataset (n = 175) MOF (n = 28)

Cox regression analysis

Univariate Multivariate

p-Value Risk ratio (95%CI) p-Value Risk ratio (95%CI)

Female gender 137 (78.3) 23 (82.1) 0.61

Age, year-old 70.2 (14.6) 74.6 (10.3) 0.10

Follow-up length, months 52.9 (16.9) 15.8 (12.3) <0.001

Presence of incident MOF 28 (16.0) 28 (100) –

BMI, kg/m2 22.2 (4.1) 22.8 (3.1) 0.33

Number of BMI < 18 23 (13.1%) 2 (7.1%) 0.16

Number of BMI > 30 0 (0%) 0 (0%) –

BMD in LS, g/cm2 0.734 (0.215) 0.782 (0.121) 0.19

BMD in FN, g/cm2 0.659 (0.152) 0.617 (0.119) 0.14

T-score in LS −2.21 (1.75) −2.70 (0.98) 0.14

T-score in FN −2.04 (1.23) −2.39 (0.97) 0.12

CysC/Cr 1.49 (0.29) 1.59 (0.22) <0.05 4.15 (1.09–15.80) 0.39 1.94 (0.42–8.87)

Presence of lifestyle-related 
diseases

113 (64.6) 24 (85.7) <0.05 3.60 (1.25–10.40) <0.05 2.92 (1.00–8.54)

Presence of hyper fall-ability 59 (33.7) 19 (67.9) <0.001 4.90 (2.21–10.86) <0.01 3.93 (1.73–8.95)

Presence of CKD ≥ Grade3a 49 (28.3) 10 (37.0) <0.05 2.57 (1.21–5.43) 0.33 1.46 (0.68–3.17)

Presence of cognitive 
impairment

12 (6.9) 3 (10.7) 0.77

Presence of rheumatoid 
arthritis

54 (30.9) 11 (39.3) 0.70

Presence of prevalent MOF 77 (44.0) 21 (75.0) <0.001 5.25 (1.58–17.39) 0.06 2.46 (0.68–6.32)

Antiosteoporotic drug 
administration

92 (52.6) 19 (67.9) 0.27

Vitamin D supplementation 170 (97.1) 22 (78.6) 0.18

Glucocorticoid steroid 
administration

12 (6.9) 2 (7.1) 0.89

Presence of polypharmacy 47 (26.9) 10 (35.7) 0.46

Current smoking habitat 7 (4.0) 2 (7.1) 0.29

Alcohol drinking habitat 12 (6.9) 4 (14.3) 0.11

Note: The values are presented as mean (SD) unless indicated otherwise. In the other, number of cases and percentage are presented.
Abbreviations: BMD, bone mineral density; BMI, body mass index; CKD, chronic kidney diseases; CysC/Cr, serum cystatin C-to-creatinine ratio; FN, 
femoral neck; LS, lumbar spine; MOF, major osteoporotic fracture.
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phosphorus levels, and blood parathyroid hormone levels, and Cr/
CysC may be influenced by muscle training, exercise habits, and 
vitamin D intake.

In any case, there seems to be a correlation between MOF and 
CysC/Cr. Early measurement of CysC/Cr facilitates screening for 
fractures. It would be recommended that initial BMD measurement 
and CysC/Cr calculation should simultaneously be set as osteopo-
rosis screening, as soon as the old fracture including distal radius or 
unrecognized vertebral body fracture is observed. As a result, it may 
be easier to implement fracture prevention programs such as drug 
interventions such as OPD and exercise habit guidance.

There is one caveat. The measurement accuracy of CysC and 
Cr lowers, when the renal function lowers over the fixed.32 In view 
of this, creatinine clearance and creatinine estimated glomerular 

filtration rate (eGFR) should be used as reference indices. Patients 
with eGFR <45 ml/1.73 m2 were also excluded from the dataset for 
analysis in this study.

This study has various limitations. Because of the small num-
ber of cases of MOF, younger patients are at disproportionate risk, 
particularly in single-center studies, where observation was short 
and CKD ≥ Grade3b or higher was excluded. And one more thing, 
cystatin C is modified by comorbidities such as hyperthyroidism, 
hypothyroidism, malignant tumor, posttransplantation status, or 
HIV infection. These conditions were checked before entry; how-
ever, it cannot be said that potential malignancy or thyroid disfunc-
tion was denied. Nevertheless, evidence for CysC/Cr suggests that 
this index may be a surrogate marker of MOF development. CysC/
Cr > 1.345 would have more than sixfold high risk than no more 

F I G U R E  2  ROC curve and Kaplan-
Meier survival curve in regard to CysC/Cr 
for incident MOF. (A) ROC curve is shown. 
The cutoff index (COI) is 1.345, and the 
area under the curve (AUC) is 0.614. (B) 
Kaplan-Meier survival curve is shown. The 
hazard ratio of CysC/Cr > 1.345 is 6.32 
(p < 0.01).

Factor

ROC K-M

Cut-off index
Area under 
the curve p-Value Hazard ratio (95%CI) p-Value

CysC/Cr >1.345 0.614 <0.01 6.32 (2.87–13.92) <0.01

LSD Present 0.626 <0.01 3.60 (1.67–7.73) <0.05

Fall-ability Present 0.703 <0.001 4.83 (2.16–10.21) <0.001

CKD Present 0.612 <0.05 2.56 (1.06–6.20) <0.05

pr-MOF Present 0.685 <0.001 4.81 (2.08–9.39) <0.001

Note: Hazard ratios are calculated as present or more than cut-off index/absent or no more than 
cut-off index.
Abbreviations: CKD, presence of chronic kidney diseases with estimated glomerular filtration 
ratio <45 ml/1.73 m2; CysC/Cr, serum cystatin C-to-creatinine ratio; Fall-ability, presence of hyper 
fall-ability; LSD, presence of lifestyle-related diseases; pr-MOF, presence of prevalent major 
osteoporotic fracture.

TA B L E  2  Results of receiver operation 
characteristics (ROC) and Kaplan-Meier 
survival analysis (K-M) for each factor.
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than that value. This information would be helpful for elderly oste-
oporosis candidate persons.
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