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1. Introduction
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Purpose. Osteoporosis is a common age-related disorder leading to increased bone fragility and risk of fracture. Early diagnosis
of osteoporosis is a vital step in providing early therapeutic intervention. Serum cystatin C is a marker of early renal dysfunction,
a predictor of cardiovascular and inflammatory diseases, and an inhibitor of the differentiation of osteoclast precursor cells. The
purpose of this study was to evaluate the relationship between serum cystatin C and osteoporosis. Methods. We enrolled 46 subjects
who attended a health checkup and underwent measurement of bone status by quantitative ultrasound and determination of
the level of serum cystatin C. A comparative study was conducted between those with and without osteoporosis for all subjects
collectively and in two subgroups aged <65 and >65 years. Results. Serum cystatin C levels were strongly correlated with age,
creatinine, and bone status data, with significant negative correlations with stiffness, T-score, and percentage of young adult mean.
Among patients with osteoporosis, serum cystatin C was significantly higher even after adjustment for age and sex, whereas no
significant difference was noted in creatinine. For patients aged > 65 years, serum cystatin C was significantly higher in subjects with
osteoporosis, although there was no significant difference in age between normal subjects and those with osteoporosis. Conclusions.
To the best of our knowledge, this is the first study to demonstrate an association between serum cystatin C and osteoporosis.
Serum cystatin C is significantly higher in osteoporosis and in particular may be a useful marker for osteoporosis among middle
and elderly people aged > 65 years. Measurement of serum cystatin C can be carried out easily and may contribute to early diagnosis
and treatment of osteoporosis.

underlying the reduced quality of life and survival of elderly
patients [4, 5].

The World Health Organization (WHO) defines osteoporosis
as a disease characterized by low bone mass and the microar-
chitectural deterioration of bone tissue, leading to increased
bone fragility and risk of fracture [1, 2]. The incidence of
osteoporosis has steadily increased in recent decades as a
consequence of societal ageing, with approximately 200 mil-
lion osteoporotic patients worldwide and approximately 8.9
million osteoporotic fractures [3]. These types of fractures,
along with spinal kyphosis, are the most important factors

Osteoporosis is a common age-related disorder that often
coexists with cardiovascular disease (CVD) and diabetes
[6]. Consequently, the early diagnosis of osteoporosis is a
vital step in providing early therapeutic intervention. Serum
cystatin C is a sensitive indicator of early renal dysfunction
and a strong independent predictor of CVD, diabetes-related
mortality, and all-cause mortality [7, 8]. Recent evidence
from the Japanese Orthopedic Association also suggested that
serum cystatin C can be an early predictor of locomotive
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syndrome risk [9]. However, the association between serum
cystatin C and osteoporosis remains unclear. Therefore, the
aim of this study was to investigate the relationships between
serum cystatin C and other factors related to osteoporosis in
community-dwelling adults. Clarification of these relation-
ships may be useful in the early diagnosis and treatment of
osteoporosis.

2. Methods

2.1. Participants. The subjects were healthy Japanese volun-
teers who attended a basic health checkup in 2016 supported
by the local Government. Since 1982, this checkup has
been held annually in the town of Yakumo in a rural area
of southern Hokkaido in Japan and consists of voluntary
orthopedic and physical function examinations as well as
internal medical examinations and psychological tests [10-
12]. The inclusion criteria were (1) bone status data measured
by quantitative ultrasound (QUS) bone densitometry at the
calcaneus and (2) serum cystatin C level measured by a blood
test. The exclusion criteria were as follows: a history of steroid
use; severe osteoarthritis; history of fracture of the hip and
spine; and treatment of osteoporosis, diabetes, kidney disease,
and heart disease.

Among 555 participants who underwent a health checkup
in 2016, 367 received a bone status examination by QUS.
Of these, measurement of the serum cystatin C level was
carried out in 54 participants who gave their written informed
consent for sample collection, of whom 8 were subsequently
excluded due to the above criteria. Therefore, 46 subjects
were included in the final study. The study protocol was
approved by the University Committee on Ethics in Human
Research and by the Institutional Review Board of Nagoya
University Graduate School of Medicine. All participants
provided written informed consent and the study protocol
was approved by the Institutional Review Board of Nagoya
University Graduate School of Medicine. The study proce-
dures were carried out in accordance with the principles of
the Declaration of Helsinki.

2.2. Measurement of Bone Status Data. A water-bath ultra-
sound system (model A-1000 Plus II; Lunar, Madison, WI,
USA) was used to measure bone status data at the calcaneus
region of the independent foot [13, 14]. Stiffness (automati-
cally calculated from broadband ultrasound attenuation and
speed of sound), T-score, % young adult mean (YAM), Z-
score, and % age-matched were recorded using a standard
protocol supplied by the manufacturer.

2.3. Blood Test and Measurement of Serum Cystatin C Level.
We obtained venous blood samples and performed a blood
test. In this study, creatinine, which is one of the kidney
function markers, and C-reactive protein (CRP), which is one
of the markers of inflammation, were used for analysis. Serum
cystatin C level was measured using a latex agglutination
turbidimetric immunoassay (LA) method (LSI Medience
Corporation, Tokyo, Japan). Biochemical analyses of the
blood samples were performed using an autoanalyzer (JCA-
RX20; Nihon Denshi, Tokyo, Japan).
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2.4. Osteoporosis. Based on the WHO classification [1],
healthy bone was defined as a T-score > —2.5 (normal group)
and osteoporosis as a T-score < -2.5 (osteoporosis group).
Data were compared between these 2 groups. To consider
the influence of age, this comparison was also performed in
subgroups aged <65 and >65 years.

2.5. Statistical Analysis. Continuous variables are expressed
as means [standard deviations (SDs)], and categorical vari-
ables are expressed as percentages. Correlations between
serum cystatin C level and other variables were analyzed
using Spearmans rank correlation coefficients. To inves-
tigate the relationship between serum cystatin C level
and osteoporosis, the variables were compared between
normal patients and those with osteoporosis using the
Mann-Whitney U test, Fisher’s exact test, and generalized
linear model (GLM). The GLM analysis was adjusted for age
and sex, which are known to be related to osteoporosis [1].
The threshold value for the predictive value of serum cystatin
C level for the presence of osteoporosis was determined
using the receiver operating characteristics (ROC) analysis.
All statistical analyses were performed using SPSS Statistics
v.25.0 software for Mac (IBM Corp., Armonk, NY, USA). A p
value <0.05 was considered significant in all analyses.

3. Results

The mean age of the 46 subjects was 62.0 years (range, 40-88
years; 24 males and 22 females), mean body mass index (BMI)
was 23.6 kg/mz, mean percent body fat (PBF) was 28.2%, and
mean serum cystatin C was 0.77 mg/L. Demographic, blood
test, and bone status data are shown in Table 1. BMI, PBE
creatinine, stiffness, Z-score, and % age-matched were found
to be significant differences between males and females,
and age, serum cystatin C, and prevalence of osteoporosis
were not significantly different. Correlations between serum
cystatin C and other variables are shown in Table 2. Serum
cystatin C showed a strong significant positive correlation
with age (r=0.712, p < 0.001), creatinine (r = 0.612, p < 0.001),
significant negative correlations with stiffness (r = -0.374, p
= 0.010), T-score (r = -0.445, p = 0.002), and % YAM (r =
~0.459, p = 0.001).

Serum cystatin C (p = 0.042) showed significant differ-
ences between normal and osteoporosis subjects (Table 3),
although there was no significant difference in terms of
age (p = 0.070), sex (p = 0.062), creatinine (p = 0.42),
and CRP (p = 0.69). Furthermore, after controlling for age
and sex using GLM analysis, serum cystatin C (p = 0.014,
Table 3) was significantly higher in osteoporosis, with no
significant difference between creatinine (p = 0.48) and CRP
(p = 0.17). Subgroup analysis of patients aged <65 years
revealed no significant difference in all variables, including
serum cystatin C (p = 0.87, Table 4) between normal and
osteoporosis subjects. However, at age >65 years, only serum
cystatin C was significantly higher in osteoporosis and p =
0.043 (Table 4).

The ROC curve for the predictive value of the serum
cystatin C level for the presence or absence of osteoporosis
had an area under the curve of 0.683 (Figure 1, Table 5). From
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TaBLE 1: Demographic characteristics, blood test, and bone status data for participants.

Variables Total Male Female p-value
Number of participants 46 24 22

Age (years) 62.0 (14.3) 63.8 (14.5) 60.1 (14.3) 0.40
BMI (kg/m?) 23.6 (3.5) 24.2 (2.8) 22.5 (4.1) 0.042+
PBE (%) 28.2(71) 24.3 (5.2) 32.2(6.7) < 0.001% +
Serum cystatin C (mg/L) 0.77 (0.19) 0.76 (0.18) 0.78 (0.21) 0.96
Creatinine (mg/dL) 0.75 (0.18) 0.84 (0.16) 0.66 (0.15) < 0.001% *
CRP (mg/dL) 0.09 (0.14) 0.13 (0.18) 0.06 (0.06) 0.066
Stiffness 80.1(16.7) 88.3 (14.0) 711 (14.9) < 0.001% +
T-score ~1.68 (1.36) ~133(1.2) ~2.05 (1.5) 0.054
% YAM 81.3 (15.1) 84.7 (13.4) 777 (16.3) 0.092
Z-score 0.18 (1.26) 0.65 (L.1) -0.34 (1.3) 0.008 *
% age-matched 102.9 (17.5) 109.6 (16.3) 95.6 (16.1) 0.007 * *
Prevalence of osteoporosis 34.8% 20.8% 50.0% 0.062

Italicized values indicate the significant difference.

#p < 0.05, *#p < 0.01, Mann-Whitney U test, and Fisher’s exact test.
Parameter values are shown as mean (standard deviation) or numbers.
BMI, body mass index; PBE, percent body fat; YAM, young adult mean.

TaBLE 2: Correlation coefficients between variables and serum cystatin C levels.

Variables Correlation coefficient (R) p-value
Age (years) 0.712 < 0.001
Sex (female) -0.002 0.99
BMI (kg/m*) 0.054 0.72
PBF (%) ~0.066 0.67
Stiffness -0.374 0.010+
T-score —0.445 0.002x %
% YAM -0.459 0.001 * *
Z-score —-0.163 0.28

% age-matched -0.153 0.31
Creatinine (mg/dL) 0.612 < 0.001 % =
CRP (mg/dL) 0.046 0.76

Italicized values indicate the significant difference.
#p < 0.05, *#p < 0.01, and Spearman rank correlation coeflicient analysis.
BMI, body mass index; PBE, percent body fat; YAM, young adult mean.

TaBLE 3: Comparison between normal and osteoporosis patients.

Non-adjusted Age and sex-adjusted
Variables Normal Osteoporosis p-value Normal Osteoporosis p-value
Number of participants 30 16 30 16
Age (years) 59.1(14.7) 67.4 (12.4) 0.070
Sex (male/female) 19/11 5/11 0.062
BMI (kg/m?) 23.8 (3.4) 227 (3.7) 0.69 24.0 (0.5) 23.2(0.7) 0.33
PBF (%) 275 (73) 29.4 (6.8) 0.21 28.0 (0.9) 29.9 (1.2) 0.23
Serum cystatin C (mg/L) 0.72 (0.14) 0.87 (0.25) 0.042+ 0.73 (0.03) 0.87 (0.04) 0.014+
Creatinine (mg/dL) 0.74 (0.17) 0.79 (0.21) 0.42 0.75 (0.01) 0.77 (0.02) 0.48
CRP (mg/dL) 0.08 (0.08) 0.14 (0.23) 0.69 0.09 (0.01) 0.12 (0.02) 0.17

Italicized values indicate the significant difference.

#p < 0.05, Mann-Whitney U test, and Fisher’s exact test.

Parameter values are shown as the mean (standard deviation) or numbers for nonadjusted data and corrected mean (standard error) or numbers of the mean
for age adjusted data using generalized linear model.

BMI, body mass index; PBE, percent body fat.
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TaBLE 4: Comparison between normal and osteoporosis patients in subgroup analysis.

Total Aged < 65 years Aged > 65 years
Variables Normal  Osteoporosis p-value Normal Osteoporosis p-value Normal Osteoporosis p-value
Number of participants 30 16 18 6 12 10
Age (years) 59.1(147) 674 (12.4)  0.070 487 (6.8)  55.3(9.6) 010  74.6(72) 747 (6.9) 0.97
Sex (male/female) 19/1 5/11 0.062 10/8 1/5 0.17 8/4 5/5 0.67
BMI (kg/m?) 238(34) 227 (37) 032  239(41)  222(4.3) 025 235(22)  231(3.5) 0.77
PBF (%) 275(73)  29.4(6.8) 021  287(8.0)  289(6.5) 0.63  257(6.0) 295 (70) 0.18
Serum cystatin C (mg/L) 0.72(0.14)  0.87(0.25)  0.042% 0.67 (0.10)  0.69(0.13)  0.87  0.79(015) 0.98 (0.24) 0.043x
Creatinine (mg/dL) 074 (0.17)  0.79(0.21)  0.42  0.73(0.16)  0.62(0.15) 018  0.80(0.17) 0.83(0.20)  0.65
CRP (mg/dL) 0.08(0.08) 0.14(0.23)  0.69 0.08(0.08) 0.04(0.03) 016 0.09(0.10) 017(0.26)  0.39

Italicized values indicate the significant difference.

#p < 0.05, Mann-Whitney U test, and Fisher exact test.

Parameter values are shown as the mean (standard deviation) or numbers.
BMI: body mass index; PBE, percent body fat.

TaBLE 5: AUC, cutoff value, and sensitivity and specificity of the serum cystatin C level for prediction of the presence of osteoporosis.

AUC SE p

95% CI Cutoff value Sensitivity, Specificity, %

Osteoporosis 0.683 0.087 0.042

0.512-0.855 0.840 50.0, 86.7

AUC: area under curve, SE: standard error, and CI: confidence interval.
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FIGURE 1: The receiver operating characteristic (ROC) curve for
serum cystatin C level and osteoporosis. The area under the ROC
curve was 0.683.

Youden’s index [15], the cutoft value of serum cystatin C
level was determined to be 0.840 mg/L for osteoporosis. A
serum cystatin C level of >0.840 mg/L indicated the presence
of osteoporosis with 50.0% sensitivity and 86.7% specificity
(Table 5).

4. Discussion

There have been many previous reports involving biomarkers
and predictors for osteoporosis [4, 15-19]. Bone resorption
biomarkers, bone formation biomarkers, and regulators of
bone turnover have all been implicated in previous research,

and procollagen type 1 N-terminal propeptide has been
identified as a sensitive and stable bone biomarker for the
early detection of osteoporosis [4]. Osteoporosis develops
as a complication of lifestyle-related diseases, with chronic
obstructive pulmonary disease (COPD) being a risk factor
among inflammatory diseases [20]. The association between
COPD and serum cystatin C has been demonstrated previ-
ously [21], while serum cystatin C is a known risk factor for
femoral neck fracture in elderly women [22]. However, no
prospective study to date has investigated the relationship
between serum cystatin C and osteoporosis in community-
dwelling adults undergoing routine health checkup examina-
tions.

Human cystatin C is a small protein composed of 122
amino acids that belongs to the cystatin family of papain-
like cysteine protease inhibitors. It is broadly distributed
and found in most bodily fluids [23]. Cystatin C primarily
functions as a protease inhibitor and is a target of proteolytic
degradation by cathepsin D and elastase [24]. Serum cystatin
C level correlates with glomerular filtration rate [23], which
is an important marker of kidney health and determinant of
the progression of both diabetes and chronic kidney disease
[25, 26]. Given its biological importance, serum cystatin C
has also been linked to a number of other diseases [27].

To the best of our knowledge, this study is the first to
investigate the relationship between serum cystatin C and
osteoporosis. In this study, serum cystatin C was significantly
higher in subjects with osteoporosis compared with normal
subjects. Generally, it is known that osteoporosis tends to
occur in older individuals and is more likely to occur in
women than in men [1, 28]. The results of this study showed
that age and sex were not significantly different between
normal and osteoporosis subjects. However, as reported so
far, osteoporosis tended to be older and was more likely to
be females. Therefore, a comparative study was conducted
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by adjusting for age and sex using GLM. After adjustment,
serum cystatin C was significantly higher in osteoporosis
than normal subjects. However, creatinine which is one of
kidney function markers and CRP which is one of inflamma-
tory markers did not show any significant difference. Based
on these results, serum cystatin C can be considered to be
related to osteoporosis, without any effect from age and sex.
Furthermore, subjects were divided into subgroups aged <65
and >65 years. Serum cystatin C did not differ significantly
between normal and osteoporosis subjects aged <65 years,
but was significantly higher in osteoporosis aged >65 years.
Both creatinine and CRP did not show any significant
difference in either subgroup. These results show that serum
cystatin C is significantly associated with the presence of
osteoporosis and, in particular, may be a novel predictor for
osteoporosis in patients aged >65 years.

Previous studies have suggested a relationship between
serum cystatin C and osteoclasts in osteoporosis, and it
has been demonstrated that cystatin C reduces osteoclast
formation by directly targeting osteoclast progenitor cells
through an intracellular mechanism involving RANK signal-
ing [29]. This suggests two possibilities: firstly, that osteoclast
differentiation is increased in osteoporosis, and, in such
conditions, cystatin C is not taken up by osteoclast progenitor
cells, thus resulting in elevated serum cystatin C levels, and
secondly that, in osteoporosis, the suppression of osteoclast
differentiation may occur, thus resulting in a consequential
increase in the expression of cystatin C. These mechanisms
could explain why serum cystatin C increases in osteoporosis.

There are several limitations in this study which need to
be considered. First, the number of subjects was relatively
small. Second, we used QUS to measure bone status rather
than dual X-ray absorptiometry (DXA). However, T-scores
measured by QUS have been shown to correlate strongly
with data derived from DXA [30], and measurement by QUS,
which does not involve radiation exposure, is very useful for
routine health checkups. Third, this study targeted residents
in rural areas and there is a possibility of bias due to the
inherent differences in living and working environments in
rural areas when compared with urban areas. However, the
results of this study are valuable as they are the first to
demonstrate an association between serum cystatin C and
osteoporosis.

5. Conclusions

In recent years, serum cystatin C has been recognized as an
early renal function marker, and opportunities to measure
it are increasing. As a result of this study, serum cystatin
C is significantly correlated with osteoporosis and may be a
particularly useful marker of osteoporosis among middle and
elderly people aged > 65 years. If the serum cystatin C value is
high in people aged > 65 years who have not been treated for
osteoporosis, there is a possibility of osteoporosis. Therefore,
the merit of serum cystatin C measurement is that it can
lead to bone mineral density measurement at an early stage.
Measurement of serum cystatin C is a simple procedure and
would potentially allow us to prevent osteoporosis-related
diseases.

Data Availability

No data were used to support this study.

Ethical Approval

The study protocol was approved by the Institutional Review
Board of Nagoya University Graduate School of Medicine.
Moreover, the study protocol was approved by the Committee
on Ethics in Human Research of our university, and the study
procedures were carried out in accordance with the principles
of the Declaration of Helsinki.

Consent

All participants provided written informed consent

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We are grateful to the staff of the Comprehensive Health Care
Program held in Yakumo, Hokkaido, and Ms. Marie Miyazaki
and Ms. Hiroko Ino of Nagoya University for their assistance
throughout this study.

References

[1] World Health Organization, “Assessment of fracture risk and
its application to screening for postmenopausal osteoporosis.
Report of a WHO Study Group,” World Health Organization
Technical Report Series, vol. 843, pp. 1-129, 1994.

[2] J. A. Kanis, “Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis: synopsis of a WHO
report,” Osteoporosis International, vol. 4, no. 6, pp. 368-38l,
1994.

[3] P.Pisani, M. D. Renna, E Conversano et al., “Major osteoporotic
fragility fractures: Risk factor updates and societal impact,”
World Journal of Orthopedics, vol. 7, no. 3, pp. 171-181, 2016.

[4] S. Imagama, Y. Matsuyama, Y. Hasegawa et al., “Back muscle
strength and spinal mobility are predictors of quality of life in
middle-aged and elderly males,” European Spine Journal, vol. 20,
no. 6, pp. 954-961, 2011.

[5] S. Imagama, Y. Hasegawa, Y. Matsuyama et al., “Influence of
sagittal balance and physical ability associated with exercise on
quality of life in middle-aged and elderly people,” Archives of
Osteoporosis, vol. 6, no. 1-2, pp. 13-20, 2011.

[6] Q.Sun, Y. Zheng, K. Chen et al., “Osteopenia is associated with
glycemic levels and blood pressure in Chinese postmenopausal
women: a cross-sectional study;,” Clinical and Experimental
Medicine, vol. 17, no. 1, pp. 85-91, 2017.

[7] A. Servais, P. Giral, M. Bernard, E. Bruckert, G. Deray, and

C. Isnard Bagnis, “Is serum cystatin-C a reliable marker for

metabolic syndrome?” American Journal of Medicine, vol. 121,

no. 5, pp. 426-432, 2008.

A. Battistoni, S. Rubattu, and M. Volpe, “Circulating biomarkers

with preventive, diagnostic and prognostic implications in

cardiovascular diseases,” International Journal of Cardiology,

vol. 157, no. 2, pp. 160-168, 2012.

o



[9] S. Tanaka, K. Ando, K. Kobayashi et al., “Serum cystatin C
level is associated with locomotive syndrome risk and can be
an early predictor in community-living people: The Yakumo
study,” Modern Rheumatology, vol. 28, no. 6, pp. 1035-1040,
2018.

[10] S. Imagama, Y. Hasegawa, K. Ando et al., “Staged decrease of
physical ability on the locomotive syndrome risk test is related
to neuropathic pain, nociceptive pain, shoulder complaints, and
quality of life in middle-aged and elderly people-The utility of
the locomotive syndrome risk test,” Modern Rheumatology, vol.
27, no. 6, pp. 1051-1056, 2017.

[11] S.Imagama, Y. Hasegawa, N. Wakao, K. Hirano, A. Muramoto,
and N. Ishiguro, “Impact of spinal alignment and back muscle
strength on shoulder range of motion in middle-aged and
elderly people in a prospective cohort study,” European Spine
Journal, vol. 23, no. 7, pp. 1414-1419, 2014.

[12] S.Imagama, Z. Ito, N. Wakao et al., “Influence of spinal sagittal
alignment, body balance, muscle strength, and physical ability
on falling of middle-aged and elderly males,” European Spine
Journal, vol. 22, no. 6, pp. 1346-1353, 2013.

[13] S.Imagama, Y. Hasegawa, N. Wakao, K. Hirano, N. Hamajima,
and N. Ishiguro, “Influence of lumbar kyphosis and back muscle
strength on the symptoms of gastroesophageal reflux disease in
middle-aged and elderly people,” European Spine Journal, vol.
21, no. 11, pp. 2149-2157, 2012.

[14] S.Imagama, Y. Hasegawa, T. Seki et al., “The effect of 3-carotene
on lumbar osteophyte formation,” The Spine Journal, vol. 36, no.
26, pp. 2293-2298, 2011.

[15] E. Kulcsar-Jakab, Z. Petho, Z. Pap et al., “Cystatin C as a
potential predictor of osteoprotegerin levels in healthy men,
a cross-sectional, observational study,” BMC Musculoskeletal
Disorders, vol. 16, article 227, no. 1, 2015.

[16] J. Lim and S. Hwang, “Identification of osteoporosis-associated
protein biomarkers from ovariectomized rat urine;” Current
Proteomics, vol. 14, no. 2, pp. 130-137, 2017.

[17] S. Khosla and L. C. Hotfbauer, “Osteoporosis treatment: recent
developments and ongoing challenges,” The Lancet Diabetes &
Endocrinology, vol. 5, no. 11, pp. 898-907, 2017.

[18] M. Guo, H. Qu, L. Xu, and D.-Z. Shi, “Tea consumption may
decrease the risk of osteoporosis: an updated meta-analysis of
observational studies,” Nutrition Research, vol. 42, pp. 1-10, 2017.

[19] S. Tanaka, K. Ando, K. Kobayashi et al., “A low phase angle
measured with bioelectrical impedance analysis is associated
with osteoporosis and is a risk factor for osteoporosis in
community-dwelling people: the Yakumo study;,” Archives of
Osteoporosis, vol. 13, article 39, no. 1, 2018.

[20] D.D.Sin,J.P. Man, and S. F. P. Man, “The risk of osteoporosis in
Caucasian men and women with obstructive airways disease;”
American Journal of Medicine, vol. 114, no. 1, pp. 10-14, 2003.

[21] M. Zhang, Y. Li, X. Yang et al, “Serum Cystatin C as an
Inflammatory Marker in Exacerbated and Convalescent COPD
Patients,” Inflammation, vol. 39, no. 2, pp. 625-631, 2016.

[22] K. E. Ensrud, N. Parimi, J. A. Cauley et al., “Cystatin C and risk
of hip fractures in older women,” Journal of Bone and Mineral
Research, vol. 28, no. 6, pp. 1275-1282, 2013.

[23] A. Grubb, M. Horio, L.-O. Hansson et al., “Generation of a new
cystatin C-based estimating equation for glomerular filtration
rate by use of 7 assays standardized to the international
calibrator,” Clinical Chemistry, vol. 60, no. 7, pp. 974-986, 2014.

[24] B. Lenar¢i¢, M. KrasSovec, A. Ritonja, I. Olafsson, and V. Turk,
“Inactivation of human cystatin C and kininogen by human
cathepsin D;” FEBS Letters, vol. 280, no. 2, pp. 211-215, 1991.

BioMed Research International

[25] J. E Roos, J. Doust, S. E. Tett, and C. M. J. Kirkpatrick, “Diag-
nostic accuracy of cystatin C compared to serum creatinine for
the estimation of renal dysfunction in adults and children—a
meta-analysis,” Clinical Biochemistry, vol. 40, no. 5-6, pp. 383—
391, 2007.

[26] Y. J. Jung, H. R. Lee, and O. J. Kwon, “Comparison of serum
cystatin C and creatinine as a marker for early detection of
decreasing glomerular filtration rate in renal transplants,” Jour-
nal of the Korean Surgical Society, vol. 83, no. 2, pp. 69-74, 2012.

[27] A. Shamsi and B. Bano, “Journey of cystatins from being mere
thiol protease inhibitors to at heart of many pathological con-
ditions,” International Journal of Biological Macromolecules, vol.
102, pp. 674-693, 2017.

[28] A. Tanaka, K. Suemaru, and H. Araki, “A new approach for
evaluating renal function and its practical application,” Journal
of Pharmacological Sciences, vol. 105, no. 1, pp. 1-5, 2007.

[29

E Strélberg, P. Henning, I. Gjertsson et al., “Cysteine proteinase
inhibitors regulate human and mouse osteoclastogenesis by
interfering with RANK signaling,” The FASEB Journal, vol. 27,
no. 7, pp. 2687-2701, 2013.

[30] L. F. Hammad, “Measurements of bone mineral density and

stiffness index in young Saudi females,” Pakistan Journal of
Medical Sciences, vol. 32, pp. 399-402, 2016.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

