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Background: Serum cystatin C (Cys-C),
an inhibitor of cysteine proteases, has
been suggested as an ideal biomarker of
glomerular filtration rate (GFR).Objectives:
The objective of this study was to de-
scribe the reference intervals of serum Cys-
C and identify factors associated with serum
Cys-C or its variability, including age, gen-
der, creatinine (Crea), blood urea nitrogen
(BUN), and uric acid (UA). Design and
Methods: Serum Cys-C, Crea, BUN, and
UA were measured in 4,517 healthy par-
ticipants aged 8-89 years attending our
hospital. Serum Cys-C was analyzed us-
ing a latex-enhanced immunoturbidimetric
method. Crea were tested by picric acid
jaffe method, BUN, and UA by kinetic UV
assays. Results: The predominant charac-
teristic of Cys-C distribution was that Cys-C
concentration in age >60 years group was
the highest (P < 0.05). The differences of

Cys-C concentration between males and fe-
males existed for subjects aged from 30 to
59 years (P < 0.05). In a multiple model
adjusted only for gender and age, gender
(B = 0.007) has stronger effect on Cys-C
levels, compared with age (B = 0.003). The
clinical variables, comprised of age, gen-
der, Crea, BUN, and UA, involved in the
fully adjusted equation accounted for 37.6%
of variation of Cys-C. Conclusions: Ninety-
five percent reference intervals for healthy
population were partitioned into three cate-
gories only by age, 0.59-1.07 mg/L for sub-
jects aged 19-59 years; 0.74—1.14 mg/L for
the older aged >60 years; and 0.63-1.11
mg/L for children aged <18 years. Serum
Cys-C is significantly related to gender, age,
UA, Crea, and BUN. Besides, there are still
other factors contributing to variation of Cys-
C levels. J. Clin. Lab. Anal. 26:49-54,
2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide public
health problem. Glomerular filtration rate (GFR) is con-
sidered to monitor kidney function and diagnose renal
disease. In clinical practice, serum creatinine (Crea) is
measured as a routine biomarker of GFR, on the as-
sumption that the Crea is completely filtered across the
glomerulus and that Crea biogenesis and excretion are
constant. However, the biogenesis of Crea is affected by
dietary intake and muscle mass, which itself varies by age,
height, gender, and ethnicity. Besides, the level of Crea
does not elevate until advanced stages of CKD.

At present, serum cystatin C (Cys-C), an inhibitor of
cysteine proteases, has been deemed as an ideal biomarker
of GFR. Serum Cys-C is more sensitive than serum Crea
to detect early and moderate deterioration of GFR (1-4).
It is cleared exclusively through the kidney. Therefore, its
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concentration depends solely on GFR. Narvaez-Sanchez
et al. suggested that Cys-C could be a replacement to
serum Crea for diagnosing and monitoring kidney func-
tion in children (5).

Little is known about the reference intervals for Cys-
C in a large healthy population in our area. In addition,
there are still some factors that should be taken into con-
sideration. It is uncertain whether variables such as age
and gender affect Cys-C levels in healthy populations.
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Some previous studies suggested that Cys-C levels are in-
dependent of gender and age (2), others showed different
opinions (6). To fully exploit the value of serum Cys-C
as a GFR marker, reliable age and sex-correlated refer-
ence intervals are required. The objective of this study is
to establish the reference intervals in a sufficiently large
healthy population and to verify whether serum levels are
indeed independent of age and gender, and to explore the
association between Cys-C and other markers of kidney
function such as Crea, blood urea nitrogen (BUN), and
uric acid (UA).

MATERIALS AND METHODS
Study Population

A total of 4,517 healthy subjects (range from 8 to
89 years) attending West China Hospital of Sichuan Uni-
versity of China for routine health checks were enrolled,
comprised of 2,273 males (42.4 £ 13.1 years) and 2,244
females (42.3 4= 11.9 years). Duplicate samples from same
subjects were eliminated. Individuals were not selected if
they were either infected with HBV, HCV, HIV, or suffered
from renal disease, cardiovascular diseases, or diabetes.
The criteria to exclude subjects with renal disease were
listed as follows: (1) no history and signs/symptoms of any
renal disease, (2) no medications, (3) normal dipstick urine
test, (4) participants with Crea concentrations outside the
reference interval were excluded from the project. This
study received ethical approval from the Ethical Commit-
tee of West China Hospital of Sichuan University.

Biochemical Tests and Data Collection

Laboratory diagnostic data on enrolled subjects includ-
ing age, gender, Crea, Cys-C, BUN, and UA, were retro-
spectively recorded.

Serum Cys-C samples were analyzed using a latex-
enhanced immunoturbidimetric method (Sichuan Maker
Biotech Co., Ltd. Chengdu, China). Crea were tested by
picric acid jaffe method (cobas), BUN, and UA by kinetic
UV assay (cobas). All analyses work on Roche automated
clinical chemistry analyzers modular. According to the
Cys-C manufacture’s instruction, the within-run precision
is less than 3.9% and the inaccuracy is less than 15%. And
moreover, all internal quality control plans were carried
out to assure the precision of tests. The controls of Cys-C
was supplied by Sichuan Maker Biotech Co., Ltd., while
the controls of BUN, Crea, and UA were purchased from
Bio-Rad (Bio-Rad Laboratories, Cal., USA).
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Statistical Analysis

Age, Cys-C, Crea, BUN, and UA were expressed as a
range with means £ 1 SD (standard deviation). One-way
ANOVA and S-N-K tests (or Games—Howell test where
appropriate) were used to multiple compare the different
Cys-C, Crea, BUN, and UA levels in six age groups. Stu-
dent’s ¢-test was used to compare the different distribution
of Cys-C levels between female and male individuals in
different three age groups. Ninety-five percent confidence
intervals of Cys-C in different gender in different clusters
were deemed as reference ranges for Cys-C. According to
the partitioning criterion of Sinton et al. (11), the differ-
ence between subgroup means should exceed 25% of the
reference range calculated for the combined distribution
if the subgroups are to be considered separately. Multiple
linear regression was used to study the contributions of
different clinical variables to Cys-C concentrations. All
statistical processes were finished in SPSS software (Ver-
sion 16.0, SPSS Inc., Chicago, IL). The differences were
considered significant if P < 0.05.

RESULTS
Age-Varying Characteristics of Cys-C and Crea

As Figure 1 shows, the means levels of Cys-C and Crea
were age-varying. The curve of the Cys-C means was rela-
tively flatter than that of Crea. Meanwhile Cys-C changes
more with 20-70 years of age than Crea in the young (age
< 20 years) and old subjects (age > 70 years). Cys-C con-
centrations in persons aged >60 years were higher than
those in the other age groups (P < 0.05). As suggested in
Table 1, Crea concentration in individuals aged <19 years
was significantly lower than that in individuals aged >18
(P < 0.05).

Cys-C Levels of Subjects of Different Gender
and Age

The mean Cys-C level of males was 0.84 + 0.12 mg/L,
lower than that of females (0.85 £ 0.12 mg/L; P < 0.05).
The differences of Cys-C concentration between males
and females existed when subjects were aged from 30 to
60 years (P < 0.05). But the mean differences between
those groups were smaller than the SD of Cys-C in all
individual enrolled. No significant differences of Cys-C
levels between males and females younger than 29 years
or older than 60 years were found (P > 0.05; Table 2).

Association with Cys-C and Covariates

As Figure 2 shows, there is positive correlation between
Cys-C and Crea (r = 0.516) or BUN (r = 0.225). In a
multiple model adjusted only for gender and age, both
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Fig. 1. Age-varying curves of Cys-C and Crea.
gender and age contributed to variants of Cys-C levels. DISCUSSION

Compared with age (B = 0.003), gender (8 = 0.007) has
stronger effect on Cys-C levels. All covariates involved
in the fully adjusted equation accounted for 37.6% of
variation of Cys-C, while factors, comprising of age and
gender accounted for 10.6% of variation of Cys-C. The
fully adjusted equation suggests that there are more fac-
tors contributing to variation in serum levels of Cys-C,
with all factors in this study only accounted for 37.6% of
variation of Cys-C levels (Table 3).

Previous studies of Cys-C in the healthy group have been
conducted in relatively small and selected study popula-
tions (7-11). Thus, one of the largest advantages of our
study was the generalizability of the results from a large
population. This study was to establish the reference inter-
vals of Cys-C and evaluate the association between Cys-C
and its covariates, including Crea, BUN, UA, age, and
gender.

TABLE 1. Basic Characteristics of Cys-C, Crea, BUN, and Uric Acid

Age (years) Cys-C (mg/L) Crea (wmol/L) BUN (mmol/L) Uric
Mean £ 1SD Mean + 1SD Mean + 1SD Mean £ 1SD Mean £ 1SD
Age groups (years) n (Range) (Range) (Range) (Range)
<18 44 16.1 £ 2.4 0.874 £ 0.121 654 + 14.5 5.1+ 1.26 317.7 £ 71.3
(0.62,1.09) (39.3,99.70) (2.44,7.04) (184.0,487.0)
19-29 697 254 £ 2.6 0.808 £+ 0.119 72.8 + 14.9 5.00 + 1.1 310.5 + 73.1
(0.52,1.09) (40.6,121.90) (2.74,7.92) (166.0,524.0)
30-39 1,258 350 £ 2.8 0.814 £ 0.116 74.6 + 14.5 5.12 + 1.10 313 £ 76.7
(0.51,1.09) (41,118.6) (2.80,10.58) (158.0,609.0)
40-49 1,297 44.0 £ 2.7 0.837 £ 0.121 74.7 + 14.4 5.26 + 1.15 3115 £ 75.7
(0.51,1.18) (38.0,130.1) (2.86,9.53) (151.0,587.0)
50-59 769 543 £ 25 0.887 £+ 0.108 74.8 + 14.1 5.5+ 1.17 3129 + 72.3
(0.54,1.17) (38.4,127.1) (3.15,8.56) (160.0,551.0)
>60 452 66 £ 5.2 0.939 £+ 0.101 75.30 £ 13.6 5.6 £ 1.21 308.0 + 65.7
(0.63,1.19) (46.3,112.5) (3.16,11.30) (132.0,485.0))
Total 4,517 42 £ 12,5 0.845 £+ 0.122 744 + 144 52 + 1.15 311.7 £ 74.0
(0.51,1.19) (39.3,130.1) (2.44,11.30) (132.0,609.0)
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TABLE 2. Cys-C Levels of Subjects of Different Gender and Age

Cys-C(mg/L)

Crea (pmol/L)

Male Female Male Female

Age groups (years) n Mean + SD n Mean £+ SD P n Mean + SD n Mean + SD P

<18 34 0.88 £0.11 10 0.86 £0.17 0.732 34 66.5+15.3 10 61.7+£11.3 0.369
19-29 363 0.81 £0.12 334 0.80 £0.12 0.309 363 73.7+ 144 334 72.0 £15.1 0.129
30-39 609 0.81 £0.12 649 0.82+£0.12 0.020 609 75.1+15.0 649 74.1 + 14.1 0.199
40-49 627 0.83 £0.12 670 0.84 £0.12 0.021 627 734+ 145 670 754+ 143 0.075
50-59 395 0.87 £0.11 374 0.89 £0.10 0.002 395 73.6 £ 144 374 76.0 £13.8 0.019
>60 245 0.94 £0.10 207 0.94 £0.10 0.462 245 74.7+13.1 207 76.0 £ 14.1 0.297
Total 2,273 0.84 +0.12 2,244 0.85+0.12 0.009 2,273 74.2 + 14.5 2,244 74.6 +14.3 0.275

In this study, contrary to previous reports of Cys-C
levels, being independent of age and gender (12), gen-
der and age were statistically associated with Cys-C levels
(13). Overall, the mean Cys-C level was 0.845 mg/L and
was higher in females (0.85 mg/L) than in males (0.84
mg/L). Some studies (8, 14) showed Cys-C in females was
significantly higher than that in males, whereas Groesbeck
et al. (15) observed an opposite Cys-C distribution in gen-
derin US adolescents aged from 12 to 19 years, with an ex-
planation that young male adults have had GFR reported
as 127 ml/min per 1.73 m> compared with 118 mL/min
per 1.73 m? in female adults. However, there were signifi-
cant differences of Cys-C level between males and females
when the age ranges from 30 to 60 years (Table 4). It is un-
clear why female individuals have higher Cys-C levels than
male individuals. Knight et al. (16) observed factors influ-
encing serum Cys-C levels other than renal function and
the impact on renal function measurement. Age, gender,
weight, height, current cigarette smoking, and CRP lev-
els were independently associated with Cys-C levels (16).

120 (@)
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More attention should be paid on the old group (aged
>60 years). The Cys-C level was the highest (P < 0.05)
in all age groups, and no differences of mean Cys-C con-
centration were found in gender (P > 0.05) in age >60
group in this study. A study in elders aged >70 years sug-
gested that significant increase with age was found with
Cys-C (17). Torner et al. (18) reported that renal func-
tion in community-dwelling elders were frail. Crea levels
in the young population aged from § to 18 years change
dramatically (see Fig. 1), so the use of Crea as an index of
GFR has long been considered problematic in youth. It
is reported that Cys-C is an alternative for assessing renal
function in premature infants (19) and children (20, 21).
Furthermore, there was no significant male—female differ-
ence in children aged from 1 to 15 years (22). Fischbach
et al. indicated that mean Cys-C is higher in infants than
older children (22).

Although there was difference in Cys-C levels between
male and female, it was without clinical importance. Be-
cause the difference was small (0.01 mg/L), and more

Cys-C{mglL)

sko
BUM{mmallL)

Fig. 2. (a) Correlation between Cys-C and Crea. (b) Correlation between Cys-C and BUN. There was positive correlation between Cys-C and
Crea (r = 0.516) or BUN (r = 0.225). Lines in two figures is regression curve.
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TABLE 3. Linear Analysis of Factors Contributing to Variants of Cys-C

Unadjusted association

Adjusted association® Fully adjusted model®

Dependent Independent B B P B P
Cys-C (mg/L) Gender / 0.007 0.030 0.008 0.007
(0.001,0.014) (0.002,0.014)
Age 0.003 0.000 0.003 0.000 0.003 0.000
(0.003,0.003) (0.003,0.004) (0.003,0.003)
Crea (mg/dL)" 0.387 0.000 / / 0.313 0.000
(0.369,0.406) (0.290,0.336)
BUN (mmol/L) 0.021 0.000 / / 0.005 0.000
(0.018,0.024) (0.003,0.008)
Uric A (mg/dL)P 0.039 0.000 / / 0.013 0.000
(0.036,0.041) (0.010, 0.016)
R? N/A 0.106 0.376

2Adjusted means that covariates were put into multiple linear regression equation.
bConversion factors: Crea mg/dL x 88.4 = pmol/L; uric acid mg/dL x 59.48 = mmol/L.

B: The higher the B, the more association with Cys-C.

TABLE 4. Ninety-Five Percent Reference Intervals of Cys-C

Cys-C (mg/L)

95% reference
intervals (M —

Age group (years) n Mean SD 2SD, M + 2SD)
>8 and <18 44 0.87 0.12 (0.63, 1.11)
19-59 4,021 0.83 0.12 (0.59, 1.07)
<89 and >60 452 0.94 0.10 (0.74, 1.14)
Total 4,517 0.845 0.122 (0.601, 1.089)

considerations should taken into actual practice, includ-
ing SD of Cys-C (higher than 0.1), intraindividual vari-
ance, precision or accuracy of kits and so on. Besides,
95% confidence intervals were partitioned into three cat-
egories by age instead of gender according to the parti-
tioning criterion of Sinton et al. ((11); Table 4). Therefore,
95% reference intervals for healthy population were parti-
tioned into three categories only by age, 0.59-1.07 mg/L
for adults aged 19-59 years; 0.74—1.14 mg/L for the older
aged >60 years; and 0.63-1.11 mg/L for all subjects aged
from 8 to 18 years (Table 4). The reference intervals in
children (aged <18) listed in Table 4, may be not reliable,
for there were only 44 children included in this study.
Cys-C and Crea levels differed significantly by age in
this study. Crea levels in individuals aged from § to 18
years were lower than those in the other age groups.
Figure 1 suggests that Cys-C is more constant than Crea
in juveniles, but is not a replacement for Crea because
the intraindividual variance was greater for Cys-C than
for Crea in healthy subjects (23,24). As expected by lin-
ear analyses, Crea compared with BUN was much more
correlated with Cys-C (B = 0.313). Another interesting
finding was that UA contributed to variation of Cys-C

levels. The UA was higher in patients with elevated Cys-C
levels than that in patients with normal Cys-C levels (25).
Previous studies described association between high UA
and reduced GFR in nonproteinuric patients with type
I diabetes (26, 27). The clinical variables, comprising of
gender, age, Crea, BUN, and UA, included in the multi-
variable equation only accounted for 37.6% of variation of
Cys-C. Other variables contributing to variation of Cys-C
need to be investigated.

In conclusion, this study provides gender-/age-specific
reference values of Cys-C for a large population in China.
There was a clear gender difference in Cys-C levels with
female subjects having higher levels than male subjects,
although the effect may be minimal. All factors in this
study, such as Crea, age, gender, BUN, and UA, were
only accounted for 37.6% of variation of Cys-C levels. So
there were some other factors associated with variation of
Cys-C.
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