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Abstract

Background Normative distribution of serum cystatin C and relationship with sex and age in healthy adult Chinese popula-
tion is unknown.

Methods This is a prospective cohort study. Adult subjects (18 years of age and older) who underwent annual health exami-
nation at the Health Management Center in Sir Run Run Hospital were eligible. Subjects with major diseases, e.g., hyperten-
sion, diabetes, chronic kidney disease, obesity (body mass index > 28 kg/m?) were excluded from the analysis. Multivariate
logistic regression analysis was conducted to identify risk factors of elevated cystatin C (> 1.03 mg/L). Data are shown as
median and 95% confidence interval (CI).

Results The final analysis included a total of 10,640 subjects (40 + 12 years, 52% men). The median serum cystatin C con-
centration was 0.73 mg/L (95% CI 0.52-1.03 mg/L) in the overall analysis, 0.79 (95% CI 0.59-1.07 mg/L) in men, and 0.67
(95% CI 0.49-0.95 mg/L) in women. In the multivariate regression analysis, elevated cystatin C was independently associ-
ated with the male sex (odds ratio 1.94; 95% CI 1.07-3.52), older age (odds ratio 1.04 every year; 95% CI 1.02-1.06), higher
body mass index (odds ratio 1.70; 95% CI 1.01-2.83), uric acid (odds ratio 1.00; 95% CI 1.00-1.01), and p2-microglobulin
(odds ratio 39.35; 95% CI 22.90-67.64).

Conclusion The median serum cystatin C concentration was 0.73 (95% CI 0.52-1.03 mg/L) in healthy adult Chinese popula-
tion, 0.79 (95% CI 0.59-1.07 mg/L) in men, and 0.67 (95% CI 0.49-0.95 mg/L) in women. Elevated cystatin C was associated
with the male sex, older age and higher body mass index.
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Introduction including those in Chinese population [3, 6], but age- and

gender-adjusted reference values and influencing factors of

Clinically, renal function is often evaluated with indicators
such as serum creatinine, urea and cystatin C. Creatinine
and urea easily fluctuate with muscle mass, diet and age;
but cystatin C does not, and is less likely to be reabsorbed
and catabolized by the tubular epithelial cells [1]. Normal
cystatin C ranges have been extensively investigated [2—8],
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cystatin C in healthy Chinese population were not clearly
investigated. Therefore, we conducted this study to pro-
pose the reference values of cystatin C in healthy Chinese
populations.

Data and methods
Study population

This prospective cohort study was approved by the Ethics
Committee of Nanjing Medical University (2018—462),
and registered in the US Clinical Trial website (ES-CKD
ClinicalTrials.gov number, NCT02841371). Clinical data
were collected from 14,736 patients in the Sir Run Run
Hospital of Nanjing Medical University from May 1, 2018
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to April 1, 2021. The criterion for inclusion was adults hav-
ing received health examination at the Health Management
Center in Sir Run Run Hospital. Excluded were those aged
less than 18 years, or with current chronic kidney disease,
acute kidney injury, obesity (body mass index, BMI >28),
coronary heart disease, as well as history of hypertension
(blood pressure > 140/90 mmHg), diabetes (fasting plasma
glucose >7 mmol/L) and other chronic diseases. Finally,
10,640 healthy participants were included.

Methods

Data were collected from May 2018 to April 2021, involv-
ing age, sex, BMI, blood pressure, previous history, serum
creatinine, cystatin C, urea, 2 microglobulin, uric acid
(UA), fasting plasma glucose (FPG), and urine protein.
Among them, the biochemical values were tested from
blood samples and morning urine. Creatinine was deter-
mined by the Roche sarcosine oxidase method, and the
variation coefficient of creatinine was 3.5% (normal ref-
erence range 57-97 pmol/L for males, 41-73 pmol/L for
females). Serum creatinine was assayed by IDMS-traceable
calibration for the standard reference material (SRM 967)
in our study. Serum cystatin C was examined with parti-
cle enhanced turbidimetric immunoassay, and calibrated
according to the international certified reference material
ERM-DA471 with a variation coefficient of 7.5% (normal
reference range is 0.59-1.03 mg/L). 2 microglobulin was
determined by Roche Particle enhanced turbidimetric immu-
noassay with a variation coefficient of 6.71% (normal refer-
ence range 1.0-2.3 mg/L); uric acid by Roche colorimetry
with a variation coefficient of 3% (normal reference range
208-428 pmol/L for males, 155-357 pmol/L for females);
urea by Roche colorimetry with a variation coefficient of
2.67% (normal reference range 3.1-8.0 mmol/L for males,
2.6-7.5 mmol/L for females); glucose by hexokinase method
with a variation coefficient of 2.2% (normal reference range
3.9-6.1 mmol/L). All biochemical indexes were tested using
Roche Cobas c701 automatic biochemical analyzer. CKD
was diagnosed with reference to the Natural Kidney Foun-
dation Kidney-Disease Outcome Quality Initiative (NKF-K/
DOQI) Guidelines: clinical evidence of kidney injury and/or
GFR < 60 ml/min/1.73m? lasting >3 months.

Statistical analysis

Data statistics and graphics were processed by Office Excel
2019 and SPSS 22.0. Continuous variables were represented
by mean =+ standard deviation or median, and ¢ test was used
to analyze normal distribution data. The 2.5th percentile
(P2.5) and 97.5th percentile (P97.5) were used to reflect the
95% reference range for non-normal distribution data. Age-
creatinine and age-cystatin C levels line charts were drawn to
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display the trends and differences between P2.5, median and
P97.5 values in different groups. Multivariate logistic regres-
sion analysis was adopted to observe the effects of gender
and age on, creatinine and cystatin C levels in healthy par-
ticipants. Statistical significance was considered at p <0.05.

Results
Study population characteristics

A total of 14,736 participants were recruited, with 8570
males (58%) and 6,209 females (42%), and a mean age
of 42+ 13 years (Table 1). This cohort included 7,110
young (18-39 years) participants (48.25%), 6995 middle-
aged (40-64 years) participants (47.47%), and 631 elderly
(65 years or more) (4.28%). The mean value of the creati-
nine was 66 + 16 umol/L, and that of the cystatin C was
0.76 +0.14 mg/L. After removing patients of obesity
(n=1903), hypertension (n=2424), diabetes (n=918),
CKD and acute renal injury (n=111), 10,640 healthy par-
ticipants were included. Among them were 5482 males and
5158 females, with a mean age of 40 + 12 years (Table 1).
In terms of age, 5852 participants were young, 4468 were
middle-aged, and 320 were elderly. All data did not conform
to a normal distribution.

Confidence intervals of cystatin Cin the healthy
population

The 95% confidence interval of cystatin C was

0.52-1.03 mg/L in the entire healthy population,
0.59-1.07 mg/L in men, and 0.49-0.95 mg/L in women

Table 1 Clinical data of the study population

Health population Total population

Participants 10,640 14,736
Age, years 40+12 42+13
Gender, N (%)

Male (%) 5482 (52) 8570 (58)

Female (%) 5158 (48) 6209 (42)
Scr (pmol/L) 64+15 66+16
Cys (mg/L) 0.74+0.13 0.76 £0.14
Medical history

Obesity (BMI>28) 0 1903

Hypertension 0 2424

(>140/90 mmHg)
Diabetes 0 918
Kidney disease 0 111

Values are given as means + standard deviation or number

Scr serum creatinine, Cys cystatin C
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(Table 2). Cystatin C in men was higher than that in
women, and increased with age.

Multivariate logistic regression analysis
in the healthy population

The variables were assigned according to Online supple-
mentary Table S1. As shown by the multivariate logistic
regression analysis, higher serum urea, uric acid, and
B2-microglobulin were risk factors for elevated serum
creatinine after adjustment for age, sex, BMI, blood
pressure, diabetes and urine protein + (Online sup-
plementary Table S2). Age, sex, BMI, blood pressure,
fasting glucose and urine protein + were not associated
with elevated serum creatinine. In addition, the risk of
elevated cystatin C (> 1.03 mg/L) in men was 1.94 times
(95% CI 1.07-3.52) that in women and the risk of cysta-
tin C increased by 4% (95% CI 2%-6%) every year with
age. Higher BMI (odds ratio 1.70; 95% CI 1.01-2.83),
uric acid (odds ratio 1.00; 95% CI 1.00-1.01), and
B2-microglobulin (odds ratio 39.35; 95% CI 22.90-67.64)
were risk factors for elevated serum cystatin C after
adjustment for BMI, blood pressure, diabetes and urine
protein + (Online supplementary Table S3). Blood pres-
sure, fasting glucose, urea and urine protein were not
associated with elevated serum cystatin C.

Distribution of creatinine and cystatin C
in subgroups of age and sex

Four figures illustrated the distributions of serum creati-
nine and cystatin C in subgroups of age and sex (Online
supplementary Figs S1-S4). The level of serum creatinine
increased in the elderly, and the level of serum cystatin
C increased with age in all age subgroups, especially in
those of females.

Discussion

In 2017, 697.5 million cases of various stages of CKD were
recorded, with a global prevalence of 9.1% (8.5-9.8) [9],
and 10.8% in China, the most inflicted country [10]. The
elderly patients aged over 65 years accounted for 53.07% of
the CKD population [11]. To control this disease, efficient
diagnostic indexes are of utmost importance.

In the present study, we found that the cystatin C
level in males exceeded that in females by an average of
0.12 mg/L (Table 2), and was positively associated with
age (+0.05 mg/L for every 10 years). The normal cystatin
C level was significantly higher in the elderly than in the
young. These findings are similar to the data in previous
studies, including those in Chinese [3, 6], Japanese [2] and
American [4]. A study has suggested that cystatin C is not
associated with sex [8].

Cystatin C is constantly and independently produced by
the glomerular base membrane of nuclear cells, reabsorbed
and fully metabolized by proximal convoluted tubules; there-
fore, its level remains stable, despite changes in muscle con-
tent and protein intake [12, 13], age and sex [14]. Cystatin
C concentration is independent on race or genetic ancestry,
which is a major advantage that needs to be emphasized [15].
Studies have shown that cystatin C is affected by age, sex,
BMI, smoking status, C-reflection protein, hypertension, and
other factors [16—18]. Our study showed a sex-related dif-
ference in cystatin C in the healthy subjects. Cystatin C in
men was higher than that in women, and increased with age.

Our data in healthy participants showed that cystatin C
was associated with BMI after full adjustment, similar to
the findings in previous studies [19, 20]. In our study, higher
BMI, uric acid, and f2-microglobulin were risk factors for
elevated serum cystatin C after full adjustment.

Through this prospective analysis with a big Chinese
cohort, we obtained a new normal range of cystatin C, with
its P2.5 and P97.5 as reference values.

This study also has limitations. First, it was a single-
center prospective cohort study, and suspected cases were

Table2 Cystatin C in non-

° ’ . Age (years) N P2.5 P50 P97.5
diseased Chinese population
Total Males Females Total Males Females Total Males Females
Young 5852 051 058 048 0.70 0.77  0.65 094 098 0.82
Middle-aged 4468 0.54 0.61 0.51 0.76  0.81 0.71 1.06 1.1 0.99
Elderly 320 0.66 0.68 0.63 091 094 0.86 1.34  1.37 1.2
Total population 10,640 0.52 0.59  0.49 0.73 0.79 0.67 1.03 1.07 095

Values are given as medians, 2.5th and 97.5th percentile; age is shown as years. Young: 18-39 years of
age. Middle-aged: 40-64 years of age. Elderly: 65 years or more of age. P2.5, 2.5th percentile (mg/L); P50,
50th percentile (mg/L) or median; P97.5, 97.5th percentile (mg/L)
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not followed up. Second, our data only include qualitative
examination of urine protein, not quantitative examination.

In conclusion, our study provides age-adjusted reference
values of cystatin C in a Chinese population. Creatinine and
cystatin C increase with uric acid and f-microglobulin. Male
is a risk factor for elevated cystatin C, but not for elevated
serum creatinine. Cystatin C is associated with higher BMI.
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