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Abstract
Background Dysfunction of kidney correlates with multiple renal diseases, for instance, chronic kidney
disease. However, monitoring the changes of indexes related to renal function may help to early �nd the
potential patients with renal diseases.

Methods A cohort of 14,716 participants (8,148 males and 6,568 females) was recruited from the Health
Examination Center at West China Hospital, Sichuan University, and was followed up since 2012 to 2018.
Four indexes related to renal function, including creatinine (Cr), uric acid (UA), cystatin C (CysC) and urea
nitrogen (UN) were selected to monitor the kidney function.

Results Levels of CysC, Cr were reduced, and expression of UA was increased in all the participants since
2012 to 2018 overall. In addition, levels of CysC, UA, Cr and UN were higher in males than those in
females, and expression of the four indexes was up-regulated in the elderly population compared with
those in the younger population since 2012 to 2018 overall.

Conclusions The �ndings suggested that some preventive action may be adopted early and more
attention can focus on the health-examination population.

Introduction
Kidney disease is an vital cause of morbidity and mortality around the global. One tenth of the world’s
population suffer from kidney disease, which may be more serious in low-income countries [1]. Numerous
factors may contribute to this disorder, including infection, diabetes, obesity and autoimmune diseases.
Most patients with kidney injury will develop into chronic kidney disease (CKD) and even lead to renal
failure if they are not diagnosed and treated promptly [2]. Recently, with the increasing incidence of CKD
worldwide, it has become a serious public health problem [3]. In 2015, about 30 minllion adults in the
United States suffered from CKD [4]. The prevalence of CKD in chinese adults is more than 10% [5]. The
global burden of disease study in 2015 showed that CKD was the 17th leading cause of annual mortality
worldwide and one of the fastest growing causes of death. From 2005 to 2015, the total mortality rate of
CKD increased by 31.7% [6]. Moreover, the cost of treatment for kidney diseases and related
complications is a heavy �nancial burden on health services around the world. Annual survey revealed
that CKD cost about $35,000 to $100,000 per person per year [7, 8]. In developing countries, due to
infection, hazardous work and insu�cient education, CKD poses a greater economic burden [6].

CKD is a chronic disorder characterized by structural or functional abnormalities of kidney, a course of
more than 3 months, and presence of markers of kidney damage or decreased glomerular �ltration rate
(GFR) [9]. The disease is accompanied by a large number of adverse complications, such as
cardiovascular disease, progression of nephropathy, acute kidney injury, cognitive decline, skeletal
diseases, and increased fracture [1]. These complications collectively increase risk of disability and death
[5, 10]. Early identi�cation and treatment of CKD can help prevent or reduce the risk for CKD-related
complications [6]. Indeed, a decline in renal function may lead to the accumulation of toxins and have
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harmful effects on various metabolic pathways, including the progression of in�ammation and kidney
damage [11]. Thus, it is necessary to measure and monitor renal function of the population. Regular
physical examination is a vital means for early detection of CKD and renal dysfunction. In clinical
practice, serum creatinine (Cr), uric acid (UA) and cystatin C (CysC) are widely used to evaluate renal
dysfunction [12]. Since Cr concentration is susceptible to age, gender, race, and diet, which may lead to
overestimated glomerular �ltration rate (GFR), CysC contains potential advantages as an indicator of
renal function as compared to Cr. Serum urea nitrogen (UN) is also of great signi�cance in early
diagnosis of kidney diseases [13, 14]. In present study, we recruited 14,716 subjects from the Health
Examination Center at West China Hospital, Sichuan University, and analyzed the annual renal function
indicators from 2012 to 2018, including UA, CysC, Cr and UN, to reveal distribution characteristics of renal
function level in the population.

Materials And Methods

Study subjects
A total of 14,716 participants in this follow-up cohort were recruited from the Health Examination Center
at West China Hospital, Sichuan University, consisting of 8,148 males and 6,568 females. All populations
took an annual health examination at this hospital from 2012 to 2018. Participants signed informed
consent forms before enrollment. Relevant clinical indicators were detected through peripheral blood
collection. The present study was approved by Ethics of Research Committee of West China Hospital,
Sichuan University.

Laboratory index measurement and data collection
Demographic characteristics and laboratory data were obtained from annual health examination data
and questionnaires. After fasting for 8 to 10 hours, 5 ml venous blood was collected and placed in
vacuum tubes containing ethylenediamine tetraacetic acid. Serum was separated by centrifugation and
stored for testing. CysC, UA, Cr and UN were detected by immunoturbidimetry, enzymatic colorimetry,
picric acid colorimetry and urease method, respectively. Using the results of 2012 as baseline data, the
same indicators were detected from 2013 to 2018.

Statistical analysis
Data analysis was conducted using SAS9.4 software (SAS Institute Inc. Cary, NC, 2013). Quantitative
data conforming to normality were described by mean ± standard deviation (SD). The maximum and
minimum values were also exhibited in our study. Classi�ed data was showed by absolute
number/percentage. Comparation of quantitative values of each year and the baseline year in 2012 was
done by Paired-samples t test. P < 0.05 indicated statistical signi�cance.

Results
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Characteristics of participants and four renal function
indicators
The characteristics of participants were shown in Table 1. A total of 14,716 individuals were enrolled in
the current study, including 8,148 males (55.37%) and 6,568 females (44.63%). The average age of health
examination populations was 45.12±13.13 years old. The mean value of body mass index (BMI) was
23.36±3.14 kg/m2. Regarding to systolic blood pressure (SBP) and diastolic blood pressure (DBP), the
mean levels were 113.30±15.34 mmHg and 73.52±9.68 mmHg, respectively.

In 2012, the average level of CysC was 0.91±0.20 mg/L in overall population, which decreased to
0.82±0.18 mg/L in 2018. Based on the data of 2012, levels of CysC from 2013 to 2018 were lower than
that in 2012, respectively (Table 2). However, increased UA concentrations in years 2013 to 2018 were
observed compared with that in 2012 (Supplementary Table 1). In addition to Cr level, up to 2018, it was
declined to 71.95±18.38 umol/L and the levels from 2013 to 2018 were signi�cantly lower than that in
2012 (Supplementary Table 2). UN expressions were higher in years 2013 to 2016 than that in 2012. On
the contrary, decreased levels in 2017 and 2018 were observed when compared with that of 2012 (t=-7.44,
P<0.0001; t=-9.83, P<0.0001) (Supplementary Table 3).

Distribution of indicators for renal function in different
gender
A total of 8,148 males and 6,568 females were recruited in the present study. In 2012, the mean level of
CysC was 0.97±0.20 mg/L in males and 0.84±0.17 mg/L in females. The values of this indicator in years
2013 to 2018 were signi�cantly lower than that in 2012 both in males and females (Table 3). Regarding
to UA, the mean level in each year from 2013 to 2018 was higher than that of 2012, either in males or
females. There were signi�cant differences for the concentrations of this indicator between years 2013-
2017 and 2012 both in different gender groups. Notably, the average levels of UA were higher in males
when compared with those in females from 2012 to 2018 (Supplementary Table 4). Until 2018, Cr
expression was reduced in different gender groups. In general, the index was lower in women than that in
men every year (Supplementary Table 5). Furthermore, from 2013 to 2016, elevated average level of UN in
males was observed in every year compared with that in 2012. Conversely, in 2017 and 2018, it was
declined as compared to that in 2012 (Supplementary Table 6).

Distribution of indicators for renal function in different age
groups
We divided all participants into 7 groups by age (group 1: 20 to 29 years old; group 2: 30 to 39 years old;
group 3: 40 to 49 years old; group 4: 50 to 59 years old; group 5: 60 to 69 years old; group 6: 70 to 79
years old; group 7: over 80 years old). From 2012 to 2018, CysC concentration of each group showed a
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downward trend year by year. In group 1, the mean level of CysC was signi�cantly lower in 2013 than that
in 2012 (t=-25.63, P<0.0001). Signi�cant differences in CysC averages were also found between other �ve
years and 2012. Results showed decreased levels of CysC from 2013 to 2018 when compared with 2012
in group 2 to group 7. Generally, these �ndings re�ected that the mean level of CysC was declined year by
year in every group. In addition, increased CysC expressions were detected in elderly populations
compared with those in young people every year (Table 4). For UA level, in group 1, it was increased from
340.0±90.10umol/L in 2012 to 344.98±99.78 umol/L in 2016. Similarly, the average levels of UA were
gradually increased in years 2012 to 2018 in group 2 to group 4. There was a signi�cant difference in
concentrations of this indicator between 2014 and 2012 in group 2 (t=8.87, P<0.0001). Elevated UA levels
in years 2015 to 2018 were detected as compared to that in 2012. Interestingly, there was a higher mean
level of UA in the elderly population when compared to that in young population (Supplementary Table 7).
Additionally, Cr expressions in 7 subgroups showed a downtrend year by year. In group 1, it was declined
from 76.30±15.22 umol/L in 2012 to 65.45±14.77 umol/L in 2018. There was a signi�cant difference for
the mean level of Cr in years 2013 to 2018 compared with 2012 in group 1. Consistent with other
indicators, increased concentration of Cr in older population was observed when compared to that in
younger population. For example, the average level of Cr was 76.30±15.22 umol/L in group 1 and
93.03±21.81 umol/L in group 7 in 2012 (Supplementary Table 8). Subgroup analysis showed that the UN
level in 7 groups declined year by year from 2012 to 2018. When we discussed the level of UN in 2018
and 2012 in group 1, a signi�cant difference was found (t=-3.98, P<0.0001). Similarly, in other 6 groups,
we also observed signi�cant differences in UN concentration between years 2013-2018 and 2012. Results
also showed an increased UN level in older groups as compared to that in young people (Supplementary
Table 9).

Discussion
Renal function impairment is often asymptomatic. Many metabolic abnormalities may promote the
development of CKD. Preclinical examination has great advantages in preventing CKD from progressing
to end-stage renal disease (ESRD) [11]. The present study aimed to describe distribution characteristics of
four renal function indicators in the population, including CysC, UA, Cr and UN. A total of 14,716 health
examination population from Chengdu city and its vicinity in Sichuan province from 2012 to 2018 were
enrolled in this study. Results revealed that UA levels were increased year by year from 2012 to 2018 both
in males and females. However, the other three indicators’ levels were declined in years 2012 to 2018 both
in two genders. Increased concentrations were found in males compared with those in females every
year. When dividing participants into 7 groups by age, we found that UA level was generally increased
from 2012 to 2018 in every group. On the contrary, the concentrations of the other three indexes
decreased year by year in all subgroups. Notably, the elderly have higher levels of all four kidney
indicators than those in the young.

Previous research reported higher levels of serum uric acid (SUA) in males compared with those in
females [15]. In 2019, the prevalence of hyperuricemia (HUA) in the whole elderly population was 22.2%,
in which it was signi�cantly higher in elderly men than that of elderly women [16]. Similarly, there was a
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correlation between HUA and age [17]. Elevated SUA concentrations in the older population were found by
Chang et al [18]. Increased SUA levels in women aged more than 50 were observed. However, the increase
disappeared after excluding menopause and other age-related factors, suggesting a strong association
between elevated uric acid and age [19]. It is accepted that a higher alcohol consumption in male and the
promoting effect of estrogens on UA secretion in females may contribute to this phenomenon. In
addition, postmenopausal women presented higher levels of SUA, which could explain increased UA
expression in our older females [15]. Clinical studies have demonstrated that decreased serum UA is of
great signi�cance in protecting renal function, improving endothelial dysfunction and reducing
cardiovascular risk [20]. Emerging researches detected an increased risk of CKD associated with SUA
levels [21]. Elevated SUA concentrations have potential to independently predict the development of CKD.
In addition, increased UA levels in rats may lead to glomerular hypertension and kidney disease. The
process is mediated by arteriolosclerosis, glomerular injury, and tubulointerstitial �brosis [22]. Collectively,
these �ndings indicated that there was a gender difference in UA levels and it was higher in elderly
population than that in young population, which is consistent with our result.

GFR is an important index to evaluate kidney function. It is widely accepted that both Cr and CysC could
be used to estimate GFR. Cr in the blood is mainly produced as a metabolite of muscle activity and is
excreted daily by the kidney with urine. When renal function is impaired, Cr products cannot be completely
excreted, resulting in elevated serum Cr concentration [23]. Bertille et al. reported increased levels of Cr
and CysC in males when compared with those in females, and they were higher in subjects over 55 years
old [24]. Similar to these �ndings, increased Cr and CysC levels in males and the elderly population were
also detected in our study. In addition, A strong correlation of CKD and high Cr levels was reported [25].
Thus, monitoring the expression of Cr could effectively prevent the occurrence of CKD.

The level of blood urea nitrogen (BUN) may associate with decreased renal function [26]. Several external
factors will in�uence BUN level, including protein intake, catabolic status, heparin synthesis. Increased UN
may indicate renal hypoperfusion due to hypovolemia, nephrovascular disease, or reduced cardiac output
[25]. In CKD patients, the decrease of renal function was accompanied by the elevation of BUN. Moreover,
higher BUN level may be related to poor renal prognosis in moderately and severely CKD patients [27]. A
recent survey showed that BUN was an independent risk factor for CKD in patients with maintenance of
renal function [28]. Chang et al. found that elevated UN may accelerate the progression of CKD to dialysis
and death [29]. In brief, higher UN expression was not a good signal. In our study, high UN concentrations
were detected in men and the elderly, reminding us to monitor the renal function indexes of high-risk
groups regularly to prevent or alleviate CKD.

In fact, many previous studies have reported that the prevalence of CKD goes up with age. In view of the
high prevalence of CKD in the elderly and the growing elderly population, CKD has become an
increasingly serious public health problem [30]. In our study, four renal function indicators showed similar
changes with age. According to the global burden of disease study 2013, many risk factors of CKD have
been identi�ed, such as diabetes, hypertension, glomerulonephritis [31]. Prevention and control of these
related diseases may reduce the risk of CKD. In addition, an observational study lasting over 10 years
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showed that the risk of CKD was signi�cantly increased in non-diabetic individuals who ate foods with
higher carbohydrate concentrations, suggesting that dietary adjustment may be bene�cial to control the
occurrence and development of CKD [32]. Dietary interventions have been used to prevent or slow down
the adverse prognosis of CKD in ways that affect kidney and risk factors for CKD. A 23-year follow-up
study reported that eating nuts and beans may reduce the risk of kidney disease progression in the
population. These two foods are rich in magnesium, which can reduce the secretion of in�ammatory and
atherogenic cytokines by endothelial cells and protect renal function [33–35]. Studies on the association
between alcohol intake and CKD risk have been inconsistent. A meta-analysis reported that healthy adult
men with high alcohol intake had a 0.72-fold lower risk of chronic kidney disease than those who drank
less frequently [36].

There are some limitations in our study. First, due to the limitations of cross-section design, the present
study failed to analysis the causal relationship between four renal indicators and risk factors. Second,
participants were only collected from Chengdu and its vicinity in Sichuan Province, thus, the conclusion
could not be extended to the whole country or even to a wider area. Third, our study failed to divide
physical examination populations into abnormal and normal group, therefore, the speci�c distribution of
indicators is unclear. However, our research also has some advantages. For instance, our study owns a
large sample, and the data were collected through years of follow-up, which made the conclusion more
credible and convincing.

Conclusion
The present study suggested increased levels of CysC, UA, Cr and UN in the elderly population compared
with those in the young, and they were higher in males than those in females. This is undoubtedly a
reminder to the whole society to monitor early changes in renal indicators to prevent possible adverse
outcomes.

Abbreviations
Cr, creatinine; UA, uric acid; CysC: cystatin C; UN, urea nitrogen; CKD, chronic kidney disease; GFR,
glomerular �ltration rate.
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Tables
Table 1 Baseline characteristics of participants in this study from 2012 to 2018 (n=14716)
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Characteristics Outcomes
Sex, n(%)  

Male 8148 (55.37%)
Female 6568 (44.63%)

Age, year 45.12±13.13
Age group,n(%)  

20~ 1608 (10.93%)

30~ 3683 (25.03%)
40~ 5005 (34.01%)
50~ 2378 (16.16) 
60~ 1084 (7.37%)
70~ 819 (5.57%)
80~ 139 (0.94%)

BMI, kg/m2 23.36±3.14
Waist hip ratio 0.85±0.10
SBP, mmHg 113.30±15.34
DBP, mmHg 73.52±9.68

Year Mean±S Min, Max Statistics P value
2012 0.92±0.20 0.09, 9.20 — —
2013 0.87±0.17 0.11, 9.61 t=-55.82 <0.0001
2014 0.87±0.17 0.05, 9.15 t=-54.66   <0.0001
2015 0.87±0.18  0.06, 11.06 t=-42.87 <0.0001
2016 0.87±0.17 0.38, 7.75 t=-54.00 <0.0001
2017 0.83±0.17 0.36, 9.03 t=-99.27 <0.0001
2018 0.83±0.18 0.03, 8.08 t=-90.57 <0.0001

Year Male   Female
Mean±S Min, Max Statistics P value   Mean±S Min, Max Statistics P value

2012 0.97±0.20 0.09, 9.20 — —   0.84±0.17 0.09, 2.64 — —
2013 0.92±0.18 0.13, 9.61 t=-42.92 <0.0001   0.80±0.14 0.11, 2.69 t=-35.74 <0.0001
2014 0.92±0.17 0.05, 9.15 t=-43.40 <0.0001   0.80±0.14 0.20, 2.78 t=-33.40 <0.0001
2015 0.93±0.19 0.06, 11.06 t=-33.89 <0.0001   0.81±0.15 0.08, 2.89 t=-26.34 <0.0001
2016 0.92±0.17 0.38, 7.75 t=-47.33 <0.0001   0.80±0.15 0.43, 4.96 t=-28.41 <0.0001
2017 0.87±0.17 0.36, 9.03 t=-82.11 <0.0001   0.77±0.14 0.38, 3.06 t=-57.86 <0.0001
2018 0.88±0.19 0.03, 8.08 t=-70.83 <0.0001   0.77±0.15 0.38, 3.07 t=-57.16 <0.0001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure

Table 2 Characteristics of cystatin C among all the health examination population (2012-2018)

Table 3 Characteristics of all the health examination population with cystatin C in different sex
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4

Characteristics of all the health examination population with cystatin C in different ages
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Age group Year Mean±S Min, Max Statistics P value
20~ 2012 0.86±0.12 0.33, 1.49 — —

  2013 0.80±0.11 0.40, 1.16 t=-25.63 <0.0001
  2014 0.80±0.11 0.36, 1.22 t=-21.63 <0.0001
  2015 0.80±0.11 0.46, 1.27 t=-19.45 <0.0001
  2016 0.79±0.09 0.51, 1.16 t=-24.54 <0.0001
  2017 0.74±0.10 0.42, 1.14 t=-42.16 <0.0001
  2018 0.74±0.09 0.50, 1.00 t=-42.72 <0.0001

30~ 2012 0.85±0.13 0.34, 1.47 — —
  2013 0.81±0.11 0.15, 1.46 t=-28.41 <0.0001
  2014 0.81±0.11 0.07, 1.44 t=-25.90 <0.0001
  2015 0.82±0.12 0.43, 2.13 t=-23.45 <0.0001
  2016 0.80±0.10 0.38, 1.69 t=-32.34 <0.0001
  2017 0.76±0.10 0.45, 1.41 t=-59.78 <0.0001
  2018 0.76±0.10 0.38, 1.71 t=-58.27 <0.0001

40~ 2012 0.88±0.19 0.13, 9.20 — —
  2013 0.83±0.13 0.11, 2.47 t=-25.66 <0.0001
  2014 0.83±0.12 0.18, 2.12 t=-26.19 <0.0001
  2015 0.83±0.13 0.36, 2.50 t=-18.34 <0.0001
  2016 0.81±0.11 0.39, 2.01 t=-24.56 <0.0001
  2017 0.77±0.11 0.36, 1.48 t=-50.67 <0.0001
  2018 0.77±0.11 0.03, 1.68 t=-50.57 <0.0001

50~ 2012 0.96±0.17 0.12, 4.75 — —
  2013 0.90±0.22 0.41, 9.61 t=-19.62 <0.0001
  2014 0.89±0.20 0.07, 9.15 t=-20.28 <0.0001
  2015 0.90±0.22 0.08, 11.06 t=-15.24 <0.0001
  2016 0.88±0.18 0.46, 7.75 t=-20.58 <0.0001
  2017 0.84±0.19 0.39, 9.03 t=-36.35 <0.0001
  2018 0.83±0.17 0.40, 8.08 t=-34.02 <0.0001

60~ 2012 1.06±0.18 0.09, 1.74 — —
  2013 0.98±0.14 0.62, 1.84 t=-18.93 <0.0001
  2014 0.95±0.14 0.05, 1.94 t=-20.80 <0.0001
  2015 0.96±0.16 0.06, 2.82 t=-15.13 <0.0001
  2016 0.94±0.13 0.60, 1.97 t=-14.49 <0.0001
  2017 0.89±0.13 0.58,1.77 t=-30.17 <0.0001
  2018 0.89±0.15 0.43, 3.07 t=-25.31 <0.0001

70~ 2012 1.10±0.20 0.63, 2.10 — —
  2013 1.08±0.20 0.60, 2.13 t=-21.32 <0.0001
  2014 1.08±0.20 0.58, 2.27 t=-16.74 <0.0001
  2015 1.06±0.22 0.62, 4.96 t=-19.28 <0.0001
  2016 1.01±0.18 0.63, 2.76 t=-25.74 <0.0001
  2017 1.00±0.20 0.58, 2.75 t=-19.09 <0.0001
  2018 1.10±0.20 0.63, 2.10 t=-22.27 <0.0001

80~ 2012 1.35±0.32 0.78, 2.64 — —
  2013 1.22±0.23 0.80, 2.48 t=-8.19 <0.0001
  2014 1.21±0.26 0.72, 2.78 t=-7.98 <0.0001
  2015 1.22±0.29 0.15, 2.89 t=-4.77 <0.0001
  2016 1.20±0.26 0.70, 2.57 t=-4.78 <0.0001
  2017 1.15±0.26 0.66, 2.45 t=-7.28 <0.0001
  2018 1.17±0.32 0.63, 4.65 t=-2.22 0.0286
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