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Correlation between prostate-specific antigen and four renal
function-associated parameters in different
ethnicities in southwest China
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Abstract. A limited number of studies have investigated the
significance of cystatin C, creatinine, uric acid and urea in
prostate cancer. The present study aimed to explore the corre-
lation between these molecules and total prostate-specific
antigen (tPSA) levels using big data from patients of different
Chinese ethnicities. Patients undergoing physical examination
at the Medical Examination Center of West China Hospital
(Chengdu, China) between January 2010 and May 2019
were retrospectively included. A y? test or Fisher's test and
Kruskal-Wallis rank-sum test were used to compare categorical
and continuous variables. Pearson's correlation coefficients (r)
with 95% CI were also determined to assess the correlation
between tPSA and cystatin, uric acid, creatinine and urea in
the entire patient population and in different ethnicities. A total
of 253,281 male patients were included and their mean age was
47.83+14.28 years. The mean tPSA level of these patients was
1.15+1.88 ng/ml. The mean levels of the renal function-associ-
ated parameters cystatin C, uric acid, creatinine and urea were
0.91+0.19, 388.02+77.37, 83.94+55.89 and 5.23%1.23 ng/ml,
respectively. In the total patient population, urea (r=0.0774,
P<0.0001), creatinine (r=0.0219, P<0.0001) and cystatin
(r=0.1513, P<0.0001) were slightly positively correlated with
tPSA, whereas uric acid was negatively correlated with tPSA
(r=-0.0307, P<0.0001). Subgroup analyses generally yielded
consistent results; however, a stronger correlation was noted
between cystatin C and tPSA for the Mongolian ethnicity
(r=0.6572, P<0.0001) and between creatinine and tPSA for the
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Yi ethnicity (r=0.6125, P<0.0001). In conclusion, the present
study used data from a large population to reveal a generally
significant and slightly positive correlation between tPSA and
cystatin C levels among the 10 most common ethnicities in
China. Subgroup analyses indicated that the tPSA level was
moderately positively correlated with the creatinine level for
the Mongolian and Yi ethnicities and the cystatin C level was
moderately positively correlated with tPSA for the Mongolian
ethnicity. Future studies are required to confirm and expand
the present results.

Introduction

Prostate cancer (PCa) is the most frequently diagnosed
urologic malignancy worldwide (1). Prostate-specific antigen
(PSA) is the most widely employed biomarker for the screening
for PCa since several landmark trials were performed (2-5).
These studies demonstrated that increased PSA is associated
with an increased risk of PCa, particularly for patients with
total PSA (tPSA) of >10 ng/ml, whose risk of being diagnosed
with PCa may be up to 50-70%. Furthermore, PSA also has
an important role in the selection of treatment strategies and
prediction of biochemical recurrence (6,7). Of note, age is
thought to be strongly associated with the incidence of PCa
and the European Association of Urology recommends that
males aged >40 years undergo regular screening for PCa (8).
However, <60% of patients aged 40 years were estimated to
have taken a PSA test (9).

Renal function-associated parameters, including uric acid,
creatinine, urea and cystatin C, are important factors assessed
in routine blood tests. Studies have reported that these
parameters may impact the metabolism and proliferation of
cancer cells and predict the prognosis of patients treated for
upper-tract urothelial carcinoma, hepatocellular carcinoma
and colon cancer (10-14). However, a limited number of studies
investigated the significance of these parameters in PCa and
only one study investigated the correlation between uric acid
and tPSA levels (15). Therefore, the present study aimed to
explore the correlation between further renal function-asso-
ciated parameters and tPSA levels using big data of patients
from different Chinese ethnicities undergoing regular physical
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examination at the Medical Examination Center of the largest
hospital in southwest China. The possible correlation between
PSA and these parameters was assessed, which may help iden-
tify patients with an increased risk of PCa based on abnormal
values determined in different departments.

Patients and methods

Patients. The present study was a cross-sectional study.
Patients undergoing a general physical examination at
the Medical Examination Center of West China Hospital
(Chengdu, China) between January 2010 and May 2019 were
retrospectively identified from the system and screened for
inclusion. The patients were classified based on the 10 most
common ethnicities in China, including the Han, Zhuang,
Hui, Miao, Tujia, Mongolian, Tibetan, Yi, Manchu and Qiang
ethnicities. Patient data, including age, tPSA and renal func-
tion-associated parameters (cystatin C, uric acid, creatinine
and urea), were recorded. The ethics committee of West China
Hospital (Chengdu, China) approved the present study.

Statistical analysis. Mean values with standard deviations
were calculated for the above variables for the entire cohort
and subpopulations. The y* test or Fisher's test and the
Kruskal-Wallis rank-sum test was used to compare categorical
and continuous variables of different ethnicities. Pearson's
correlation coefficients (r) with 95% CI were also analyzed to
assess the correlation between tPSA and cystatin, uric acid,
creatinine and urea in the entire cohort and different ethnicities.
Correlation coefficient values (r) were calculated to indicate a
positive (0 to 1) or negative (-1 to 0) correlation. The absolute
value of correlation coefficient was defined as 0-0.39 (weak),
0.4-0.6 (moderate) and 0.7-1 (strong) to indicate the strength of
correlation (16). P<0.05 was considered to indicate a statisti-
cally significant difference. Statistical analyses were performed
using Empowerstats software (X&Y Solutions, Inc.).

Results

Baseline characteristics of included patients. The character-
istics of patients undergoing physical examination between
2010 and 2019 at the Medical Examination Center of West
China Hospital (Chengdu, China) are presented in Table I.
A total of 259,146 male patients were included and the mean
age was 47.83+14.28 years. The mean tPSA level in these
patients was 1.15+1.88 ng/ml. Most of the patients (96.99%)
had tPSA levels of <4 ng/ml. Furthermore, 2.55% had tPSA
levels of 4-10 ng/ml and 0.46% had tPSA levels >10 ng/ml.
The mean levels of renal function-associated parameters were
0.91+0.19, 388.02+77.37, 83.94+55.89 and 5.23+1.23 ng/ml for
cystatin C, uric acid, creatinine and urea, respectively. In total,
255,914 patients of the present study were of the Han ethnicity,
representing 98.75% of the study population. In total, 180
(0.07%), 611 (0.24%), 203 (0.08%), 502 (0.19%), 139 (0.05%),
495 (0.19%), 152 (0.06%), 460 (0.18%) and 225 (0.09%) of the
patients represented the Zhuang, Hui, Miao, Tujia, Mongolian,
Tibetan, Yi, Manchu and Qiang ethnicities, respectively.
Significant differences were observed among the ethnicities in
cystatin C (P<0.001), uric acid (P<0.001), creatinine (P<0.001),
urea (P<0.001) and tPSA (P=0.007; Table II). Furthermore,

the distribution of patients with tPSA <4, 4-10 and >10 ng/ml
was also significantly different among the different ethnicities
(P=0.036).

Correlation of tPSA with cystatin C, creatinine, uric acid and
urea in the total population and different Chinese ethnicities.
In the total population, all the four parameters, urea (r=0.0774,
P<0.0001), creatinine (r=0.0218, P<0.0001), uric acid
(r=-0.0307, P<0.0001) and cystatin C (r=0.1513, P<0.0001),
were weakly positively correlated with tPSA (Fig. 1). In
the subgroup analysis, urea was positively correlated with
tPSA among the Mongolian (r=0.4562, P<0.0001), Tibetan
(r=0.1623, P=0.0003), Yi (r=0.3331, P<0.0001) and Manchu
ethnicities (r=0.1864, P=0.0001). Similarly, a moderate
positive correlation was noted between creatinine and tPSA
for the Mongolian (r=0.4616, P<0.0001) and Yi ethnicities
(r=0.6125, P<0.0001). In addition, cystatin C was positively
correlated with tPSA among the Han (r=0.1511, P<0.0001),
Zhuang (r=0.3374, P<0.0001), Tujia (r=0.1800, P=0.0001),
Mongolian (r=0.6572, P<0.0001), Yi (r=0.2032, P=0.0301)
and Manchu ethnicities (r=0.2395, P<0.0001). However, uric
acid was weakly negatively correlated with tPSA among the
Qiang (r=-0.2345, P=0.0004), Hui (r=-0.1289, P=0.0015) and
Manchu ethnicities (r=-0.1797, P<0.0001; Fig. 1).

Discussion

In the present study, the correlation between tPSA levels and
uric acid, creatinine, cystatin C and urea levels was inves-
tigated in a large patient population. Overall, a generally
significant and slightly positive correlation was noted between
tPSA levels and cystatin C levels among the 10 most common
Chinese ethnicities. A potential reason accounting for the
correlation being present in the total population but moderate
in certain subgroups may be that the majority of the total popu-
lation belonged to the Han ethnicity and the correlation was
weak among Han Chinese. Subgroup analyses indicated that
tPSA levels were moderately positively correlated with creati-
nine levels in Mongolian and Yi ethnicities, and cystatin C
levels were positively correlated in the Mongolian ethnicity.
Multiple studies have reported the role of the four renal
function-associated parameters in different cancer types.
Cystatin C is an inhibitor of cancer invasion and metastasis by
inactivating cathepsin protease activity (17,18), and a previous
study by Wegiel er al (19) reported that cystatin expression
was significantly reduced in PCa tissues compared with
benign non-malignant tissues as determined by immunohis-
tology analysis. However, the present study indicated that the
correlation between cystatin levels and tPSA levels (potential
risk of PCa) was weak among different Chinese ethnicities
except Mongolians. A possible explanation for the moderate
correlation in Mongolians is that the homogeneous population
exhibits increased expression of cystatin C in patients with PCa
and higher tPSA levels. Another study by Weinstein et al (20),
reported that creatinine levels within the normal range were
positively associated with PCa, while Wang (21) also indicated
that the sarcosine/creatinine ratio was significantly different
in the PCa group compared with that in the benign prostate
hyperplasia group. Consistently with this, the present study
indicated that creatinine levels were positively correlated with
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Table I. Characteristics of patients of the present study (n=259,

146).
Normal range of

Characteristics Value laboratory parameters
Age (years) 47.83+14.28
Cystatin C (mg/ml) 0.91+0.19 0.51-1.09
Uric acid (#mol/l) 388.02+77.37 149-416
Creatinine (zmol/l) 83.94+55.89 54-133
Urea (mmol/1) 5.23+1.36 2.0-7.1
tPSA (ng/ml) 1.15+1.88 4-10

<4 245,654 (96.99)

4-10 6,468 (2.55)

>10 1,159 (0.46)
Ethnicity

Han 255,914 (98.75)

Zhuang 180 (0.07)

Hui 611 (0.24)

Miao 203 (0.08)

Tujia 502 (0.19)

Mongolian 139 (0.05)

Tibetan 495 (0.19)

Yi 152 (0.06)

Manchu 460 (0.18)

Qiang 225 (0.09)

Other 265 (0.10)

Values are expressed as the mean + standard deviation or n (%). tPSA, total
prostate-specific antigen.

tPSA levels; however, the effect size was small except in the
Mongolian and Yi ethnicities. Uric acid is an antioxidant and
exhibits a strong protective effect against cancer by exerting a
role in the suppression of lipid peroxidation and free oxygen
radical formation (22,23). These properties were supported by
a study in which the control group (tPSA, 0.91+0.6 ng/ml) had
significantly higher uric acid levels compared with the PCa
group (tPSA, 6.87+7.27 ng/ml) (15). In accordance with this,
the present study verified a negative correlation between tPSA
levels and uric acid levels in a large population. To date, only
few studies have explored the correlation of urea levels with
tPSA levels and PCa (15). The present study demonstrated
only a slightly positive correlation between urea levels and
tPSA levels, and further high-quality studies are required for
clarification in the future.

The strength of the present study was the large population,
as well as the differentiation between various Chinese minority
ethnicities. the present study demonstrated only a slight corre-
lation between tPSA levels and cystatin C, creatinine, uric acid
and urea levels compared with the studies mentioned above.
Thus, a clinically significant notion deduced from the present
results is that patients who are only examined for those four
parameters in different departments and exhibit abnormal
cystatin C values should also be assessed for their PSA levels
and risk of PCa. In particular, when creatinine, urea or cystatin
C levels are increased in Mongolian patients, a PSA test should
be considered. To the best of our knowledge, the present study
was the first to investigate the correlation between tPSA levels

259,146).

Table II. Characteristics of patients of the present study by ethnicity (n:

Other
(n=265)

Hui Miao Tujia Mongolian Tibet Yi Manchu Qiang
(n=203) (n=495) (n=152) (n=225)

(n=611)

Zhuang
(n=180)

Han

(n=255914)

20: 143, 2020

P-value

(n=460)

(n=139)

(n=502)

Parameter

46.16+£16.14 47501529 41.82+11.82 43.99+1295 <0.001

39.64+11.66 40.06+£10.66 43.27+15.53 49.38+13.25

41.86+14.65 43.60+13.46

47.88+14.28

Age (years)

<0.001

0.87+0.12 0.88+0.12 0.87+0.11 0.86+0.11 0.87+0.17 0.88+0.14 0.87+0.10 0.90+0.17 0.88+0.12 0.87+0.15

0.91+0.19
387.90+77.34 392.74+72.56 401.68+84.14 394.51+83.25 398.65+70.92 384.03+78.27 386.90+77.98 410.42+87.70 398.60+79.26 388.12+71.34 414.51+87.03 <0.001

83.97+56.22

Cystatin C (mg/ml)
Uric acid (zmol/1)
Creatinine (mol/l)

Urea (mmol/l)
tPSA (ng/ml)
<4

84.10+20.30 81.49+12.77 82.23+11.56 81.88+14.85 <0.001

82.32+13.12 81.94+12.70 78.78+14.95 80.91+14.33

85.63+13.32  80.92+12.35

<0.001

5.05+1.27 5.00+1.15 5.05+1.18 5.27+1.23 4.82+1.34 5.16+1.46 5.28+1.59 5.17+1.18 5.30+1.24 5.15+1.26
0.94+0.91 0.96+0.85
493 (98.40) 487 (98.58)

0.93+1.09

5.23+1.37

0.007

1.02+1.04
261 (98.49)

3(1.13)

1.07+0.80
222 (98.67)

1.01+0.71 0.88+0.91 1.11+1.08 1.29+1.43 1.11+1.32
201 (99.50) 144 (94.74) 444 (96.94)

599 (98.84)

1.15+1.89
242,495 (96.97)

133 (95.68)

175 (97.77)
4(2.23)

3(1.33)
0 (0.00)

0 (0.00) 8 (1.60) 6 (4.32) 7 (1.42) 7 (4.61) 12 (2.62)
0 (0.00) 0 (0.00) 0 (0.00) 2 (0.44)

7(1.16)

0 (0.00)

6411 (2.56)

4-10
>10

1(0.38)

1 (0.66)

1 (0.50)

0 (0.00)

1154 (0.46)

Values are expressed as the mean + standard deviation or n (%). tPSA, total prostate-specific antigen.




4 LI et al: CORRELATION BETWEEN PSA AND RENAL FUNCTION-ASSOCIATED PARAMETERS

A Pearson correlation coefficient (r) of tPSA with Urea
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Figure 1. Pearson correlations of tPSA with urea, creatinine, uric acid and cystatin C among different ethnicities. The Y-axis indicates the Pearson correlation
coefficient. (A) Pearson correlation of tPSA with urea. The correlation was slightly positive among Tibetan, Yi and Manchu ethnicities and moderately positive
among Mongolians. (B) Pearson correlation of tPSA with creatinine. The correlation was moderately positive for Mongolian and Yi ethnicities. (C) Pearson
correlation of tPSA with uric acid. The correlation was slightly negative among Qiang, Hui and Manchu ethnicities. (D) Pearson correlation of tPSA with cystatin
C. The combined correlation was slightly positive; the correlation was also slightly positive among the Han, Zhuang, Tujia, Yi and Manchu ethnicities and
moderately positive among the Mongolian ethnicity. “P<0.05 regarding the correlation of two parameters in one population. tPSA, total prostate-specific antigen.

and these four parameters among different Chinese ethnicities
using population-based data.

The limitations of the present study should be considered
when interpreting the results. First, as a key parameter of
renal function, the estimated glomerular filtration rate was not
included in the analysis. Furthermore, the diagnosis of PCa
was not followed up, limiting further analysis of the correla-
tion between those parameters and PCa. In addition, as the
Han ethnicity accounted for 98.75% of the entire population
of the present study, the number of patients of other minority
ethnic groups was far less than that of the Han ethnicity,
which may have led to potential bias. Given that the present
study included 10 different ethnicities, it was not possible to
further assess the data using measures such as propensity
score matching for subsequent analysis. In addition, because
the present study was a population-based real-world study
with the goal of demonstrating differences between ethnici-
ties, it is necessary to present the exact number of patients
with different ethnicities. Furthermore, only a limited number
of baseline characteristics was recorded and analyzed. Other
potential confounding factors, including the age and presence
of other diseases at the time of physical examination, may
have also impacted the present results. Last but not the least,
the present study lacked any follow-up and future studies with
more complete baseline information and follow-up of PCa
occurrence are required.

In conclusion, the present study used data from a large
population to reveal a generally significant but slightly posi-
tive correlation between tPSA and cystatin C levels among
the 10 most common ethnicities in China. Subgroup analyses
indicated that the tPSA levels were moderately positively
correlated with the creatinine level in the Mongolian and

Yi ethnicities and that the cystatin C level was positively
correlated in the Mongolian ethnicity. The present results indi-
cated that patients with abnormal values for these parameters
should be further assessed to determine their PSA levels and
subsequent risk for PCa. Future studies are certainly required
to confirm and expand the present results.
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