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Abstract: Objective: To study the prevalence of chronic kidney disease (CKD) and related risk factors in northern
populations of China. Methods: The population receiving physical examination from June 2006 to October 2007 by
the Kailuan Group, Tangshan City, Hebei Province (Kailuan population), was selected for the cross-sectional study.
There were a total of 101,510 people aged 18-98 years old, including 81,110 males and 20,400 females. Serum
creatinine was determined using an enzyme method, and the estimated glomerular filtration rate was calculated
using the CKD-epidemiology collaboration formula (USA). Additionally, the prevalence trend and risk factors of CKD
were analyzed using the statistical method. Results: In this study, a total of 100,164 people were included, including
79,985 males and 20,179 females. Among these people, there were 13,494 CKD patients with an average age of
(58.8+13.5) years, including 3,206 females (23.8%) and 10,288 males (76.2%). The remaining 86,670 people had
no CKD with an average age of (50.8+12.1) years, including 16,973 females (19.6%) and 69,697 males (80.4%).
Age, body mass index (BMI), systolic blood pressure (SBP), fasting blood glucose (FBG), triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol, high-sensitivity C-reactive protein, and propor-
tion of subjects taking hypotensive drugs and physical exercise in non-CKD group were lower than those in CKD
group, and differences were statistically significant (all P<0.001). The proportion of male patients in the non-CKD
group was higher than that in the CKD group, while the proportion of female patients in the non-CKD group was
lower than that in the CKD group, and differences were statistically significant (both P<0.001). In terms of preva-
lence rate of CKD in different age and gender groups, it was 13.5% in the general population, 12.9% in males and
15.9% in females (all P<0.05). The prevalence rate of CKD gradually increased with age (P<0.001): it was 6.7%,
10.6% and 25.6% in the young, middle-aged, and elderly groups, respectively, and it was 6.3%, 9.5% and 24.4% in
males in the three groups, and 7.6%, 14.5% and 34.1% in females in the three groups. There was no statistically
significant difference between different gender in each group (P>0.05). Multivariate logistic regression analyses
of influencing factors of CKD showed that age (odds ratio (OR) (95% Cl) = 1.055 (1.053-1.057)), gender (OR (95%
Cl) = 0.561 (0.535-0.588)), SBP (OR (95% CI) = 1.012 (1.009-1.011)), BMI (OR (95% CI) = 1.021 (1.015-1.027)),
LDL-C (OR (95% Cl) = 1.345 (1.319-1.372)) and TG (OR (95% Cl) = 1.323 (1.263-1.385)) were risk factors of CKD,
while physical exercise (OR (95% Cl) = 0.827 (0.785-0.872)) was a protective factor of CKD, and differences were
statistically significant (P<0.001). After different gender stratification, multivariate logistic regression analyses of
influencing factors of CKD showed that FBG (OR (95% CI) = 1.022 (1.000-1.045)) was a risk factor for male patients
with CKD (P<0.05), but it had no effect on females (OR (95% CI) = 0.988 (0.976-1.000)) (P>0.05). Physical exercise
(OR (95% CI) = 0.797 (0.750-0.846)) was a protective factor for female patients with CKD (P<0.05), but it had no
effect on males (OR (95% CI) = 0.952 (0.852-1.065)) (P>0.05). Conclusion: CKD is prevalent in the population of
Tangshan City, Hebei Province. Age, gender, BMI, SBP, LDL-C and TG are risk factors for the occurrence and develop-
ment of CKD.

Keywords: Glomerular filtration rate, chronic kidney disease, risk factors, epidemiology

Introduction tant risk factor of end-stage renal disease

(ESRD), cardiovascular disease and premature
As chronic kidney disease (CKD) has a high death [1-4]. The disease is also the second
prevalence rate of 11%, it has been a global major fastest-growing chronic disease leading

public health problem, and it is also an impor- to the death in the world after acquired immu-
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Table 1. CKD-EPI formula

pendently; subjects who agreed to

Gender Scr (umol/L)

GFR (CKD-EPI) (mL*min* (1.73 m?)*?)

participate in the study and signed

Female <62 years age

(
>62 years age 144%( (
Male = <80 years age 141%(Scr/80)0411(
>80 years age 141*(Scr/80)1209%(

144*(Scr/62)°-329%(0.993)%°
Scr/62)1299%(0.993)%°

0.993)%¢°
0.993)%¢

the informed consent.

Exclusion criteria: Subjects who re-
fused to participate in this study; sub-
jects with glomerular filtration rate

Note: CKD-EPI, chronic kidney disease-epidemiology; GFR, glomerular

filtration rate.

nodeficiency syndrome, bringing huge financial
burden to the family and society [5, 6]. At the
same time, studies have confirmed that early
detection of CKD and effective control of risk
factors leading to CKD can help delay the pro-
gression of disease, improve health and extend
life span [7]. In previous studies, risk factors
were also found continuously. In addition to
gender, age, and race, metabolic diseases,
such as hypertension, obesity, diabetes melli-
tus and lipid metabolism disorder, were also
confirmed in the progression of CKD [8-10].

In this study, the Kailuan cohort (ChiCTR-TNC-
11001489) study was used to investigate and
analyze the prevalence and risk factors of CKD
in Tangshan City, Hebei Province, so as to pro-
vide more detailed data support for the primary
prevention and secondary prevention of CKD.

Materials and methods
Research object

This study was approved by the Ethics Com-
mittee of Tangshan Gongren Hospital. The pop-
ulation receiving physical examination from
June 2006 to October 2007 in Kailuan Group,
Tangshan City, Hebei Province, was selected.
There were a total of 101,510 people, aged
18-98 years old, including 81,110 males and
20,400 females. The records of population
receiving physical examination were obtained
from 11 hospitals (Kailuan General Hospital,
Kailuan Linxi Hospital, Kailuan Zhaogezhuang
Hospital, Kailuan Tangjiazhuang Hospital, Kai-
luan Fan’gezhuang Hospital, Kailuan Lujiatuo
Hospital, Kailuan Jinggezhuang Hospital, Kai-
luan Linnancang Hospital, Kailuan Qianjiaying
Hospital, Kailuan Majiagou Hospital, and Kai-
luan Branch).

Inclusion criteria: Subjects aged >18 years;

subjects without cognitive impairment and
were able to complete the questionnaire inde-
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data missed.
Data materials

General material collection: Epidemiological
questionnaire and anthropometry: Epidemiolo-
gical questionnaire design, data completion
and anthropometric methods are shown in the
literature already published by our research
group [11, 12]. Age, gender, body mass index
(BMI), systolic blood pressure (SBP), fasting
blood glucose (FBQG), triglyceride (TG), low-den-
sity lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), high-sensitivity
C-reactive protein (hs-CRP), and proportion of
subjects taking hypotensive drugs and physical
exercise were analyzed and compared.

According to the age of subjects, they were
divided into the young (<40 years old), the mid-
dle-aged (40-60 years old) and the elderly
group (=60 years old).

Collection of related laboratory data: After fast-
ing antecubital venous blood (5 ml) was drawn
from all participants in the morning and placed
into an ethylene diamine tetraacetic acid tube
and centrifuged at 3,000 rpm for 10 minutes
at room temperature within 30 minutes. The
upper-layer serum was taken, and serological
indexes were determined using the Beckman
full-automatic biochemical analyzer within 4
hours.

Estimated glomerular filtration rate (eGFR):
eGFR was calculated using the CKD-epide-
miology collaboration (CKD-EPI) formula devel-
oped by CKD-EPI (USA) [12]. See Table 1.

Determination of CKD events: According to the
Clinical Practice Guidelines for Chronic Kidney
Disease and Dialysis prepared by the Kidney
Disease Outcome Quality Initiative of National
Kidney Foundation Working Group, GFR <60
mL/min is used as a criterion of CKD [1].

Statistical processing

Data were input by specially-assigned person-
nel trained uniformly by the hospital personnel
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Table 2. Basic materials of study population

Item Non-CKD (n = 86,670) CKD (n = 13,494) X3/t P

Age (year) 50.8+12.1 58.8+13.5 -70.3 <0.001
Male (n, %) 69,697 (80.4) 10,288 (76.2) 126.5 <0.001
Female (n, %) 16,973 (19.6) 3,206 (23.8) 127.2 <0.001
BMI (kg/m?) 24.9+3.4 25.5+3.4 -18.3 <0.001
SBP (mmHg) 129.8420.5 139.2+22.3 -48.9 <0.001
FBG (mmol/L) 5.4+1.6 5.6+2.1 -13.9 <0.001
LgTG (mmol/L) 0.1+0.3 0.2+0.3 -32.9 <0.001
LDL-C (mmol/L) 2.3+0.9 2.5+0.8 -29.1 <0.001
HDL-C (mmol/L) 1.5+0.4 1.6+0.4 -18.1 <0.001
Lg (hs-CRP) -0.1+0.67 -0.04+0.63 9.8 <0.001
Taking hypotensive drugs (n, %) 8,957 (10.3) 2,291 (17.0) 516.9 <0.001
Physical exercise (n, %) 12,810 (14.8) 2,375 (17.6) 72.2 <0.001

Note: CKD, chronic kidney disease; BMI, body mass index; SBP, systolic blood pressure; FBG, fasting blood glucose; LgTG,
triglyceride after logarithmic conversion; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
Lg (hs-CRP), high-sensitivity C-reactive protein after logarithmic conversion.

Table 3. Prevalence rate of CKD in different age and gender groups

Prevalence rate of CKD (CKD case/group case; n, %)

Group Total population
(n =100,164)

Young group Middle-aged group

(n=16,333)

Elderly group z P

(n =60,388) (n =23,443)

Male CKD/n (n, %)
Female CKD/n (n, %)

10,288/79,985 (12.9)
3,206/20,179 (15.9)

772/12,178 (6.3)
317/4,155 (7.6)
Total 13,494/100,164 (13.5)  1,089/16,333 (6.7)

4,506/47,263 (9.5)  5,010/20,544 (24.4) 12653 <0.001
1,899/13,125 (14.5)
6,405/60,388 (10.6) 6,000/23,443 (25.6) 123.15 <0.001

990/2,899 (34.1) 12716  <0.001

Note: CKD, chronic kidney disease.

in the Research Center, and verified by
researchers in the Cardiovascular Laboratory
of Kailuan Hospital. SPSS 13.0 was used for
statistical analysis. Measurement data con-
forming to the normal distribution are present-
ed as (X + sd), measurement data not con-
forming to the normal distribution were pre-
sented as the median (quartile), and the inde-
pendent-samples t test and rank sum test were
used for the intergroup comparison as appro-
priate. Analysis of variance was used for the
comparison among groups. Enumeration data
is presented as percentage, and Chi-square
test was used for the comparison of rate.
Influencing factors of CKD were analyzed using
the logistic regression analysis. P<0.05 (two-
sided test) suggests that the difference is sta-
tistically significant.

Results

Basic materials of study population
In this study, a total of 100,164 people were

included, including 79,985 males and 20,179
females. Among these, there were 13,494 CKD
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patients, with an average age of (568.8+13.5)
years, including 3,206 females (23.8%) and
10,288 males (76.2%). The remaining 86,670
people had no CKD with an average age of
(50.8+12.1) years, including 16,973 females
(19.6%) and 69,697 males (80.4%). Age, BMI,
SBP, FBG, TG, LDL-C, HDL-C, hs-CRP, and pro-
portion of subjects taking hypotensive drugs
and physical exercise in non-CKD group were
lower than those in CKD group, and differences
were statistically significant (all P<0.001). The
proportion of male patients in the non-CKD
group was higher than that in the CKD group,
while the proportion of female patients in the
non-CKD group was lower than that in the CKD
group, and differences were statistically signifi-
cant (both P<0.001). See Table 2.

Prevalence rate of CKD in different age and
gender groups

In terms of prevalence rate of CKD in different
age and gender groups, it was 13.5% in the
general population, 12.9% in males and 15.9%
in females (all P<0.05). The prevalence rate of
CKD gradually increased with age (P<0.001): it
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Table 4. Multivariate logistic regression analyses of influencing factors of CKD

Independent variable B SE Wald P OR (95% CI)

Age 0.054 0.001 3,214.250 <0.001 1.055 (1.053-1.057)
Gender -0.579 0.024 572.319 <0.001 0.561 (0.535-0.588)
SBP 0.010 <0.001 371.473 <0.001 1.012 (1.009-1.011)
BMI 0.021 0.003 47522 <0.001 1.021 (1.015-1.027)
FBG -0.005 0.005 0.771 0.380 0.995 (0.985-1.006)
LDL-C 0.297 0.010 855.413 <0.001 1.345 (1.319-1.372)
TG 0.280 0.023 142.440 <0.001 1.323 (1.263-1.385)
Physical exercise -0.190 0.027 512.386 <0.001 0.827 (0.785-0.872)
Taking hypotensive drugs -0.027 0.029 0.844 0.358 0.974 (0.920-1.031)

Note: CKD, chronic kidney disease; SE, standard error; BMI, body mass index; SBP, systolic blood pressure; FBG, fasting blood
glucose; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio.

Table 5. Multivariate logistic regression analyses of influencing factors of CKD after different gender

stratification

Group Independent variable B SE Wald P OR (95% ClI)

Male Age 0.043 0.002 359.962 <0.001 1.044 (1.039-1.049)
SBP 0.008 0.001 51.815 <0.001 1.008 (1.006-1.014)
BMI 0.006 0.006 1.099 0.294 1.006 (0.995-1.018)
FBG 0.022 0.011 3.920 0.048 1.022 (1.000-1.045)
LDL 0.504 0.022 518.239 <0.001 1.656 (1.586-1.730)
TG 0.136 0.051 7.224 <0.001 1.146 (1.038-1.265)
Physical exercise -0.049 0.057 0.734 0.391 0.952 (0.852-1.065)
Taking hypotensive drugs 0.076 0.060 1.606 0.205 1.079 (0.959-1.215)

Female Age 0.057 0.001 2,861.020 <0.001 1.058 (1.056-1.061)
SBP 0.010 0.001 332.842 <0.001 1.015 (1.009-1.011)
BMI 0.028 0.004 63.571 <0.001 1.029 (1.022-1.036)
FBG -0.012 0.006 3.641 0.056 0.988 (0.976-1.000)
LDL 0.240 0.011 436.527 <0.001 1.272 (1.243-1.301)
TG 1.13 0.044 661.251 <0.001 3.117 (2.858-3.399)
Physical exercise -0.227 0.031 55.441 <0.001 0.797 (0.750-0.846)
Taking hypotensive drugs -0.043 0.033 1.674 0.196 0.958 (0.898-1.022)

Note: CKD, chronic kidney disease; SE, standard error; BMI, body mass index; SBP, systolic blood pressure; FBG, fasting blood
glucose; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio.

was 6.7%, 10.6% and 25.6% in young, middle-
aged, and elderly groups, respectively; and it
was 6.3%, 9.5% and 24.4% in males in the
three groups, and 7.6%, 14.5% and 34.1% in
females in the three groups (Table 3).

Multivariate logistic regression analyses of in-
fluencing factors of CKD

Multivariate logistic regression analyses of
influencing factors of CKD showed that age

(odds ratio (OR) (95% Cl) = 1.055 (1.053-
1.057)), gender (OR (95% Cl) = 0.561 (0.535-
0.588)), SBP (OR (95% Cl) = 1.012 (1.009-
1.011)), BMI (OR (95% Cl) = 1.021 (1.015-
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1.027)), LDL-C (OR (95% Cl) = 1.345 (1.319-
1.372)) and TG (OR (95% Cl) = 1.323 (1.263-
1.385)) were risk factors of CKD, and differen-
ces were statistically significant (all P<0.001).
Physical exercise (OR (95% Cl) = 0.827 (0.785-
0.872)) was a protective factor of CKD (Table
4).

Multivariate logistic regression analyses of in-
fluencing factors of CKD after different gender
stratification

After different gender stratification, multivari-
ate logistic regression analyses of influencing
factors of CKD showed that age, SBP, BMI, FBG,

Int J Clin Exp Med 2018;11(8):8585-8592



The prevalence of CKD and risk factors in northern populations of China

LDL-C, and TG were risk factors for CKD in
males, while age, SBP, BMI, LDL-C, and TG were
risk factors for CKD in females. Physical exer-
cise was a protective factor (Table 5).

Discussion

CKD has a higher prevalence rate in China,
showing rapid growth. Current studies have
found that there is a large fluctuation in the
data about total prevalence rate of CKD. Chen
et al. studied the sample survey data in Chinese
population in 2000-2001, and found that the
overall incidence rate of CKD in population was
2.53% [13]. The team of Wang of Peking
University First Hospital found that the total
prevalence rate of CKD in 2006-2010 was
about 10.8%, indicating that the number of
CKD patients in China is increased year by year
[14]. In this study, cross-sectional analysis
showed that the overall incidence rate of CKD
in Tangshan City, Hebei Province was 13.5% in
2006-2007, which was similar to that obtained
by the team of Wang. Previous studies found
that CKD greatly increased the onset risk of
coronary artery disease, stroke and congestive
heart failure [15-17]. Recent studies have
found that diabetes mellitus has become a
major cause of CKD. Moreover, primary preven-
tion and secondary prevention for relevant
known risk factors inducing and exacerbating
CKD, such as hypertension, diabetes mellitus
and obesity, are far from perfect [8-10, 18].
Furthermore, further studies on unknown CKD
risk factors are needed.

Age is an issue that each individual must face.
The longitudinal study showed that GFR in
subjects without CKD is also decreased with
natural aging [19]. Some population-based
studies found that the incidence rates of pro-
teinuria and CKD are also increased with age,
which is consistent with the results in this stu-
dy [20]. According to logistic regression analy-
sis, age was a risk factor for CKD, and the risk
of CKD was increased by 5.5% for every 1 year
old (95% Cl = 1.053-1.057, P<0.001). Based
on different age (young group, middle-aged
group and elderly group), the prevalence rates
of CKD were 6.8%, 9.5% and 24.4% in males,
7.6%, 14.5% and 34.1% in females, respective-
ly. The prevalence rates of CKD in males and
females were increased with age (P<0.001).

Current research data on whether gender is a
risk factor for CKD remains controversial. In
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this study, logistic regression analysis results
revealed that gender was a protective factor
for CKD (OR (95% CI) = 0.561 (0.535-0.588))
(P<0.05). After different gender stratification,
multivariate logistic regression analyses of
influencing factors of CKD showed that FBG
(OR (95% CI) = 1.022 (1.000-1.045)) was a risk
factor for male patients with CKD (P<0.05), but
it had no effect on females (OR (95% CIl) =
0.988 (0.976-1.000)) (P>0.05). At present,
many studies have reported that males show
worse outcome of kidney disease, and onset
risks of proteinuria and CKD in general popula-
tion are higher [20-23]. However, Jafar et al.
evaluated the therapeutic effect of angiotensin
inhibitor on CKD via 11 randomized clinical
studies, and made a conclusion that the risks
of serum creatinine and ESRD are not increased
in males, and the incidence rate of outcome
event was higher in females than that in males
after the baseline blood pressure and urinary
protein excretion rate are adjusted, which is
consistent with that made in this study [24].
The specific reasons need further study.

Obesity and being overweight are harmful fac-
tors for CKD, and BMI is a risk factor for CKD
(OR (95% CIl) = 1.021 (1.015-1.027), P<0.001).
Due to major changes in people’s dietary struc-
ture, the proportion of obese people constantly
rises [25, 26]. Studies have found that the pro-
portion of CKD in obese people with BMI great-
er than 30 is 3 times that in non-obese people
[27, 28]. Foster et al. studied the predictive
indexes of new-onset CKD in general popula-
tion, and also showed that the risk of CKD is
increased by 23% by BMI (OR (95% CI) = 1.230
(1.080-1.410)) [19]. Lu et al. studied and found
that the mechanism of obesity in causing CKD
or accelerating decline in GFR may exert eff-
ects through multiple pathways, including obe-
sity complications (such as diabetes mellitus
and hypertension), and direct metabolic effect,
leading to excessive fat [29]. Abdominal obesi-
ty, increased waist circumference, and increas-
ed fat around the renal sinus are positively cor-
related with the occurrence of CKD.

Results of logistic regression analysis showed
that both LDL-C (OR (95% CI) = 1.345 (1.319-
1.372)) and TG (OR (95% CI) = 1.323 (1.263-
1.385)) were risk factors for CKD (both P<
0.001), which were inconsistent with research
results of Rahman et al.; in the prospective
cohort study of Rahman et al.,, 3,939 CKD

Int J Clin Exp Med 2018;11(8):8585-8592



The prevalence of CKD and risk factors in northern populations of China

patients aged 21-74 years were followed up for
4.1 years on average, and the decline in base-
line ESRD and GFR by 50% was taken as the
endpoint of event, but no single index of blood
lipid and lipoprotein was independently associ-
ated with the outcome event [30]. Therefore,
total cholesterol, TG, VLDL-C, LDL-C, HDL-C,
apolipoprotein A-1, apolipoprotein B, and LP (a)
have no independent correlations with CKD.
However, McMahon et al. studied and found
that the high TG level increased the risk of CKD
(OR (95% Cl) = 1.710 (1.140-2.590)), but the
low serum HDL-C level did not increase the risk
of CKD (OR (95% CIl) = 0.890 (0.810-0.970))
[31].

Results of logistic regression analysis in this
study showed that physical exercise was a pro-
tective factor for CKD (OR (95% CI) = 0.827
(0.785-0.872)). Inflammatory factors play im-
portant roles in the occurrence and develop-
ment of CKD [32-34]. Howden et al. performed
the clinic trials about 10 relevant data reviews,
most of which had small sample size and were
non-randomized and non-clinical controls [35].
Meta-analyses showed that physical exercise,
as a protective factor for CKD, might have the
following mechanism: exercise training can
increase exercise capacity, increase muscle
strength and function, reduce blood pressure,
and improve inflammatory and oxidative stress
biomarkers. However, statistical differences in
renal function, cardiovascular disease and
improvement of life quality remain unclear.

It was found in this study that CKD was prevent-
able and controllable. In particular, the early
detection plays a crucial role in delaying the
progression of kidney disease, promoting peo-
ple’s health and extending people’s lifespan. It
is suggested that people should control blood
pressure, blood glucose, blood lipids, and
weight, and increase exercise, so as to delay
the occurrence and development of CKD.

There were some limitations in this study. First,
data came from the physical examination for
workers in Kailuan Group, most of workers vol-
untarily received physical examination, and
there was no lack of loss of some data. In par-
ticular, some biases in questionnaire content,
amount of exercise, etc., may be caused due to
the lack of unified standards. Second, Kailuan
Group is engaged in heavy industry, so the gen-
der ratio of workers is different from that of
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natural population, possibly producing a cer-
tain influence on results. Third, smoking, drink-
ing, dietary status, history of coronary heart
disease, genetic factors, related diseases,
drugs and other factors should be included for
natural population, so as to make the results
more comprehensive and better serve the
clinic.

In conclusion, the occurrence and development
of CKD can be delayed through controlling
blood pressure, blood glucose, blood lipids,
and weight, and increasing exercise. In this
study, a cross-sectional research method was
used to analyze the Kailuan population, and
this study covered the whole population with
large sample size, so it was representative for
the northern region of China. This study can
provide data support for the Sanitary Admini-
stration Department to develop primary pre-
vention and secondary prevention measures of
CKD.
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