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Purpose: The burden of kidney dysfunction (KD) is rapidly increasing in developing
countries due to an ongoing epidemic of hypertension and diabetes. We aimed to evaluate
the prevalence and associated factors of KD among population with hypertension and/or
diabetes from primary care setting.

Methods: This study was part of a cross-sectional study conducted in Northwest China,
which aimed to investigate the epidemiological status of hypertension and other chronic
noninfectious diseases. Subjects aged >18 years old with hypertension and/or diabetes were
included in this study. KD was defined as estimated glomerular filtration rate (eGFR) less
than 60 mL/min/1.73m?. Least absolute shrinkage and selection operator and multivariable
logistic regression were used to identify factors associated with KD. Sensitivity analysis was
performed by comparing the results of different estimated equations for GFR.

Results: A total of 8899 participants with hypertension and/or diabetes were included.
Prevalence of KD was 8.69% (n=144) among patients with both hypertension and DM,
3.36% (n=198) among patients with only hypertension, and 5.22% (n=70) among patients
with only diabetes. Women showed higher prevalent KD than men. Modifiable factors
independently associated with KD among patients with hypertension and/or diabetes
included physical activity, duration of hypertension or DM, anemia, fasting plasma glucose
and triglyceride. Results of different estimated equations showed similar trends of difference
in the prevalence of KD among groups.

Conclusion: KD is common in patients with hypertension and/or DM in Northwest China.
More attention should be paid to high-risk patients, especially to those with co-existence of
hypertension and DM. Control of blood glucose and triglyceride may further improve KD
management in this patient population.
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Introduction

Chronic kidney disease (CKD) has been shown to be a risk factor for cardiovascular
diseases and death.' Early-stage CKD is usually asymptomatic and is often ignored.?
Most patients detected for CKD are already in an irreversible stage, which leads to
occurrence of complications, and some of them have even progressed to end-stage
renal disease (ESRD), requiring renal replacement therapy. Hence, the burden of CKD
has become a huge public health challenge worldwide.
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Prevalence of CKD varies widely among geographic
regions, partly due to different lifestyles and economic
conditions. Previous studies have shown a heavy burden
of CKD in developing countries and low- and middle-
income regions (LMIRs), which is responsible for more
than two thirds of overall CKD,> with the prevalence of
17.95% in Iran, and 8.66% and 13.1% in Africa and South
Asia, respectively.* Prevalence of CKD is about 10.8% in
the general population of China,” and even higher in the
elderly.® With changes in lifestyle and acceleration of
aging, incidence of CKD is increasing as well, and risk
factors are also changing, with an increasing trend of
metabolic disease-related kidney disease.” Studies have
demonstrated that hypertension and diabetes mellitus
(DM) play strong roles in kidney disease. More than
40% of diabetic patients in America and Japan®’ and
25% of hypertensive patients in Turkey'® are reported to
be affected by kidney damage. Diabetic kidney disease and
hypertensive nephropathy account for more than 40% of
CKD in Chinese hospitalized patients.” Furthermore, it is
noteworthy that hypertension and DM have become lead-
ing causes of CKD in Chinese elderly.'' Rapid increase in
incidence of hypertension and DM, even at younger age,
over the past two decades'? indicates that prevalence of
CKD at population level may have been affected.

Kidney dysfunction (KD) is an important component
of CKD. Although the prevalence of KD has previously
been reported, few studies have focused on the population
with hypertension and DM, especially in developing coun-
tries and LMIRs. Therefore, we aimed to investigate the
prevalence and the related factors of KD in the population
with hypertension and/or DM from the primary care set-
ting of Xinjiang, a less-developed region in Northwest
China, where hypertension and DM are highly prevalent
and poorly managed (low awareness, treatment, and con-

trol rates).'>!'*

Materials and Methods
Study Design and Population

This study is part of a cross-sectional study conducted in
Emin county between March and November 2019, and
aimed to investigate epidemiological status of hyperten-
sion and other chronic noninfectious diseases. Emin
county, in Northern Xinjiang, is home to a total population
of over 160,000, living in urban, agricultural, and stock-

raising settings. Economic level of Emin county is close to

the average of Xinjiang, making the study population
characteristics well representative.

In the original investigation, we used multistage strati-
fied random sampling method to obtain study population.
At the first stage, six districts were randomly selected in
Emin county. At the second stage, we selected 10 villages/
communities from each of district. At the third stage,
individuals were randomly chosen from each village/com-
munity. Local inhabitants (residing at current address for
>6 months) aged >15 years and agreed to participate and
sign an informed consent form were investigated. The
study was conducted in accordance with Declaration of
Helsinki and approved by the Ethics Committee at the
People’s Hospital of Xinjiang Uygur Autonomous Region.

Eligibility Criteria in the Present Study

In this study, participants were included if they were aged
>18 years with hypertension and/or diabetes. Hypertension
was defined as systolic blood pressure (SBP) >140 mmHg,
and/or diastolic blood pressure (DBP) >90 mmHg, and/or
use of antihypertensive agents within two weeks, and/or
self-reported history of hypertension. Diabetes mellitus
was defined as self-reported history of diabetes and/or
a FPG >7 mmol/L.

Data Collection and Measurement

Data were collected by trained investigators using standar-
dized questionnaires, including demographic characteris-
tics, socioeconomical status, health-related behaviors, and
medical history.

Before blood pressure (BP) measurement, each partici-
pant was asked to avoid alcohol, cigarettes, coffee or tea
consumption. BP was measured thrice using with the
OMRON HBP-1300 Professional Portable Blood
Pressure Monitor (OMRON, Kyoto, Japan) on the right
arm positioned at heart level after the participant was
sitting at rest for five minutes, with 30 seconds between
each measurement. The average of the three readings was
used for analysis. Height and weight were measured to the
nearest 0.1 cm and 0.1 kg, respectively, with participants
in lightweight clothing and without shoes. Body mass
index (BMI) was calculated by dividing weight by height-
squared (kg/m?). Waist circumference was measured at the
midpoint between the lower rib and upper margin of the
iliac crest to the nearest 0.1 cm at the end of a normal
expiration.

All subjects were fasted for >8 hours, and a 5-mL
fasting blood sample was collected. Serum creatinine was
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measured by enzymatic method (sarcosine oxidase enzy-
matic analysis). Fasting plasma glucose (FPG) was tested
using glucose oxidase method. Total cholesterol (TC) and
triglycerides (TG) were measured with commercially
available reagents.

Definition of KD

KD was defined as eGFR <60 mL/min/per 1.73m”. eGFR
was calculated using modified modification of diet in renal
disease (MDRD) equation on the basis of data from
Chinese adults.'” As a sensitivity analysis, we also exam-
ined eGFR calculated using chronic kidney disease epide-
miology collaboration (CKD-EPI) creatinine equation.'®

Other Variables

Additional variables included age, gender, duration of
hypertension and DM (years), smoker (yes/no), alcohol
intake (yes/no), living regions (agricultural, stock-raising,
or urban setting), educational level (primary and lower,
junior high, or senior high and higher), occupational (man-
ual or intelligent), ethnicity (Han, Kazakh, or others),
marital status (single, married, or separated). Participants
who have smoked at least 20 packets of cigarettes in their
lifetime were defined as smoker. Alcohol intake was
defined as consuming alcoholic beverage at least once
per week in the past month. Central obesity was defined
as waist circumference >85 cm for women and >90 cm for
men. A positive cardiovascular disease (CVD) was con-
sidered as any self-reported myocardial infarction, coron-
ary revascularization or stroke. Anemia was defined if
hemoglobin <120 g/L for men or <110 g/L for women.
Physical activity was evaluated by the Global Physical
Activity Questionnaire and divided into three categories
WHO’s  (2010) activity
recommendations.'” Sleep quality was assessed using
Pittsburgh Sleep Quality Index (PSQI), and classified
into very good, fair good, fair bad and very bad categories
if PSQI score of 04, 5-9, 10-14, and >15, respectively.18

based on physical

Statistical Analysis

Continuous variables were summarized as mean +standard
deviation (SD) or median (interquartile range) and com-
pared using Student's #-test or Mann—Whitney U-test,
whereas categorical variables were expressed as absolute
numbers with percentage and compared using chi-squared
test. To evaluate associated factors of KD in patients with
different disease status, data was divided into three analy-
tic sets: set 1 including participants with both hypertension

and DM; set 2 including those with hypertension alone; set
3 including those with DM alone. First, we used least
absolute shrinkage and selection operator (LASSO) regres-
sion to identify predictive features of KD. Then, multi-
variable logistic regression model including those
variables was fitted to identify factors associated indepen-
dently with KD, with results presented as odds ratio (OR)
with 95% confidence interval (CI). CKD-EPI equation is
also commonly used to estimate GFR and has been well
confirmed for epidemiological investigation and clinical
practice.'® Therefore, we redefined KD based on CKD-
EPI and repeated the above analysis process as sensitivity
analysis for prevalence and associated factors of KD.
Statistical analyses were conducted using SPSS 20.0 for
Windows (IBM Corporation, Armonk, NY, USA) and
R version 4.0.3. A two-sided P<0.05 was considered to

be significant.

Results

Prevalence of Kidney Dysfunction Based
on MDRD Equation

A total of 41,089 people were recruited in the original
investigation and 36,643 completed the survey with
a response rate of 89.2%. After exclusion, we finally
included 8899 participants with hypertension and/or DM
in this study (Figure 1). Among the included participants,
5901 (66.3%) had hypertension alone, 1341 (15.1%) had
DM alone, and 1657 (18.6%) had both hypertension and
DM. KD was detected in 412 (4.63%) of study partici-
pants. As shown in Figure 2, prevalence of KD was as
high as 8.69% (n=144) among patients with both hyper-
tension and DM, 3.36% (n=198) among those with hyper-
tension alone and 5.22% (n=70) among those with DM
alone. Women had higher prevalent KD than men.
Prevalence of KD in participants from both genders, dif-
ferent age groups, living region, ethnicity and educational
status groups were shown in Table 1.

Subject Characteristics

Among included participants, 7558 (84.9%) had hyperten-
sion and 2998 (33.7%) had DM. Mean age of all partici-
pants was 56.61+12.11 years, mean BMI was 27.22
+4.33 kg/m2 and almost two thirds (65.1%) had central
obesity and 49.3% participants were women. 881 (9.9%)
participants reported a positive history of CVD. Compared
with non-KD participants, patients with KD were older
and had higher proportion of women (48.5% vs 66.3%,
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Figure | Flow chart of screening and including subjects.
Abbreviation: DM, diabetes mellitus.

P<0.001). Proportion of coexistent hypertension and DM
was higher in those with KD. Patients with KD were more
likely to be diabetic and have higher FPG level. History of
CVD and dyslipidemia were also higher in KD group.
Details of characteristics for study population were
shown in Table 2. Moreover, among participants with
hypertension alone, treatment and control rates of hyper-
tension were 46.1% and 18.5%, respectively; median dura-
tion of hypertension was 4.38 years. Among participants
with DM alone, median duration of DM was 2.66 years.

Associated Factors of KD

LASSO regression generated 15, 17, and six factors for
analytic set 1 (for coexistent hypertension and DM), 2 (for
hypertension alone) and 3 (for DM alone), respectively. In
multivariable logistic regression models by including para-
meters produced by LASSO regression, among partici-
pants with both hypertension and DM, factors associated

with KD included age, gender, duration of hypertension,
anemia, FPG and TG (Table 3). Among participants with
hypertension alone, age, gender, living region, physical
activity, duration of hypertension and FPG were indepen-
dently associated with KD (Table 4). Among participants
with DM alone, associated factors for KD were duration of
DM, living region and physical activity (Table 5).

Sensitivity Analysis

Sensitivity analysis was performed by redefined KD based
on CKD-EPI equation; results were shown as supplemen
tary Materials. In CKD-EPI analysis, prevalence of KD
was higher than MDRD analysis (7.09% vs 4.63%), and
the lowest prevalence was found in patients with hyperten-
sion alone (5.37%), while the highest was in patients with
both hypertension and DM (12.61%). Results of the two
equations showed similar trends in difference in the pre-
valence of KD among groups (Figure S1 and Table 1). In
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Figure 2 Prevalence of kidney dysfunction in patients with hypertension and/or diabetes based on MDRD equation. *Indicates P<0.01.

Abbreviations: HTN, hypertension; DM, diabetes mellitus.

multivariable analysis based on CKD-EPI, most of the
associated factors identified by MDRD analysis remained
consistent and significant (Tables S1-S3). Moreover, in
CKD-EPI analysis, occupation, CVD and physical activity
were significantly associated with KD among patients with
both hypertension and DM; alcohol intake was associated
with KD among patients with hypertension alone; age and
female were associated with KD among patients with DM
alone.

Discussion

To our knowledge, this is the first study with large sample
size to investigate the prevalence and associated factors of
KD on population with hypertension and/or DM in
a primary care setting in Northwest China. The present
study showed that prevalence of KD was higher in the
population with both hypertension and DM than in the
population with hypertension or DM alone. There were
significant differences between genders, with higher

prevalence in women. Age was positively correlated with
KD. In addition, there were also differences of the pre-
valence of KD among population from different living
regions and ethnic groups. Age, gender, living region,
physical activity, duration of hypertension or DM, anemia,
FPG and TG were independently associated with KD in
the population with hypertension and/or DM.

Previous studies investigating kidney disease in China
focused mainly on general or elderly population. Zhang
et al reported in a nationally representative investigation
that prevalence of eGFR <60 mL/min/per 1.73m? in
Chinese aged >18 years is 1.7%. It is 1.7% and 2.1% in
population from Beijing'® and Tibet,?® respectively. This is

2122 whereas lower

similar to other developing countries,
than developed countries (6.11% in Sweden and 6.5% in
America).”>** Hypertension and DM have been demon-
strated as the main pathologies contributing to kidney
disease.”® In the past two decades, hypertension and DM

has increased rapidly in China,'*> indicating that
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Table | Prevalence of Kidney Dysfunction in the Study Population

Characteristics Hypertension and DM Hypertension Only DM Only
Prevalence | Prevalence 2 Prevalence | Prevalence 2 Prevalence | Prevalence 2

Sex Female 11.46 (9.36-13.84) 17.93 (15.36-20.73) | 4.88 (4.13-5.73) 8.70 (7.70-9.79) 5.58 (3.96-7.61) 10.25 (8.05-12.82)
Male 5.73 (4.47-7.80) 741 (5.73-9.40) 1.87 (1.42-2.42) 2.14 (1.65-2.72) 4.87 (3.37-6.77) 5.46 (3.87-7.44)
P-value <0.001 <0.001 <0.001 <0.001 0.557 0.001

Age <30 0 0 1.87 (0.23-6.59) 0.93 (0.02-5.10) 3.51 (0.43-12.11) 3.51 (0.43-12.11)
30-59 5.14 (3.62-7.04) 5.85 (4.23-7.85) 2.15 (1.69-2.69) 3.02 (2.47-3.64) 4.15 (2.97-5.63) 5.1 (3.79-6.71)
= 60 11.36 (9.41-13.55) 17.67 (15.29-20.24) | 5.20 (4.34-6.18) | 9.04 (7.91-10.27) | 843 (5.72-11.88) 15.99 (12.28-20.29)
P-value <0.001 <0.001 <0.001 <0.001 0.008 <0.001

Living region Urban 11.18 (9.07-13.59) 14.76 (12.33—-17.41) | 5.38 (4.35-6.56) 7.27 (6.07-8.61) 8.63 (6.32—11.45) 12.85 (10.04-16.12)
Stock-raising 4.82 (1.33-11.88) 6.02 (1.98-13.5) 1.98 (1.14-3.19) 3.71 (2.52-5.26) 3.26 (0.68-9.23) 5.43 (1.79-12.23)
Agriculture 6.61 (4.97-8.57) 11.18 (9.07-13.59) 2.68 (2.16-3.28) 4.82 (4.13-5.60) 3.20 (2.06-4.72) 4.79 (3.38-6.57)
P-value 0.002 0.019 <0.001 <0.001 <0.001 <0.001

Ethnicity Han 9.61 (7.95-11.48) 14.32 (12.33-16.51) | 3.76 (3.06-4.57) 5.97 (5.09-6.96) 5.65 (4.21-7.40) 8.88 (7.07-10.98)
Kazakh 7.17 (4.37-10.97) 9.06 (5.89-13.18) 2.84 (2.20-3.59) 4.70 (3.88-5.63) 442 (2.23-7.77) 5.62 (3.11-9.25)
Others 6.34 (3.74-9.96) 8.96 (5.82-13.03) 3.55 (2.47-4.92) 5.42 (4.06-7.05) 4.44 (2.15-8.02) 6.22 (3.44-10.22)
P-value 0.148 0.010 0.184 0.139 0.630 0.148

Educational status | Primary and lower 9.14 (7.15-11.46) 14.73 (12.25-17.51) | 3.38 (2.73-4.14) 6.35 (5.45-7.34) 5.66 (3.76-8.13) 9.22 (6.78-12.19)
Junior high 8.21 (6.08-10.80) 11.43 (8.91-14.36) 3.34 (2.59-4.23) 4.70 (3.81-5.73) 4.28 (2.73-6.35) 5.95 (4.10-8.29)
Senior high and higher 8.52 (5.86—11.87) 10.16 (7.26-13.74) 3.33 (2.41-4.48) 4.36 (3.30-5.64) 6.13 (3.79-9.32) 8.90 (6.04-12.53)
P-value 0.835 0.058 0.955 0.010 0.425 0.109

Notes: Data was showed as percentage and 95% confidence interval. Prevalence |: defined as eGFR <60 calculated by MDRD equation; prevalence 2: defined as eGFR <60

calculated by CKD-EPI equation.
Abbreviation: DM, diabetes mellitus.

prevalence of kidney diseases at population level may
have been affected. Cao et al reported that diabetes and
hypertension have become leading causes of CKD in
elderly Chinese patients.'’ Tt can be expected that preva-
lence of CKD will increase rapidly, with the acceleration
of aging and the expansion of patients with hypertension
and DM. Screening of CKD is cost-effective for patients
with DM or hypertension in the US.?® Therefore, it may be
effective for reducing public health burden in the primary
care-setting to take screening and preventative measures
for kidney disease in this high-risk population in develop-
ing countries, such as China.

Age has been indicated to be independently associated
with CKD in the general population; it is also an indepen-
dent risk factor for KD in patients with hypertension and
DM in our study. In normal individuals, there is progres-
sive deterioration of renal function as decrease in renal
mass and increased incidence of sclerotic glomeruli with
age;”’ and this will be exacerbated when complicated with
hypertension or DM. Moreover, extension of duration of
hypertension and DM can also aggravate kidney damage.

Further studies to evaluate effects of management of
hypertension and DM on occurrence and development of
kidney disease in this population are needed.

Consistent with previous studies in other countries,
which reported that women have a higher prevalence of
KD, gender difference is also observed in our study.
However, gender-different mechanism in KD remains
unclear still. Difference in hormone metabolism and glo-
merular structure and hemodynamics between male and
female may serve as part of the reason.”® Moreover, imbal-
ance in obesity between genders may also play a role.
A meta-analysis showed that obesity in females is asso-
ciated with a higher risk of kidney disease than in males.?
In the present study, proportion of obesity is higher in
women than in men as well (41.2% vs 35.3%).

National investigation in China showed that prevalence
of CKD in rural regions is lower than that in urban regions.’
Similar results are found in our study, which suggests that
living regions may be associated with KD. Environmental
factors may be part of the explanation for the higher pre-
valence in urban region. It has been demonstrated in cohort

https:
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Table 2 Characteristics of Participants with Hypertension and/or Diabetes
Characteristics Total (n=8899) eGFR 260 (n=8487) eGFR <60 (n=412) P-value
Age (years) 56.61£12.11 56.34+12.09 62.22+11.12 <0.001
BMI (kg/m?) 27.22+4.33 27.21+4.34 27.4614.21 0.250
Female 4390 (49.3) 4117 (48.5) 273 (66.3) <0.001
Systolic BP (mmHg) 143.7+21.5 143.8+21.4 141.2+23.4 0.024
Diastolic BP (mmHg) 87.5+13.1 87.7£13.0 83.9+13.9 <0.001
Waist circumference (cm) 92.0+11.4 92.0%11.4 92.4%11.2 0.464
Central obesity, n (%) 5795 (65.1) 5509 (64.9) 286 (69.4) 0.061
Hypertension, n (%) 7558 (84.9) 7216 (85.0) 342 (83.0) 0.264
Diabetes, n (%) 2998 (33.7) 2784 (32.8) 214 (51.9) <0.001
Hypertension and DM, n (%) 1657 (18.6) 1513 (17.8) 144 (34.9) <0.001
CVD, n (%) 881 (9.9) 810 (9.5) 71 (17.2) <0.001
Region, n (%) <0.001
Urban 2978 (33.5) 2756 (32.5) 222 (53.9)
Stock-raising 983 (11.0) 960 (11.3) 23 (5.6)
Agriculture 4938 (55.5) 4771 (56.2) 167 (40.5)
Educational status, n (%) 0.734
Primary and lower 3872 (43.5) 3688 (43.5) 184 (44.7)
Junior high 3076 (34.6) 2941 (34.7) 135 (32.8)
Senior high and higher 1951 (21.9) 1858 (21.9) 93 (22.6)
Occupation, n (%) 0.008
Manual 7650 (86.0) 7314 (86.2) 336 (81.6)
Intelligent 1249 (14.0) 1173 (13.8) 76 (18.4)
Ethnicity, n (%) <0.001
Han 4570 (51.4) 4316 (50.9) 254 (61.7)
Kazakh 2877 (32.3) 2780 (32.8) 97 (23.5)
Others 1452 (16.3) 1391 (16.4) 61 (14.8)
Marital status, n (%) 0.004
Single 249 (2.8) 243 (2.9) 6 (1.5)
Married 7461 (83.8) 7130 (84.0) 331 (80.3)
Separated 1189 (13.4) 1114 (13.1) 75 (18.2)
Smoke, n (%) 3060 (34.4) 2959 (34.9) 101 (24.5) <0.001
Alcohol intake, n (%) 2888 (32.5) 2790 (32.9) 98 (23.8) <0.001
Physical activity, n (%) 0.001
Low 1434 (16.1) 1347 (15.9) 87 (21.1)
Median 4997 (56.2) 4759 (56.1) 238 (57.8)
High 2468 (27.7) 2381 (28.1) 87 (21.1)
Sleep quality, n (%) <0.001
Very good 4515 (50.7) 4346 (51.2) 169 (41.0)
Fair good 2992 (33.6) 2836 (33.4) 156 (37.9)
Fair bad 1138 (12.8) 1063 (12.5) 75 (18.2)
Very bad 254 (2.9) 242 (2.9) 12 (2.9)
(Continued)
International Journal of General Medicine 2021:14 htps: 7573
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Table 2 (Continued).

Characteristics Total (n=8899) eGFR =60 (n=8487) eGFR <60 (n=412) P-value
Hemoglobin (g/L) 139.5+20.6 139.7£20.6 136.4+20.3 0.001
Anemia, n (%) 570 (6.4) 535 (6.3) 35 (8.5) 0.076
Dyslipidemia, n (%) 3958 (44.5) 3729 (43.9) 229 (55.6) <0.001
FPG (mmol/L) 6.44+2.80 6.38+2.75 7.54+£3.59 <0.001
TC (mmol/L) 5.08£1.29 5.08£1.30 5.14%£1.22 0.352
TG (mmol/L) 1.40 (0.99-2.00) 1.36 (0.93-1.94) 1.70 (1.18-2.40) <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; BP, blood pressure; DM, diabetes mellitus; CVD, cardiovascular disease; FPG, fasting plasma glucose; TC, total

cholesterol; TG, triglyceride.

Table 3 Factors Associated with Kidney Dysfunction Among Patients with Hypertension and Diabetes

Factors Adjusted OR 95%CI P-value
Age 1.037 1.016-1.059 0.001
Female 2.086 1.408-3.090 <0.001
BMI (vs <24.0)

24.0-27.9 0.645 0.378-1.098 0.106

228.0 0.937 0.559-1.570 0.805
Region (vs urban)

Stock-raising 0.608 0.206—1.791 0.366

Agriculture 0.731 0.483-1.105 0.137
Ethnicity (vs Han)

Kazakh 0.985 0.551-1.664 0.879

Others 0.620 0.356-1.078 0.090
Marital status (vs married)

Single 1.298 0.164-10.25 0.805

Separated 1.058 0.655-1.709 0.819
Occupation (vs manual)

Intelligent 1.463 0.929-2.302 0.100

CvD 1.326 0.858-2.049 0.204
Physical activity (vs high)

Median 1.268 0.757-2.123 0.366

Low 1.188 0.650-2.173 0.576
Control of hypertension 1.093 0.726—1.645 0.641
Duration of hypertension 1.022 1.001-1.042 0.036
Anemia 2.621 1.296-5.299 0.007
FPG 1.056 1.005-1.110 0.031
TC 0.908 0.782-1.055 0.208
TG 1.146 1.049-1.251 0.002

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride. OR, odds ratio; Cl, confidence

interval.
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Table 4 Factors Associated with Kidney Dysfunction Among Patients with Only Hypertension

Factors Adjusted OR 95%ClI P-value
Age 1.042 1.026-1.059 <0.001
Female 3.016 1.991-4.569 <0.001
BMI (vs <24.0)

24.0-27.9 0.825 0.556-1.226 0.341

228.0 0.926 0.627-1.366 0.697
Systolic blood pressure 0.995 0.984-1.006 0.373
Diastolic blood pressure 0.999 0.984-1.015 0.932
Region (vs urban)

Stock-raising 0.437 0.247-0.776 0.005

Agriculture 0.506 0.361-0.709 <0.001
Education (vs senior high and
higher)

Junior high 1.328 0.876-2.014 0.181

Primary and lower 1.020 0.666—1.563 0.928
Physical activity (vs high)

Median 0.650 0.460-0.917 0.014

Low 1.056 0.693-1.609 0.800
Sleep quality (vs very good)

Fair good 1.162 0.835-1.617 0.373

Fair bad I.164 0.762-1.779 0.482

Very bad 0.567 0.221-1.455 0.238
Control of hypertension 1.253 0.797-1.968 0.328
Duration of hypertension 1.028 1.009-1.048 0.005
Alcohol 1.379 0.897-2.120 0.143
Anemia 1.854 1.147-2.996 0.012
Dyslipidemia 1.281 0.920-1.783 0.142
FPG 1.409 1.057-1.877 0.019
TC 0.987 0.868—1.122 0.842
TG 1.078 0.964-1.205 0.187

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride. OR, odds ratio; Cl, confidence interval.

studies that increase in the PM, 5 is associated with higher
risk of CKD and ESRD.>**! A study from Taipei also shows
that there is positive association between traffic-related air
pollution and kidney damage.** In addition, differences in
lifestyle and dietary habits between living regions may also
be involved in the process.

The relationship between physical activity and KD
remains inconsistent, and it is varied among different
patient groups in the present study. Exercise may protect
renal function by lowering BMI and reducing the risk of

hypertension and DM,*® and this indirect effect may be
attenuated in patients who have been suffering from
hypertension and DM. Recently, a cohort study shows
that highly active people have lower risk for developing
CKD, compared with inactive people.** However,
Tannor et al reported that there is no independent asso-
ciation between physical activity and CKD in Ghanaian
patients with hypertension and DM.**> Among the non-
diabetic population, FPG and prediabetes are signifi-
cantly associated with coronary artery disease and
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Table 5 Factors Associated with Kidney Dysfunction Among Patients with Only Diabetes

Factors Adjusted OR 95%CI P-value
Age 1.023 0.999-1.048 0.064
Female 1.220 0.740-2.012 0.436
Duration of diabetes 1.040 1.001-1.081 0.047
Region (vs urban)

Stock-raising 0.427 0.127-1.438 0.169

Agriculture 0.423 0.250-0.715 0.001
Marital status (vs married)

Single 1.424 0.307-6.616 0.652

Separated 0.798 0.325-1.958 0.798
Physical activity (vs high)

Median 2.409 1.115-5.207 0.025

Low 2.000 0.805-4.966 0.135

Abbreviations: OR, odds ratio; Cl, confidence interval.

stroke.® It is noteworthy that FPG is independently
associated with CKD in hypertensive patients who are
without DM in the present study. Glycemic control can
help prevent onset of CKD in individuals with DM.?’
However, it needs to be further explored in hypertensive
patients. Consistent with a previous study performed in
elderly population,®® the present study observed that
anemia is significantly associated with KD. Anemia is
a common comorbidity in patients with chronic kidney
disease, mainly due to impaired production of erythro-
poietin by kidney damage; hepcidin and other factors are
also involved.*® Patients with anemia should be aware of
presence of kidney disease. In addition, the association
between anemia and the risk of incident CKD needs to
be verified in a longitudinal study.

As expected, prevalence of KD in our study is signifi-
cantly higher for CKD-EPI analysis than for MDRD analy-
sis. In sensitivity analysis, occupation, history of CVD and
alcohol intake are significantly associated with KD, which
may be due to the larger sample size of KD cases based on
CKD-EPI equation. These factors have been shown to be
directly or indirectly associated with KD in patients with DM

or kidney diseases.**!

Limitations

Although multistage random sampling in general population
with a good sample size, several limitations warrant discus-
sion for our study. First, causal inference between associated
factors and KD needs to be further explored, because of the
cross-sectional design of the present study. Second, only one

county was selected, limiting the generalization of the results,
although the county has a good representation. Third, single
measurements of serum creatinine without repeated exami-
nation may have resulted in misclassification of individuals
with KD. Fourth, because of the lack of urine test, we were
only able to report prevalence of KD defined by eGFR,
regardless of urinary protein. Fifth, although LASSO regres-
sion was used for screening potential factor, it is difficult to
find all associated factors for KD; in addition, mediating
effects between variables were also failed to resolve. Future
study needs to take this into account. Sixth, although recog-
nized methods applied for blood pressure and glucose mea-
surements, diagnosis of hypertension and DM might be
biased due to lack of repeated measurements from different
days. In addition, oral glucose tolerance test should also be
considered for DM diagnosis in future investigations.

Conclusion

There is high prevalence of KD among patients with
hypertension and DM in the primary care setting in
Northwest China. Modifiable factors associated with KD
among patients with hypertension and/or DM include liv-
ing region, physical activity, anemia, FPG and TG, which
may provide clues for prevention and intervention for
kidney disease in this population in order to reduce the
burden of public health care in less-developed regions.
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The datasets are available from the corresponding author
upon reasonable request.
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