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Chapter 3

Abstract

Background

Chronic kidney disease (CKD) poses a severe health and socioeconomic burden,
particularly to low-income and middle-income countries. China is the largest low-income
and middle-income country with a current population of 1.4 billion. However, only a few
studies reported on the prevalence of reduced kidney function and related risk factors
among Chinese populations. Also, none of these studies explored the prevalence of kidney
function decline and related risk factors, especially in Chinese primary care settings. To
bridge this gap, this study aimed to examine the prevalence of reduced kidney function
and kidney function decline and explore related risk factors in a Chinese primary care

population.
Methods

We conducted a repeated cross-sectional study in a primary health care population in
China. Electronic records were included of 18273 adults who underwent routine health
check-ups between 2004-2020 in three primary health care centers in Zhengzhou city,
Henan Province in China. Follow-up serum creatinine was available for 3314 participants,
with a mean follow-up duration of 1.5 years. Reduced kidney function was defined as an
estimated glomerular filtration rate (eGFR) of below 60 mL/min per 1.73 m2. Kidney
function decline was defined as a drop in the glomerular filtration rate (GFR) category
(290 [G1], 60-89 [G2], 45-59 [G3a], 30-44 [G3b], 15-29 [G4], <15 [G5] mL/min per 1.73
m2) accompanied by a 225% drop in eGFR from baseline, or a sustained decline in eGFR
of >5 mL/min per 1.73 m2/y. Rapid eGFR decline was defined as a decline in eGFR of
greater than 3 mL/min/1.73m?2/y. The annual eGFR decline was calculated as (€ GFRpaseline-
eGFRsolow-up) /time (follow-up years). Descriptive statistics and multivariable logistic
regressions were used to examine reduced kidney function, kidney function decline and

related risk factors.

Results

Of all participants, 3273(17.9%) had reduced kidney function at first measurement. Of the
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participants with a follow-up, 640 (19.3%) had kidney function decline and 755 (22.8%)
had rapid eGFR decline. Multivariable logistic regression analysis showed that female sex
(OR 2.208,95% CI 1.974-2.470), older age (OR 1.051,95% CI 1.046-1.057), hypertension
(OR 0.847,95% CI1 0.719-0.997), overweight (OR 1.162, 95% CI 1.042-1.296), obesity (OR
1.609, 95% CI 1.349-1.919), diabetes (OR 1.229, 95% CI 1.043-1.447),
left ventricular hypertrophy (OR 2.123,95% CI 1.407-3.203), and dyslipidemia (OR 2.478,
95% CI 2.086-2.943) were independent predictors of reduced kidney function. Moreover,
older age (OR 1.013,95% CI 1.002-1.023) and a reduced kidney function at baseline (OR

11.133,95% CI 7.827-15.836) were independent predictors of kidney function decline.

Conclusions

Our study demonstrated a high prevalence of reduced kidney function and kidney
function decline in a Chinese primary care population. Also, the identified associated risk
factors can help to identify those who are more likely to experience a reduced kidney
function and kidney function decline. To reduce the burden of CKD in China, effective

three-level prevention and treatment strategies seem warranted.
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INTRODUCTION

Chronic kidney disease (CKD) is a major public health concern [1, 2]. Globally, 698 million
individuals are affected by CKD [3]. Also, CKD is associated with adverse outcomes
including kidney failure, accelerated cardiovascular disease (CVD) and premature death
[4, 5]. In specific, a recent study reported that globally, 1.4 million CVD-related deaths and
25.3 million CVD disability-adjusted life years are attributable to impaired kidney

function [3].

The burden of CKD is particularly high in low-income and middle-income countries [6],
including China, with an estimated prevalence of 10.8% (120 million adults) [7]. To reduce
this burden, the identification of potentially modifiable risk factors for reduced kidney
function [8] is essential to enable the prevention of CKD progression in an early stage.
Previous evidence indicates that diabetes, hypertension and dyslipidemia can play an
important role in the development of reduced kidney function [9, 10]. Also, minimal,
moderate, or rapid rates of estimated glomerular filtration rate (eGFR) decline can predict
premature mortality [11-13]. Some of the previous studies reported CKD progression and
related risk factors [10, 14], yet only a few studies reported on prevalence of reduced
kidney function and related CVD risk factors for the Chinese population [15-17]. Also,
none of these studies explored the prevalence of kidney function decline and related CVD
risk factors, especially in Chinese primary care settings. Related definitions of reduced
kidney function and kidney function decline are operationalized based on previous

literature [18, 19] and further detailed in Textbox 1.

Better insights into the prevalence of reduced kidney function and kidney function decline
in the Chinese primary care population is of vital importance to assess the burden of CKD
in Chinese settings. Evidence on the burden of CKD can adequately inform public health
policymakers, healthcare professionals, and community members on the impact of CKD.
Also, identifying (modifiable) risk factors for reduced kidney function and kidney function
decline has practical relevance to developing target effective strategies. Therefore, we
performed a repeated cross-sectional study to examine the prevalence of reduced kidney

function and kidney function decline and explore related risk factors in China.
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Textbox 1. Definitions of reduced kidney function and kidney function decline.

Reduced Kidney function

e An estimated glomerular filtration rate (eGFR) of below 60 mL/min per 1.73 m? is a
widely used indicator of reduced kidney function [19].
eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) study equation [20]: eGFR = 141 x min(Scr/k, 1)« x max(Scr/k, 1)1.209 x
0.99348e x 1.018 [if female], where Scr is serum creatinine, k is 0.7 for females and 0.9 for
males, a is -0.329 for females and -0.411 for males, min indicates the minimum of

Scr/xor 1, and max indicates the maximum of Scr/x or 1.

Kidney function decline and rapid eGFR decline

*  CKD is categorized in five stages (CKD stages G1-G5) based on the eGFR [19]. Kidney
function decline [18, 19] was defined as a drop in the glomerular filtration rate (GFR)
category (=290 [G1], 60-89 [G2], 45-59 [G3a], 30-44 [G3b], 15-29 [G4], <15 [G5] mL/min
per 1.73 m2) accompanied by a 225% drop in eGFR from baseline, or a sustained decline
in eGFR of >5 mL/min per 1.73 m?/y. Rapid eGFR decline was defined as a decline in
eGFR of greater than 3 mL/min/1.73m2/y [18, 19]. The annual eGFR decline was

calculated as (eGFRbaseline-e GFRfoliow-up) /time (follow-up years).

METHODS

Study Design, setting and population

We performed a repeated cross-sectional study and accumulated data of routine health
check-ups in a large primary care population between 2004-2020 in three primary health
care centers in Zhengzhou City. Zhengzhou, the capital city of one of the biggest provinces
in China (Henan), has a population of nearly 10 million. Participants could receive health
check-up for several reasons; (1) if they were enrolled in the general practitioner-centered
primary care system in the primary health centers at the first time, they had one free
health check-up; (2) if they were aged 65 years or older, they had one free annual health
check-up; and (3) some people voluntarily received a health check-up when they paid for

it.

A total of 69473 residents underwent health check-ups between 2004-2020 in three
primary health care centers. Serum creatinine was measured for 18295 residents;
electronic records were included of all residents aged = 18 years old (18273 participants).

Using the creatinine measurements, we calculated the eGFR using the CKD-EPI study
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equation [20]. Follow-up data of serum creatinine measurement was available for 3314
participants (18%), with a mean follow-up duration of 1.5 years (study flow diagram in
Figure 1). We followed the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) Statement [21] to report our study.

69473 with health check-ups in

primary health care centers

Excluded (n=51200)

»| * Noserum creatinine measurement (n=51178)

* Age<l18years (n=22)

A 4

*  Reduced kidney function and related risk factors: electronic records of 18273

*  Kidney function decline and related risk factors: follow-up data available of 3314

Figure 1. Study flow diagram.

Measurements

The health check-up results were entered into patient health care records by the patients’
physicians. The health check-up data include information on demographic characteristics
(age, sex), physical examination parameters (height, weight, body temperature, pulse,
breathing rate, body mass index and blood pressure), laboratory tests findings (fasting
blood glucose, liver function, kidney function and the blood lipids), electrocardiogram
(ECG) results and specific diagnoses made by the physicians (e.g. diagnosis of

hypertension). No urine tests were performed.

An anonymized database including electronic records was available for analysis. For our
study, we extracted data on age, sex, body mass index (BMI), blood pressure (BP), fasting
blood glucose, total cholesterol, fasting triglyceride, serum low-density lipoprotein (LDL)
cholesterol, serum high-density lipoprotein (HDL) cholesterol, serum creatinine level,

ECG test results and the diagnosis made by the physician.
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Definitions

Definitions of reduced kidney function and Kkidney function decline are provided in

Textbox 1.

BMI was categorized into underweight (<18.5 kg/m2), healthy weight (18.5-23.9 kg/m?),
overweight (24-27.9 kg/m?2) and obesity (228 kg/m?) by using the Chinese “Criteria of
weight for adults (No. WS/T 428-2013, available on http://www.nhfpc.gov.cn)”.
Hypertension was defined as an average systolic BP (SBP)=140mmHg or an average
diastolic BP (DBP)=290mmHg or a diagnosis of hypertension by a physician [22]. Diabetes
was defined as a fasting blood glucose level of 27.00 mmol/L or a diagnosis of diabetes by
a physician [9]. Dyslipidemia was defined as the presence of one or more abnormal serum
lipid concentrations according to the Chinese guidelines for the prevention and treatment
of dyslipidemia in adults [23]: total cholesterol>6.22 mmol/L; fasting triglycerides>2.26
mmol/L; LDL cholesterol>4.14 mmol/L; HDL cholesterol<1.04 mmol/L. Left ventricular

hypertrophy (LVH) was defined as an ECG-aided physician-diagnosis of LVH.

The total number of CVD risk factors [9] per patient was calculated based on the presence

of the following: obesity, hypertension, diabetes, dyslipidemia and LVH.

Statistical analysis

All statistical analyses were performed using SPSS version 23 (IBM, Armonk, NY, USA).
Descriptive analyses were performed, calculating the mean * standard deviation (SD),
median (interquartile range, IQR) and the proportions of categorical variables as
appropriate. Continuous variables were compared using t-tests. Categorical variables

were compared using Chi-square and Fisher’s exact tests, as appropriate.

In the database of electronic records of 18273 adults, data were missing for SBP (0. 1%),
DBP (0.1%), BMI (0.3%), fasting blood glucose (1.5%), total cholesterol (0.6%), fasting
triglyceride (0.7%), serum LDL cholesterol (19.8%) and serum HDL cholesterol (19.9%).
For the follow-up electronic records of 3314 out of the total 18273 participants, data were
missing for SBP (0.3%), DBP (0.3%), BMI (0.4%), fasting blood glucose (1.6%), total

cholesterol (0.4%), fasting triglyceride (0.5%), serum LDL cholesterol (42.6%) and serum
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HDL cholesterol (42.8%). Multiple data imputation was used to handle the missing data
[24]. We compared multivariable logistic regression analyses results by using
multivariable multiple imputations of 10 imputations and 20 imputations and similar
results were found. Hence, we used multivariable multiple imputations with 10
imputations and assumed the data were completely missing at random. The univariable
analyses were performed on the complete case data and the multivariable logistic

regression analyses were performed on each imputed dataset.

Univariable and multivariable logistic regression analyses were used to explore the
association between reduced kidney function and potential risk factors. In the first model,
we adjusted for sex and age (per year increase). In the second model, based on the results
of univariable analyses and previous literature reporting risk factors of reduced kidney
function [10, 25], we additionally adjusted for hypertension (yes versus no), BMI (healthy
weight [reference] versus underweight versus overweight versus obesity), diabetes (yes
versus no), LVH (yes versus no), dyslipidemia (yes versus no) and the number of CVD
risk factors (0 [reference] versus 1-2 versus =3). Similarly, we used univariable and
multivariable logistic regression analyses to examine the association between kidney
function decline and potential risk factors. All tests were two-sided with a significance
level of P values<0.05. Also, to account for multiple testing, we used the Bonferroni
correction and reported significant associations for which P<0.05/number of

comparisons in univariable analyses.

RESULTS
Participant characteristics

Participant characteristics are shown in Table 1 and Table 2. Of all participants, 9213
(50.4 %) were aged 270 years and 10756 (58.9%) were female. The mean eGFR from the

first measurement was 81.56+25.73 mL/min/1.73mz.

Prevalence of reduced kidney function and kidney function decline

Of all participants, 3273 (17.9%) had reduced kidney function at first measurement. For
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people aged 260 years old, 3034 (18.8%) had reduced kidney function vs. 239 (10.7%)
for people <60 years old (Table 1). Of the participants with a follow-up, 640 (19.3%) had

kidney function decline and 755 (22.8%) had rapid eGFR decline (Table 2).

Factors associated with reduced kidney function

Table 1 shows that the following factors were associated with reduced kidney function:
sex, age, hypertension, BMI, diabetes, LVH, dyslipidemia and the number of CVD
risk factors. After applying the Bonferroni correction, hypertension was no longer
significantly associated with reduced kidney function. Using univariable and
multivariable logistic regression models, in the final model, female sex, older age,
hypertension, overweight, obesity, diabetes, LVH and dyslipidemia were independent
predictors of reduced kidney function (Table 3). When considering total cholesterol,
fasting triglycerides, LDL cholesterol, HDL cholesterol as separate risk factors, the
multivariable logistic regression analysis showed that female sex, older age, hypertension,
overweight, obesity, diabetes, LVH, fasting triglyceride>2.26 mmol/L and serum HDL
cholesterol<1.04 mmol/L were independent predictors of reduced kidney function

(Additional file 1).

Factors associated with kidney function decline

Table 2 shows that the following factors were associated with kidney function decline: a
reduced kidney function at baseline, sex, hypertension, dyslipidemia and the number of
CVD risk factors. After applying the Bonferroni correction, hypertension and the number
of CVD risk factors were no longer significantly associated with kidney function decline.
Using univariable and multivariable logistic regression models, in the final model, older
age and a reduced kidney function at baseline were independent predictors of kidney
function decline (Table 4). When considering total cholesterol, fasting triglycerides, LDL
cholesterol, HDL cholesterol as separate risk factors, the multivariable logistic regression
analysis showed that older age and a reduced kidney function at baseline were

independent predictors of kidney function decline (Additional file 2).
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Chapter 3

DISCUSSION

This study explored the prevalence of reduced kidney function and kidney function
decline in a large, urban Chinese primary care population. Results revealed a prevalence
of reduced kidney function of 17.9% and a prevalence of kidney function decline of 19.3%.
The prevalence of rapid eGFR decline was 22.8%. Female sex, older age, hypertension,
overweight, obesity, diabetes, LVH and dyslipidemia were independent predictors of
reduced kidney function. Moreover, older age and a reduced kidney function at baseline

were independent predictors of kidney function decline.
Prevalence of reduced kidney function and kidney function decline

The prevalence of reduced kidney function that we found was similar to the 12-23%
reported in previous studies in the elderly Chinese population based on health check-up
data [15-17]. Our study population was relatively old (69.4+10.7 years). For other
countries, the prevalence of reduced kidney function in older people was reported to be
37.1% to 61.7% (Germany; age>70 years old) [26], 19.6% (Brazil; aged 260 years) [27]
and 11.2% (Australia; mean age of 62 years old) [28]. These discrepancies found may
partially be explained by differences in the equations to estimate GFR [26], characteristics
of the populations and the setting. Our study was conducted in a primary care setting,
while other studies were conducted in community settings; patients could suffer from a
chronic illness. This could also explain why we found a higher prevalence of kidney
function decline and rapid eGFR decline compared to a previous Chinese community-
based population study reporting normal kidney function at baseline [18]. Additionally,
the prevalence of rapid eGFR decline in our study was higher than the reported 16% in a
community-based cohort of ambulatory elderly individuals in the United States [29]. This
could also be explained by the fact that we included data of both participants with and
without reduced kidney function at baseline; people with reduced kidney function at
baseline would more likely have kidney function decline. Also, the disparity in quality of
and access to health care between areas in China could lead to the higher prevalence of
kidney function decline in our study. For instance, the previous study was conducted in

Beijing with better health care resources than our study setting [18].
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Factors associated with reduced kidney function and kidney function decline

We found that diabetes was independently associated with reduced kidney function,
which is consistent with a previous study [30]. The Global Burden of Disease study
suggested that diabetes affects 6.6% of the overall (all-age) Chinese population [31].
Moreover, LVH was revealed as a risk factor for reduced kidney function, which
corroborates previous findings [9]. Notably, hypertension, which is a key risk factor of LVH
[32], was associated with a lower risk of reduced kidney function in the current study.
This could be explained by the use of antihypertensive medications in patients with
reduced kidney function in our population. People with reduced kidney function may have
been undertreated for CKD and also already treated for hypertension. In the past twenty
years, a noteworthy increase in the prevalence of hypertension in the Chinese population
has occurred; hypertension affects nearly 23.2% of Chinese adults [33]. Future studies
with information on participants’ medication use are needed to explore this question

further.

Female sex was shown as a risk factor for reduced kidney function, which corroborates
previous findings [7]. However, in contrast, other studies indicated that being male is an
independent risk factor for reduced kidney function [34]. Future studies can clarify the
association between gender difference and reduced kidney function by considering
lifestyle differences, such as dietary protein intake, salt, smoking and alcohol intake [35].
Additionally, overweight and obesity were associated with an increased risk of reduced
kidney function in our study. Previous data also linked overweight and obesity to reduced
kidney function [30, 36] and CKD progression [37]. Overweight and obesity are widely

prevalent and are major public health concerns [38, 39].

Previous studies suggested that dyslipidemia mostly develops along with kidney function
decline in patients with CKD, even in the early stages. It is also the major risk factor for
CVD in patients with CKD [40]. In our study, the prevalence of dyslipidemia was 32.5%,
which is similar to a previous survey [36]. We also demonstrated that dyslipidemia was
associated with reduced kidney function. Thompson et al. found that reduced kidney

function was independently associated with lower concentrations of HDL cholesterol and
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higher concentrations of triglycerides in an Australian population [25]. Similarly, in our
study, the proportion of low HDL cholesterol was higher in participants with reduced
kidney function than in participants without reduced kidney function. However, the
proportion of high fasting triglyceride was lower in participants with reduced kidney
function than in participants without reduced kidney function. This could be explained by
the use of anti-dyslipidemia medications in patients with reduced kidney function in our
population. Nevertheless, the high proportion of high fasting triglyceride still deserves

medical attention due to its notable consequences.
Strengths and limitations

Our study has several strengths. To our knowledge, this study is the first primary care
population-based study in China to examine the prevalence of kidney function decline and
rapid eGFR decline. Also, our study has a large sample size and conducts analyses based

on real-world data.

Nevertheless, several limitations should be noted. First, as our study focused on people
with health check-up records, information concerning urine tests (e.g. data of
albuminuria), the usage of medications such as anti-hypertensive, anti-diabetic and anti-
dyslipidemia drugs, self-reported history such as smoking and alcohol use of people and
socioeconomic status were not available. Secondly, as participants aged 65 years or older
had one free annual health check-up, the entire study population was relatively old.
Therefore, the prevalence of reduced kidney function and kidney function decline can be
overestimated. Also, these findings may not generalize to the younger population. Third,
the serum creatinine measurement was available for 18273 (26.3%) of 69473 people and
the follow-up data were available for 3314 (18%) of 18273 people. The related reasons
for the lack of data were unknown and could influence the results. For instance, patients
with more severe kidney impairment may go for health check-ups more frequently. A

prospective cohort study can be conducted for further exploration.
Implications for future research initiatives

To reduce the substantial burden of CKD in the Chinese primary care population, an

effective prevention and treatment health care system is needed. For instance, three-level
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prevention and treatment programs are being developed in Chinese settings [41]. These
programs often include primary prevention and treatment, which focuses on targeted
screening to achieve early detection of CKD in at-risk groups (e.g. people with diabetes);
secondary prevention and treatment, which focuses on the referral of those identified as
pre-existing CKD to community hospitals and aims to slow disease progression; tertiary
prevention and treatment, which aims to avoid or delay dialysis or kidney transplantation

for patients with advanced CKD.

To enhance the development of three-level prevention and treatment system in Chinese
settings, we suggest the following initiatives. First, we advise future researchers to
implement (online) training and education such as e-learning on CKD prevention and
treatment to increase public and health care professional awareness about CKD and its
risk factors. Also, considering the risk factors of reduced kidney function are mostly
related to lifestyle-related factors such as overweight, lifestyle interventions are needed
to support individuals’ self-management and improve their health behaviors. As there is
an enormous shortage of healthcare professionals in China [42], electronic health
(eHealth)-based lifestyle interventions are more accessible and widely used [43]. Second,
to support the referral of patients with kidney impairment to a nephrologist in a
secondary or tertiary hospital, national guidelines should be developed for medical
specialists such as the referral criteria adopted in the Netherlands [44]. Also, an improved
primary healthcare system supporting the implementation of integrated approaches can
help manage the increasing burden of CKD [45], for instance, the Innovative Care for

Chronic Conditions (ICCC) proposed by the World Health Organization (WHO) [46].

CONCLUSIONS

The high prevalence of reduced kidney function and kidney function decline indicates that
CKD is a severe public health problem in China. Female sex, older age, hypertension,
overweight, obesity, diabetes, LVH and dyslipidemia were independent predictors of
reduced kidney function, and older age, a reduced kidney function at baseline to kidney

function decline. To reduce the substantial CVD risk and CKD burden in Chinese primary

67



Chapter 3

care populations, three-level preventive and treatment programs need to be developed
and enhanced. Important strategies would include an (online) education and training
program to promote awareness of CKD, widely and accessible (eHealth-based) lifestyle
interventions, national guidelines for referral of identified patients to a nephrologist and
improving the primary healthcare systems to support the implementation of integrated

approaches.
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