
CLINICAL RESEARCH
Corre
Medic

Institu

Beijin

Recei
2018;

Kidney
Prevalence and Risk Factors for CKD:
A Comparison Between the Adult
Populations in China and the United States

Fang Wang1, Kevin He2, Jinwei Wang1, Ming-Hui Zhao1, Yi Li2, Luxia Zhang1, Rajiv Saran3

and Jennifer L. Bragg-Gresham3

1Renal Division, Department of Medicine, Peking University First Hospital, Peking University Institute of Nephrology, Beijing,

China; 2Department of Biostatistics and the Kidney Epidemiology and Cost Center, University of Michigan, Ann Arbor,

Michigan, USA; and 3Division of Nephrology, Department of Internal Medicine and the Kidney Epidemiology and Cost Center,

University of Michigan, Ann Arbor, Michigan, USA
Introduction: Chronic kidney disease (CKD) is an important noncommunicable disease globally. Overall

prevalence of CKD and distribution of its stages differ between countries. We postulate that these differ-

ences may not only be due to variation in prevalence of risk factors but also their differential impact in

different populations or settings.

Methods: We used nationally representative data on the adult populations from both the United States

(US; National Health and Nutrition Examination Survey [NHANES], 2009 to 2010, N ¼ 5557) and China

(China National Survey of CKD, 2009 to 2010, N ¼ 46,949). Age, sex, central obesity, cardiovascular dis-

ease, diabetes, hypertension, and hyperuricemia were explored as candidate risk factors for CKD. The

prevalence of CKD was calculated using survey weights.

Results: The prevalence of decreased estimated glomerular filtration rate (eGFR), defined as eGFR < 60

ml/min per 1.73 m2, was 6.5% in the US versus 2.7% in China, whereas the prevalence of albuminuria

(defined as urine albumin to creatinine ratio of $30 mg/g) was 8.1% in the US versus 9.5% in China. The

distribution of eGFR categories differed between the countries (P < 0.001). Stronger associations of dia-

betes with both indicators were seen in the US participants, whereas stronger associations of male sex

with both indicators and of hypertension with albuminuria were observed in the Chinese participants (P <
0.05). After multivariable adjustment, a 65% change in prevalence difference for decreased eGFR was seen

between China and the US.

Conclusion: People in China and the US share many common risk factors for CKD, but differences in

prevalence and the potential impact of these risk factors for CKD were observed.
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C
KD is recognized as a public health problem
around the world. The burden of CKD has impli-

cations for the demand for renal replacement therapy
and is associated with a higher risk of morbidity
(especially due to cardiovascular disease), mortality,
and hospitalization.1,2 Prevalence estimates for CKD
based on population-based screening programs have
been published by a number of countries and regions,
including developed countries such as the United
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States (US), Australia, Canada, Norway, Japan, and
South Korea, as well as the developing countries such
as China and Latin America.3–10 Overall, the prevalence
of CKD is seen to vary from 8% to 16%.2 Possible
explanations for this variation include differences
in ethnicities,11,12 socioeconomic status,13,14 risk fac-
tors,6,15 and genetic susceptibility to renal damage.16,17

Moreover, definitions of CKD have varied among these
studies, and have likely influenced the true differences
in the prevalence of CKD across nations.

In this study, we sought to compare the prevalence
of CKD between China and the US, using nationally
representative datasets from each country. We postu-
lated that differences in the prevalence of CKD between
these 2 countries would not only be related to differ-
ences in the prevalence of risk factors for CKD, but
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could also be due to variations in the strength of the
associations with risk factors within each country. The
goals of our study were to compare the prevalence of
CKD, the prevalence of risk factors for CKD, and the
magnitude of the associations between the risk factors
for and prevalence of CKD between these 2 countries.

METHODS
Study Population

This study used cross-sectional data from 2 nationally
representative data sources. Data for China were taken
from the China National Survey of CKD, which has been
described in detail previously.8 In this study, a national
representative sample of adults was drawn using a
multistage, stratified sampling method. First, 13 prov-
inces from different geographical regions in China were
selected. Then 1 urban and 1 rural district were drawn
in each province, and 3 subdistricts were randomly
selected from each district. Five communities were
randomly selected from each subdistrict. Finally,
individuals were randomly chosen from each commu-
nity. Altogether, 50,550 people were invited. All on-site
screening and laboratory testing was performed between
2009 and 2010. Data for the US were taken from the
NHANES, a cross-sectional survey of the health and
nutritional status of the civilian, noninstitutionalized
population of the US. Participants are randomly selected
through a complex, multistage, cluster-sampling proba-
bility design. First, 1 county was selected from each of
15 county groups (based on their characteristics) in the
US. Twenty to 24 smaller groups (with a large number of
households in each group) were then selected from each
county. Within each group, 30 households are selected.
A computer algorithm randomly selects some, all, or
none of the household members to participate in the
survey. The survey examines a nationally representative
sample of about 5000 persons over the age of 20 years in
each cohort. Our study analyzed data from NHANES
2009 to 2010.18

In both surveys, participants completed question-
naires and underwent a medical evaluation. Partici-
pants who had missing data on serum creatinine or
albuminuria, were less than 20 years of age, or reported
being pregnant at the time of the study, were excluded
from the analysis, leaving a sample of 46,949 in-
dividuals from China and 5557 individuals from the US.
The ethics committee of Peking University Health
Science Center and the institutional review board of
University of Michigan approved the study.

Study Variables
Assessment of Kidney Damage

We used the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) creatinine equation to
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calculate the eGFR.19 Decreased eGFR was defined as
eGFR < 60 ml/min per 1.73 m2. Serum creatinine in
both NHANES and the China National Survey of CKD
was measured using a kinetic rate Jaffe method. The
creatinine calibration for NHANES 2009 to 2010 is
traceable to an isotope dilution mass spectrometry
reference method.20 Serum creatinine measurements in
the Chinese study were processed in a central labora-
tory in each enrolled province. Samples were calibrated
at the laboratory of Peking University First Hospital
(Beijing, China), where the creatinine calibration used
is traceable to the isotope dilution mass spectrometry
reference method. As a sensitivity analysis, we also
examined eGFR calculated by an equation developed
for Chinese CKD patients based on an adaptation of the
Modification of Diet in Renal Disease equation.21

Albuminuria was defined by a urine albumin to
creatinine ratio (UACR) of 30 mg/g or higher. Micro-
albuminuria was defined as an UACR of 30 mg/g to 299
mg/g, and macroalbuminuria was defined as an UACR of
300 mg/g or higher. In China, urinary albumin was
measured with immunoturbidimetric tests from a morn-
ing spot urine sample. Urinary creatinine was measured
by a kinetic rate Jaffemethod. For NHANES 2009 to 2010,
a solid-phase fluorescent immunoassay was used for the
measurement of urinary albumin from a random spot
urine sample.22 Urinary creatinine was measured using
the Roche/Hitachi Modular P chemistry analyzer (Roche
Diagnostics, Indianapolis, IN). We did not use data from
first-morning void UACR in NHANES 2009 to 2010,
because of a high percentage (15%) of missing data.

CKD was defined by the presence of either decreased
eGFR or albuminuria. Staging of CKD was done
following the Kidney Disease: Improving Global Out-
comes (KDIGO) 2012 Clinical Practice Guideline for the
Evaluation and Management of CKD.23

Assessment of Possible Risk Factors

Blood pressure was measured by trained physicians or
assistants using standard methods (mercury sphygmo-
manometry and appropriately sized arm cuffs) after 5
minutes of sitting. Multiple measurements were taken
at 5-minute intervals. The mean of the 3 measurements
of blood pressure was calculated unless the differences
among the readings were greater than 10 mm Hg. In
that case, the mean of the 2 closest readings was used.
Individuals were considered hypertensive if they had a
systolic blood pressure of 140 mm Hg or more, if they
had a diastolic blood pressure of 90 mm Hg or more, if
they reported taking antihypertensive medication at
the time of interview, or if they had a self-reported
history of hypertension. Diabetes mellitus was
defined as fasting plasma glucose of 7.0 mmol/l (126
mg/dl) or more, any use of insulin or oral hypoglycemic
Kidney International Reports (2018) 3, 1135–1143
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medication despite fasting plasma glucose level, or any
self-reported history of diabetes. Height and weight
were used to calculate body mass index (BMI; weight/
height2 [kg/m2]). Obesity was defined as BMI greater
than 25 kg/m2 for Chinese participants24 and 30 kg/m2

for NHANES participants.25 We defined central obesity
based on the measurement of waist circumference.
Waist circumference greater than 80 cm for women or
90 cm for men in Chinese population,26 or 88 cm for
women or 102 cm for men in the US population,25 were
considered to have central obesity. We used separate
cut-off values for the 2 countries in defining obesity
and central obesity to reflect ethnic diversity in body
composition. Cardiovascular disease (CVD) was defined
by the self-reported events of previous myocardial
infarction or stroke according to questionnaire re-
sponses for the question “Have you ever been diag-
nosed to have myocardial infarction or stroke?” The
definition of a current smoker was based on the answer
to the question “Do you now smoke cigarettes?” Hy-
peruricemia was defined by plasma uric acid concen-
tration greater than 422 mmol/l (7.09 mg/dl) for men
and greater than 363 mmol/l (6.10 mg/dl) for women.27

Statistical Analysis

The analysis was performed with appropriate sampling
weights in each country to obtain unbiased prevalence
estimates from complex survey design in each country.
In accordance with the NHANES analytic guidelines,
sample weights, strata, and primary sampling unit
variables were used to account for unequal probabili-
ties of selection and the multistage, stratified sample
design.28 A synthesized weight for China was calcu-
lated based on sampling weight, a nonresponse weight,
and a population weight. The weighted prevalence of
low eGFR, albuminuria, and total CKD in different
stages are reported.

Weighted logistic regression models were used
separately in each country to investigate the associa-
tions between the potential risk factors and each CKD
indicator, that is, decreased eGFR or albuminuria.
Multivariable adjusted odds ratios (ORs) were reported
with 95% confidence intervals (CIs). The candidate
variables included age, sex, black race (in the US model
only), current smoking, cardiovascular disease, CVD,
hypertension, diabetes mellitus, hyperuricemia, and
central obesity.

A combined sample dataset from both countries was
created, and multivariable modified Poisson regression
was used to estimate adjusted associations (prevalence
ratios [PRs]) for each risk factor of CKD.29 Interaction
terms between country and each risk factor were
examined in these models to evaluate differences in
effect size by country. Risk factors in the model
Kidney International Reports (2018) 3, 1135–1143
included all risk factors listed above, except smoking,
as it was not statistically significant for any of the in-
dicators of CKD in the combined dataset or that strat-
ified by country. A weighted logistic regression model
was used to explore the change in PR between coun-
tries before and after adjustment for risk factors. The
prevalence difference for indicators of CKD attributed
by the risk factors between the 2 countries was
expressed as (unadjusted PR�adjusted PR)/(unadjusted
PR�1).30

Sensitivity analyses were performed with the eGFR
calculated by the modified Modification of Diet in
Renal Disease equation for the Chinese participants and
simplified Modification of Diet in Renal Disease equa-
tion for the NHANES participants.31 All analyses were
performed using SAS version 9.4 (SAS Institute, Cary,
NC). In hypothesis testing, P values are 2-sided, and a
P value of less than 0.05 was considered significant.

RESULTS
Demographic Characteristics

Table 1 displays the weighted mean demographic
variables by country. Mean age in the Chinese popu-
lation was younger than that of the US (42.6 years vs.
47.2 years, P < 0.001). The sex distribution was similar
in the 2 national samples. The Chinese population was
shorter and slimmer compared with the US population.
The prevalence of hypertension, diabetes, CVD, hy-
peruricemia, and obesity were all higher in the US
population than those in China.

Prevalence of CKD and Distribution of Stages

Between Countries

Differences were observed in the prevalence of CKD
between countries. The adjusted prevalence of decreased
eGFR (<60ml/min per 1.73m2) in the USwas 6.5% (95%
CI¼ 5.5%�7.5%), whichwas 1.5 times higher than that
in China (2.7%, 95% CI ¼ 2.5%�2.9%, P < 0.001). In
contrast, China had an adjusted prevalence of albumin-
uria of 9.5% (95% CI ¼ 8.9%�10.0%), which
was higher than that in the US (8.1%, 95% CI¼ 6.8%�
9.4%, P ¼ 0.004). The overall prevalence of CKD was
11.6% in China and 12.9% in the US, respectively (P ¼
0.047) (Figure 1). Table 2 shows a cross-tabulation of
eGFR and albuminuria categories according to the Kid-
ney Disease: Improving Global Outcomes prognostic
classification of CKD.

Association of Risk Factors With Each Indicator

of CKD Between Countries

The results of the multivariable logistic regression
model stratified by country showing the differential
association of risk factors with each indicator of CKD
are displayed in Table 3. Older age, self-reported
1137



Table 1. Comparison of demographic characteristics in China and
United States (US)

Characteristic

China US

P valueN Mean (SE) or % n Mean (SE) or %

Age, yr 46949 42.6 (0.15) 5557 47.2 (0.51) <0.001

Male, % 46949 50.0 5557 49.0 0.06

Black, % — — 5557 10.6

Education to high
school or above

46832 31.4 5546 81.2 <0.001

Health insurance, % 45371 93.5 5552 79.1 <0.001

Height, cm 46661 161.9 (0.08) 5519 168.9 (0.21) <0.001

Weight, kg 46648 61.8 (0.10) 5522 82.2 (0.42) <0.001

BMI, kg/m2 46637 23.5 (0.03) 5514 28.7 (0.13) <0.001

Waist, cm 46148 80.6 (0.09) 5337 98.2 (0.44) <0.001

Current smoker, % 46949 24.9 5557 20.3 <0.001

Obesity, % 16617 16.6 5514 35.7 <0.001

Central obesity, % 46148 34.1 5337 53.9 <0.001

Diabetes, % 46904 5.0 5557 10.7 <0.001

Hypertension, % 46708 30.4 5557 35.1 <0.001

Systolic BP, mm Hg 46679 125.2 (0.18) 5296 120.3 (0.51) <0.001

Diastolic BP, mm Hg 46677 80.1 (0.10) 5296 69.2 (0.71) <0.001

CVD, % 42087 2.0 5557 5.2 <0.001

Triglyceride, mg/dl 46909 128.87 (1.13) 2690 127.23 (2.41) 0.60

LDL cholesterol,
mg/dl

41475 99.74 (0.35) 2642 116.02 (0.95) <0.001

HDL cholesterol,
mg/dl

41536 53.65 (0.17) 5557 53.05 (0.44) 0.12

Uric acid, mg/dl 33032 4.62 (0.01) 5557 5.47 (0.03) <0.001

Hyperuricemia, % 33032 7.9 5557 18.5 <0.001

Creatinine, mg/dl 46949 0.85 (0.002) 5557 0.88 (0.006) <0.001

eGFR, ml/min
per 1.73 m2

46949 97.3 (0.19) 5557 94.1 (0.69) <0.001

ACR, mg/g;
median [IQR])

46949 6.7 (1.91�18.62) 5557 5.97 (3.91�10.53) <0.001

ACR, urine albumin:creatinine ratio; BMI, body mass index; BP, blood pressure; CVD,
cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.
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history of CVD, diabetes, and hyperuricemia were all
independently associated with eGFR < 60 ml/min per
1.73 m2 in both countries, whereas being female was
Figure 1. Weighted prevalence of chronic kidney disease between China
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associated with decreased eGFR in China but not in the
US. Hypertension was a significant risk factor for
decreased eGFR for the US population but not in the
Chinese population. For albuminuria, both the US and
China shared the common risk factors of age, hyper-
tension, and diabetes. Although female sex and central
obesity were independently associated with albumin-
uria among the Chinese, they were not significantly
associated with albuminuria in the US population.

In Table 4, we compared PRs and the interaction of
each of the risk factors for CKD between countries in
the combined dataset from both Chinese and NHANES
participants. Age, diabetes, CVD, and hyperuricemia
were common risk factors for decreased eGFR,
whereas age, hypertension, and diabetes were com-
mon risk factors for albuminuria in both countries.
Significant interactions of age, sex, and diabetes for
decreased eGFR were found between countries (all
P values for interaction <0.05). Age and diabetes
showed a larger association with decreased eGFR in
the US than in China, whereas male sex showed a
higher protective association with decreased eGFR in
China than in the US. Regarding albuminuria, signif-
icant interactions were found between countries for
sex, hypertension, and diabetes (all P values for
interaction <0.05). There was a greater association of
hypertension with albuminuria in China than in the
US, whereas diabetes showed a greater association in
the US than in China.

Prevalence Difference Between Countries

We assessed the difference in prevalence between the
US and China attributable to CKD risk factors. After
adjusting for age and sex, the PR (China vs. US) for
decreased eGFR rose from 0.40 (95% CI ¼ 0.35L0.46)
and the United States (US).

Kidney International Reports (2018) 3, 1135–1143



Table 2. Weighted prevalence of chronic kidney disease in China and the United States

eGFR category
(ml/min per 1.73 m2)

Albuminuria category

Total
A1

(<30 mg/g)
A2

(30--299 mg/g)
A3

(‡300 mg/g)

China

$90 57.6% (56.7%–58.4%) 4.9% (4.5%–5.3%) 0.3% (0.2%–0.3%) 62.7% (61.8%–63.6%)

60–89 30.8% (30.0%–31.6%) 3.5% (3.1%–3.8%) 0.3% (0.2%–0.4%) 34.6% (33.8%–35.4%)

45–59 1.8% (1.7%–2.0%) 0.4% (0.29%–0.48%) 0.05% (0.02%–0.08%) 2.3% (2.1%–2.5%)

30–44 0.17% (0.11%–0.22%) 0.07% (0.03%–0.11%) 0.01% (0.003%–0.02%) 0.25% (0.18%–0.32%)

15–29 0.10% (0.03%–0.14%) 0.03% (0.001%–0.05%) 0.02% (0.001%–0.04%) 0.14% (0.07%–0.21%)

<15 0.02% (0.001%–0.03%) 0.005% (0.001%–0.01%) 0.01% (0.001%–0.03%) 0.03% (0.01%–0.06%)

Total 90.00% (89.44%–90.55%) 9.30% (8.76%–9.85%) 0.70% (0.56%–0.85%) 100%

United States

$90 57.3% (55.7%–58.9%) 3.0% (2.5%–3.5%) 0.2% (0.1%–0.4%) 60.6% (59.0%–62.2%)

60–89 29.8% (28.2%–31.3%) 2.6% (2.1%–3.1%) 0.5% (0.3%–0.8%) 32.9% (31.4%–34.5%)

45–59 3.6% (3.0%–4.1%) 0.7% (0.5%–0.9%) 0.1% (0.03%–0.18%) 4.3% (3.8%–4.9%)

30–44 0.9% (0.7%–1.2%) 0.5% (0.3%–0.6%) 0.06% (0.01%–0.11%) 1.5% (1.2%–1.8%)

15–29 0.3% (0.1%–0.4%) 0.2% (0.1%–0.3%) 0.1% (0.02%–0.19%) 0.5% (0.4%–0.7%)

<15 0.02% (0.000%–0.05%) 0.05% (0.000%–0.1%) 0.08% (0.06%–0.2%) 0.2% (0.06%–0.24%)

Total 91.9% (91.1%–92.7%) 7.0% (6.2%–7.7%) 1.1% (0.8%–1.4%) 100%

Data are prevalence and 95% confidence interval. eGFR, estimated glomerular filtration rate.
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to 0.57 (95% CI [ 0.48L0.67) (Table 5). After further
adjustment for hypertension, diabetes, CVD, central
obesity and hyperuricemia, PR increased to 0.79 (95%
CI ¼ 0.58L0.90), which represents a 65% change in
prevalence difference between China and the US,
indicating that approximately two-thirds of the dif-
ference in prevalence can be explained by differences
in the distributions of risk factors. After adjustment for
all these covariates, PR (China vs. US) for albuminuria
changed from 1.12 (95% CI ¼ 1.06L1.35) to 1.35 (95%
CI ¼ 1.15L1.59), suggesting that differences in risk
factors may not explain the difference in prevalence of
albuminuria observed. In the sensitivity analysis with
the eGFR calculated by the Modification of Diet in
Renal Disease equation, interaction of risk factors for
decreased eGFR between countries were also seen (see
Supplementary Table S2). After adjustment for all of
these covariates, PR changed from 0.30 (95% CI ¼
0.25L0.36) to 0.59 (95% CI ¼0.43L0.74), which
Table 3. Weighted odds ratios for decreased estimated glomerular filtrat

Risk factor

Decreased eGFR

China United States

OR 95% CI P value OR 95% CI P va

Age, per 10 yr 2.20 2.02–2.39 <0.001 3.92 3.41–4.51 <0.0

Male 0.43 0.32–0.57 <0.001 0.70 0.45–1.06 0.0

Black — — — 1.22 0.87–1.71 0.2

Smoking 0.75 0.54–1.04 0.09 1.05 0.60–1.84 0.8

Hypertension 1.04 0.77–1.24 0.16 1.48 1.09–2.37 0.0

Diabetes 1.43 1.09–2.05 0.02 1.68 1.20–2.37 <0.0

CVD 2.21 1.37–3.59 0.001 2.05 1.32–3.20 0.0

Hyperuricemia 7.22 5.50–9.47 <0.001 4.70 3.13–6.59 <0.0

Central obesity 1.08 0.85–1.37 0.52 0.81 0.61–1.07 0.1

CI, confidence interval; CVD, cardiovascular disease; OR, odds ratio.

Kidney International Reports (2018) 3, 1135–1143
represented a 41% change in prevalence difference
between China and the US.
DISCUSSION
This international study represents a comparative
epidemiologic analysis between 2 large, contempora-
neous, nationally representative samples from China
and the US, specifically with a view to (i) examining the
prevalence of CKD and its risk factors between the 2
countries, and (ii) assessing the relative strength of
associations of the established risk factors for CKD
between the 2 countries. Consistent with our hypoth-
esis, we observed a lower adjusted prevalence of
decreased eGFR in China compared to the US. On the
other hand, there was a higher adjusted prevalence of
albuminuria in China compared to the US. Importantly,
nearly two-thirds (65%) of the difference in adjusted
prevalence of decreased eGFR between the countries
ion rate (eGFR) and albuminuria by risk factors stratified by country
Albuminuria

China United States

lue OR 95% CI P value OR 95% CI P value

01 1.12 1.06–1.18 <0.001 1.20 1.11–1.30 <0.001

9 0.82 0.68–0.98 0.03 1.10 0.70–1.72 0.68

4 — — — 1.34 0.89–1.81 0.06

7 1.19 0.87–1.45 0.09 1.32 0.93–1.87 0.12

3 2.48 2.12–2.89 <0.001 1.99 1.48–2.67 <0.001

03 2.00 1.64–2.46 <0.001 2.56 2.01–3.25 <0.001

02 1.09 0.75–1.59 0.66 1.32 0.92–1.90 0.24

01 0.93 0.74–1.17 0.52 1.05 0.81–1.36 0.71

2 1.20 1.03–1.40 0.02 0.94 0.73–1.19 0.58
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Table 4. Comparison of prevalence ratios by country by risk factors
in the combined dataset for decreased estimated glomerular
filtration rate (eGFR) and albuminuria

Risk Factor

China United States
P value for
interactionPR 95% CI PR 95% CI

Decreased eGFR

Age, per 10 yr 2.07 1.98–2.16 2.61 2.38–2.87 <0.001

Male 0.60 0.53–0.68 0.85 0.69–1.05 0.005

Hypertension 1.15 0.97–1.32 1.52 1.21–2.91 0.13

Diabetes 1.13 1.03–1.28 1.48 1.29–1.61 0.03

CVD 1.36 1.12–1.65 1.39 1.18–1.64 0.87

Hyperuricemia 2.73 2.44–3.04 2.49 2.13–2.91 0.35

Central obesity 1.09 0.98–1.22 0.94 0.79–1.11 0.15

Albuminuria

Age, per 10 yr 1.15 1.12–1.18 1.15 1.08–1.22 0.94

Male 0.83 0.73–0.92 1.37 0.93–1.66 <0.001

Hypertension 2.55 2.34–2.81 1.80 1.54–2.24 0.02

Diabetes 1.73 1.56–1.92 2.32 1.96–2.76 0.01

CVD 0.94 0.81–1.13 1.06 0.85–1.21 0.51

Hyperuricemia 0.89 0.73–1.15 1.21 0.97–1.44 0.22

Central obesity 1.28 1.18–1.39 1.03 0.86–1.28 0.23

CI, confidence interval; CVD, cardiovascular disease; PR, prevalence ratio.
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was accounted for by the prevalence and magnitude of
the association of CKD with its risk factors, including
age, sex, diabetes, hypertension, central obesity, CVD,
and hyperuricemia.

One of the major differences in the prevalence of
CKD between China and the US was the much lower
prevalence of decreased eGFR in China. CKD was pre-
dominantly in the early stages (stages 1–2) in China,
which was also observed in surveys in Italy and Nor-
way.6,32 In the US, the prevalence of moderate to
advanced CKD (stages 3–5) was remarkably higher.
Compared with the US sample (mean age 47.2 years)
and the Norwegian sample (mean age 50.2 years),6 the
Chinese sample was considerably younger (mean age
42.6 years). We observed a greater association between
age and decreased eGFR in the US compared to China.
However, the age and sex differences between the
countries could explain only a smaller proportion
Table 5. Changes of prevalence ratio of chronic kidney disease
after adjustment for risk factors (China versus the United States)
Model PR (95% CI) P value

Decreased eGFR

Unadjusted 0.40 (0.35–0.46) <0.001

Adjusted for age and sex 0.57 (0.48–0.67) <0.001

Adjusted for multivariablesa 0.79 (0.58–0.90) 0.005

Albuminuria

Unadjusted 1.12 (1.06–1.35) 0.004

Adjusted for age and sex 1.44 (1.26–1.64) <0.001

Adjusted for multivariablesa 1.35 (1.15–1.59) 0.003

CI, confidence interval; eGFR, estimated glomerular filtration rate; PR, prevalence ratio.
aVariables in the model were age, sex, hypertension, diabetes, central obesity, hyper-
uricemia, and cardiovascular disease.
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(28%) of the difference in CKD prevalence. The higher
prevalence of risk factors including diabetes, hyper-
tension, central obesity, CVD, and hyperuricemia
contributed to the higher prevalence of decreased renal
function in the US.

We noticed differences in association between 2 of
the major risk factors—namely, hypertension and
diabetes—and CKD indicators, eGFR, and albuminuria.
Diabetes was much more strongly associated with both
decreased eGFR and albuminuria in the US than in
China. This could potentially be the result of the
different durations of diabetes (5.2 years for China vs.
11.7 years for the US). Hypertension was more strongly
associated with albuminuria in China than in the US.
We believe that, barring the potential influence of
genetic factors and/or the higher prevalence of
glomerulonephritis, poor control of hypertension could
likely be closely related to the greater prevalence of
albuminuria in the Chinese population. Recent analyses
have illustrated the rates of awareness, treatment, and
control of hypertension in China were 42.6%, 34.2%,
and 9.3%, respectively,33 which were all much lower
than those in NHANES 2003 to 2004 in the US, with the
corresponding rates of 66.5%, 53.7%, and 33.1%,
respectively.34 In our analysis, there was no significant
interaction of hypertension as a risk factor for
decreased eGFR between countries, but the potential
influence of hypertension on renal function in China
cannot be ignored. The average durations of hyper-
tension were 5.8 years for China and 11.7 years for the
US in our study. In a previous study, hypertension was
associated with decreased eGFR if the history of hy-
pertension exceeded 10 years in the Chinese
population.35

Central obesity is another major risk factor for
noncommunicable diseases, and was found in our
study to be independently associated with albuminuria
in the Chinese sample. Obesity may promote kidney
damage by increasing the risk of diabetes and hyper-
tension or by means of an independent pathway.
Obesity can also directly induce glomerular hyper-
perfusion and hyperfiltration, with resultant increased
urinary albumin excretion.36,37 Chinese and Caucasians
have different body fat distribution, which may not be
reflected by BMI. The Chinese have been observed to
have a greater volume of subcutaneous abdominal ad-
ipose tissue and visceral adipose tissue than individuals
of white race/ethnicity, even at the same BMI level.38

As a more sensitive parameter to reflect adiposity, we
used waist circumference instead of BMI in the current
study. Adiposity is rapidly becoming an important
public health problem in China. The prevalence of
abdominal obesity increased from 8.5% to 27.8%
among men and from 27.8% to 45.9% among women
Kidney International Reports (2018) 3, 1135–1143
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during the period of 1993 to 2009.39 Although data
from NHANES 1998 to 2008 showed an upward trend
of obesity among US males, no significant trend has
been observed among females.40 This has obvious im-
plications for the future burden of chronic diseases
such as CKD in China.

The risk factors examined in this study (diabetes,
hypertension, CVD, hyperuricemia, obesity) were
shown to explain some of the difference in prevalence
of decreased eGFR between the counties. These vari-
ables, together with age and sex, explained 65% of the
difference in prevalence. This information has public
health implications for both countries. For the US, it
provides confidence that carrying out campaigns to
prevent common chronic disorders could potentially
lower the burden of decreased renal function. For
China, owing to its changing demographic profile, it is
a warning of a future rise in the prevalence of loss of
renal function. With higher life expectancies, the
Chinese population is currently in the process of aging.
It has been estimated that by 2030, 16% of the Chinese
citizens will be 65 years or more of age, whereas in
2000, this figure was only 7%.41 Along with aging and
lifestyle changes, rapid increases in the prevalence of
noncommunicable diseases such as hypertension and
diabetes have been observed. In the 1990s, the preva-
lences of hypertension and diabetes were only 11%
and 2.5%, respectively,42,43 whereas the rates have
now reached 30% and 11.6%, respectively, in recent
surveys.33,44 A greater burden of renal functional
impairment will not only increase the burden of end-
stage kidney disease, but will also increase the risk of
premature death and/or cardiovascular events.2 The so
called “disease-multiplier” effect will additionally
consume disproportionate health care budgets and
public resources in controlling CKD.

The candidate risk factors in our studies did not
explain much of the prevalence difference of albu-
minuria between China and the US. There are other risk
factors that were not captured by our study, which
could potentially be responsible for this difference.
Previous studies indicated that the reference range for
ACR is subject to racial differences.45,46 It has been
found that the kidney risk variant of APOL1 accounted
for a large part of the disparity in the progression of
nondiabetic kidney disease among Africans but not
among Asians.47 The interaction analysis model that we
explored did not take race into account, as the racial
composition of China and the US are quite different and
are not strictly comparable. Some social�environment
factors have been reported to be associated with CKD.
Dietary patterns with higher intake of red meats,
saturated fats, and sweets were previously reported to
be associated with microalbuminuria.48 There is also
Kidney International Reports (2018) 3, 1135–1143
evidence for an association between environmental
second-hand smoking exposure and/or environmental
heavy metal exposure and/or particulate matter air
pollution and CKD.49–51

Our study has some limitations. First, the indicators
of CKD were based on single measurements. Fresh
morning urine samples were available in the Chinese
cohort, whereas random urine samples were collected
in the US NHANES sample. Given the biological vari-
ation and other pathological and physiological causes of
albuminuria, (e.g., stress, inflammation),52 repeated
measurements of ACR are recommended to avoid
overestimation of the prevalence of albuminuria.
Furthermore, differences have been observed for vari-
ability between void morning urine sample�based and
random urine sample�based estimates of albuminuria.
It is believed that the first morning sample may
correlate better with the 24-hour urine than the
random sample, but both methods have been recom-
mended by Kidney Disease: Improving Global Out-
comes.53 In addition, the methods for the measurement
of urinary albumin and creatinine and the calibration
method were not consistent between China and the US.
For the measurement of creatinine, the NHANES value
was calibrated traceable to an isotope dilution mass
spectrometry reference method. In China, the calibra-
tion was indirect, with all the central laboratories in
each province calibrating their measurements of
creatinine to Peking University First Hospital, whereas
the US measurements were calibrated to the Cleveland
Clinic Laboratory value. The discordant methodology
may introduce some bias into the results, but this
should be minimized by the fact that UACR was
analyzed as a categorical variable. Second, the defini-
tion of diabetes was based on self-reported history and
fasting plasma glucose level. Oral glucose tolerance test
results or plasma HbA1C levels were not available to
confirm the diagnosis of diabetes in the Chinese pop-
ulation. For the NHANES study, fasting plasma glucose
levels were missing in among approximately one-half
of the sample population. Therefore, the prevalence
of diabetes and its association with CKD is likely to
have been underestimated. Finally, the cross-sectional
design of the study makes it impossible to assign cau-
sality between indicators of CKD and associated risk
factors.

To the best of our knowledge, this is the first study
to directly compare the burden of CKD and its risk
factors between China and the US. The large sample
sizes and the representative sampling methodologies of
the 2 surveys added statistical power to the study.
There is a higher prevalence of early stages of CKD and
a lower prevalence of decreased renal function in China
compared to the US. This suggests there may still be an
1141
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opportunity for China to use interventional strategies
to reduce the future burden of CKD. China and the US
share many common risk factors of CKD, but with
differential prevalences and impact potentials for the
development of CKD. The precise reasons for these
observations will need to be investigated further. It
behooves public health authorities in both countries to
integrate CKD prevention programs into their national
public health surveillance and health promotion and
disease prevention programs, to control the public
health burden of noncommunicable diseases as a whole
and CKD in particular.
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