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Abstract

Background: Cardiovascular disease (CVD) and obesity are now common among Chinese. We aimed to examine
secular trends in the prevalence of low risk profile and to examine whether comparable changes in the prevalence
of low risk profile across waist circumference (WC) groups and body mass index (BMI) categories have occurred.

Methods: We used data from the nationwide China Health and Nutrition Survey conducted in 1993, 1997, 2000,
2004, 2006, and 2009. There were 7274, 8368, 9369, 8948, 8786, and 9278 participants included in the analyses across
the six study periods. We created an index of low risk factor burden from the following variables: not currently
smoking, BMI < 25 kg/m? WC < 90/80 cm in men/women, untreated systolic/diastolic blood pressure < 120/80 mmHg,
and not having been previously diagnosed with diabetes.

Results: During the period of 1993-2009, the age-adjusted prevalence of low risk profile decreased from 16.2 to 11.5%
among men and from 46.3 to 34.6% among women (both P < 0.001); Similar significant trends were observed in all
age groups, rural/urban settings, education groups, WC status and BMI categories. The change in the prevalence of low
risk profile was more striking among obese persons (P for interaction terms cohort *BMI were < 0.001). In 2009, 2.0 and
25.6% among central obese men and women had a low risk profile; Of note, was that 0.1 and 0.3% general obese men

and women had a low risk profile.

Conclusions: The prevalence of low risk profile declined considerably over the past 17 years in all demographic
groups, WC status, and BMI categories. Public health prevention strategies are urgently needed.
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Background

Over the past 2 decades, the mortality from cardiovascular
disease (CVD) have declined in the United States [1] and
most Western European countries [2]. By contrast, CVD
mortality rates are still rising in China [3]. With the
economic development and accelerated pace of nutrition
transition in China [4], the number of people suffering
from prehypertension/hypertension, prediabetes/diabetes,
and/or dyslipidemia have been growing larger [5-8]. This
phenomenon indicates a further increase in CVD mortal-
ity rates in the near future. Estimating the secular trends
in the prevalence of major CVD risk factors can partly
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explain the trends in CVD mortality rates [1,9]. Besides,
monitoring the trends in the prevalence of CVD risk
factors in the population may provide information on
knowing how much progress in reducing the CVD
mortality remains to be potentially achieved, and offer
an opportunity for intervention in clinical practice and
public health campaigns. However, little information is
available on recent national estimates of trends in the
prevalence of CVD risk factors in China. In addition,
the prevalence of central obesity assessed by elevated waist
circumference (WC) and general obesity assessed by
elevated body mass index (BMI), important risk factors
for CVD, have increased dramatically in China over the
past 2 decades [10]. The association between obesity
trends and other CVD risk factors is scant in China.
Accumulating evidence showed that individuals with
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low levels of cardiovascular risk factors experience low
rates of subsequent cardiovascular mortality [11-13].
Hence, we took advantage of the data from currently
available waves of the China Health and Nutrition Survey
(CHNS) to describe the secular trends in the prevalence of
low risk factor burden and further to assess whether com-
parable changes in the prevalence of low risk factor burden
across WC groups and BMI categories have occurred.

Methods

Study design

The CHNS is the only large-scale longitudinal, household-
based survey in China [14]. The CHNS was designed to
represent a set of large provinces with significant variation
in terms of geography, economic development, and health
status, covering approximately 56% of China’s population,
including Liaoning, Heilongjiang, Jiangsu, Shandong,
Henan, Hubei, Hunan, Guangxi, and Guizhou. The CHNS
waves were conducted in 1989, 1991, 1993, 1997, 2000,
2004, 2006, 2009 and 2011. For each wave, a stratified
multistage, random cluster process was employed to draw
study sample from each of the nine provinces. Counties in
the nine provinces were stratified by income (low, middle
and high) and a weighted sampling scheme was used
to select randomly four counties in each province. Full
details of the CHNS have been described elsewhere [14].
Each participant provided a written informed consent
and the study was approved by the institutional review
committees of the University of North Carolina at Chapel
Hill, the National Institute of Nutrition and Food Safety,
Chinese Center for Disease Control and Prevention, and
the China-Japan Friendship Hospital, Ministry of Health.

Study population

Since WC was collected initially in 1993, we examined
data from CHNS: 1993, 1997, 2000, 2004, 2006, and 2009.
All participants were asked to complete a structured ques-
tionnaire which provided information on age, sex, rural/
urban settings, educational attainment, smoking habits,
histories of current and previous illness, and medical
treatment. There were 8,321, 10,551, 9,688, 9,813, 9,752
and 10,038 participants included in 1993, 1997, 2000,
2004, 2006 and 2009 surveys, respectively. Participants
were eligible in the present analysis if they were 18 years
or older. Exclusion criteria included pregnancy, no infor-
mation on age, WC, weight, height or blood pressure. The
analytic sample sizes were 7274 (87.4%) for 1993, 8368
(79.3%) for 1997, 9369 (96.7%) for 2000, 8948 (91.2%) for
2004, 8786 (90.1%) for 2006, and 9278 (92.4%) for 2009.
The percentages of women and rural residents remained
relatively stable during the period covered by the surveys
(P for trend > 0.05).
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Measurements

Weight, height, WC and blood pressure (BP) were mea-
sured following standardized protocols from the World
Health Organization (WHO) [15]. Weight was measured
with the participants wearing light clothing and height
was measured without shoes. BMI was calculated as
weight (in kilograms) divided by the square of height
(in meters). WC was measured with an inelastic tape at
a midpoint between the bottom of the rib cage and the
top of the iliac crest at the end of exhalation. Seated
systolic/diastolic BP was measured by trained technicians
in triplicate after a 10-min rest, using mercury manome-
ters. The three readings were averaged as the BP values
in our data analysis. All physical examinations were
performed at the same location and followed the same
protocol at each study visit.

Definitions

Low risk factor burden

According to the American Heart Association’s (AHA)
definition of “ideal cardiovascular health metrics” [16] and
results from previous studies [17-19], we created an index
of low risk factor burden from the following variables: not
currently smoking, BMI < 25 kg/m? WC <90 cm for men
and < 80 cm for women, untreated systolic BP < 120 mmHg
and diastolic BP <80 mmHg, and not having been previ-
ously diagnosed with diabetes. The simultaneous presence
of the 5 health metrics mentioned above represents low
risk profile. When we examined trends in low risk factor
burden by WC groups, we defined the low risk profile
as the simultaneous presence of not currently smoking,
BMI <25 kg/m?, untreated systolic/diastolic BP < 120/
80 mmHg, and not having been previously diagnosed
with diabetes. Similarly, when we examined trends in
low risk factor burden by BMI categories, we defined
the low risk profile as the simultaneous presence of not
currently smoking, WC<90/80 c¢cm for men/women,
untreated systolic/diastolic BP < 120/80 mmHg, and not
having been previously diagnosed with diabetes. Not
currently smoking was defined as having not ever smoked
or having smoked less than 100 cigarettes, but not at the
time of the interview.

General obesity and central obesity

According to WHO suggestions [20], normal weight is
defined as BMI <25 kg/m? overweight is defined as
BMI of 25-29.9 kg/m? and general obesity is defined as
BMI>30 kg/m?® According to WHO suggestions for
Asians [19], central obesity is defined as WC > 90 c¢cm for
men and > 80 ¢cm for women.

Statistical analysis
All statistical analyses were conducted using SPSS soft-
ware (version 12.0 for windows; SPSS, Chicago, IL, USA).
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Categorical variables were presented as percentages.
Analyses were stratified by sex, age groups (18-44
years, 45-64 years, and 65-118 years), urban/rural
settings, and educational attainment (less than high
school, high school, and university). Because the mean
age increased successively from 1993 to 2009 (P < 0.001),
to maximize the comparability between surveys, all survey
data (i.e. the prevalence of low risk profile) were age-
standardized to the age distribution of 2000 census of the
Chinese adult population by the direct method. Trends in
the prevalence of low risk profile and its components from
1993 to 2009 were assessed by Cochran-Armitage trend
testing. To assess if changes between the first and last
surveys differed by WC group or BMI categories, logistic
regression analysis was utilized to examine potential inter-
action effects between cohort and WC status or between
cohort and BMI categories. A two-tailed P value of < 0.05
was considered to be significant.

Results

Detailed information on trends in the age-standardized
prevalence of low risk profile across the 6 consecutive
CHNS waves were illustrated by sex, age, rural/urban
settings, and educational attainment in Figure 1. Although
the prevalence of low risk profile among women approxi-
mately tripled those among men in each survey (P < 0.001),
similar significant trends were observed in men and
women, with the prevalence of low risk profile decreased
from 16.2 in 1993 to 11.5% in 2009 among men, and
from 46.3 to 34.6% among women (both P for nonlinear
trend < 0.001). The prevalence of low risk profile decreased
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over the study period in all age groups, rural/urban settings,
and education groups (all P for trend < 0.001). Notably,
the change in the prevalence of low risk profile was
more striking among rural residents than that among
urban counterparts (P < 0.001 for interaction terms cohort *
rural/urban settings). For each survey, the prevalence of
low risk profile declined linearly with age (P for linear
trend < 0.001 for each survey); In addition, the prevalence
of low risk profile was much higher among participants in
the highest education group (university) than those among
participants in middle education group (high school) or
those in the lowest education group (less than high school)
(P<0.001 for each survey).

Trends in the age-adjusted prevalence of 5 compo-
nents of the low risk profile were assessed separately
in Additional file 1. The 5 components did not move
uniformly during the period 1993-2009, with the trend
in the prevalence of not currently smoking increased
(P<0.001), and the trends in the prevalence of other
low risk factors decreased over time (all P < 0.05). Similar
directions of the trends for each individual component of
the low risk profile were observed in all demographic
groups (all P<0.05). The age-adjusted prevalence of
not currently smoking and untreated SBP/DBP < 120/
80 mmHg among women significantly exceeded those
among men in each survey (P < 0.001 for each survey).

Between 1993 and 2009, although the rate of not cur-
rently smoking among men with WC <90 c¢m increased
(Table 1), the interaction between WC and cohort on
the proportion of not currently smoking was not statisti-
cally significant (P=0.18). Although the prevalence of
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Figure 1 Trends in the age-adjusted prevalence of low risk profile by sex, age, rural/urban setting, and educational attainment: the
CHNS 1993-2009. The low risk profile was defined as the simultaneous presence of not currently smoking, body mass index < 25 kg/m?, waist
circumference < 90/80 cm in men/women, untreated systolic/diastolic blood pressure < 120/80 mmHg, and not having been previously
diagnosed with diabetes.
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Table 1 Trends in prevalence of low risk profile and its components by waist circumference (WC) status*

1993 1997 2000 2004 2006 2009 At P for trend* pS
Men The simultaneous presence of 4 health metrics' (%)
WC <90 cm 175 164 169 14.5 165 15.0 =25 <0.001 0.64
WC 290 cm 42 4.7 3.7 5.1 34 20 =22 0.004
Not currently smoking (%)
WC <90 cm 37.7 409 426 434 457 438 6.1 <0.001 0.18
WC 290 cm 429 465 50.1 520 50.7 50.6 77 0.140
Body mass index <25 kg/m? (%)
WC <90 cm 92.8 92.5 90.1 87.8 87.8 89.0 -38 0.0151 0.39
WC 290 cm 446 28.7 32.7 357 284 268 -178 <0.001
Untreated systolic/diastolic blood pressure <120/80 mmHg (%)
WC <90 cm 500 42. 412 373 386 37.2 -128 <0.001 032
WC 290 cm 232 19.1 180 16.5 19.1 17.8 54 0.006
Not having been previously diagnosed with diabetes (%)
WC <90 cm 100.0 99.7 99.6 99.3 98.8 98.7 -13 <0.001 0.92
WC 290 cm 99.9 99.0 99.1 97.9 973 96.3 -36 <0.001
Women The simultaneous presence of 4 health metrics' (%)
WC <80 cm 60.9 533 548 523 55.1 550 =59 <0.001 0.06
WC 280 cm 30.7 240 250 24.8 252 256 =51 <0.001
Not currently smoking (%)
WC <80 cm 95.7 95.7 96.4 96.9 97.2 976 19 0.0209 0.94
WC 280 cm 95.8 95.6 95.5 96.8 976 97.6 18 <0.001
Body mass index <25 kg/m? (%)
WC <80 cm 95.0 94.9 93.8 94.4 94.0 95.7 0.7 0.158 045
WC 280 cm 594 546 527 514 539 550 -44 0.0126
Untreated systolic/diastolic blood pressure <120/80 mmHg (%)
WC <80 cm 65.1 575 59.2 56.2 589 578 -73 <0.001 0.21
WC 280 cm 476 40.1 420 430 40.1 39.2 -84 <0.001
Not having been previously diagnosed with diabetes (%)
WC <80 cm 100.0 99.5 99.5 99.3 994 99.1 -09 <0.001 0.95
WC 280 cm 100.0 99.2 98.8 98.7 98.1 98.0 -20 <0.001

*Estimates are weighted to be representative of the Chinese population aged 18 to 118 years.

The sixth survey-the first survey (2009-1993);

*Trends in prevalence of low risk profile and its components from 1993 to 2009 were assessed by Cochran-Armitage trend testing;

Sp for survey * WC interaction terms comparing the first and sixth surveys;

IThe simultaneous presence of not currently smoking, BMI <25 kg/m?, untreated systolic/diastolic BP < 120/80 mmHg, and not having been previously diagnosed

with diabetes.

BMI <25 kg/m? untreated systolic/diastolic BP < 120/
80 mmHg, not having been previously diagnosed with
diabetes, and the low risk profile (the simultaneous pres-
ence of not currently smoking, BMI < 25 kg/m?, untreated
systolic/diastolic BP < 120/80 mmHg, and not having been
previously diagnosed with diabetes) were higher among
cohorts of men with WC <90 cm, we found significantly
decrease in rates of them irrespective of WC category
(P for interaction terms cohort * WC =0.39, 0.32, 0.92,
and 0.64, respectively) (Table 1); The age-adjusted
prevalence of the low risk profile decreased from 17.5

in 1993 to 15.0% in 2009 among normal-WC men and
from 4.2 in 1993 to 2.0% in 2009 among central obese
men (both P<0.001). There was a marked decrease in the
rate of BMI < 25 kg/m”> among women with WC > 80 cm,
however, cohort * WC interaction terms comparing the first
and sixth surveys were not statistically significant (P for
interaction terms cohort * WC =0.45), indicating that
secular declines in the rate of BMI < 25 kg/m? did not differ
by WC group. Although the prevalence of not currently
smoking, untreated systolic/diastolic BP <120/80 mmHg,
not having been previously diagnosed with diabetes, and
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the low risk profile were higher among women with
WC <80 cm, significantly decrease in rates of them,
irrespective of WC category were noted (P for interaction
terms cohort * WC=0.94, 045, 0.95, and 0.06, respect-
ively). The age-adjusted prevalence of low risk profile
decreased from 60.9% in 1993 to 55.0% in 2009 among
normal-WC women and from 30.7% in 1993 to 25.6%
in 2009 among central obese women (both P < 0.001).
To explore the contribution of body weight to declines
in the prevalence of low risk profile and its components,
we examined the prevalence of low risk profile and its
components by BMI category (Table 2). Between 1993
and 2009, the age-adjusted prevalence of WC < 90/80 cm
for men/women, untreated systolic/diastolic BP <120/
80 mmHg, not having been previously diagnosed with
diabetes, and the low risk profile (the simultaneous pres-
ence of not currently smoking, WC < 90/80 cm for men/
women, untreated systolic/diastolic BP < 120/80 mmHg,
and not having been previously diagnosed with diabetes)
decreased among all BMI groups for both men and
women. However, most of the absolute reductions in
the prevalence of low risk profile and its components
occurred among the general obese group (all P for
interaction terms cohort * BMI < 0.05). The prevalence
of the low risk profile decreased from 11.8 in 1993 to
0.1% in 2009 among obese men and from 21.4 in 1993
to 0.3% in 2009 among obese women (both P < 0.001).

Discussion
In the present study, the prevalence of low risk profile
and its components decreased significantly during the
period covered by the surveys irrespective of demographic
groups, WC status, and BMI categories. In 2009, only
11.5% of men and 34.6% of women had a low risk profile.
In addition, the proportion of low risk profile and its
components was significantly lower in central obese
persons, with 2.0% and 25.6% of central obese men and
women had a low risk profile, respectively; Furthermore,
absolute reductions in the prevalence of low risk profile
and its components between 1993 and 2009 were greater
for obese persons, with 0.1% and 0.3% of general obese
men and women had a low risk profile, respectively. Our
results emphasize the great potential for preventing an un-
expectedly huge burden of CVD that remains to be realized
in China. This is, to our best knowledge, the first Chinese
population-based long-term study to show secular trends
in the prevalence of low risk profile and its components.
Few other studies on estimates of point prevalence of
CVD risk factors in nationally representative Chinese
population were available [21-23]. All these studies ex-
amined 5 modifiable CVD risk factors, namely smoking,
overweight/obesity, systolic/diastolic BP > 140/90 mmHg,
dyslipidemia, and diabetes, and yielded estimates of the
rates of low risk factor burden ranging from 7.5% to
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10.5% among men and 19.4% to 28.7% among women.
Another 2 community-based studies examined 7 modifiable
CVD risk factors, namely inadequate physical activity,
unhealthy diet, overweight/obesity, systolic/diastolic
BP >140/90 mmHg, dyslipidemia, and hyperglycemia.
These two studies showed lower rates of low risk factor
burden, with the prevalence ranging from 0.06 to 2.7%
among men and 0.26 to 6.9% among women [24,25].
By contrast, our present study saw a relatively higher
prevalence of low risk factor burden, with the prevalence
of 11.5% among men and 34.6% among women in 2009.
One possible explanation for this issue may be the fact
that self-reported diabetes is not a reliable measure as it
suggests an underestimation of the diabetes epidemic.
Another explanation might be that we covered no infor-
mation on physical activity, diet, and the lipid profile.
However, we extended the CVD risk factors to cover
central obesity in view of the independent predictive
value of excessive WC for CVD [18,26]. Including normal
WC as a potential marker for the definition of low risk
profile may be nondiscriminatory in the identification of
individuals with low risk profile as BMI correlated well
with WC. However, results of our recent study showed
that among those identified to have general or central
obesity based on a combination of BMI > 28 kg/m? and
WC>90/80 cm, approximately two thirds of individuals
with obesity would be missed if WC was not measured
[27]. Hence, we included normal WC as a marker for the
definition of low risk profile. Furthermore, more stringent
systolic/diastolic BP <120/80 mmHg cut points rather
than the systolic/diastolic BP < 140/90 mmHg cut points
were applied in our current study to define the low risk
profile in accordance with the AHA definition of “ideal
cardiovascular health factors” [16]. Our data, together
with those of previous researches provide evidence that
individuals with multiple favorable CVD risk factors
clustered is uncommon in China. Our finding that the
low risk profile in women is approximately 3 times of
men is in line with most other studies conducted in
China [21-25]. Studies from other countries have also
seen a larger percentage of women with low risk profile
compared with men [28-30]. In our present study, the
significantly lower rates of not currently smoking and
untreated systolic/diastolic BP < 120/80 mmHg among
men may probably account for the gender difference in
the prevalence of low risk profile.

Our finding that older individuals saw a lower prevalence
of low risk profile compared with younger counterparts is
also consistent with previous research [22,23]. China has
experienced rapid increase in national wealth over the past
20 years, the consequence of which is that lifestyle and
the inhabitant environment (e.g. increase in energy intake)
have changed dramatically. Older populations within this
transitional country, who have traditionally suffered from
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Table 2 Trends in prevalence of low risk profile and its components by body mass index (BMI) categories*

1993 1997 2000 2004 2006 2009 At P for trend* ps
Men The simultaneous presence of 4 health metrics" (%)
BMI < 25 kg/m? 182 169 173 150 17.1 152 -30 <0.0001 0.0044
BMI 25-29.9 kg/m2 6.8 4.1 8.2 50 58 44 -24 0.0427
BMI = 30 kg/m? 118 1.1 23 37 32 0.1 =117 <0.0001
Not currently smoking (%)
BMI < 25 kg/m2 378 40.8 426 429 444 427 49 0.0002 0.1098
BMI 25-29.9 kg/m? 416 473 50.5 510 534 533 1.7 <0.0001
BMI = 30 kg/m? 50.8 55.1 473 534 55.9 49.7 -1 0.1338
Waist circumference < 90 cm (%)
BMI < 25 kg/m? 95.6 954 922 89.9 911 89.6 -6.0 <0.0001 0.0009
BMI 25-29.9 kg/m2 58.1 399 439 425 385 324 =257 <0.0001
BMI =30 kg/m2 64.0 484 173 26.0 193 3.7 -60.3 <0.0001
Untreated systolic/diastolic blood pressure <120/80 mmHg (%)
BMI <25 kg/m2 50.0 427 410 376 39.5 380 =120 <0.0001 0.0391
BMI 25-29.9 I<g/m2 290 195 257 17.1 216 179 =111 <0.0001
BMI = 30 kg/m? 426 229 14.1 13.1 125 92 -334 <0.0001
Not having been previously diagnosed with diabetes (%)
BMI <25 l<g/m2 100.0 97.0 935 99.0 98.6 98.7 -13 <0.0001 < 0.001
BMI 25-29.9 kg/m? 99.2 96.6 93.7 979 98.0 96.4 -28 <0.0001
BMI = 30 kg/m? 99.9 98.5 93.0 92.8 980 916 -83 0.0002
Women The simultaneous presence of 4 health metrics' (%)
BMI < 25 kg/m? 535 46.6 47.0 429 446 426 -109 <0.0001 0.0013
BMI 25-29.9 kg/m? 156 15.1 106 100 9.7 9.1 -59 <0.0001
BMI =30 kg/m2 214 10.7 11.0 16.3 58 03 =21.1 <0.0001
Not currently smoking (%)
BMI < 25 kg/m? 95.8 95.7 96.1 96.9 97.7 97.7 19 0.0021 09113
BMI 25-29.9 kg/m2 96.4 955 95.2 96.9 97.7 97.8 14 0.0168
BMI = 30 kg/m’ 89.8 92.7 96.3 96.2 88.7 822 76 04429
Waist circumference < 80 cm (%)
BMI <25 kg/m2 80.7 80.2 76.2 74.0 726 69.1 =116 <0.0001 0.0035
BMI 25-29.9 kg/m2 27.5 255 238 154 16.3 14.1 -134 <0.0001
BMI =30 kg/m2 352 16.0 27.5 20.7 20.0 0.7 -345 <0.0001
Untreated systolic/diastolic blood pressure <120/80 mmHg (%)
BMI < 25 kg/m? 63.3 55.7 580 54.8 564 54.6 -87 <0.0001 0.0029
BMI 25-29.9 kg/m2 459 40.1 36.7 419 376 379 -80 <0.0001
BMI =30 kg/m2 369 30.2 313 49.7 183 15.1 =218 0.0002
Not having been previously diagnosed with diabetes (%)
BMI < 25 kg/m? 100.0 96.7 95.7 989 989 98.7 -13 <0.0001 < 0001
BMI 25-29.9 kg/m2 994 96.2 94.3 98.2 98.2 98.0 =14 <0.0001
BMI = 30 kg/m? 95.8 89.1 93.8 97.2 923 79.7 -16.1 <0.0001

*Estimates are weighted to be representative of the Chinese population aged 18 to 118 years.

The sixth survey-the first survey (2009-1993);

*Trends in prevalence of low risk factor profile and its components from 1993 to 2009 were assessed by Cochran-Armitage trend testing;

Sp for survey * BMI interaction terms comparing the first and sixth surveys;

IThe simultaneous presence of not currently smoking, WC < 90/80 cm, untreated systolic/diastolic BP < 120/80 mmHg, and not having been previously diagnosed
with diabetes.
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facing famine, may eventually come to experience the
highest risk for suffering from obesity, diabetes, hyperten-
sion, and so on. At the same time, China is experiencing
rapidly aging population, which is expected to drastically
decrease the frequency of low risk profile, too. Decreasing
prevalence of low risk profile combined with the aging
population indicate that urgent implementation and pre-
vention programs in older adults should be prioritized.
Furthermore, our finding that the prevalence of low risk
profile decreased more rapidly among rural residents.
Unfavorable trends in 3 factors contributed to this issue:
BMI<25 kg/m? WC<90/80 cm, and untreated SBP/
DBP < 120/80 mmHg. Given its large population living in
rural region, China may bear a relatively higher burden of
CVD events. Finally, our finding that a lower prevalence
of low risk profile observed in participants in the lowest
education group indicates that the CVD burden also
affects the lower social classes as education is a good
indicator of socioeconomic status.

Obesity is the predominant factor for the development
of diabetes, hypertension, and dyslipidemia [31-33]. The
cause of the reductions in the prevalence of low risk
profile and its components is likely related to changes in
the prevalence of obesity. Despite the rapid increase in
the prevalence of central and general obesity in China,
previous studies have not reported the relationship of
obesity status with trends in the prevalence of low risk
profile and its components in China. We found that
central obese persons had considerably lower prevalence
of these outcomes compared with normal-WC persons. In
addition, the trends in the prevalence of low risk profile
and its components varied by BMI categories, with general
obese individuals seeing the most dramatic change. These
data suggest that increasing body weight may have fueled
declines in the incidence of low risk profile and its
components. Hence, urgent implementation of prevention
programs in central obese and general obese persons
should be prioritized and increasing attention to obesity
among patients and providers may lead to increased
opportunistic screening of individuals with low risk
profile in health care settings.

Our study has several limitations. First, the sample is
partial nationally representative as only nine of China’s
31 provinces are included, and therefore, extrapolating
results to the whole of China should be interpreted
cautiously. Second, other variables such as lipid profile,
dietary intake, and physical activity, which have important
impact on the prevalence of low risk profile, were not
considered. Third, estimates across subgroups should
also be interpreted with caution because of the limited
sample size. Nevertheless, our study has several strengths
including a vigorous quality assurance program and the
same strict methodology used to ensure the quality of the
data collection over the entire study period.
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Conclusions

In the present study, we found that the low risk profile
and its components significantly deteriorated irrespective
of gender, age groups, rural/urban settings, education
groups, WC status, and BMI categories. Central obese
and general obese persons desire greater concern. Given
that primordial prevention holds great opportunities for
decreasing the CVD burden, public health management to
provide strategies for adequate risk assessment and further
preventative strategies to improve the health status are
urgently needed.

Additional file

Additional file 1: Table S1. Trends in prevalence of the 5 components
of the low risk profile*.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

XFY, TTD conceived the study. XXS, TTD and PY completed all statistical
analyses. XXS and TTD drafted the manuscript. XFY, GY, XRZ, and MXZ
contributed to the discussion. XFY revised the manuscript. All authors have
read and approved the final manuscript.

Acknowledgements

We thank the China Health and Nutrition Survey, supported by the NIH
(RO1-D30880, DK056350 and RO1-HD38700), and the National Institute of
Nutrition and Food Safety, China Center for Disease Control and Prevention,
Carolina Population Center, the University of North Carolina at Chapel Hill
and the Fogarty International Center for providing the data used here. We
also thank the China-Japan Friendship Hospital and Ministry of Health for
support for CHNS 2009 survey. The study was supported by National Natural
Science Foundation of China 30772207. All errors are the authors’ alone.

Author details

'Department of Endocrinology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, 1095#, Jiefang Road,
Wuhan 430030, China. “Department of Anesthesiology, School of
Stomatology, Fourth Military Medical University, Xi'an 710032, China.
®Department of Epidemiology and Biostatistics, School of Public Health,
Tongji Medical College, Huazhong University of Science and Technology,
Wuhan 430030, China.

Received: 15 July 2013 Accepted: 28 August 2014
Published: 16 September 2014

References

1. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH,
Capewell S: Explaining the decrease in U.S. deaths from coronary
disease, 1980-2000. N Engl J Med 2007, 356:2388-2398.

2. Kesteloot H, Sans S, Kromhout D: Dynamics of cardiovascular and
all-cause mortality in Western and Eastern Europe between 1970 and
2000. Eur Heart J 2006, 27:107-113.

3. Beaglehole R: Global cardiovascular disease prevention: time to get
serious. Lancet 2001, 358:661-663.

4. Zhai F, Wang H, Du S, He Y, Wang Z, Ge K, Popkin BM: Prospective study
on nutrition transition in China. Nutr Rev 2009, 67(Suppl 1):556-S61.

5. Yang W, Xiao J, Yang Z, Ji L, Jia W, Weng J, Lu J, Shan Z, Liu J, Tian H, Ji Q,
Zhu D, Ge J, Lin L, Chen L, Guo X, Zhao Z, Li Q, Zhou Z, Shan G, He J:
Serum lipids and lipoproteins in Chinese men and women. Circulation
2012, 125:2212-2221.

6. Yang W, Lu J, Weng J, Jia W, Ji L, Xiao J, Shan Z, Liu J, Tian H, Ji Q, Zhu D,
Ge J, Lin L, Chen L, Guo X, Zhao Z, Li Q, Zhou Z, Shan G, He J: Prevalence


http://www.biomedcentral.com/content/supplementary/1471-2458-14-961-S1.doc

Du et al. BMC Public Health 2014, 14:961
http://www.biomedcentral.com/1471-2458/14/961

20.

21.

22.

23.

24.

25.

of diabetes among men and women in China. N Engl J Med 2010,
362:1090-1101.

Xi B, Liang Y, Reilly KH, Wang Q, Hu Y, Tang W: Trends in prevalence,
awareness, treatment, and control of hypertension among Chinese
adults 1991-2009. Int J Cardiol 2012, 158:326-329.

Gu D, Reynolds K, Wu X, Chen J, Duan X, Reynolds RF, Whelton PK, He J:
Prevalence of the metabolic syndrome and overweight among adults in
China. Lancet 2005, 365:1398-1405.

Unal B, Critchley JA, Capewell S: Modelling the decline in coronary heart
disease deaths in England and Wales, 1981-2000: comparing contributions
from primary prevention and secondary prevention. BMJ 2005, 331:614.

Xi B, Liang Y, He T, Reilly KH, Hu Y, Wang Q, Yan Y, Mi J: Secular trends in
the prevalence of general and abdominal obesity among Chinese adults,
1993-2009. Obes Rev 2012, 13:287-296.

Khaw KT, Wareham N, Bingham S, Welch A, Luben R, Day N: Combined
impact of health behaviours and mortality in men and women: the
EPIC-Norfolk prospective population study. PLoS Med 2008, 5:212.

King DE, Mainous AG 3rd, Geesey ME: Turning back the clock: adopting a
healthy lifestyle in middle age. Am J Med 2007, 120:598-603.

Chiuve SE, McCullough ML, Sacks FM, Rimm EB: Healthy lifestyle factors in
the primary prevention of coronary heart disease among men: benefits
among users and nonusers of lipid-lowering and antihypertensive
medications. Circulation 2006, 114:160-167.

Popkin BM, Du S, Zhai F, Zhang B: Cohort Profile: The China Health and
Nutrition Survey-monitoring and understanding socio-economic and
health change in China, 1989-2011. Int J Epidemiol 2010, 39:1435-1440.
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, lzzo JL Jr, Jones DW,
Materson BJ, Oparil S, Wright JT Jr, Roccella EJ: The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure: the JNC 7 report. JAMA 2003, 289:2560-2572.
Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L,
Greenlund K, Daniels S, Nichol G, Tomaselli GF, Arnett DK, Fonarow GC, Ho
PM, Lauer MS, Masoudi FA, Robertson RM, Roger V, Schwamm LH, Sorlie P,
Yancy CW, Rosamond WD: Defining and setting national goals for
cardiovascular health promotion and disease reduction: the American
Heart Association’s strategic Impact Goal through 2020 and beyond.
Circulation 2010, 121:586-613.

Jacobs EJ, Newton CC, Wang Y, Patel AV, McCullough ML, Campbell PT,
Thun MJ, Gapstur SM: Waist circumference and all-cause mortality in a
large US cohort. Arch Intern Med 2010, 170:1293-1301.

Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C, Kahn R:
Waist circumference and cardiometabolic risk: a consensus statement
from Shaping America’s Health: Association for Weight Management
and Obesity Prevention; NAASO, The Obesity Society; the American
Society for Nutrition; and the American Diabetes Association. Am J Clin
Nutr 2007, 85:1197-1202.

Alberti KG, Zimmet P, Shaw J: The metabolic syndrome-a new worldwide
definition. Lancet 2005, 366:1059-1062.

World Health Organization Expert Committee: Physical status: the use and
interpretation of anthropometry. Report of a WHO Expert Committee.
World Health Organ Tech Rep Ser 1995, 854:1-452.

Wu Z, Yao C, Zhao D, Wu G, Wang W, Liu J, Zeng Z: Cardiovascular disease
risk factor levels and their relations to CVD rates in China-results of
Sino-MONICA project. Eur J Cardiovasc Prev Rehabil 2004, 11:275-283.

Gu D, Gupta A, Muntner P, Hu S, Duan X, Chen J, Reynolds RF, Whelton PK,
He J: Prevalence of cardiovascular disease risk factor clustering among
the adult population of China: results from the International
Collaborative Study of Cardiovascular Disease in Asia (InterAsia).
Circulation 2005, 112:658-665.

Yang ZJ, Liu J, Ge JP, Chen L, Zhao ZG, Yang WY: Prevalence of
cardiovascular disease risk factor in the Chinese population: the
2007-2008 China National Diabetes and Metabolic Disorders Study.

Eur Heart J 2012, 33:213-220.

Wu S, Huang Z, Yang X, Zhou Y, Wang A, Chen L, Zhao H, Ruan C, Wu Y,
Xin A, Li K, Jin C, Cai J: Prevalence of ideal cardiovascular health and its
relationship with the 4-year cardiovascular events in a northern Chinese
industrial city. Circ Cardiovasc Qual Outcomes 2012, 5:487-493.

Ouyang X, Lou Q, Gu L, Mo Y, Nan JH, Kong AP, So WY, Ko GT, Ma RC,
Chan JC, Chow CC, Bian R: Cardiovascular disease risk factors are highly
prevalent in the office-working population of Nanjing in China. Int J
Cardiol 2012, 155:212-216.

26.

27.

28.

29.

30.

32.

33.

Page 8 of 8

Canoy D: Distribution of body fat and risk of coronary heart disease in
men and women. Curr Opin Cardiol 2008, 23:591-598.

Du T, Sun X, Yin P, Huo R, Ni C, Yu X: Increasing trends in central obesity
among Chinese adults with normal body mass index, 1993-2009.

BMC Public Health 2013, 13:327.

Ford ES, Li C, Zhao G, Pearson WS, Capewell S: Trends in the prevalence of
low risk factor burden for cardiovascular disease among United States
adults. Circulation 2009, 120:1181-1188.

Reeves MJ, Rafferty AP: Healthy lifestyle characteristics among adults in
the United States, 2000. Arch Intern Med 2005, 165:854-857.

Vartiainen E, Laatikainen T, Peltonen M, Juolevi A, Mannisto S, Sundvall J,
Jousilahti P, Salomaa V, Valsta L, Puska P: Thirty-five-year trends in
cardiovascular risk factors in Finland. Int J Epidemiol 2010, 39:504-518.
Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C, Kahn R:
Waist circumference and cardiometabolic risk: a consensus statement
from shaping America’s health: Association for Weight Management and
Obesity Prevention; NAASO, the Obesity Society; the American Society
for Nutrition; and the American Diabetes Association. Diabetes Care 2007,
30:1647-1652.

Janssen |, Katzmarzyk PT, Ross R: Waist circumference and not body mass
index explains obesity-related health risk. Am J Clin Nutr 2004, 79:379-384.
Snijder MB, Zimmet PZ, Visser M, Dekker JM, Seidell JC, Shaw JE:
Independent and opposite associations of waist and hip circumferences
with diabetes, hypertension and dyslipidemia: the AusDiab Study. Int J
Obes Relat Metab Disord 2004, 28:402-409.

doi:10.1186/1471-2458-14-961

Cite this article as: Du et al.: Secular trends in the prevalence of low risk
factor burden for cardiovascular disease according to obesity status
among Chinese adults, 1993-2009. BMC Public Health 2014 14:961.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Study population
	Measurements
	Definitions
	Low risk factor burden
	General obesity and central obesity

	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

