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Abstract
Strong secular declines in physical activity, increased fat and salt intake, and increased obesity,
especially abdominal obesity, mark China's recent nutrition transition. The China Health and
Nutrition 2009 Survey collected anthropometry, blood pressure, and fasting blood samples from
more than 9,000 individuals ≥ seven years of age. We focus on elevated blood pressure and
plasma markers of diabetes, inflammation, and dyslipidemia. We used international definitions of
cardiometabolic risk and estimated age- and sex-specific prevalence ratios for each outcome for
high waist circumference or overweight. We used logistic regression to assess each risk factor's
association with diet, physical activity, overweight, and abdominal obesity. Cardiometabolic risk
prevalence was high in all age groups Prevalence ratios for most risk factors were nearly doubled
for overweight or high waist circumference groups. Prevalence ratios were higher in younger than
older adults. Low physical activity consistently predicted higher cardiometabolic risk across most
outcomes and age-sex groups. The co-occurrence of overweight and high waist circumference was
highly predictive of dyslipidemia, elevated glycated hemoglobin, and diabetes. High prevalence of
cardiometabolic risk factors and their strong association with weight status and abdominal obesity
in young adults portend increases in cardiometabolic morbidity and mortality. Early interventions
will be required to reverse trends.
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Unprecedented social and economic changes in China have led to patterns of diet and
physical activity that are contributing to large increases in the prevalence of overweight and
obesity across all ages, regions, and levels of socioeconomic status.1-6 Of particular concern
is that waist circumference, an indicator of central fat distribution strongly associated with
cardiometabolic (CM) diseases, has increased disproportionately relative to overall body
mass.7 This trend is particularly alarming, since Asians are known have higher amounts of
central fat at the same body mass index (BMI) compared to Caucasian populations8-15 and
tend to develop diabetes and related diseases at a younger age and a lower BMI.16
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CM diseases (diabetes, cardiovascular diseases) have increased substantially in China,17, 18

imposing a heavy burden on its health care systems. CM diseases are now the leading cause
of morbidity and mortality in China and many other Asian countries.19, 20

Other papers in this issue document important trends in diet, physical activity, and
overweight or obesity. These changes have important implications for CM disease risk.
Much of the urban Chinese population is now characterized by low levels of physical
activity at work, as jobs have become less physically demanding,6, 21 and across China diets
are higher in fat and sodium compared to just 20 years ago.22, 23

This paper aims to document the prevalence of CM risk factors among participants in the
China Health and Nutrition Survey (CHNS) and to explore factors related to levels of risk
with a focus on high blood pressure, indicators of glucose metabolism and insulin resistance,
dyslipidemia, and inflammation. In prior publications we reported the prevalence of selected
CM risk factors according to levels of urbanization and income24 and explored patterns of
CM risk in relation to overweight with a focus on the high burden of CM risk even among
those who are not overweight.11 Here we examine differences in CM risk in relation to BMI
and waist circumference and relate CM risk to the macronutrient composition of the diet and
to levels of physical activity.

Methods
The 2009 CHNS collected fasting blood samples from more than 9,000 individuals, ages 7
yr and above. We use data on non-pregnant youths (< 18 years yr) and adults (18–98 yr)
with anthropometry (weight, height, and waist circumference) and blood pressure (n =
9,168), glycated hemoglobin (HbA1c) (n = 9,108), C-reactive protein (CRP) (n = 9,175),
and fasting glucose and lipids (n = 8,746). Laboratory analysis methods for the CM
biomarkers are described in detail elsewhere (Yan et al 2012).

We used internationally accepted definitions of CM risk. For overweight these include BMI
≥ 25 kg/m2 or the pediatric equivalent defined by the International Obesity Task Force.25

We used the waist to height ratio (WHtR) because of its strong association with diabetes in
China26 and common definition for adults and youth, with values > 0.5 indicating central
adiposity. We used International Diabetes Federation definitions27 for high blood pressure in
adults (systolic ≥ 130 or diastolic ≥ 85 or taking antihypertension medication) and for
youths, a blood pressure > 85th percentile of an age-, sex-, and height-specific US
reference.28 Lipids-related risk factors include high triacylglycerol (TAG > 150 mg/dL),
high low-density lipoprotein cholesterol (LDL > 130 mg/dL), low high-density lipoprotein
cholesterol (HDL < 40 mg/dL for men, < 50 mg/dl for youths and women), and atherogenic
dyslipidemia (high TAG and low HDL). Markers of glucose control include impaired
HbA1c (prediabetic or diabetic HbA1c ≥ 5.6%), diabetes (HbA1c ≥ 6.5%), and insulin
resistance (homeostasis model of assessment–insulin resistance, HOMA-IR > 4.65).
Inflammation is represented by high CRP (> 3 mg/dL but < 10 mg/dL).

Diet
Dietary intake was estimated from three consecutive 24-hour recalls for each individual
supplemented with a daily inventory of all available foods in the household.29, 30 We used
the three-day means of energy intake and percentage of energy intake from fat and protein in
the analyses.
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Physical Activity
Physical activity was assessed using questionnaires that probed the time spent in a typical
week at work, in leisure time, in travel, and in doing household chores. We created a
summary variable using minutes spent in each activity multiplied by metabolic equivalents
(METs) for that activity.31 Total MET minutes at work, leisure, chores, and travel were
summed and represented in models divided into physical activity quintiles. Models that
included physical activity were restricted to adults owing to the lack of comparable child
data.

Socioeconomic and Environmental Variables—We categorized level of education
for adults as less than primary school, completed primary school, completed secondary
school, and more than secondary school. We represented urbanicity categorized by quintiles
of an urbanization index reflecting population size and density and community
infrastructure.32 We represented household income, estimated from the sum of individual
incomes of all earners in the household, categorized by quintiles. We categorized age to
represent youths (7– <18 yrs) and adults (18–<35 yr, 35–<50 yr, 50–<65 yr, and over 65 or
greater yrs.

Analysis
We estimated, within age and sex strata, crude prevalence ratios for CM risk factors,
comparing rates in overweight versus normal weight and high WHtR versus normal WHtR
participants. We used sex-stratified logistic regression to assess the association of diet and
physical activity to each CM risk factor, adjusting for age, education, household income, and
level of urbanization and for the clustering of individuals within households. We also
estimated, using logistic regression, how being overweight alone, having a high WHtR
alone, or having both risk factors related to the likelihood of having each CM risk factor,
adjusted for the same factors listed above.

Results
Prevalence of Risk Factors

The prevalence of overweight and obesity is higher in middle adulthood than in youth or
young adulthood, highest in men after age 30 and women after age 40 (Table 1), but lower
in those over 65 yr. The prevalence of high WHtR consistently increased with age in men
and women. The prevalence of CM risk factors varied substantially across age and sex
groups, with consistent and marked increases with age most apparent for high blood
pressure and markers of glucose control (Figure 1).

Prevalence ratios for CM risk factors in relation to WHtR and overweight (table 1)
Prevalence ratios for high blood pressure and impaired HbA1c (pre-diabetic or diabetic)
were heterogeneous across age and sex, and were higher in young to middle aged adults
(<50yr) compared to the older age groups. On average, prevalence ratios for high blood
pressure were doubled for those with high versus normal WHtR, and 1.65 times greater for
overweight compared to normal weight individuals. For pre-diabetes and diabetes,
prevalence ratios were more than doubled for those with high WHtR, and 1.8 times higher
for overweight compared to normal weight, with significant heterogeneity across age and
sex groups. The prevalence ratio for diabetes was 3.8 for high WHtR and 2.7 for overweight.
Insulin resistance, indicated by high HOMA-IR, was 2-3 times more prevalent in those with
overweight or high WHtR with no significant heterogeneity across age and sex groups.
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Markers of dyslipidemia showed a similar pattern. High LDL was nearly 1.8 times more
prevalent in those with high WHtR and 1.4 times more prevalent in overweight individuals.
These prevalence ratios for high LDL were heterogeneous across age and sex groups with
no consistent pattern. In contrast, low HDL was about 1.6 times more prevalent with high
WHtR or overweight, and prevalence ratios were similar across age and sex groups. High
TAG was about twice as prevalent with high WHtR or overweight in males and females,
with higher prevalence ratios in those < 50 yr versus ≥ 50 yr. Atherogenic dyslipidemia was
about 2.5 times more prevalent with high WHtR or high overweight and was similar across
all age and sex groups. Prevalence ratios for CRP varied substantially among age and sex
groups, but the overall prevalence ratio was doubled for high WHtR and overweight.

Correlates of Adverse CM Risk Factors
Associations with dietary fat and physical activity (Table 2)

The main dietary exposures were macronutrient densities. Alternate models examined the
percentage of calories from fat alone or with the percentage of calories from protein,
adjusting for total energy intake. Consuming a higher percentage of calories from fat was
positively associated with an increased likelihood of having high LDL, high TAG, and high
CRP in females only and with having low HDL in males. A higher percentage of energy
intake from protein, adjusted for the percentage of calories from fat, was associated with
increased risk of overweight, high WHtR, and atherogenic dyslipidemia in males and
impaired HbA1c, high HOMA-IR, and high LDL in females. For example, an increase of 10
percentage points in energy intake from fat (consistent with the increase between 1991 and
2011 from 22% to 32% of energy intake from fat reported by Barry M. Popkin in this issue)
is related to an 8% increase in the likelihood of having high LDL among females. A 1
percentage point increase in the percentage of calories from protein (consistent with the
increase between 1991 and 2011 from 12% to 13%) was associated with a 4% increase in
risk of high LDL in females or of having atherogenic dyslipidemia in males.

Physical activity was inversely associated with all adverse outcomes and showed a clear
dose response with most outcomes, with risk being reduced in the highest compared to the
lowest quintile by 30–45%. Higher physical activity was similarly associated with lower CM
risk in males and females.

Associations with high WHtR and overweight (Table 3)
In sex-stratified logistic regression models adjusted for age, income, urbanicity, and
education, we compared the odds of having a CM risk factor in those who had high WHtR
only, overweight only, and overweight plus high WHtR to those with neither condition.
Overweight alone was not related to high blood pressure or high LDL. In contrast, high
WHtR significantly predicted all CM risk factors. The combination of overweight and high
WHtR was a particularly powerful predictor of outcomes related to glucose control. The
combination of these two risk factors was associated with a three to five times greater
likelihood of elevated HbA1c, diabetes, and insulin resistance. There was not a marked
synergism of WHtR and overweight for LDL compared to measures of glucose control.
High WHtR and overweight were each independently associated with low HDL, high TAG,
and atherogenic dyslipidemia, with synergistic effects of weight status and central obesity
demonstrated by much higher odds ratios for males and females with both conditions.

Discussion
The high prevalence of CM risk factors even among youths and young adults portends high
morbidity and mortality from diabetes and cardiovascular disease in China. Estimated
prevalence rates from the CHNS are comparable to those from several other large
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population-based studies in China,18, 33 and the results emphasize the need for early life
prevention and intervention. Currently 80% of diabetes deaths occur in low- and middle-
income countries,34and China has experienced recent, rapid increases in diabetes and other
CM diseases.35-38 There are clear disparities in diabetes39-41 and other noncommunicable
diseases by sociodemographic and urbanization-related factors18, 42 across China.

Most of the risk is hidden, because owing to inadequate screening more than half of the high
blood pressure and diabetes risk indicated by the measurements included in the CHNS was
undiagnosed or unrecognized by participants.43 This poses particular challenges and high
costs for an overburdened health care system.44

Our work has important implications for intervention. Higher levels of physical activity
were quite consistently associated with reduced prevalence of CM risk factors. Another
paper in this issue shows clearly that occupation and domestic activities are by far the largest
contributors to physical activity among adults, and these types of activity decreased
significantly between 1991 and 2011.45 Moreover reduction in physical activity has
important implications for weight gain, as shown in prior longitudinal analyses of the
CHNS.6 As occupational physical activity declines with increased technological
development,46 it becomes even more important to increase leisure time physical activity to
promote good health.

Similarly dietary trends have important implications for CM diseases. The percentage of
calories from fat in the diet increased from 22% in 1991 to 32% in 2011. We showed that
this level of change was associated with an 8% increase in the likelihood of having high
LDL in women. Given that younger, more urban females have higher fat intakes, this
finding has important implications. In general our observed associations with diet were
weaker than those reported in another large national study in 2002 in China that collected
dietary data using a food frequency questionnaire.47 For hypertension, sodium intake may be
especially important. Recently Du and colleagues48 noted high risks associated with sodium
and the sodium-potassium ratio, a critical issue, since by age 50 about half of the adults in
the CHNS had raised blood pressures.

The increases in the prevalence of overweight and obesity and in particular the increases in
abdominal obesity in China have very strong implications for CM diseases. We showed that
the prevalence ratios for many CM risk factors were nearly doubled for overweight
individuals and especially for those with abdominal obesity marked by high WHTR. The
higher prevalence ratio for younger participants suggests that the CM risks of overweight are
even greater for younger individuals, even though the prevalence of risk in this age group is
lower than that among older participants. Again this emphasizes the importance of early
obesity prevention. A recent paper by our group has shown dramatic increases in waist
circumference over the past two decades in China and also a higher waist circumference–
BMI ratio over this period at all BMI levels.49 The risks associated with high waist
circumference11, 50 and the synergistic effects of overweight and high waist circumference51

are well-known from other large studies in China. We found that the risk of diabetes, insulin
resistance, and atherogenic dyslipidemia was about four times greater among overweight
adults with a WHtR compared to those with neither risk factor. Overweight alone, even
using a BMI cutpoint of 25 kg/m2 was not significantly associated with risk of elevated
blood pressure or high LDL. Given the small number of youths with adverse CM outcomes
in each exposure category, we were not able to estimate comparable models for youths.

The present analysis has several limitations that will be addressed by future work with this
important sample. We currently have only one round of biomarker data, precluding analysis
of risk incidence. However, a future round of data collection is anticipated. In our analysis
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of diet we focused only on macronutrient densities. A high percentage of energy intake from
fat can reflect intake of atherogenic as well as healthy fats. Across all levels of percentages
of energy intake from fat, about 60% came from plant sources and 40% from animal
sources. Future work will examine fat and carbohydrate compositions of the diet to identify
specific atherogenic components.

Despite these limitations our work on the prevalence of CM risk in this population clearly
demonstrates the health consequences of China's rapid nutrition transition. At the same time
it identifies possible avenues for prevention in the future.
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TAG triacylglycerol

LDL low-density lipoprotein cholesterol

HDL high-density lipoprotein cholesterol

AD atherogenic dyslipidemia

HOMA-IR homeostasis model of assessment–insulin resistance

MET metabolic equivalent
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Figure 1. Prevalence of selected cardiometabolic factors, by age, China 2009
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