826

Asia Pac J Clin Nutr 2016;25(4):826-840

Original Article

Obesity, non-communicable disease (NCD) risk factors
and dietary factors among Chinese school-aged children
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Background and Objectives: China’s nutrition transition is characterized by dramatic increases in overweight
and cardiometabolic (CM) risk. The burden of obesity, CM risk factors and dietary intake among Chinese chil-
dren were explored. Methods and Study Design: Children 7-12 y old from the 2009 China Health and Nutrition
Survey with available dietary intake data, anthropometry, blood pressure, and fasting blood samples were includ-
ed (n=663). CM risk prevalence was calculated; logistic regression was used to investigate the association of nu-
trient intakes with CM risk, adjusting for age, gender, physical activity, area of residence and income. Results:
14% of Chinese school-aged children and ~20% of those from urban areas and higher income households had
overweight/obesity (p<0.05). The prevalence of prehypertension was ~20% while hypertension was 14%. Around
20% of all children and >30% of those from urban areas and higher income households had impaired glu-
cose/HbAlc (p<0.05). More than half of the studied children had pre-dyslipidemia (i.e. at least one lipid meas-
urement above borderline levels) and 21% of children had dyslipidemia. Approximately 30% of all children had
energy intakes above requirements and 38% of them had excessive proportions of dietary fat and saturated fat.
Children with higher intakes of total daily energy and total and added sugars had a greater likelihood of having
impaired blood pressure and glucose/HbAlc. Conclusions: Childhood overweight and CM risk is prevalent in
urban and rural areas of China and across different socioeconomic groups although disparities between classes

still pervade. Several dietary factors such as sugars were significant correlates of CM risk.
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INTRODUCTION
Coincident with a rapid social and economic transition in
China, the rates of childhood overweight and obesity have
increased across all age and socioeconomic (SES)
groups.'™ These trends have been remarkably notable in
highly urbanized areas,® where traditional diets and pat-
terns  of physical activity have shifted more
dramatically.>® China’s eating patterns are currently mov-
ing towards higher intake of fat, animal-source and pro-
cessed foods, away-from-home eating and snacking.®*
Important increases in the prevalence of non-
communicable disease (NCD) risk factors have been doc-
umented in parallel with these changes.**'* In 2009,
around 42% of Chinese children and adolescents present-
ed at least one cardiometabolic (CM) risk factor such as
hypertension, diabetes or dyslipidemia. Overall weight
status, abdominal obesity and low physical activity were
strong predictors of CM risk.*’ These observed trends
reveal the expanding burden of NCDs and their associat-
ed risks of morbidity and mortality in modernizing China.
The Chinese paediatric population is of special concern,
not only because of their increasing rates of NCDs, but
also because the high-risk lifestyle patterns that currently
affect child health may continue tracking into adulthood

or even worsen. To date, few studies have investigated
NCDs and associated factors in China,*’ but none has
focused exclusively on children to explore the prevalence
of obesity and CM risk factors and their relationship with
selected dietary factors.

The present study used measures of dietary intake (i.e.
energy, macro- and micronutrients), body composition
(i.e. height and weight), blood pressure (BP) (i.e. systolic
BP and diastolic BP), plasma markers of glucose (i.e.
fasting glucose and Haemoglobin Alc (HbAlc)) and lipid
metabolism (i.e. total cholesterol (TC), low-density (LDL)
and high-density (HDL) lipoprotein cholesterol and tri-
glycerides (TG)) from a sample of children 7-12 y who
participated in the 2009 China Health and Nutrition Sur-
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vey. The prevalence of CM risk factors and mean dietary
intakes across strata of urban vs rural areas and income
groups was calculated. Associations between macro- and
micronutrient intakes and obesity and CM risk factors
were also explored. This study provides current data on
the burden of overweight and NCDs among Chinese
school-age children and brings further insights into the
importance of some nutrients in the etiology of these
chronic conditions. It is essential to understand and rec-
ognize the role of these nutrients on child health, as some
of them are increasingly becoming an important part of
the Chinese diet over the past decades.®’

MATERIAL AND METHODS
Study population: the China Health and Nutrition Sur-
vey (CHNS)
The present study used the 2009 CHNS, a large-scale on-
going longitudinal household-based cohort established in
China in 1989."""* The CHNS was based on a multi-stage
random cluster process implemented to randomly select
individuals from 228 communities in 9 provinces from a
wide range of economic and demographic categories.
Since the baseline survey, the CHNS has only collected
blood samples in 2009. Dietary intake, anthropometric
measures, blood pressure and detailed individual, house-
hold and community sociodemograpic data were collect-
ed by trained interviewers at each home visit spanning 3
days.'* The sample analyzed in this cross-sectional study
includes children aged 7-12 from the 2009 CHNS (n=663)
with available anthropometric data. Survey instruments,
protocols and informed consents were approved by the
institutional review committee of the University of North
Carolina at Chapel Hill, the National Institute of Nutrition
and Food Safety, the Chinese Center for Disease Control
and Prevention, and the China-Japan Friendship Hospital,
Ministry of Health.

Anthropometry and cardiometabolic (CM) disease risk
factors

Anthropometric measurements were collected in light
clothes and without shoes: weight was measured to the
nearest 0.1 kg using a calibrated scale; height was meas-
ured to the nearest 0.2 cm using a portable Seca stadiome-
ter (Seca North America, Chino, CA, USA). Body mass
index was calculated dividing weight (kg) by the squared
height (m). The International Obesity Task Force body
mass index (BMI) cut points by age and sex'” were used
to classify children according to their weight status. Un-
derweight, normal weight, overweight and obesity cut-
points correspond to an adult BMI of 18.5 (underweight),
25 (overweight) and 30 (obesity).

Fasting blood samples and blood pressure were ob-
tained from individuals >7-y who visited a neighbour-
hood clinic. Protocols and laboratory analysis methods
are explained in detail elsewhere.* For blood pressure, the
mean of 3 measurements collected after a 10-min seated
rest was used. The present study focuses on systolic (SBP)
and diastolic blood pressure (DBP); biomarkers of glu-
cose metabolism including fasting glucose and haemo-
globin Alc; and biomarkers of dyslipidemia including
total cholesterol, low-density and high-density lipopro-
tein cholesterol and triglycerides.

Internationally accepted cutoff values of CM risk were
used to classify children in this study. For blood pressure,
age- and gender-specific BP reference standards for Chi-
nese children were used to define pre-hypertension (>90"
percentile of SBP, DBP or both) and hypertension (>95%
percentile of SBP, DBP or both).'® For impaired glucose
metabolism, the criteria defined by the American Diabe-
tes Association for increased risk of diabetes was used
(fasting glucose >5.55 mmol/L (100 mg/dL) and HbAlc
>5.7%)."” For dyslipidemia, pediatric-specific cutoff val-
ues defined by the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Cholesterol Levels in
Children were used: borderline values TC >4.40 mmol/L
(170 mg/dL), LDL >2.84 mmol/L (110 mg/dL), HDL
<1.16 mmol/L (45 mg/dL), TG >0.85 mmol/L (75 mg/dL)
for 0-9y and >1.02 mmol/L (90 mg/dL) for 10-19y; high
values TC >5.17 mmol/L (200 mg/dL), LDL >3.36
mmol/L (130 mg/dL), HDL <0.91 mmol/L (35 mg/dL),
TG >1.13 mmol/L (100 mg/dL) for 0-9 y and >1.47
mmol/L (130 mg/dL) for 10-19 y."'* Pre-dyslipidemia
was defined as having at least one marker exceeding bor-
derline cutoff values, whereas dyslipidemia was defined
as having at least one marker exceeding high cutoff val-
ues.

Dietary intake measurements

Dietary intake was self-reported by children >12 y or by
the child’s caregiver for children <12 y of age,® and was
collected using three consecutive 24-h recalls plus sup-
plemental information from a daily household food inven-
tory. The 3-day average of energy and nutrient intakes
was used for this analysis.

The present study reported total daily energy and mac-
ronutrients (i.e. protein, total fat and carbohydrates), total
and added sugars, saturated fat, monounsaturated fat, pol-
yunsaturated fat, sodium and potassium. The latest Chi-
nese food composition table was used, which includes
approximately 2,500 foods.*® For nutrients that were not
available in the Chinese FCT, such as saturated fat, total
and added sugars, nutrient values were used from the
USDA Food and Nutrient Database for Dietary Studies
(FNDDS) or the National Nutrient Database for Standard
Reference (SR),”' which were matched as closely as pos-
sible with foods in the Chinese food composition table.

To investigate the prevalence of inadequate or exces-
sive intakes, the Chinese Dietary Reference Intakes (DRIs)
were used to calculate the proportion of participants
above and below defined Chinese DRI cutoff values.”> To
examine if children were in energy balance, total energy
intakes by age group were evaluated against Estimated
Energy Requirements (EER) cutoffs for light physical
activity (PA). Light PA cutoffs were used because our PA
measurement was insufficient to classify children with
light, moderate or heavy PA, and because low PA levels
have been previously reported among children in the
CHNS.” Nutrient adequacies were evaluated using Esti-
mated Average Requirements (EAR) and Acceptable
Macronutrient Distribution Ranges (AMDR).** Proposed
Intakes for Preventing Non-communicable Chronic Dis-
eases (PI-NCD), a Chinese dietary goal for disease pre-
vention, was used to study the % of the population with
excessive intakes of sodium and potassium.?
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Socioeconomic (SES) variables and physical activity
(PA)

Demographic characteristics were collected for each indi-
vidual at home visits, including age, gender, area of resi-
dence; plus net household income and education of the
primary caregiver (Additional table 1). Based on popula-
tion density, area of residence was categorized as urban
or rural by calculating the total population of the commu-
nity divided by the total community area from official
records. Total net household income was calculated as the
sum of incomes of all earners in the household, and was
divided into tertiles for a proxy of lower, medium and
higher income.

Daily PA was measured using questionnaires that col-
lected the time spent in all activities in a typical week,
including work, leisure, travel and household chores. A
summary measure expressed as total metabolic equiva-
lents (METs) was created multiplying the time spent in
each activity by the METs of each activity.

Statistical analyses

Statistical analyses were performed using Stata (Release
13.0, Stata Corp., College Station, TX, USA). For de-
scriptive analyses, results are presented as crude preva-
lences or population means (SD) or (SE). Means and
prevalences were calculated within strata of area of resi-
dence, income and weight status. Differences between
groups of urban/rural, gender, income and weight status
were tested using Student’s ¢ test for means or X test for
prevalence data. Logistic regression models were used to
investigate the association of nutrient intakes with each
CM risk factor, adjusting for age, gender, PA, area of
residence and income. A p value of 0.05 was set to denote
statistical significance.

RESULTS

Prevalence of cardiometabolic risk factors
Approximately 14% of Chinese school-aged children
were overweight or obese (Table 1). The prevalence was
nearly 20% among children from urban areas and those
from higher income households (p<0.05) (Figure 1). The

Table 1. Prevalence (%) of cardiometabolic risk factors among children 7-12, (CHNS 2009)

Prevalence of risk factor

Weight status, n=613 Mean+SD % Overweight/obesity
Body mass index (kg/m?) 16.7+3.09 14
% Underweight 25
% Normal weight 61
% Overweight 11
% Obesity 3
Blood pressure, n=499 Mean+SD % Pre-HTN % HTN
SBP (mmHg) 95.6+12.9 19 14
% >90" 7
% >95" 4
DBP (mmHg) 64.4+9.46
% >90" 17
% >95" 14
Glucose metabolism, n=379 Mean+SD % Impaired glucose/HbAlc
Fasting blood glucose mmol/L (mg/dL) 4.93+0.99 (88.8+17.9) 26
% >5.55 mmol/L (100 mg/dL) 9
Haemoglobin Alc (%) 5.31+0.56
% =5.7% 20
Lipid metabolism, n=379 Mean+SD % Pre-dyslipidemia % Dyslipidemia
TC mmol/L (mg/dL) 3.96+0.69 (153+26.8) 55 21

% >4.40 mmol/L (170 mg/dL)

% >5.17 mmol/L (200 mg/dL)
LDL mmol/L (mg/dL)

% >2.84 mmol/L (110 mg/dL)

% >3.36 mmol/L (130 mg/dL)
HDL mmol/L (mg/dL)

% <1.16 mmol/L (45 mg/dL)

% <0.91 mmol/L (35 mg/dL)
TAG mmol/L (mg/dL)

% >0.85-1.02 mmol/L (75-90 mg/dL)
% >1.13-1.47 mmol/L (100-130 mg/dL)

23

4

2.20+0.62 (85.0+£23.8)
13

3

1.48+0.32 (57.2+12.3)
14

2

0.96+0.84 (85.1£74.0)
36
17

Weight status was classified using the International Obesity Task Force international age- and sex-specific BMI cut-points; which corre-
spond to an adult BMI of 18.5 (underweight), 25 (overweight) or 30 (obesity). For blood pressure, age- and gender-specific BP reference
standards for Chinese children were used to define pre-hypertension (>90th percentile of SBP, DBP or both) and hypertension (>95%
percentile of SBP, DBP or both).'® For impaired glucose metabolism, criteria defined by the American Diabetes Association was used for
increased risk of diabetes (fasting glucose >5.55 mmol/L and HbAlc >5.7%)."” For dyslipidemia, pediatric-specific cutoff values were
defined by the National Cholesterol Education Program (NCEP) Expert Panel on Cholesterol Levels in Children: borderline values TC
>4.40 mmol/L, LDL >2.84 mmol/L, HDL <1.16 mmol/L, TAG >0.85 mmol/L for 0-9 y and >1.02 mmol/L for 10-19 y; high values TC
>5.17 mmol/L, LDL >3.36 mmol/L, HDL <0.91 mmol/L, TAG >1.13 mmol/L for 0-9 y and >1.47 mmol/L for 10-19 y."*'* Pre-
dyslipidemia was defined as having at least one marker above borderline cutoff values, whereas dyslipidemia was defined as having at

least one marker above high cutoff values. Values are mean+SD and %.
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Figure 1. Prevalence (%) of cardiometabolic risk factors, A (by area of residence) and B (by income) among children 7-12 y who partici-
pated in the China Health and Nutrition Survey in 2009. Ow/Ob: overweight/obesity; PreHTN: pre-hypertension; HTN: hypertension;

ImpGLU: impaired glucose/HbAlc; PreDYSLIP: pre-dyslipidemia; DYSLIP: dyslipidemia.

"Significantly different between urban vs.

rural; or between lower vs. middle or higher income, Student’s ¢ test, p<0.05.

prevalence of prehypertension was almost 20% while
hypertension was 14%. Around 1 in 4 children had im-
paired glucose or HbAlc; >30% of children from urban
areas and higher income households had impaired glucose
or HbAlc (p<0.05). The prevalence of high triglycerides
was 17% whereas the prevalence of children with lipid
values exceeding borderline cut-points was 23% for total
cholesterol, 13% for LDL and 14% for HDL. More than
half of the studied children had pre-dyslipidemia (i.e. at
least one lipid measurement exceeding borderline lipid
cut-points) and 21% of children had dyslipidemia (i.e. at
least one lipid measurement exceeding high lipid cut-
points).

Nutrient intakes and dietary adequacy

Total daily energy and nutrient intakes are presented in
Table 2. Intake of energy most macro- and micronutrients
was significantly higher among urban compared to rural
children and among children from higher income com-
pared to lower income households (p<0.05). Approxi-
mately 30% of all children had energy intakes above es-
timated energy requirements and around 38% of them had
% total fat and % saturated fat above established AMDR
ranges (Figure 2, Additional table 2). More than 60% of
the studied children had sodium intakes above Chinese

Proposed Intake cut-points.

Significant differences were found in the prevalence of
excessive intakes between children from urban vs rural
areas and from higher vs lower income households re-
garding percentage of carbohydrate, total fat and saturat-
ed fat intakes (Additional table 2) (p<0.05). The preva-
lence of inadequate intakes of protein, carbohydrates and
fat was significantly higher among children from rural vs.
urban areas and lower vs higher income households
(p<0.05).

Dietary correlates of adverse cardiometabolic risk

Logistic regression analyses were adjusted by gender, age,
physical activity, area of residence and income to com-
pare the odds (OR, 95%CI) of having a CM risk factor in
those who had a higher vs. middle or lower intakes of
energy and selected macro- and micronutrients (Figure 3,
Additional table 3). Higher intakes of total daily energy,
total and added sugars were associated with an increased
likelihood of having prehypertension. Higher intakes of
total and added sugars were also associated with higher
odds of having hypertension and impaired glu-
cose/HbAlc. The associations found between polyunsatu-
rated fat and prehypertension; and total sugar and over-
weight and obesity were non-significant after further ad-
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Table 2. Daily intake of energy (kcal), macro- (g) and micronutrients (mg) by area of residence and income among

children 7-12 y (CHNS 2009)

Total children Urban Rural
n=658 n=142 n=516
Mean SE Mean SE Mean SE
Energy (kcal/d) 1,540 18.7 1,624 46.7 1,517 20.0°
Macronutrients (g/d)
Protein 50.8 0.77 56.8 2.00 49.1 0.80"
Carbohydrates 228 2.87 225 6.53 229 3.20
Total sugars 20.7 0.71 25.1 1.60 19.5 0.78"
Added sugars 7.37 0.41 8.83 0.79 6.97 0.48
Total fat 473 1.13 55.3 2.46 45.1 1.26"
Saturated fat 124 0.30 14.8 0.62 11.8 0.33"
Monounsaturated fat 18.8 0.49 22.0 1.05 18.0 0.56"
Polyunsaturated fat 12.5 0.33 14.5 0.74 12.0 0.37°
Micronutrients (mg/d)
Sodium 2,540 86.9 2,902 240 2,440 88.6"
Potassium 1,274 25.9 1,353 49.4 1,252 30.0
Lower income Middle income Higher income
n=218 n=217 n=214
Mean SE Mean SE Mean SE
Energy (kcal/d) 1,509 29.6 1,486 31.9 1,636 35.6°
Macronutrients (g/d)
Protein 47.1 1.05 50.0 1.31 55.8 1.58"
Carbohydrates 231 4.96 222 4.97 231 5.14
Total sugars 17.5 1.03 18.9 1.09 26.3 1.47°
Added sugars 6.91 0.67 6.02 0.59 9.31 0.88"
Total fat 43.8 1.78 44.2 1.92 54.5 2.16"
Saturated fat 11.3 0.43 11.5 0.52 14.7 0.58"
Monounsaturated fat 17.8 0.80 17.7 0.88 21.3 0.90"
Polyunsaturated fat 12.2 0.58 11.6 0.53 14.0 0.62°
Micronutrients (mg/d)
Sodium 2,592 154 2,347 135 2,693 165
Potassium 1,142 28.2 1,281 47.2 1,417 54.8"

Estimates presented as mean+SE.

*Signiﬁcantly different between urban vs. rural; or between lower vs middle or higher income, Student’s ¢ test, p<0.05.

justment for total daily energy intake, suggesting a poten-
tial mediating effect of energy intake on those outcomes.
Those in the middle tertile of intake of total daily energy,
saturated and monounsaturated fat had a lower likelihood
of having impaired glucose/HbA 1c, while those with me-
dium intakes of protein had lower odds of having pre hy-
pertension and hypertension.

In supplemental analyses mean intakes and dietary ad-
equacy of total daily energy and selected macro- and mi-
cronutrients are reported among children with over-
weight/obesity (Additional table 4) and those with im-
paired blood pressure, glucose and lipid markers com-
pared to those without the condition (Additional table 5).
Mean intake of total sugar and added sugars was signifi-
cantly higher among overweight/obese children compared
to normal weight, and among children with impaired glu-
cose/HbAlc compared with those with normal values
(»<0.05). Children with prehypertension had higher val-
ues of total daily energy and most macro- and micronutri-
ents compared to those with normal blood pressure
(p<0.05).

DISCUSSION

This research focused on obesity and CM risk factors in
association with energy and macro- and micronutrients
among Chinese school-age children. Firstly, high preva-
lences were found for the selected CM risk factors in our

sample of children 7-12-y old. Approximately 14% of
children had overweight/obesity or hypertension; 26%
had impaired glucose/HbAlc and 21% had dyslipidemia.
More than half of the sample had at least one lipid value
exceeding the established borderline cutoffs. Among
children from urban areas and higher income households,
the prevalence of some of these risk factors was even
higher. Several dietary factors such as sugars were found
as important correlates of CM risk in our sample of Chi-
nese school-age children.

Children and adolescents 2-18-y old in China have ex-
perienced a steady increase in overweight and obesity
since 1991'** with the younger cohorts examined in this
study representing a major upward shift in weight and
BMI from earlier cohorts.”” In 2011, the prevalence of
overweight and obesity was 19% among children 7-12-y
old %, and was approximately 27% among those from
urban areas (unreported results). Furthermore, it has been
observed that younger generations are becoming adults
with higher BMIs than earlier generations. For example,
at age 10, the average BMI was 3 units higher in 2009
than in 1991."* Remarkably, in 2006, 6-10-y old children
at the 95" centile had a BMI of 25, which was compara-
ble to older children and adolescents. At age 6, the mean
BMI at the 95" centile was 2.6 units higher compared to
US children, suggesting that the Chinese paediatric popu-
lation could become soon one of the heaviest across the
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Figure 2. Prevalence (%) of excessive intakes of energy, total fat, saturated fat and sodium, A (by area of residence) and B (by income)
among children 7-12 y who participated in the China Health and Nutrition Survey 2009. Estimates presented as %. Excessive intakes
were calculated using EER for energy, AMDR for total fat and saturated fat, and Chinese Proposed Intakes (PI-NCD) for sodium; 2014
Dietary Reference Intakes for the Chinese Population. *Signiﬁcantly different between urban vs. rural; or between lower vs. middle or

higher income, Student’s ¢ test, p<0.05.

globe.”

These increases in weight are consistent with the ob-
served elevated prevalence of CM risk factors in Chinese
children and adolescents over the same time
period.**!'1>2° At least 42% of children and adolescents
7-18-y old had one or more CM risk factors in 2009. The
prevalence of pre-diabetes as measured by impaired
HbAlc was 15% among 7-18-y-olds,* whereas ~20% of
7-12-y-olds in our sample had impaired HbAlc, suggest-
ing that the risk of diabetes might be even higher among
younger children compared to adolescents. The rates of
diabetes (HbAlc >6.5%) and inflammation (CRP >3
mg/dL) were higher in the CHNS adolescent population
compared to adolescents from the U.S. or other Asian

countries.” In the context of the dramatic economic and
environmental changes in China, these larger increases in
weight and CM risk factors among younger children sug-
gest that newer generations might be experiencing more
profound health consequences than adolescent genera-
tions. Since children at the upper end of the distribution
are heavier than ever before and given the higher risk of
NCDs at lower BMIs among Asians,”’ it is important to
act rapidly in order to improve the future health status of
Chinese children.

These patterns of increased overweight and CM risk
factors among Chinese children have shown critical dis-
parities by area of residence and income as seen
before.** Although we found overall higher prevalences
among children from urban areas and higher income
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Figure 3. Logistic regression models of CM risk factors as outcomes: odds ratios (95% CI) for the associations with daily nutrient intakes,
A (total daily energy) B (total daily sugar) C (total daily added sugar), among children 7-12 years, 2009 CHNS. *0dds Ratios from lo-
gistic regression models, adjusted by gender, age, physical activity, area of residence and income. Nutrient intakes modeled as tertiles
(low, medium and high intake). “Ow/Ob: overweight/obesity; PreHTN: pre-hypertension; HTN: hypertension; ImpGLU: impaired glu-

cose/HbAlc; PreDYSLIP: pre-dyslipidemia; DYSLIP: dyslipidemia.

households, the proportion of rural and lower income
children presenting overweight, obesity and CM risk fac-
tors was still high. This is consistent with previous studies
that reported higher prevalence of overweight/obesity
among children from urban areas and higher income
households,>**’ and also with others that showed rapid
increases in overweight and CM risk in less urban areas
and across all income levels.** As economic development
reaches a broader area, even rural or less developed popu-
lations will be exposed to more obesogenic environ-
ments,”” which may contribute to the shifting burden of

NCDs from the rich to the poor across China.>*'

This study showed important associations with dietary
factors that portend significant implications for NCDs.
About one in three children had daily energy intakes
above requirements and ~50% of those from urban areas
and higher income households had excessive intakes of
fat and saturated fat. These findings are consistent with
the observed changes in child dietary habits over the past
two decades in China.’ Traditional dietary patterns and
cooking methods have been shifting towards increased
intakes of fried food, animal-sourced foods, snacks and
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away-from-home meals.”®*' Higher incomes and lower
prices of edible oils and animal foods have contributed to
these new patterns in China.***

Children with higher intakes of energy and sugars had
a greater likelihood of having impaired blood pressure
and glucose/HbAlc. The relationship between sugar and
hypertension has recently been emphasized in a meta-
analysis of RCTs that found a positive association with
sugar-sweetened beverages (SSBs).** Sugar might in-
crease blood pressure through weight change but also
through its association with salt intake and processed
foods.”** In addition, high sugar intake could potentially
trigger a brain response that increases heart rate and blood
pressure, although other plausible mechanisms include
decreased sodium excretion and impaired renin-
angiotensin system.’**® Although no association with
sodium or potassium among Chinese children was found
in the current study, Du and colleagues have shown that
sodium intake and the sodium-potassium ratio was asso-
ciated with hypertension in Chinese adults.** These re-
sults still have implications for intervention because more
than 60% of children in this sample had mean sodium
intakes above the Chinese Proposed Intakes, which is set
as a dietary goal for disease prevention. In contrast, con-
sistent with a nutrient-balanced diet, normal intakes of
total daily energy, protein and saturated and monounsatu-
rated fat (as represented by the middle tertile) were asso-
ciated in this study with lower likelihood of presenting
some of these CM risks. This research generally showed a
more critical role of total and added sugars on CM risk. In
the context of a decreasing trend in sodium intake in Chi-
na,” individuals might be turning to high sugar and/or
high fat diets,"*’ so “Westernized” dietary patterns rich in
processed foods, SSBs and snacks coupled with sedentary
lifestyles may be responsible for the higher risk of obesity
and NCDs.*"*

The present work used the CHNS, a unique household-
based cohort with a wide variability in urbanization, eco-
nomic development and health indicators across
China.'*'" Its main advantages are the availability of SES,
nutrient intake and health data for an important sample of
children in China. However, a limitation of the CHNS is
the lack of survey weights to obtain nationally representa-
tive results, even though the CHNS captures different
demographic and geographical areas, including urban and
rural communities and neighborhoods.'* The study design
is cross-sectional so causal inference is limited. In addi-
tion, health data (blood pressure and biomarkers) was
missing for a small proportion of the sample and was
completely unavailable for children <6-y, which is an
important group to understand the burden of pediatric
obesity and NCDs in China. Also, although dietary meas-
urement in the CHNS was time consuming, expensive,
and required trained field workers; these efforts were
found to be positive because the combination of 24-hr
recalls and detailed household food inventory improved
the quality of individual dietary data compared to a single
24-hr recall.**® However, self-reported dietary intake
and physical activity measurements might still be affected
by measurement error. Another limitation was the overall
small power to detect significant associations with dietary
factors, although the sample size was generally adequate

to address the rest of the hypotheses. Additional stratifica-
tion by SES might have reduced representativeness and
generalizability of the study results, especially for the
estimates of prevalence of rare outcomes. Nevertheless,
the changes in the economical, social and health land-
scape captured by the CHNS are instrumental to investi-
gate recent dynamics in childhood nutrition and health
status.

The high prevalence of overweight and CM risk factors
anticipate an increased morbidity and mortality from
NCDs over the next decades in China.”*> Childhood
overweight and CM risk is highly prevalent in urban and
rural areas and across different SES groups in China alt-
hough disparities between classes still pervade. In parallel,
several dietary inadequacies exist, including excess ener-
gy intake and total and saturated fat. Total energy and
sugar intakes were significant correlates of prehyperten-
sion and pre-diabetes. In conclusion, as China undergoes
a nutrition transition, the health landscape is progressive-
ly shifting from underweight and stunting towards over-
weight and NCDs. These results present important impli-
cations for dietary interventions and target SES groups
that might benefit the most from them. In the context of
the increasing burden of paediatric obesity and NCDs,
China must intervene rapidly in order to decrease and
reverse these major public health concerns.
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Additional table 1. Demographic characteristics of children 7-12y who participated in the 2009 China Health and
Nutrition Survey.

n %

Total Sample 663 100
Gender

Male 368 56

Female 295 44
Area of residence

Rural 520 78

Urban 143 22
Income’

Lower 218 33

Middle 218 33

Higher 218 33
Education of primary caregiver*

Less than elementary 23 4

Elementary-secondary 491 82

More than secondary 84 14

TPoverty level defined using tertiles of net income.
iCaregiver information is from mother, father, or other.

Additional table 2. Prevalence (%) of inadequate or excessive intakes of energy, macro- and micronutrients by age
group, area of residence and income among children 7-12 y who participated in the China Health and Nutrition Sur-
vey 2009.

Total children (n=658) Urban (n=142) Rural (n=516)
% <EAR % >EER % <EAR % >EER % <EAR % >EER
/AMDR /AMDR/PI /AMDR /AMDR/PI /AMDR /AMDR/PI
Energy (kcal/d) - 30.5 - 34.5 - 29.5
Macronutrients
Protein (g/d) 29.8 - 21.1 - 322 -
%Carbohydrates 19.6 35.4 28.2 16.9 17.2" 405"
%Added sugars - 1.20 - 0.70 - 1.40
%Total fat 29.5 38.0 14.1 45.8 33.7° 35.9°
9%Saturated fat - 37.7 - 47.9 - 34.9°
Micronutrients
Sodium (mg/d) - 61.4 - 63.4 - 60.9
Potassium (mg/d) - 1.20 - 0.70 - 1.40
Lower income (n=218) Middle income (n=217) Higher income (n=214)
% <EAR % >EER % <EAR % >EER % <EAR % >EER
/AMDR /AMDR/PI /AMDR /AMDR/PI /AMDR /AMDR/PI
Energy (kcal/d) - 28.9 - 28.1 - 36.0
Macronutrients
Protein (g/d) 36.2 - 30.0 - 22.0° -
%Carbohydrates 14.7 43.1 18.9 37.8 25.7" 252"
%Added sugars - 0.50 - 0.00 - 3.30
%Total fat 34.4 33.9 32.7 35.5 21.0" 453"
9%Saturated fat - 32.1 - 34.6 - 477"
Micronutrients
Sodium (mg/d) - 62.4 - 59.9 - 62.1
Potassium (mg/d) - 0.00 - 1.40 - 2.30

Estimates presented as %. Inadequate or excessive intakes were calculated using EER for energy; EAR for protein; AMDR for carbohy-
drates, added sugars, total fat and saturated fat; and PI for sodium and potassium, 2014 Dietary Reference Intakes for the Chinese Popula-
tion.

*Signiﬁcantly different between urban vs. rural; or between lower vs. middle or higher income, Student’s ¢ test, p<0.05.
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Additional table 3. Logistic regression models of CM risk factors as outcomes: odds ratios (95%CI) for the associations with daily energy (kcal), macro- (g) and micronutrients (mg)
intakes among children 7-12 years, 2009 CHNS.

Nutrient Overweight & Obesity Pre-hypertension Hypertension Impaired glucose/HbAlc Pre-dyslipidemia Dyslipidemia
in];l lr(len n=71; n tot=492 n=95; n tot=491 n=69; n tot=491 n=97; n tot=372 n=204; n tot=372 n=81; n tot=372
axe OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR  (95% CI)
Energy (kcal/d) Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
Medium 099 0.51 1.93 0.70 0.38 1.30 0.82 0.42 1.58 0.48 0.26 0.88 0.99 059 166 135 0.71 2.56
High 1.25  0.65 2.38 1.81 1.03  3.18 1.16 0.61 222 0.68 0.37 1.22 1.27 075 216 130 0.68 2.50
Protein Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 094  0.50 1.79 051 028  0.94 0.42 0.21 0.84 0.64 0.35 1.16 0.87 052 146 1.09 0.58 2.06
High 0.84 0.44 1.62 1.24 072 214 0.86 0.47 1.59 0.62 0.34 1.12 1.19 0.71 2.01 130 0.70 2.44
Total Fat Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 1.02  0.52 1.98 0.67 0.37 1.23 0.60 0.31 1.18 0.73 0.40 1.33 0.89 053 149 094 048 1.83
High 1.25  0.65 2.38 134 077 233 0.91 0.48 1.70 0.78 0.43 1.42 1.05 062 178 1.78 0.95 3.32
Saturated fat Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 0.61 0.31 1.18 0.88 0.48 1.61 0.93 0.48 1.81 0.33 0.17 0.64 0.91 054 154 0.78 041 1.48
High 086  0.46 1.60 1.60 091 2.80 1.05 0.55 2.00 0.83 0.47 1.46 0.91 055 1.53 092 0.50 1.70
Monounsaturated Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
fat (g/d) Medium 0.61 0.32 1.16 092 0.51 1.64 0.84 0.44 1.59 0.40 0.21 0.73 0.84 050 1.40 0.82 0.43 1.54
High 0.71 0.38 1.33 1.24 071 2.17 0.85 0.45 1.62 0.64 0.36 1.13 0.92 055 154 1.05 0.57 1.94
Polyunsaturated Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
fat (g/d) Medium 0.57 0.28 1.15 201 1.10 3.67 1.82 0.93 3.54 0.86 0.46 1.59 0.64 038 1.08 0.76 0.39 1.49
High 1.27  0.69 2.32 201 110 3.70 1.52 0.76 3.03 1.27 0.72 2.26 0.99 059 1.65 151 0.83 2.75
Carbohydrate Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 098  0.51 1.86 092 0.52 1.4 0.61 0.31 1.17 0.63 0.35 1.15 1.37 082 230 1.05 0.57 1.93
High .13 0.60 2.13 1.23 070  2.16 0.89 0.48 1.66 0.71 0.39 1.28 1.16 068 195 0.80 0.42 1.53
Total Sugar Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 1.30  0.64 2.65 .52 079 293 1.54 0.71 3.34 1.80 0.96 3.36 0.68 040 1.13 0.82 044 1.52
High 1.98 1.01 3.88 333 1.80 6.14 3.59 1.76 7.32 2.02 1.09 3.75 0.74 044 124 0.86 0.46 1.60
Added Sugars Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(g/d) Medium 090  0.46 1.78 1.05  0.57 1.94 1.24 0.62 2.51 2.08 1.10 3.92 0.70 042 1.17 125 0.69 2.29
High .35  0.72 2.52 2,13 122 374 2.13 1.11 4.09 2.64 1.42 4.89 0.84 050 139 074 0.39 1.40
Sodium Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(mg/d) Medium 0.61 0.31 1.21 0.67 0.38 1.21 0.83 0.44 1.58 1.28 0.70 2.36 0.82 049 138 0.81 042 1.57
High 1.07  0.59 1.93 1.02  0.60 1.74 0.93 0.50 1.73 1.47 0.83 2.61 1.16 070 191 152 0.84 2.75
Potassium Low 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - - 1.00 - -
(mg/d) Medium 0.82 0.43 1.58 1.01  0.56 1.83 1.15 0.59 222 0.79 0.43 1.44 0.77 046 130 090 0.48 1.67
High 099 0.52 1.86 1.75 098 3.12 1.38 0.71 2.70 0.94 0.52 1.69 0.80 047 135 098 0.52 1.83

*0dds Ratios from logistic regression models, adjusted by gender, age, physical activity, area of residence and income. Nutrient intakes modeled as tertiles (low, medium and high intake).
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Additional table 4. Nutrient intake and nutrient adequacy of energy (kcal), macro- (g) and micronutrients (mg) by
weight status among children 7-12 y who participated in the China Health and Nutrition Survey 2009

Underweight Normal Weight Overweight/Obesity
Nutrient Intake n=148 n=374 n=86
Mean SE Mean SE Mean SE
Energy (Kcal/d) 1,483 33.1 1,547 25.7 1,582 56.7
Macronutrients (g/d)
Protein 47.7 1.45" 51.5 1.04 53.5 2.44
Carbohydrates 221 5.49 228 3.77 227 8.54
Total sugars 17.6 117 21.1 0.97 27.7 2.23
Added sugars 6.50 0.76 7.33 0.56 11.0 1.43"
Total Fat 45.2 1.94 473 1.59 51.0 3.33
Saturated fat 11.8 0.53 12.6 0.42 13.1 0.91
Monounsaturated fat 18.4 0.81 18.8 0.68 19.5 1.56
Polyunsaturated fat 11.6 0.57 12.8 0.46 13.5 0.98
Micronutrients (mg/d)

Sodium 2,602 144 2,497 117 2,607 252
Potassium 1,236 63.6 1,286 33.1 1,343 70.8
Nutrient Adequacy % <EAR % >EER % <EAR % >EER % <EAR % >EER

/AMDR /AMDR/PI /AMDR /AMDR/PI /AMDR /AMDR/PI
Energy (kcal/d) - 27.0 - 29.1 - 37.2
Macronutrients
Protein (g/d) 33.8 - 29.7 - 22.1 -
%Carbohydrates 17.6 39.9 19.5 34.8 25.6 29.1
%Added sugars - 0.00 - 1.10 - 470"
%Total Fat 30.4 39.9 29.4 37.4 27.9 39.5
Y%Saturated fat - 35.8 - 38.8 - 384
Micronutrients
Sodium (mg/d) - 70.9 - 58.8 - 57.0
Potassium (mg/d) - 1.40 - 1.10 - 2.30

Estimates presented as mean+SE or %.

Body mass index was calculated dividing the weight (kg) by the squared height (m). Cutoff values defined according to the 2012 IOTF
international BMI cut points by age and sex for overweight and obesity for children age 2 to 18, which correspond to an adult BMI of 25
(overweight) or 30 (obesity).

Inadequate or excessive intakes were calculated using EER for energy; EAR for protein; AMDR for carbohydrates, added sugars, total fat
and saturated fat; and PI for sodium and potassium, 2014 Dietary Reference Intakes for the Chinese Population.

*Signiﬁcantly different between normal weight vs. underweight or overweight/obesity, Student’s ¢ test, p<0.05.
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Additional table 5. Daily intake of energy (kcal), macro- (g) and micronutrients (mg) by cardiometabolic risk factor among children 7-12 y who participated in the China Health and
Nutrition Survey 2009.

Blood pressure Glucose metabolism Lipid metabolism
Nutrient Intake Normal (n=401) Impaired (n=95) Normal (n=279) Impaired (n=97) Normal (n=172) Impaired (n=204)
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Energy (Kcal/d) 1,474 22.1 1,633 58.6 1,532 27.5 1,514 53.5 1,497 34.1 1,553 35.1
Macronutrients (g/d)
Protein 48.7 0.90 53.4 2.59" 50.5 1.13 49.2 2.18 50.0 1.50 50.2 1.36
Carbohydrates 217 3.24 232 8.50 224 4.19 222 6.89 221 5.08 225 5.01
Total sugars 19.0 0.84 29.1 238 19.3 1.00 25.3 236" 20.6 1.46 21.0 1.29
Added sugars 7.10 0.55 111 1.27" 7.18 0.61 10.4 1.47" 8.07 0.87 7.95 0.82
Total Fat 45.7 1.37 54.7 3.86" 48.3 1.85 47.8 3.25 45.9 2.15 50.0 2.34
Saturated fat 12.1 0.37 14.6 0.95" 12.6 0.45 12.9 0.91 12.4 0.56 12.9 0.58
Monounsaturated fat 18.3 0.61 21.8 1.63" 19.6 0.83 18.9 1.38 18.9 0.94 19.9 1.05
Polyunsaturated fat 12.1 0.41 14.3 0.95" 12.2 0.51 13.9 0.94 11.8 0.52 13.4 0.70
Micronutrients (mg/d)

Sodium 2,479 109 2,588 224 2,486 145 2,673 206 2,359 141 2,682 186
Potassium 1,209 29.1 1,416 101" 1,231 33.9 1,299 81.7 1,239 47.2 1,257 45.6
Nutrient Adequacy % <EAR % >EER % <EAR % >EER % <EAR % >EER % <EAR % >EER % <EAR % >EER % <EAR % >EER

/AMDR /AMDR/PI /AMDR /AMDR/PI /AMDR /AMDR/PI  /AMDR /AMDR/PI /AMDR /AMDR/PI /AMDR /AMDR/PI
Energy (kcal/d) - 26.9 - 453 - 31.2 - 32.0 - 26.7 - 353
Macronutrients
Protein (g/d) 28.4 - 28.4 - 27.6 - 28.9 - 27.3 - 28.4 -
%Carbohydrates 19.7 34.2 26.3 32.6 21.9 34.8 22.7 34.0 21.5 36.0 22.5 333
%Added sugars - 1.20 - 3.20 - 1.40 - 2.10 - 1.20 - 2.00
%Total fat 28.7 38.9 26.3 44.2 29.4 41.9 30.9 35.1 30.2 36.6 29.4 43.1
Y%Saturated fat - 38.9 - 48.4 - 40.1 - 433 - 40.1 - 41.7
Micronutrients
Sodium (mg/d) - 62.1 - 61.1 - 58.1 - 67.0 - 61.0 - 59.8
Potassium (mg/d) - 1.00 - 3.20 - 0.70 - 2.10 - 1.20 - 1.00

Estimates presented as mean=SE.

For blood pressure, we used age- and gender-specific BP reference standards for Chinese children to define pre-hypertension >90" percentile of SBP, DBP or both). For impaired glucose metabolism, criteria de-
fined by the American Diabetes Association was used for increased risk of diabetes (fasting glucose >5.55 mmol/L and HbAlc >5.7%)."” For dyslipidemia, pediatric-specific cutoff values were defined by the Na-
tional Cholesterol Education Program (NCEP) Expert Panel on Cholesterol Levels in Children: borderline values TC >4.40 mmol/L, LDL >2.84 mmol/L, HDL <1.16 mmol/L, TAG >0.85 mmol/L for 0-9 y and
>1.02 mmol/L for 10-19 y; high values TC >5.17 mmol/L, LDL >3.36 mmol/L, HDL <0.91 mmol/L, TAG >1.13 mmol/L for 0-9y and >1.47 mmol/L for 10-19 y."* ' Impaired lipid metabolism was defined as hav-
ing at least one marker above borderline cutoff values.

Inadequate or excessive intakes were calculated using EER for energy; EAR for protein; AMDR for carbohydrates, added sugars, total fat and saturated fat; and PI for sodium and potassium, 2014 Dietary Reference
Intakes for the Chinese Population.

"Significantly different between normal vs. impaired values for each CM risk factor, Student’s t test, p<0.05.
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