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Monetary diet cost is positively associated with diet quality
and obesity: an analysis of school-aged children in Southwest
China

Xiao Zhang'*, Yunhui Gong?3*, Peng Jia®®, Jieyi Zhang®, Hongmei Xue®, Liming Quan’,
Guo Tian®, Jingyuan Xiong?, Lishi Zhang®, Yu Wang®, Lin Zhang?, Guo Cheng®

"No. 4 West China Hospital, Sichuan University, 610041 Chengdu, People’s Republic of China

2Dcpartmcm of Forensic Biology, West China School of Preclinical and Forensic Medicine, Sichuan University, Chengdu, People’s Republic of China

3Department of Obstetrics and Gynecology, West China Second University Hospital, Sichuan University, Key Laboratory of Birth Defects and Related Diseases of Women and
Children (Sichuan University) of Ministry of Education, Chengdu, Sichuan 610041, People’s Republic of China

“International Initiative on Spatial Lifecourse Epidemiology (ISLE), Enschede, The Netherlands

5Faculty of Geo-Information Science and Earth Observation, University of Twente, Enschede 7500, The Netherlands

{'Department of Nutrition, Food Safety and Toxicology, West China School of Public Health and Healthy Food Evaluation Research Center, Sichuan University, Chengdu, People’s
Republic of China

"Office of Scientific Research Management, West China School of Public Health, Sichuan University, 610041, Chengdu, People’s Republic of China

¥Research Center for Public Health and Preventive Medicine, West China School of Public Health, Sichuan University, 610041, Chengdu, People’s Republic of China

ODepartment of Nutrition and Food Safety, School of Public Health, Lanzhou University, 730000, Lanzhou, People’s Republic of China

#These authors contributed equally to this study and share first authorship.

Address correspondence to Lin Zhang, Department of Forensic Biology, West China School of Preclinical and Forensic Medicine, Sichuan University, Chengdu, PR China. E-mail:
zhanglin@scu.edu.cn; Guo Cheng, E-mail: ehw_cheng@126.com

ABSTRACT

Background Little is known about the relationships between diet cost, dietary intake and obesity in Chinese populations. This study explored
how diet cost was related to diet quality and obesity among school-aged children in Southwest China.

Methods Data from a cross-sectional study was analysed. Diet cost was estimated based on dietary intake assessed with 24-h dietary recalls
and retail food prices. Diet quality was measured using the Chinese Children Dietary Index. Body height, weight, waist circumference and
skinfold thicknesses were measured, and their body mass index standard deviation score (BMISDS), waist-to-height ratio (WHtR), fat mass index
(FMI) and fat-free mass index (FFMI) were calculated. Multivariate regression models were used to explore the relevance of diet cost to diet
quality and obesity.

Results After adjustment for potential confounders, a positive association was observed between diet quality and energy-adjusted diet cost
(8 =0.143, 95% confidence interval, Cl: 0.014-0.285, Ptortreng = 0.0006). Energy-adjusted diet cost also showed a positive association with
FMI (8 = 0.0354, 95% Cl: 0.0001-0.0709, Pror-treng = 0.01), BMISDS (8 = 0.0200, 95% Cl: 0.0006-0.0394, Psor-treng = 0.002) and WHtR

(8 =0.0010, 95% ClI: 0.0003-0.0017, Pror-trend = 0.02).

Conclusions Energy-adjusted diet cost was independently and positively associated with diet quality and obesity among Chinese school-aged
children.
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Introduction

Childhood obesity is becoming an increasing public health
challenge worldwide. China is also facing this epidemic, with
the prevalence of obesity in Chinese adolescents increasing
from 0.13% in 1985 to 4.95% in 2010,1 with some longitu-
dinal studies showing even higher rates.” Not only has
childhood obesity been reported to induce multiple develop-
mental problems, including poor cognitive function” and
altered pubertal progression,4 it has also been shown to be a
tisk factor for adult diabetes mellitus,’ hypertension6 and
mortality.” Therefore, many studies have focused on eluci-
dating the factors associated with childhood obesity.*"!
Increasing evidence has suggested that a healthy diet with
high food quality may play a critical role in preventing child-
hood obesity.'>"> Choosing healthy foods and the implemen-
tation of a healthy diet are usually influenced by the cost of
the food,'* where a positive correlation between diet cost
and quality has been established in several observational stud-

1520 : s .
. However, the direct association between diet cost

ies
and obesity and the potential mediating role of diet quality
has yet to be elucidated. To date, only a limited number of

: - . . 21,22 23,24
studies, which were conducted in Spain” ’

and Japan,
have evaluated the relationship between diet cost and adult-
hood obesity. However, studies examining this association in
children are still missing. Moreover, all of the existing studies
were conducted in developed countries. Given that diet cost
may influence children differently than adults and food prices
and dietary habits ate vastly different between developed and
developing countries, a study examining the effects of diet
cost on diet quality and childhood obesity in developing
countries is urgently needed to promote healthy food con-
sumption and prevent childhood obesity worldwide.

This study aimed to (i) investigate whether freely chosen
diet costs were related to diet quality and obesity in a group
of school-aged children and (i) to examine whether diet qual-
ity was a possible mediator between diet cost and obesity.

Methods

Study design and population

This study was based on a cross-sectional dietary sutvey
conducted in Southwest China, namely The Dietary Quality
During Childhood (DQDC) study, in which 2043 children
aged 7-15 years were recruited in 2013 and information was
collected on anthropometrics, diets and lifestyles. Details of
the DQDC survey can be found elsewhere.”” Among the
recruited children, 268 had incomplete dietary data.
Exclusions were made when basic sociodemographic infor-
mation or outcome variables were missing (# = 105), dietary

data were incomplete (# = 268), or energy intakes were
implausible (# = 65).° As a result, 1605 participants quali-
fied for and were included in these analyses. The study was
approved by the FEthics Committee of the Sichuan
University on 5 March 2012 and was performed with assent
from children and written informed consent from parents.

Dietary assessment
Data on dietary intake were collected using a validated 24-h
dietary recall survey” conducted three times on days that
were randomly selected from within a 10-day period by
trained investigators. Each participant performed the dietary
recall surveys on 2 weekdays and 1 weekend day. For the
dietary recall, participants were asked to report types, brands
and amounts of all foods and beverages consumed in the
preceding 24 h. Information on food consumption was pro-
vided by parents for children younger than 9 years of age
but provided by the children themselves for those children
older than 8 years of age. Standard serving bowls, plates and
glasses wete used to assist participants with estimating
portion-sizes. Additionally, participants were provided with
an album containing photos of commonly consumed snacks
and beverages. Data on dietary intake from the 24-h recalls
were converted to nutrient intakes using the China Food
Composition Table derived from the NCCW software (ver-
sion 11.0, 2014).%®

Trained investigators also conducted face-to-face inter-
views to collect information on eating behaviours using a
validated questionnaire that included whether participants
trequently consumed breakfast (at least 5 days a week) and
regularly had dinner with their parents (at least 5 days a
week).

Other variables

Sedentary time (h/day) was calculated from the patticipants’
self-reported data on time spent doing sedentary activities
(i.e. doing homework, using a computer, watching television)
for weekdays and weekends. Physical activity was computed
as the average metabolic equivalent-hours per day (MET-h/
day), based on participants’ self-reported information about
the frequency and duration of different activities they pet-
formed (i.e. walking, doing housework, sports) over the pre-
vious year.”’

A questionnaire was given to parents to obtain birth char-
acteristics and sociodemographic data about the children,
including information on birth weight, family location,
household income, parental education level, and parental
height and weight.
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Measurement of diet quality

The Chinese Children’s Dietary Index (CCDI) was used to
measure the diet quality of patticipants. The CCDI follows
the Chinese dietary intake recommendations and incorpo-
rates 16 components including grains, vegetables, fruits,
dairy and dairy products, soybeans and soy products, meat,
fish and shrimp, eggs, drinking water, sugar-sweetened bev-
erages, vitamin A, fatty acids, fibre, dietary variety, regulatly
having breakfast or dinner with parents, and energy balance.
Each component contributed 0—10 points to the total CCDI
score. Children who consumed appropriate types and
amounts of foods or nutrients and engaged in health-
promoting behaviours received full points for each compo-
nent (i.e. 160 points). Therefore, the range of CCDI scores
was 0-160, with a higher score indicating better diet quality.
The development and calculation of the CCDI have been
described in detail previously.25

Diet cost calculation

The cost of each food was determined by multiplying the
average amount of food consumed per day (g/day) with the
unit price. The diet cost was calculated by summing the cost
of each food.

All foods reported in the dietary recall surveys were con-
verted into purchasable forms. Mixed dishes were divided
according to their ingredients and converted into purchas-
able forms. For example, a serving of tomato omelette was
broken down into two separate ingredients: tomato and egg.
For some processed foods (i.e. Chinese Tangyuan), ingredi-
ents were analysed from the food package labels. Ultimately,
~0605 food and beverage items were analysed.

The price of each food item was initially obtained from
the Chengdu
Commission website.”’ This website lists the prices of rou-

Municipal Development and Reform
tine foods every month from each district in Chengdu. The
mean unit prices for 66 of the items (10.9% of the total)
were calculated by averaging the monthly prices from differ-
ent districts over the past 12 months. For 349 (57.7%) food
items that lacked officially announced prices, the unit price
was obtained from two supermarkets and three farmers’
matkets in Chengdu selected through random sampling, The
price survey was conducted in each quarter of the year, and
the average annual unit price for each item was calculated by
averaging the prices of the four quarters. For 155 (25.6%)
packaged foods, the median package size was typically
selected and unit prices were collected from the aforemen-
tioned supermarkets. Unit prices of 16 (2.7%) fast food
items were taken from fast food restaurants (Kentucky Fried
Chicken, McDonalds and DICOS in Chengdu, Southwest

China). Alcoholic beverages and drinking water wete
excluded from the calculation. Discounted prices were not
used to determine the food costs. For 19 (3.1%) food items
that did not have obtainable prices, substitutions were made
for similar food items. For example, the price of turkey was
substituted with the price of chicken.

All food prices were adjusted for food preparation and
waste (i.e. peeling of vegetables and fruits, removal of bones
from pork ribs) using the China Food Composition data-
base.”® Prices were expressed in Chinese Yuan (CNY, ¥)
(1 CNY = 0.138 Eutos = 0.145 US dollars on 2 Match
2017) per 100 g Since monetary diet cost was observed to
be strongly associated with energy intake (y = 0.69), diet
cost per 1000 kcal of energy intake per day (hereinafter,
energy-adjusted diet cost) was calculated by dividing the dai-
ly diet cost (CNY/day) by the enetgy intake per day (kcal/
day) and multiplying by 1000.

Anthropometrics

Anthropometric measurements were petrformed by trained
investigators according to standard procedures.”’ To obtain
comparable measurements, children were required to remove
their shoes and undress down to their underwear. Gitls were
also asked to take their hair down. Standing height and
weight were measured in duplicate to the nearest 0.1 cm and
0.1kg using an Ultrasonic Height and Weight Instrument
(DHM-30; Dingheng Ltd.). Waist circumference at the umbil-
icus®® was measured in duplicate to the nearest 0.1 cm using
a measuring tape. Skinfold thickness was measured on the
right side of the body at the tricep and subscapular sites to
the nearest 0.1 mm using Holtain calipers (Holtain ILtd.,
Crymych, UK). All instruments were calibrated regulatly, and
the investigators conducting the anthropometric measure-
ments were subject to regular quality controls checks.

For the anthropometric analyses, body mass index (BMI)
was calculated as weight (kg) divided by the square of height
(m%. An age- and gender-specific BMI standard deviation
score (BMISDS) was calculated based on Chinese teference
curves.” Percentage body fat (%BF) was calculated using the
Slaughter equations® and was used to derive the fat mass
index [FMT; (weight X %BF)/height’] and fat-free mass index
[FFMI; weight-(weight X %BF)/height’].”> Additionally, the
waist-to-height ratio (WHtR) was estimated by dividing waist
circumference (cm) by height (cm).

Statistical analysis

All statistical analyses were carried out using SAS software
(versions 9.3, 2011). Mean energy-adjusted diet costs and
CCDI scores in population sub-groups were calculated.
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Analyses used ~tests for normally distributed continuous
variables, Wilcoxon rank sum tests for non-normally distrib-
uted continuous variables, and chi-square tests for categor-
ical variables. All calculated P-values were two-tailed and
were considered statistically significant at <0.05 for single
vatiables and <0.1 for interaction terms.

The relationship between the energy-adjusted diet cost
and CCDI score was investigated first. Multivariate linear
models were used to provide covariate-adjusted means of
energy-adjusted diet costs among strata of the CCDI score.
Covariates included age (years), gender (male or female),
family location (utban or rural), parental education level
(=12 or <12 years) and family income level (low or high).
Family income level was considered high when the annual
income was above ¥35000 per person according to the
National Bureau of Statistics of China.”® Due to an age-
differentiated association between the energy-adjusted diet
cost and CCDI scote (P = 0.04), the interaction of age and
CCDI scotre was also included in the adjusted model.

The association between energy-adjusted diet cost and
body composition was also evaluated. Energy-adjusted diet
cost was used as an independent variable while FMI, FEMI,
BMISDS and WHtR were used as dependent variables.
Multivariate regression models were used and the results
were adjusted for age (years), gender (male or female),
energy (kcal/day), physical activity (MET-h/day), birth
weight (kg), family location (urban or rural), parental educa-
tion level (>12 or <12 years), parental BMI (kg/m?) and
family income level (low or high).36

Since dietary quality was shown to be associated with
both diet cost'™' """ and obesity,>>**

adjusted for dietary quality (measured by CCDI score) was

a mediation model

utilized to determine whether dietary quality was a possible
mediator in the relationship between energy-adjusted diet
cost and obesity.

Results

There were no significant differences in the distributions of
gender, age, family location or family income level between
the children who excluded due to missing data and the chil-
dren used in the study (data not shown).

The general characteristics of the children included in the
study are presented in Table 1. Approximately half of the
children were female. The average age of the children was 9.9
years old. The mean CCDI score of the subjects was 88.9 +
15.1 and the mean energy-adjusted diet cost was ¥11.00 per
1000 kcal.

Table 1 General characteristics of 1605 participants aged 7-15 years in
the Diet Quality During Childhood Study, 2013°

Characteristics Values

Female, % 48.4

Age, y, medians (P25, P75) 9.9(8.4,11.6)

Urban, % 69.1

Time spend in sedentary behaviours, h/day, 27(011.7,4.1)
medians (P25, P75)

Father educated at least 12y, % 25.7

Mother educated at least 12y, % 20.1

Family income per person > ¥35 000 per year, %  24.8

CCDI, means =+ standard deviation 889+ 15.1

Dietary cost, CNY /1000 kcal®, medians (P25, P75)  11.00 (9.20,13.40)
Overweight/obesity®, % 16.9

P25-P75, 25th-75th percentile; CCDI, Chinese Children Dietary Index
Score.

?Values are means + standard deviation, medians (P25, P75) or
frequency.

bCalculated by dividing the estimated daily diet costs (CNY/day) by the
energy intake per day (kcal/day) and multiplying by 1000. 1 CNY = 0.138
Euros = 0.145 US dollars on 2 March 2017.

“Defined according to the Working Group on Obesity in China (WGOC)
criteria.

The energy-adjusted diet costs and CCDI scores were cal-
culated for each population strata (Table 2). In general, boys
had lower diet costs (P = 0.0001) and CCDI scores (P <
0.0001) than girls. Children in urban areas had higher diet
costs (P < 0.0001) and CCDI scores (P < 0.0001) relative to
their rural counterparts. Both energy-adjusted diet costs
(P = 0.0003) and CCDI scores (P = 0.0000) increased with
paternal education level. Children whose mothers had a
higher education level had higher CCDI scores (P = 0.02).

A significant, positive association was observed in the
multivatiate models (f = 0.143, Pg,ireng = 0.0006) (Table 3).
The energy-adjusted diet cost for children in the highest
CCDI tertile was ¥12.35 per 1000 kcal, which was ¥1.19
higher than those in the lowest CCDI tertile after adjusting
for potential confounding factors. With each 1-point increase
in CCDI score, the diet cost increased ¥0.14 per 1000 kcal.

Associations between the energy-adjusted diet cost, body
composition and obesity were examined (Table 4). After
adjusting for age, gender, energy, physical activity, birth
weight, family location, parental education level, parental
BM]I, and family income level, energy-adjusted diet cost was
positively associated with FMI (8 = 0.0354, Pryrrend =
0.01), BMISDS (# = 0.0200, Pgor_rena = 0.002), and WHR
(B = 0.0010, Prorrena = 0.02). These associations remained
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Tables 2 Energy-adjusted diet cost and the Chinese Children Dietary Index by demographic and sociodemographic strata among school-aged children in

Southwest China

Energy-adjusted diet cost (CNY/1 000 kcal)® CCDI score
Medlians P25-P75 P value Mean SD P value
Gender
Boys 10.74 8.87-13.10 0.0001 86.0 14.7 <0.0001
Girls 11.17 9.48-13.81 91.9 14.9
Age groups
7-10y 11.08 9.25-13.42 0.2 88.5 15.3 0.3
11-15y 10.85 9.10-13.32 89.4 14.9
Family location
Urban 11.17 9.46-13.59 <0.0001 90.0 15.1 <0.0001
Rural 10.46 8.63-12.98 86.7 14.8
Paternal education level
<12 years 10.89 9.02-13.28 0.0003 88.5 15.2 0.0006
>12 years 11.34 9.84-14.18 91.6 15.0
Maternal education level
<12 years 11.00 9.17-13.33 0.07 88.9 14.9 0.02
>12 years 11.22 9.67-13.79 91.3 15.3
Family income level
< ¥35 000/year/person 11.08 9.21-13.42 0.5 89.5 14.7 0.7
> ¥35 000/year/person 10.96 9.43-13.45 89.1 15.5

CCDI, Chinese Children Dietary Index Score; P25-P75, 25th-75th percentile; SD, standard deviation.
Calculated by dividing the estimated daily diet costs (CNY/day) by the energy intake per day (kcal/day) and multiplying by 1 000. 1 CNY = 0.138 Euros =

0.145 US dollars on 2 March 2017.

Table 3 Multiple linear regression least-squares means and 95% confidence interval for the association of the Chinese Children Dietary Index scores with

daily energy-adjusted diet costs (n = 1605)?

Tertiles of scores on the Chinese Children Dietary Index B Pror-trend”
T1 (n = 535) T2 (n = 535) T3 (n = 535)
Energy-adjusted diet costs®
Unadjusted model 10.86 (10.51, 11.21) 11.58 (11.23, 11.93) 12.51(12.16, 12.87) 0.007 (0.001, 0.054) <0.0001
Adjusted model® 11.16 (10.47, 11.85) 11.62 (11.22, 12.03) 12.35(11.70, 13.00) 0.143 (0.014, 0.285) 0.0006

“Values are model-adjusted least-squares means; 95% Cls in parentheses.

bCalculated by dividing the estimated daily diet costs (CNY/day) by the energy intake per day (kcal/day) and multiplying by 1 000. 1 CNY = 0.138 Euros =

0.145 US dollars on 2 March 2017.

“Linear trends (Pfor-trenq) Were obtained with ordinal median energy-adjusted diet costs for each tertile as continuous variables.

dAdjusted for age (years), gender (boy or girl), family location (urban or rural), parental education level (>12 or <12 years), family income level (low or

high) and interaction of age and CCDI score.

significant when the potential mediator of diet quality was
included [FMI (B = 0.0352, Pg; treng = 0.01), BMISDS (B =
0.0190, Pty trena = 0.01) and WHR (B = 0.0007, Proytrend =
0.03)]. Neither the adjusted model nor the mediation model
showed a significant association between the energy-adjusted
diet cost and FFML

Discussion

Main findings of this study

Our study found that the energy-adjusted diet cost had an
independent and positive association with both diet quality
and obesity among school-aged children in Southwest
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Table 4 Association of energy-adjusted diet costs with FMI, FFMI, BMISDS and WHtR (n = 1605)

Regression coefficient 95% Confidence intervals P —

FMI

Crude model 0.0405 0.0004, 0.0810 0.0007

Adjusted model® 0.0354 0.0001, 0.0709 0.01

Mediation model® 0.0352 0.0002, 0.0704 0.01
FFMI

Crude model —0.0057 —0.0114, —0.0002 0.5

Adjusted model® 0.0090 0.0000, 0.0180 0.2

Mediation model® 0.0084 —0.0001, 0.0168 0.2
BMISDS

Crude model 0.0210 0.0001, 0.0420 0.0002

Adjusted model® 0.0200 0.0006, 0.0394 0.002

Mediation model® 0.0190 0.0002, 0.0381 0.01
WHtR

Crude model 0.0006 0.0001, 0.0013 0.003

Adjusted model® 0.0010 0.0003, 0.0017 0.02

Mediation model® 0.0007 0.0002, 0.0014 0.03

FMI, fat mass index; FFMI, fat-free mass index; BMISDS, body mass index standard deviation score; WHtR, waist-to-height ratio.

9Adjusted for age (years), gender (boy or girl), energy (kcal/day), physical activity time (MET-h/day), birth weight (kg), family location (urban or rural), paren-

tal education level (>12 or <12 years), parental BMI (kg/m?) and family income level (low or high).

bAdditionally adjusted for Chinese Children Dietary Index score.

China. Children with higher diet costs had a higher CCDI
score as well as higher values of FMI, BMISDS and WHItR,
independent of diet quality.

The findings from our study indicate that consumers with
limited financial resources might choose foods that are rela-
tively less healthy. This finding highlights the importance of
developing a strategy to lower the price of healthy foods,
especially for low-income families. These results support the
promotion of healthy food consumption and obesity preven-
tion among school-aged children in Southwest China.

What is already known on this topic

Dietary quality can be influenced by diet cost. The positive
association between diet quality and monetary diet cost among
children has been observed in several developed coun-

. 151641
tries.

In these studies, diet quality was evaluated using
various indicators including dietary indices and dietary patterns.
Although diet quality is an important risk factor for obesity and
diet quality is related to diet cost, the association between diet
cost and obesity is still unclear. To our knowledge, there have
only been a small number of studies on this topic, and these
studies were conducted in Spain®** and Japan.”>** These
studies reported an inverse association between diet cost and

BMI. However, these previous studies were all conducted in

adults, and studies focusing on the association between diet
cost and obesity among children are missing,

What this study adds
Our study adds several aspects to the existing knowledge.
First, it assessed the diet quality of school-aged children
using a newly developed dietary index—the Chinese
Children Dietary Index, which follows current Chinese diet-
ary intake recommendations and may reflect the diet quality
of Chinese children more accurately than other foreign indi-
ces. The results imply that the diet quality of children in
Southwest China is moderate and need to be improved.
Second, this study was the first to investigate the relation-
ship between diet cost and quality among Chinese school-
aged children. The positive relationship found in our study
is consistent with several observational studies conducted in
other countries, suggesting that for children, a healthier diet
is more expensive. A German study on children and adoles-
cents'® found that diet cost was significantly and positively
associated with diet quality. In Swedish children, a higher
total score on a healthy eating index was related to a more
expensive diet.'”> In Denmark, low-fat diets for children
were associated with higher diet costs.*' The reason why
healthier diets cost more is likely because energy-dense
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foods are usually cheaper, when measured by cost per kilo-
joule,42 and healthier diets often involve a consuming a
greater variety of food.*

Arguably, not all healthier diets are necessarily associated
with higher costs. It has been reported that healthy diets can

0,44 . .
 Mexican—Americans

be obtained at different cost levels.”
were found to consume higher-quality diets with lower costs
than other populations,45 suggesting that high-quality diets
can be achieved without major increases in cost. To date,
several studies have aimed to develop foods that are both
nutritionally and economically efficient. A study from the
USA? reported that purchasing mote nuts, soy and bean
products, and whole grains, while spending less on red
meats, processed meats and high-fat dairy products might
be a worthwhile investment for healthy diets. These studies
highlight the need to identify dietary patterns that are both
healthy and affordable for Chinese populations.

Third, this study examined the association between diet
cost and obesity and explored the possible mediating role of
diet quality. In contrast, with some previous studies in
Spain21’22 and ]apzu1,23’24
adjusted diet cost was positively associated with BMISDS.
This study also found, for the first time, that there was a

our study observed that energy-

positive association between energy-adjusted diet cost and
FMI or WHtR. However, these positive relationships are not
explained by diet quality, which indicated a direct relation-
ship between of energy-adjusted diet cost and obesity, even
after adjusting for diet quality. The reason for this independ-
ent association is currently unclear. It is possible that diet
cost is a proxy for socioeconomic factors, which may play
an important role in the development of obesity. Many pre-
vious studies have confirmed that distribution of childhood
obesity is associated with socioeconomic status (SES) and
that the patterns vary depending on the economic develop-
ment of a country.’® Studies from developed countries
showed that high-SES children are less likely to be obese
than their lower-SES counterparts.47 In contrast, in develop-
ing countries such as China, high-SES children are more
likely to be obese.* This difference in the associations
between socioeconomic factors and obesity in developing
and developed countries may explain the inconsistency
between the results of our study and those conducted in
developed countries.

Limitations of this study

This study has some limitations. First, the use of a non-
representative study sample may reduce the generalizability
of the results to the general Chinese population. However,
there were few or no differences in sociodemographic

characteristics between the subjects in our study and those
in national surveys for social class and eating behaviours.*”
Second, %BF was estimated from skinfold thickness mea-
surements, which are more susceptible to measurement
error than specialized research-based techniques and may
underestimate body fat.”’ However, intra- and inter-observer
variability can be reduced notably when measurements are
conducted in duplicate by a trained investigator, as was done
in the present study. Third, seasonal and regional variations
of food prices might introduce a potential bias for the
assessment of the diet cost. However, the annual average
price across multiple regions was used in this study, which
may teduce this bias. Additionally, this study had acceptable
minor bias even after strict quality control. Furthermore,
our data were cross-sectional in nature, and therefore, pos-
sible causal pathways indicated by the mediation analyses
cannot be confirmed. Future studies are necessary to further
investigate this issue using a prospective study design.

It is worth mentioning that appropriate data were lacking
when assessing actual price expenditures on foods because
the dietary intake and health surveys were conducted at the
individual level while the food expenditure surveys were usu-
ally conducted at a houschold level. The calculation of diet
costs based on the retail prices do not necessatily represent
the actual prices paid by study participants, and therefore,
the results should be interpreted with caution. However, a
similar method was used in previous observational stud-
ies,'>'**>*" and no study has collected dietary consumption
and food expenditure data simultaneously on an individual
level. Furthermore, Monsivais e @/”' concluded that mer-
ging food retail prices with standard dietary assessment tools
could provide estimates of individual diet costs that were
closely associated with the food consumed. Thus, the esti-
mated diet cost calculated in this study was considered reli-
able. Our study was also limited by the assumption that all
foods consumed were purchased and prepared at home.
Therefore, the findings in this study might not be appropri-
ate for children who frequently eat away from home. For
future studies, a more precise evaluation on diet cost for
children with multiple dining locations should be considered.
The association among diet cost, diet quality and obesity
might also be moderated by the neighborhood food environ-
ment, which is expected to be captured by modern

technologies. 8,52

Conclusion

The current study found that Chinese children with higher
diet quality had higher diet costs, and children spending
more money on food had higher FMI, BMISDS and WHtR
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values, independent of diet quality. These findings indicated
that current and future attempts to promote healthy food
consumption and prevent childhood obesity should take

economic issues into account.
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