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Abstract

Background—Mixed findings have been reported on the association between Western fast-food
restaurants and body weight status. Results vary across study contexts and are sensitive to the
samples, measures and methods used. Most studies have failed to examine the temporally dynamic
associations between community exposure to fast-food restaurants and weight changes.

Methods—Bayesian hierarchical regressions are used to model changes in body mass index,
waist-to-height ratio (WHtR) and waist-to-hip ratio (WHPpR) as a function of changes in Western
fast-food restaurants in 216 communities for more than 9000 Chinese adults followed up multiple
times between 2000 and 2009.

Results—Number of Western fast-food restaurants is positively associated with subsequent
increases in WHtR and WHpR among rural population. More fast-food restaurants are positively
associated with a future increase in WHPpR for urban women. Increased availability of fast food
between two waves is related to increased WHtR for urban men over the same period. A past
increase in number of fast-food restaurants is associated with subsequent increases in WHtR and
WHpR for rural population.

Conclusions—The associations between community exposure to Western fast food and weight
changes are temporally dynamic rather than static. Improved measures of exposure to community
environment are needed to achieve more precise estimates and better understanding of these
relationships. In light of the findings in this study and China’s rapid economic growth, further
investigation and increased public health monitoring is warranted since Western fast food is likely
to be more accessible and affordable in the near future.

INTRODUCTION

Obesity has posed a public health challenge to populations in developed countries and to
those in developing countries such as China. For working age adults, China’s recent
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dramatic urbanisation brings major shifts from labour intensive occupations to sedentary
jobs, resulting in a remarkable reduction in energy expenditure and increased risk of
overweight and obesity.12 A 2002 national survey showed that 14.7% of the Chinese
population were overweight and another 2.6% were obese, 38.6% and 80.6% higher,
respectively, compared with the numbers 1 decade ago.3 In the Chinese population, the
prevalence of overweight and obese individuals is highest among adults.3

Fast-food restaurants are widely considered an important contextual contributor to the so-
called obesogenic environments, environments that promote obesity by encouraging
physical inactivity and excessive energy intake.*> However, conflicting findings have been
reported on the association between fast-food restaurants and body weight status. For
instance, a US study reported a positive association between the prevalence of fast-food
restaurants and state-level obesity rates,® while another study found a lower prevalence of
obesity among adults living closer to a fast-food restaurant in the Southern USA.”
Complicating the picture further, several other US studies failed to find significant effects of
proximity to, or community density of, fast-food restaurants on adult body mass index
(BMI) or obesity.8-10

Emerging evidence outside the USA is even more uncertain in regard to the associations
between fast-food restaurants and diet-related health outcomes.1112 For instance, no
associations were found between the availability of takeaway restaurants and adult obesity
in rural Victoria, Australia, where the prevalence of obesity was higher than that in the
general Australian population. 13 A study in New Zealand also failed to find an association
between access to locally operated fast-food outlets and being overweight.14 Moreover,
contrary to expectations, this study found an elevated risk of being overweight among
individuals living farther away from multinational fast-food outlets as compared with those
living closer. A Canadian study reported a positive association of regional fast-food
concentration with rates of acute coronary hospitalisation in Ontario,1> whereas a Swedish
study found no significant association between community availability of fast-food
restaurants and individual-level coronary heart disease risk.16 Therefore, findings from the
USA and other high-income countries are inconsistent and unlikely to be generalisable to
other settings where obesity is on the rise. For example, in the case of China, the nutrition
transition, or the shift from a situation of significant undernutrition to that characterised by
obesity and associated degenerative disease, has been proceeding fast, faster than it did in
the USA and many high-income countries.1’

Mixed findings in regard to fast food and obesity may arise partly from the methodological
challenges inherent in studying this topic. First, most studies draw on cross-sectional data
and hence are unable to establish a temporal relationship between the presence of fast-food
restaurants and body weight, and the results can be susceptible to selection bias.479131819
Researchers typically make the unrealistic assumption that the local food environment
remains stable over time and residents do not make residential changes based upon the
physical and social contexts of their communities.2° In reality, however, community food
environment is likely to change over time partly in response to demographic and economic
changes.?122 Retailers may choose to open new fast-food restaurants or relocate pre-existing
ones in certain communities according to the local demand for fast food.22 In California, for
example, both the number and density of fast-food restaurants in communities increased by
more than 50% from 1981 to 1990.23 In addition, people may choose to move in or out in
response to changes in the local food environment or other features of the physical and
social environments. Because cross-sectional data make it difficult to account for these
dynamics, estimates regarding the effects of food environment on body weight can be
misleading and spurious associations can result.
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Second, most previous research investigates the association between contemporaneously
measured exposure to fast food and body weight. However, it may take a long period,
months or even years, for individuals’ body weights to change in response to environmental
changes in their communities.2425 Therefore, individuals’ exposure to their local food
environment over the life course may be a more important predictor of body weight status
than the contemporaneously measured context.20 Unfortunately, previous cross-sectional
research has left the temporally lagged effects of fast-food restaurants, among other
community-level risk factors, largely unexamined.26

Moreover, cross-sectional analysis of the association between fast-food restaurants and body
weight is susceptible to potential confounding problems. Fast-food restaurants are more
likely to be opened in, for example, areas with high population density or areas that are
highly commercialised. People living in these areas can be essentially different from those
living in other areas, which makes the direct comparison prone to confounding bias. Such
bias can be reduced substantially by drawing upon longitudinal data and adopting a
‘difference-in-difference’ approach, that is, an approach that effectively examines the
relationship between changes in context and within-individual body weight changes.

Finally, the measurement of weight status complicates research on obesity. Many previous
studies use BMI, very often calculated from self-reported weight and height, as a measure of
body weight status.#6710 Not only are self-reported weight and height likely to be biased but
also BMI itself may not be an optimal measure to identify overweight and obesity. BMI
serves as a useful indicator for measuring whole-body obesity but not for measuring
abdominal fat accumulation, an indicator of central obesity. In several populations, measures
of central obesity, such as waist-to-hip ratio (WHpR) and waist-to-height ratio (WHtR),
were found to be superior predictors of cardiovascular disease risk and more useful for
obesity screening when compared with BMI.2728 Solely relying on BMI may not accurately
capture increased body weight status associated with obesogenic environments.

This study aims to examine (1) whether community exposure to fast-food restaurants is
associated with weight gain over time, (2) how changes in exposure to fast-food restaurants
are related to concurrent changes in body weight and (3) whether these associations are
temporally lagged. Drawing on longitudinal and multilevel data with multiple objective
anthropometric measures, this study makes progress on some of the methodological
limitations in the literature and provides new insights into the dynamic association between
community food environment and body weight status for Chinese adults, a population that is
growing fatter at a rapid pace.

METHODS

Study design and sample

Subjects for this study were adult participants of age 18 or older in the China Health and
Nutrition Survey (CHNS), a panel survey that includes more than 4000 households across
nine provinces in contemporary China. The CHNS data are not nationally representative.
However, households were randomly selected from a diverse set of nine provinces in
northeast, central and south China. Together, these nine provinces are home to more than
40% of China’s population or 548.56 million people. Thus, while not generalisable to all of
China, the results should be informative regarding the associations under study in the
Chinese context.

Households were selected through a multistage, random cluster sampling process. The
response rate at the individual level is 88%. Details on the design and sampling of CHNS are
available elsewhere.2? In addition to individual-level data, the CHNS collected background
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characteristics of the communities where respondents resided from local officials. An urban
community is an administratively defined community known as ‘street committee’ (ju-wei-
hui), with an average population about 3000, while a rural community refers to a natural
village, with an average population about 3800.30

This study draws on data from the most recent four waves of the survey, 2000, 2004, 2006
and 2009. The sample consists of 13 993 male and 15 123 female person-years, after
excluding pregnant women and disabled respondents whose weight status could not be
precisely assessed. We further exclude the observations with missing information on any of
the predictors as described below, resulting in a final sample of 28 063 observations for the
regression analysis. Less than 6% of the observations had missing values on the
anthropometric measures in any given wave, but between 25% and 31% had missing values
for the same respondents in the following waves, resulting in missing information on the
change in the anthropometric measures between two consecutive waves. However, the
anthropometric measures in any given wave did not predict the probability of having
missing values in the following wave after controlling for age and gender, indicating that
missing at random assumption and sequential ignorability are plausible.3 Therefore, these
observations were not excluded but instead imputed in the regression procedure to reduce
the loss of data, improve efficiency of estimation and avoid biased estimates.3!

Outcome variables

Weight, height, and waist and hip circumferences were medically examined in the CHNS,
providing multiple accurate and reliable assessments of body weight status that were rarely
available in the previous research. BMI was calculated as the ratio of body weight to height
squared (in kilograms per square metre). WHtR was calculated as waist circumference (in
centimetres) divided by hip circumference (in centimetres). WHpR was calculated as waist
circumference (in centimetres) divided by height (in centimetres). Both WHtR and WHpR
were multiplied by 100 to rescale the ratios from 0-1 to 0-100 in regression models. The
outcome variables are the changes in respondents” BMI, WHpR and WHtR between any two
consecutive waves.

Community-level variables

The key predictor was constructed as the number of Western style fast-food restaurants such
as McDonald’s and Kentucky Fried Chicken in the community or within 1 km if outside the
community. This measure does not include Chinese style fast-food restaurants, as
information about these was not collected in the CHNS. Changes in fast-food restaurants
were captured by taking the difference in the number of restaurants between two consecutive
waves, with a negative value indicating a decrease and a positive value indicating an
increase over time. Necessarily, this measure captures change as reflected by the number of
restaurants at the times of data collection and does not capture any interim changes that
might have occurred. Despite this limitation, the ability to capture change in the number of
fast-food restaurants over time is valuable and provides the opportunity for temporally
dynamic assessments.

Because the same number of restaurants may reflect different levels of availability of fast
food in communities of different sizes, we also control for community population,
standardised into z-score. In addition, we control for urbanisation by including a measure of
urbanicity. This measure is an index designed to capture multiple dimensions of
urbanisation, ranging from communication to economics and from transportation to
environmental sanitation, standardised so that higher values indicate greater urbanisation.
Detailed information on this measure is available elsewhere.! Additional variables are
included to account for inter-regional variation.32
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Individual-level variables

Age was measured in years and mean centred. Gender, marital status, drinking alcohol,
smoking and participation in heavy physical work were coded as dichotomous variables.
Educational level was categorised into primary schooling or less, some or complete junior
high school and some senior high school or beyond. Household per capita income was
inflated to its 2009 value and standardised. Dummy variables were created for each survey
wave to capture period effects.

Statistical analysis

Bayesian hierarchical regressions were used to model differences in within-individual
weight changes for a given period of time between individuals exposed to different
community fast-food environments, while adjusting for intra-group correlations due to
clustering. Little within-individual correlation (about 0.0001) over time was found after
controlling for all the predictors, and hence only within-community correlation was
modelled. Three models are estimated and described below. The first model examines the
associations between community exposure to fastfood restaurants at time ¢ (ie, 2000, 2004
and 2006) and weight changes between fand £+1 (ie, between 2000-2004, 2004-2006 and
2006-2009). It can be written as follows:

i 2
Vi | = Vi Ay B e i~N(O0,0)) (1)

t_ t t t t e 2
CYj—)’() 7 Zj,fastfood +yZZj,p0pulati0n +73Zj,urbanicity +74Zj,region 1,1 N (0’ O-a) >

where (yfj“ ~ ;) iis the difference in an anthropometric measure of individual /from

community s between two times, tand #+1; yf;,- is also included on the right-hand side of

equation (1) as a predictor to adjust for differences in baseline weight status; Xf,- denotes the
lagged individual-level attributes measured at time £ y4 represents the association between
number of fast-food restaurants at time and weight changes from #to £+1; and n;represents
community-level random effects. This is essentially a difference-in-difference model where
individuals serve as their own control to estimate within-individual weight change between
two time points and between individuals exposed to different numbers of fast-food
restaurants.

The second model examines the association between fast-food restaurant changes from #to ¢
+1 (ie, between 2000—2004 and 2004—2006) and weight changes during the same period
so that equation (1) remains the same but equation (2) is modified as follows:

t_ t t+1 t t t+1 t t t .
Q/j—)’()‘l‘)’] Zj,fasgfood 72 (Zj,fasgfood - Zj,fas{food) +y3Zj,population+ V4 (Zj,populan'on - Zj,population) +y5Zj,urbanicity+y62j,rcgian +77J’ (3

where (Z}}is)fond_zj'fmtfood) denotes the change in the number of fast-food restaurants
between tand £+1, while the other variables mainly serve as controls.

The third model is the same as the second except that the change in fast food availability is
lagged. Thus, it examines the association between change in number of fast-food restaurants
from £-1 to ¢ (ie, between 2000—2004 and 2004—2006) and weight changes from fto #+1
(ie, between 2004—2006 and 2006—2009). The rationale is that weight gain may not be
immediate; rather, it may reflect a slow process of accumulation over time. Again, equation
(1) remains the same but equation (2) is modified as follows:
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where (Z},fwfwd—zj-};s,fwd) denotes the lagged change in number of fast-food restaurants
from previous to current wave.

Thus, together, these three models draw a more complete picture of the dynamic
associations between local fast-food environment and individuals’ weight changes. All of
the models were fitted separately for men and women, given their potentially different
underlying weight change trajectories.

Bayesian model specification was accomplished after assigning non-informative priors for
unknown parameters. Model estimation was achieved by using Markov chain Monte Carlo
algorithms implemented in OpenBUGS 3.2.1.33 Missing outcomes were imputed conditional
upon the updated parameter estimates at each Markov chain Monte Carlo iteration, and thus,
the parameter estimates naturally incorporated the uncertainty in imputation.3!

Table 1 shows summary statistics for the independent variables. The average age of the
sample ranged between 44 and 51 over the period 2000-2006. Almost half of the
respondents were men, around 80% were married, more than 30% drank alcohol and
roughly 25%-30% smoked cigarettes. The average household income per capita varied over
the period under study and across urban and rural communities. In 2004, it was roughly
6000 RMB in rural areas and 9000 RMB in urban areas. In urban communities, more than
40% of respondents attended senior high school or beyond and fewer than 30% had
completed primary school or less, while in rural communities, fewer than 20% completed
senior high school or beyond and nearly half of the sample had primary schooling or less. In
terms of physical activity, more than 50% of rural respondents participated in daily heavy
physical activity, while only about 5% of urban respondents did so.

Turning to community-level characteristics, on average, urban communities had higher
levels of urbanisation, larger populations and more fast-food restaurants. Levels of Western
fast food were still relatively low; fast food had not appeared in all communities at the time
of these data collection. On average, the number of fast-food restaurants in urban
communities ranged from 0.4 to 0.8 and in rural communities from 0.1 to 0.2.

Figure 1 plots the means of BMI, WHtR and WHpR between 2000 and 2009. Overall,
growth trajectories of body weight were similar for men and women and across rural-urban
areas, in all cases trending towards weight gain. Notably, urban men were consistently
heavier than their rural counterparts.

In conducting analyses, we adopted a stepwise estimation strategy. That is, we estimated a
null model without any predictors, a model with individual-level variables added and a full
model with community-level variables added. Given that our analysis includes specifications
for men and women for each of three weight measures in rural and urban China under three
different modelling assumptions, we present only the estimates from the full models in the
tables. However, we report that adding new variables does not affect the estimates of
existing variables substantially. Nonetheless, from these sets of models, we observe that the
unexplained individual-level variation in the null models was reduced by about 6%—35%
after adding individual-level variables. Adding community-level variables further reduced
unexplained community-level variation by as much as 21%.
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Table 2 shows parameter estimates from the first model for the associations of current
community exposure to fast-food restaurants with future weight changes. Each additional
fastfood restaurant in the community at baseline was associated with a 0.34 future increase
in WHtR and a 0.29 future increase in WHpR for rural women but a 0.11 future decrease in
BMI for urban women.

Table 3 summarises the relationship between contemporaneous changes in exposure to fast
food and change in weight measures. Each new fast-food restaurant opened was associated
with a 0.36 future increase in WHtR in urban men. Each additional existing fast-food
restaurant was associated with a 0.18 future decrease in BMI in urban women and a 0.55
future increase in WHIR in rural men.

Table 4 shows the models for the temporally lagged changes in community exposure to fast
food and their association with changes in weight status. A fast-food restaurant opening in
the past was associated with a future increase of 0.39 and 0.32 in WHtR and 0.46 and 0.38
increases in WHpR for rural women and men, respectively. It was also associated with a
0.53 future decrease in WHpR in urban women. Moreover, each additional fast-food
restaurant in the previous wave was associated with a 0.57 increase in WHtR and a 0.76
increase in WHPpR in urban women.

As for other variables, age was negatively associated with change in BMI, but positively
associated with change in WHtR and WHpR. Higher levels of education were negatively
associated with change in body weight. Being married was positively associated with weight
changes. Drinking alcohol was related to decreased weight status, while smoking was
associated with increased body weight. Urbanisation was negatively related to weight
changes. Living in any other region than the least developed mountainous south region was
associated with increased weight status.

DISCUSSION

Drawing on longitudinal data with multiple accurate anthropometric measures among
Chinese adults, this study addresses several limitations found in the previous cross-sectional
research on the association between fast-food restaurants and weight changes. A major
strength of this study is that it is among the first to allow inferences based on temporal data
regarding the dynamic associations between community availability of fastfood restaurants
and weight changes. By using data that follow individuals over time and include measures of
community environment at multiple time points, our analysis improves upon previous cross-
sectional analyses, which have been limited in their ability to assess weight change and more
susceptible to selection bias. Moreover, by using a “difference-in-difference’ approach, in
which individuals serve as their own controls, the calculated associations in this study are
less subject to the potential confounding bias that is ubiquitous in cross-sectional studies.

We found positive associations between current exposure to fast-food restaurants and future
weight changes in rural men as measured by WHtR and women as measured by WHtR and
WHpR. Nevertheless, to the extent that this finding mainly refers to measures of central
obesity, it reveals a possible detrimental consequence of accumulating abdominal body fat
over time after being exposed to Western fast food for a while. We also found an association
of a larger number of fast-food restaurants in the previous wave with increased WHpR in the
future for urban women, suggesting enduring effects of exposure to fast-food restaurants on
weight status. We need to note, however, that not all weight gain is bad. Weight gain among
those underweight could be desirable. However, only 6% of this sample is underweight, and
we confirmed that the results we report are not driven by this population. In any case, we

J Epidemiol Community Health. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xu et al.

Page 8

would still be hard-pressed to interpret this result, weight gain associated with fast food, as
desirable overall.

Unlike previous studies that treat community food environment as static, we took into
account the fact that fast-food restaurants do not open randomly and do not remain
unchanged over time.22 We also acknowledged the possibility that it could take a while for a
recently opened fast-food restaurant to affect local residents’ eating behaviour and hence
body weight status. We therefore investigated the concurrent and temporally lagged
associations between changes in community availability of fastfood restaurants and weight
changes. Using WHtR and WHPpR to measure weight status, we found some evidence of
positive concurrent association for urban men, but prevailing evidence of temporally lagged
associations for rural men and women of a positive association between change in the
number of fast-food restaurants in the past and future change in weight. These findings, to
the extent they capture true relationships, suggest that people tend to gain extra weight
gradually, not growing fatter overnight when fast-food restaurants open up in their
communities. This finding implies that long-lasting environmental intervention for diet and
health is needed in the battle to curb the emerging obesity epidemic in China.34 The above
findings together also highlight the importance of studying body weight changes and
environmental risk factors from a dynamic perspective.

The only significant result for BMI, a measure of total body fatness, is contrary to
expectation: living in communities with fast-food restaurants was associated with a
subsequent decrease in BMI among urban women. One possible explanation is that women
have adopted behaviour changes to battle against extra weight gain that comes with an
enduring exposure to a detrimental food environment. Because this relationship is based on
the number of fast-food restaurants rather than change in the number of fast-food
restaurants, it might also reflect the siting of restaurants in areas where women have lower
body weight. The more pronounced findings obtained when using WHtR and WHpR that
capture abdominal fastness as compared with BMI suggest that the relationship between
exposure to fast food and body weight status may be sensitive to the weight measures used
in analysis.

We note that this study is an ecological study. The associations we report are based on the
presence of fast-food restaurants in the community. We cannot assess visits to fast-food
restaurants by individuals. Accordingly, the results should be interpreted cautiously.
Furthermore, despite the growing proliferation of fast-food restaurants in China, it is likely
that many respondents, especially those in rural areas, did not adopt Western fast food as
part of their regular diet. Western style fast food is expensive and not a luxury all can afford.
It most often attracts young people from middle-class families or above since it is typically
considered as a faddish diet that signifies modernity and novelty.3> As such, it is not
surprising that the magnitudes of the relationships between exposure to fast food and weight
change found in this study are relatively small. Nevertheless, to the extent that tremendous
economic growth persists in both urban and rural China and that Western fastfood chains
continue to expand and move rapidly from major cities to smaller ones, it is possible that
exposure to Western fast food will grow in the near future. Indeed, recent news suggests that
fast food uptake is on the rise in China. Yum Brands, Inc., which owns Kentucky Fried
Chicken, Pizza Hut, and Taco Bell, reported that same-store sales grew 19% in China in
2011 contributing to a 30% increase in profits for the company.3® Given the suggestive
associations reported in this paper and the anticipated continued growth in Western-style
fast-food restaurants, public health officials may be well advised to monitor the expansion of
fast food and investigate the implications of its popularity closely.
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Although our study benefits from the ability to follow individuals over time, it is limited in
that only those who did not leave the study area are followed over time. Excluding migrants
may bias our estimates, although we performed sensitivity analyses and did not see evidence
that migrants differed substantially from stayres on socioeconomic status or other key
demographics with the exception of age. While China’s household registration system has
greatly constrained individuals’ residential choice and hence self-selection into communities
is arguably not a serious problem for this study,3” the past decade has seen a dramatic
increase of, especially rural-to-urban, migration flow in China. Future research will need to
address the movement of individuals and the potential for selection bias that results from
excluding migrants and might productively do so with data that include the tracking of
respondents’ after residential changes.

Finally, our analysis was limited to measuring change across two set survey time points and
to measuring exposure as the availability of fast food within a specific geographic
community. While this measurement of change is an advance on much prior research, it still
falls short of actual exposure. We do not know exactly when in the interval fast food
availability changed. To account for unobserved between-person heterogeneity and gain
more precise estimates of contextual effects, future studies would do well to incorporate
more detailed measures of the duration and intensity of individuals’ exposures to detrimental
community food environments.
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Figure 1.
Average body weight status among Chinese adults of age 18 or older (rural men, rural
women, urban men and urban women).
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