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Summary

Various measures of the obesogenic environment have been proposed and used in
childhood obesity research. The variety of measures poses methodological challenges
to designing new research because methodological characteristics integral to devel-
oping the measures vary across studies. A systematic review has been conducted to
examine the associations between different levels of obesogenic environmental mea-
sures (objective or perceived) and childhood obesity. The review includes all articles
published in the Cochrane Library, PubMed, Web of Science and Scopus by
31 December 2018. A total of 339 associations in 101 studies have been identified
from 18 countries, of which 78 are cross-sectional. Overall, null associations are pre-
dominant. Among studies with non-null associations, negative relationships between
healthy food outlets in residential neighbourhoods and childhood obesity is found in
seven studies; positive associations between unhealthy food outlets and childhood
obesity are found in eight studies, whereas negative associations are found in three

studies. Measures of recreational or physical activity facilities around the participants'
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1 | INTRODUCTION

Obesity is a leading cause of morbidity and premature mortality
worldwide.! It has become a severe public health concern among all
populations, especially children.? According to the World Health
Organization (WHO), over 41 million children under the age of 5 and
over 340 million children and adolescents aged 5-19 had overweight
or obesity as of 2016.2 Obesity has nearly tripled worldwide since
1951. The increasing obesity rate has particularly affected upper-mid-
dle-income countries with high rates of urbanization.® The Centers for
Disease Control and Prevention (CDC) has reported that in the United
States, one out of 6 children and adolescents are suffering from obe-
sity.* Childhood obesity often accompanies and leads to more serious
chronic health problems, such as high blood pressure, high cholesterol,
type |l diabetes, asthma, sleep apnoea, fatty liver disease, gallstones,
gastro-oesophageal reflux, joint problems and musculoskeletal
discomfort.> 1! Childhood obesity is also related to contingencies in
mental health, such as anxiety, depression, low self-esteem, poor qual-
ity of life and may, as a result, induce social issues, such as bullying
and stigma.??>"1* Children with overweight or obesity have increased
risks of developing obesity-related comorbidities, including heart dis-
ease and cancer.'®

The obesogenic environment is defined as the ‘sum of the influ-
ences that the surroundings, opportunities or conditions of life have
on promoting obesity in individuals and populations’t®!” The
obesogenic environment at the neighbourhood scale may interact
with personal characteristics to influence individual's weight status.
Modifiable environmental factors manifest as an indirect effect on
individual's diet behaviour and physical activity. First, dietary behav-
iours can be shaped by the community nutrition environment (gener-
ally known as the community food environment), defined as types,
locations and temporality of food outlets (e.g., supermarkets, conve-
nience stores or fast-food restaurant) in the community.*8% A quality
community nutrition environment characterized by affordable and
accessible food sources in the near proximity of the residential place
is necessary for children and adolescents to procure nutritious food
items and practice healthy diet behaviour.?° Second, the proximity to
a recreational or physical activity facility, such as park, playground or
gym, will increase the likelihood of physical activity engagement and
will decrease rates of sedentary activity, eventually mitigating risks of

obesity. For example, in neighbourhoods with relatively good

home are also negatively correlated to childhood obesity in nine out of 15 studies.
Results differ by the types of measurement, environmental indicators and geographic
units used to characterize obesogenic environments in residential and school
neighbourhoods. To improve the study quality and compare reported findings, a

reporting standard for spatial epidemiological research should be adopted.

built environment, food environment, obesity, obesogenic environment

walkability (e.g., more sidewalks), people are more likely to engage in
physical activity such as walking and cycling, while significantly reduc-
ing time spent on sedentary activity, such as watching TV, driving and
sitting.2! Third, there are contextual factors in the obesogenic envi-
ronment that shape both diet behaviour and physical activity.?? These
contextual factors include the affordability of healthy food options,
peer and social supports, marketing and promotion and planning poli-
cies on the sustainability of the community design.* In this review, we
mainly focus on the physical aspect of the obesogenic environment
and will not include these contextual factors.

Previous reviews have examined the associations between obe-
sity and various measures of the obesogenic environment. Some stud-
ies argue that evaluations by these measures differ by age group and
vary across countries. A recent review found that associations
between the community food environment and obesity were less
likely to be significant among children than adults in the United States
and Canada.?® Another review conducted an extended scope of work
in four European and Oceanian countries (i.e., the United Kingdom,
Ireland, Australia and New Zealand) and compared the findings with
the North America.?* Even among children, associations between the
community-based obesogenic variables and obesity differed by gen-
der, age and socio-economic status.?® In addition to these regional
comparisons, the association may also vary by the definition of the
community or neighbourhood. Neighbourhood is loosely defined as a
physical extent where individuals engage in communal activities with
local residents.2® This definition focused on a physical space has been
further extended to the perceived neighbourhood or the geographic
extent conceptualized by people as their communal space. It has been
found that individuals tend to perceive their living neighbourhood as
being smaller than the administrative unit (e.g., census tract and postal
zone) where they reside. This means that the actual scale where the
contextual factors affect individuals' health status could be very dif-

t.2” There have

ferent from those derived from the administrative uni
been no consensuses in obesity studies about the most appropriate
scales and measures where obesogenic environmental factors should
be employed. For example, it was noted that the majority of food
environment studies were employed at the community or
neighbourhood scale in terms of schools, work sites and house-
holds?3; measures of the food environment included the availability,
variety, accessibility and density of food outlets. In addition, a system-

atic review on green space and obesity reported that two most
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common measures of the physical access were distance (Euclidean or
network) to near green spaces and the count of green spaces in the
vicinity of the residential place.?® Despite the accumulation of
research using various environmental measures, there is still lack of
consensus on how to define the obesogenic environment for
children.?82?

This review contributes to the literature in two major aspects.
First, we have systematically reviewed a full scope of literature using
both objective and perceived measures of the obesogenic environ-
ment applied to childhood obesity research. Second, this review has
summarized the different levels of associations between these mea-
sures and childhood obesity. This study will inform researchers about
the availability, consistency and significance of these environmental
measures. Furthermore, this review will shed important insights into
childhood obesity research that employs a multiscale framework for

intraregional and interregional comparisons.®

2 | METHODS
A systematic review was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews (PRISM).

21 | Study selection criteria

Our study inclusion criteria were as follows: (1) the study included at
least one measure of the obesogenic environment, (2) the study out-
come was obesity (including overweight) instead of other health out-
comes, (3) the study was focused on the association with obesity
rather than the obesogenic environment (e.g., food environments) per
se or obesity-related behaviours (e.g., diet behaviour and physical
activity) per se, (4) the study was focused on the obesity of children
aged younger than 18 years and (5) the study was an original research

article published in English.

2.2 | Search strategy

A keyword search was performed in four electronic bibliographic
databases: Cochrane Library, PubMed, Web of Science and Scopus.
The search strategy included all possible combinations of keywords,
including the obesogenic environment (mainly built environment and
food environment), children and adolescents and weight-related out-
comes (Appendix A). To increase the coverage of the literature, we
manually searched the reference lists in a snowball approach and cited
relevant articles with an end search date of 31 December 2018.

Titles and abstracts of the articles identified through the keyword
search were screened against the study selection criteria. The full text
of potentially relevant articles was retrieved for scrutiny and integra-
tion. Two reviewers independently conducted the title and abstract
screening and identified potentially relevant articles for the full-text

review. Discrepancies were screened by a third reviewer. The three

reviewers jointly determined the list of articles for the full-text review
through several rounds of discussion. Two reviewers then indepen-
dently reviewed the full texts of all articles in the list and determined

the final pool of articles included in the review.

2.3 | Data extraction

For each selected study, we adopted a standardized data extraction
process to collect methodological and outcome variables, including
authors, year of publication, study area, country, study year, sample
size, age range/age at baseline, sample characteristics (including
follow-up years), number of repeated measures, attrition rate
(if applicable), statistical model, measures of the obesogenic envi-
ronment (objective or perceived; residential neighbourhood or
school), measures of body-weight status and key findings on the
association between obesogenic environments and weight-related
outcomes. Two reviewers independently extracted data from each
study included in the review, and discrepancies were resolved by

the third reviewer.

3 | RESULTS

3.1 | Study selection

Figure 1 shows the study selection flow chart. We identified a total of
4629 articles through the keyword search process. The search under-
went title and abstract screening, by which 1697 articles were
excluded. The full texts of the remaining 106 articles were reviewed
against the study selection criteria. Of these full-text articles, five arti-
cles were excluded. The remaining 101 studies that examined the
relationship between the obesogenic environment and weight-related

outcomes were included in this review.

3.2 | Study characteristics

The main characteristics of the 101 included articles were presented
in Table 1. All studies were published after 2004. The age of partici-
pants ranged from 2 to 18, with 76 cross-sectional studies, 23 longitu-
dinal studies, and two repeated cross-sectional studies. These
101 studies covered 18 countries: 65 studies were conducted in
North America, with 53 studies from the United States and 12 studies
from Canada; 11 studies were from the United Kingdom; 16 were
from Australia, Germany and China, with four studies from each coun-
try; two were from Brazil; and the rest were from France, Ireland, Lith-
uania, Malaysia, Mexico, Netherland, Portugal, South Korea, Spain,
Sweden and Ukraine, with one study per country.

The geographic scales of these studies varied from country to
county, while the number of participants ranged from 78 to
3 003 288. These studies were conducted at different geographic
scales, including nationwide (n = 11), provincial (n = 17), multistate
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FIGURE 1 Study exclusion

1966 about other diseases/themes rather than

» 691 without the inclusion of measures of

participants or focusing on adults (aged>18)

and inclusion flowchart

4629 records retrieved 2826 records were excluded:
through database search >
weight-related outcomes
built/food environments
» 107 without the inclusion of human
2932 unique » 4 study designs/protocols
titles/abstracts scanned » 6 books
» 4 conference papers
» 15 review papers
> » 11 program introductions
» 12 notes
» 1 poster
106 full-text papers > 5 short surveys
scanned » 2inFrench
» 2 in German
5 papers were excluded due to the research
design using controlled experiments,
101 papers included in

quasi-experiments, or other unexpected reasons.

the systematic review

(n = 1), multicity (n = 3), single city (n = 13), multicounty (n = 1) and sin-
gle county (n = 7). Most of the studies accounted for multilevel data
and applied multivariable regression models for data analysis (n = 86,
85%), including linear regression model (n = 27, 27%) and logistic
regression model (n = 38, 38%). Other methods, such as the correla-
tion analysis (n = 2) and the multilevel grows curve model (n = 3), were
also employed. Study outcomes included the absolute value of the
body mass index (BMI), BMI percentile or z score, rate of obesity or
overweight and change in BMI or weight.

3.3 | Diversity of measurements

The most common types of the obesogenic environment under exami-
nation were residential neighbourhoods (n = 96) (Table S1) and school
neighbourhoods (n = 23) (Table S2). The investigation approaches
included objective measures by Geographic Information Systems (GIS)
tools (n = 85) or neighbourhood perceptions self-reported by the
participants, their parents or the school directors (n = 17). Both the
objective measures and the perceived measures included four envi-
ronmental indicators, including availability (e.g., presence or not),
count (e.g., total number), density (e.g., count/population, count/area)
and proximity (e.g., straight-line/network distance). Among the
101 studies examining these indicators, count was the most common
measure (n = 72), followed by availability (n = 36). More complex spa-

tial measures such as the kernel density that weighs outlets near

participants' school (n = 6) or moderates the distance to the nearest
retail outlet (n = 2) were less likely to be employed.

Studies also differed by the geographic units used to assess expo-
sure to the obesogenic environment in residential neighbourhoods or
school neighbourhoods. For instance, 22 studies measured the expo-
sure to supermarkets in 20 different ways, and 26 studies assessed
the exposure to fast-food restaurants in 17 different ways. Sixteen
studies used administrative units, including census tracts (n = 12),
postal zones (n = 2) and predefined grids (n = 4; i.e., Middle Super Out-
put Area,?’ Street Segments,>® Small Area Market Statistics® and

115) Residential or school addresses were

Lower Super Output Area
also used for assessing environmental exposure, buffered by a radius
(and was measured either along the road network or by a set distance)
(Tables S3 and S4). Buffers ranged in sizes from 0.4 to 6 km. A 1.6-km
road-network buffer was the most commonly used criterion (n = 13),
followed by a 1-km buffer (n = 11). Many studies performed sensitiv-

ity analyses with buffers of multiple sizes.

34 |
obesity

Association between food environment and

Sixty-five studies examined weight-related outcomes in relation to
food environment measures in residential neighbourhoods (n = 164)
(Table S1) or school neighbourhoods (n = 72) (Table S2). Although a
high percentage (n = 146, 62%) of these associations were null, there
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were some notable findings. For example, most of the findings (seven
out of nine associations in five studies for residential neighbourhoods)
on healthy food outlets (e.g., supermarkets) and obesity suggested a
negative association between the two, and the association was more
apparent for availability, count and density measures than for distance

measures. Similarly, the availability of3?->%108123

51,59,73

and the proximity
to supermarkets were inversely related to obesity. In contrast,
the availability of unhealthy food outlets (e.g., convenience stores and
fast-food restaurants) was positively associated with obesity in sev-
eral studies (eight out of 20 associations in 15 studies for residential
neighbourhood; three out of 13 associations in 11 studies for school
neighbourhoods). For associations between convenience stores and
obesity, seven out of 23 associations for residential neighbourhoods
and six out of 11 associations for school neighbourhoods were posi-
tive. Results for fast-food restaurants were equivocal: although posi-
tive associations between fast-food availability and obesity
outnumbered negative ones (seven positive vs. three negative), the
majority of the associations (n = 23, 70%) were null. Evidence for
associations with grocery stores (five positive, two negative and
15 null) and full-service restaurants (one negative, one positive and

8 null) was relatively weak.

35 |
obesity

Association between built environment and

Overall, 35 studies examined 85 associations between built environ-
mental measures and weight-related outcomes in residential
neighbourhoods (Table S1) and 18 associations in schools (Table S2).
Regardless of the type of measurement, null associations were pre-
dominant. For studies examining all recreational or physical activity
facilities around the participants' residential place, negative associa-
tions with obesity were reported (n = 9, 60%). Similar patterns
emerged with built environment measures calculated for gyms and fit-
ness centres in or around schools (three negative out of four studies).
However, the results for parks were mixed. Both positive correlations
and negative correlations between the availability of parks (including
green spaces and playgrounds) and obesity were identified (three pos-
itive vs. six negative for residential neighbourhoods; two positive
vs. two negative for school neighbourhoods). Some studies reported
that travel-related built environment measures, such as dense traffic

56,63,68,69,102,110 45,49

roads, intersections,*® transit stations and traffic

signs,113 had a positive correlation with obesity, whereas others found

47,63,91

the correlations to be negative for dense traffic roads and

intersections.#”+107:110

3.6 | Impact of geographic units on associations

The spatial delineation of geographic units affected the results to
some extent. In residential neighbourhoods, there were negative asso-
ciations with healthy food outlets with measures in all buffer sizes for

residential neighbourhood (Table S3). On the other hand, the positive

association was dominant between the availability of unhealthy food
outlets and obesity within most of geographic units (n = 8, 40%) espe-
cially administrative unit (n = 4, 80%); however, unhealthy food out-
lets yielded negative associations in 0.8- and 3-km road-network
buffers. Some studies also identified mixed results using different geo-
graphic units, such as number of grocery store in 0.4-km straight-line
buffer'®® and 0.4-km road-network buffer,”” and others had even
yielded opposite results using same geographic units, such as number
of supermarket in postal zone.3%7°

To investigate the influence of geographic units on associations,
15 studies used more than one geographic unit, and they reported
that the correlation between food outlet and obesity tended to be
more significant when analyses were performed using smaller buffer

sizes.>*81

4 | DISCUSSION
This systematic review identified 101 studies that examined the asso-
ciations between obesogenic environmental factors and childhood
obesity. Several important findings were identified. First, there was a
high degree of heterogeneity in quantifying the obesogenic environ-
ment for children. Notably, an obesogenic environment was com-
monly measured as either objective measures, perceived measures or
both. Among the studies that employed both objective and perceived
measures, the perceived measures were more likely to yield statistical
significance than the objective measures. However, the effect sizes of
the perceived measures were relatively small, providing only weak evi-
dence to support a relationship between environmental factors and
obesity in children.'?®

Second, the majority of the studies that examined food environ-
ment and childhood obesity reported more consistent associations.
Among these studies, the most commonly used objective measures
were count and availability, and the results varied by the type of food
outlet. Fast-food outlets and convenience stores showed more posi-
tive associations with childhood obesity. This finding resonates with
the widespread concern that the frequent patronization of fast-food
outlets and convenience stores has health-damaging effects.!?? This
statistical linkage calls for more rigorous studies to establish the causal
pathway to childhood obesity. Likewise, the proximity to supermar-
kets and farmers' markets showed negative associations with child-
hood obesity,37-°0:608488128 5 this effect could be attributed to the
higher likelihood of fruit and/or vegetable intake when healthy food
access is adequate. However, several studies investigating the effect

of supermarkets on reveal a

51,59,73

obesity did not significant

association, implying that the association between supermarket
access and obesity could be influenced by other contextual factors,
such as shopping preferences, available modes of transportation and
the presence of alternative food outlets.

Third, other factors of the built environment in shaping childhood
obesity were rather inconclusive. Several studies recognized physical
activity as an important factor in linking the obesogenic environment

and childhood obesity, highlighting the health-promoting role of
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recreational or physical activity facilities.2#8813° Several other studies
also examine the differences in transport-related environments
(e.g., sidewalk, intersection and traffic) in explaining the disparity in
children's physical activity and obesity.” However, mixed results in
terms of travel-related environmental factors were found in the litera-
ture.t A recent systematic review indicated that school transport
interventions, such as the ‘Safe Routes to School’ programme in the
United States, could be effective in increasing children's physical
activity; however, overall quality of evidence was weak, largely due to
inconsistencies across study design and short study periods.*3? Isolat-
ing the influence of the travel-related environment on children's phys-
ical activity and obesity would be difficult because of possible
interactions with other psychometric factors, such as safety percep-
tion.?3! Also, some studies may be subject to residential self-selection

bias'®3 or selective daily mobility bias,*3*

wherein preference or
knowledge of healthy lifestyle could influence subjects' residential
choice and travel patterns. The extent to which these biases also pre-
sent in identifying modifiable risk factors in the built environment
associated with childhood obesity remains relatively unknown, calling
for further work. 13>
Lastly, a large number of studies reported null associations
between the obesogenic environment and childhood obesity, possibly
due to the confounding effect on the individual level. Associations
between environmental factors and childhood obesity could be modi-
fied by individual characteristics, such as gender, race, age, education
attainment, family income and marital status. The same environment
may have markedly different effects on different population groups.
For example, the density of farmers' markets around the residential
place was negatively associated with obesity among elementary stu-
dents; the association, however, was not significant among
middle/high school students.*® For the two groups of students in the
same study, the associations with the density of fast-food restaurants
were the opposite. In another study, the environmental effects of
supermarkets on obesity were different by gender group—girls were
more likely to be affected by supermarket access than boys.39 This
gender difference, although being subtler in children than in adults,
could be explained by the different levels of exposure and vulnerabil-
ity to the obesogenic environment between genders. It originates
from the physiological difference between genders in terms of body
composition, hormone biology, patterns of weight gain, levels of rest-
ing energy expenditure and energy requirements, ability to engage in
physical activity, levels of self-regulation in early childhood, and the
susceptibility to social norms, cultures and ethnic backgrounds.3¢
Likewise, socio-economic inequities in early childhood development
allow children to have different opportunities of physical activity and
diet quality, eventually leading to different levels of weight gain.137:138
Moreover, low-income families tend to be less vigilant about chil-
dren's weight gain and therefore are less likely to seek appropriate
interventions.13%'14° As such, individual characteristics, notably gender

*References 48, 66, 68, 69, 104, 106, 110, 131-133.
TReferences 39, 45, 47, 48, 63, 66, 68, 69, 81, 91, 102, 107, 110, 113, 134.

difference and socio-economic positioning, may strengthen or weaken
environmental factors that contribute to childhood obesity.

This study has several limitations. First, the majority of the studies
included in the review are cross-sectional. Although cross-sectional
evidence is useful to test research hypotheses, further investigations
using a longitudinal design will help to establish a more robust evi-
dence base. Although prospective cohort studies are preferable, they
are subject to high costs and the difficulty in capturing critical expo-
sure over a prolonged time period or even the life course. One
approach to overcome the limitation is to conduct retrospective stud-
ies linking existing administrative health records with historical
geospatial data available on a global scale.’*! Second, most of the
studies in the review are focused on developed countries and do not
reflect the reality of the growing obesity epidemic facing underdevel-
oped and developing countries.2*? Especially in developing countries,
rapid urbanization coupled with changing dietary patterns will likely

143 Failure to account for the

exacerbate childhood obesity.
obesogenic environment in underdeveloped and developing countries
will lead to the omission of health risk factors posed for regions in
need of obesity prevention and health intervention. Third,
guestionnaire-based survey methods as reviewed in this paper may
have led to unreliable measurements, especially for the perceived
measures. This is a common issue in survey research targeting chil-
dren, as children's perception of the obesogenic environment tends to
be inadvertently misrepresented in both the recruitment procedure

144 It is thus recommended that future

and the survey question design.
studies employ new technologies in a hybrid approach to offset the
subjectivity in the research design.2**"¥%7 Also, active engagement of
and the coproduction with children in the generation of knowledge
can help minimize potential measurement biases.**® Finally, the
reporting quality of and comparability among future studies should be
improved. The Spatial Lifecourse Epidemiology Reporting Standards
(ISLE-ReSt) statement should be adopted by scientific journals in pub-
lic health, geography and other relevant disciplines to increase

reporting quality of such environmental health research.1#%:1%°

5 | CONCLUSIONS

This systematic review reveals more significant associations of food
rather than built environmental factors with weight status among chil-
dren and adolescents. Heterogeneous measures in obesogenic envi-
ronments for children and differences in controlling for confounding
effects among studies may partly accounted for those null and incon-
clusive associations between some factors and weight status. This
study comprehensively summarizes all existing evidence in this field
and would serve as an important reference to multiple stakeholders,
from new scholars in multiple relevant fields to policy makers.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.
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APPENDIX A.: SEARCH STRATEGY

The search strategy includes all possible combinations of keywords in
the title/abstract from the following three groups:

1. ‘built environment®, ‘food environment™®, ‘obesogenic

environment®,'built environment factor*, ‘food environment fac-

*)

tor*, ‘obesogenic environment factor*, ‘built environmental fac-

%)

tor*, ‘food environmental factor®, ‘obesogenic environmental

factor™, ‘built environment variable*, ‘food environment variable*,

‘obesogenic environment variable*, ‘built environmental variable*,
‘food environmental variable®, ‘obesogenic environmental vari-
able™ ‘built environment indicator®, ‘food environment indicator®,
‘obesogenic environment indicator®, ‘built environmental indica-
tor*, ‘food environmental indicator*, ‘obesogenic environmental
indicator*’;

. ‘child®, ‘juvenile®, ‘pubescent®, ‘pubert*, ‘adolescen®, ‘youth®,

‘teen®, ‘kid*, ‘young®, ‘youngster®, ‘minor®, ‘student®, ‘pupil®,
)0

‘pediatric*, ‘preschooler*pre-schooler®, ‘schoolchild*, ‘school-

child®, ‘school child*, ‘schoolage™, ‘school-age™*, ‘school age*’;

. ‘energy balance’, ‘calorie™, ‘body mass index’, ‘BMI’, ‘weight’, ‘weight

status’, ‘weight-related health’, ‘overweight’, ‘obese’, ‘obesity’, ‘adi-
posity’, ‘abdominal overweight’, ‘abdominal obesity’ ‘central over-
weight’, ‘central obesity’ ‘central adiposity’, ‘waist circumference’,
‘waist to hip), ‘waist-to-hip’, ‘waist to height, ‘waist-to-height’,
‘waist to stature, ‘waist-to-stature’, ‘fatness’, ‘body fat’, ‘excess fat’,

‘excess weight', ‘overnutrition’, ‘over-nutrition’, ‘over nutrition’.
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