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Abstract

Objectives: Our main objective is to establish an association between obesity
and social networks among the adult population as well as understanding the
underlying mechanisms. We aim to provide suggestions for the development
of future interventions to treat obesity. Methods: We carried out a literature
search from 4 databases: PubMed, Embase, Scopus and Web of Science. We
conducted a systematic search targeting on 3 main concept terms— “social net-
work”, “obesity” and “adult”. A final pool of 11 articles best fitted for our topic
was included. Results: We have established a clear association between obe-
sity and social networks. Single women with the co-living arrangement have a
higher waist circumference (WC), consistent with a higher predisposition to
obesity seen among single individuals but lone living divorced men had lower
WC compared to those with partners. Women with high incomes are less likely
to be obese in comparison to highly social men with low income. The degree
of the effect on social networks and obesity was inconclusive due to differ-
ences in the study population. Generally, women with low social participation
tend to be obese. However, non-partnered women consistently showed a high-
er WC in comparison to their partnered counterparts regardless of participa-
tion rates except for divorced women. Living in a neighborhood with access to
active transportation, high socioeconomic status, increased levels of social trust
and social support reduces the prevalence of obesity. Mechanisms of cultural
ideals, nature of employment, stress, gender, self-selection, network influence,
social contagion and shared built environment may have contributed to the
variation in results obtained. Conclusion: Association between social network
and obesity exists. However, its overall effect on body weight is affected by a va-
riety of factors. Sociodemographic factors and network characteristics of the po-
pulation may influence the impacts on body weight. Therefore, a good under-
standing of the mechanisms associated will assist the development of effective
network-based interventions.
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1. Introduction

Obesity is a growing public health crisis [1] [2] [3] [4] [5]. In the past, obesity
was regarded only as a problem in high-income countries, but in recent years, its
distribution has expanded to many regions regardless of their wealth [1] [6] [7].

Obesity is defined as a chronic disease resulting from the pathological build-
up of fat which could potentially be detrimental to health [8] [9]. An individual
may belong to any one of the 4 categories: underweight, normal, overweight and
obese, based on their calculated Body Mass Index (BMI) in accordance with the
World Health Organization classification [10] [11]. BMI ranging from 25 - 29.9
kg/m?* would be overweight whereas obese individuals would have a BMI greater
than 30 kg/m? [3] [4] [10] [11]. Variation in threshold limits among different eth-
nic groups exists where the population with a high risk of developing diabetes and
its complications tend to set lower cut-off values [11] [12]. Although BMI has
been the common method used to stratify individuals into distinct weight groups,
percentage of body fat estimated using the Deurenberg equation was preferred
by some authorities on the basis that it provides a relatively accurate degree of
fat composition independent of one’s muscle mass, therefore, allowing identifi-
cation of people with a high-fat percentage but seemingly normal BMI [11]. For
this, obesity is diagnosed if the fat percentage is more than 25% in males and more
than 33% in females [11].

In 2016, there were 1.9 billion adults who were overweight, out of these, more
than 650 million adults were obese [8]. From 1975 to 2016, the prevalence of obe-
sity had increased by 3 folds worldwide [8]. In terms of gender, females were more
likely to be overweight and obese at 40% and 15% respectively [8]. Based on the
statistics available from 2017, globally, obesity accounted for approximately 4.7
million premature deaths annually which are comparatively much higher than death
resulting from road traffic accidents and HIV/AIDS [1]. These alarming figures
could be contributed by the predisposition of obese individuals to comorbidities,
further increasing their risk of morbidity and mortality [5] [8]. Common com-
plications of obesity are cardiovascular diseases, stroke, diabetes mellitus and sev-
eral malignancies [1] [3] [5] [13] [14]. The actual mechanisms associated with its
comorbidities are currently not clear, however, significant weight reduction was
effective in reducing the comorbidities of obesity, suggesting that obesity is highly
associated with a variety of metabolic disorder [11]. Apart from that, obese in-
dividuals also tend to experience a lower quality of life due to the inability to
perform daily activities [3] [15] [16] and being the subject of stigmatization
[9] [15].

In Malaysia, the 4 yearly National Health and Morbidity Survey published in
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2019 showed a slight rise in the prevalence of overweight and obesity in adults
by 0.4% and 2.0% respectively within a 4 year period [10]. The annual death rate
for individuals with obesity nearly doubled over a period of 27 years from 6.65%
in 1990 to 11.06% in 2017 [1]. Similarly, in the United States, 1 in 5 deaths oc-
curred due to obesity and overweight from 1986 to 2006. Additionally, those
who were severely obese experience a reduction in life expectancy of up to 20
years in men and around 5 years in women [11]. Malaysia, being the country
with the highest rates of obesity in Southeast Asia, poses an economic burden to
the country [6]. Nearly $1.7 billion were spent solely on medical cost for obesity
and overweight-related issues [6]. Similarly, the cost of managing obesity in the
United States utilizes 20.6% of the country’s health budget and an additional
$73.1 billion and $121 billion were used on anti-obesity products and services
[2].

At present, most weight-based interventions focus mainly on incorporating
healthy behaviours such as engagement in physical activity, adherence to a healthy
diet regimen and controlling meal portions [2]. Although improvement in weight
was seen, the effects were not sustained [9] [11] [17] [18] with significantly large
numbers of participants returning to their pre-treatment weight within 5 years
[11] [17]. The latter could be due to the increasing availability of large meal sizes,
booming fast-food industry and a relatively sedentary lifestyle [17]. Therefore, it
is important to identify limitations of conventional treatments of obesity and de-
velop effective and sustainable interventions which are able to address the bio-
logical, psychological and social components of daily lives [9] to overcome body
weight crisis.

Social network is a complex structure consisting of individuals connected to
each other by relationships. In the last decade, studies mainly focus on how these
networks contribute to the development of overweight and obesity [19]. It is said
that an individual’s physical and behavioral characteristics are predominantly sha-
ped by the group of people they frequently associate with [20]. These social rela-
tionships can be both beneficial and harmful to a person’s behavior [2] [21]. Pos-
itive changes have been noted with higher levels of physical activity among teenage
girls when they have more physically active friends [2]. Furthermore, it was found
that weight-loss interventions produced better results when conducted in groups
[19]. On the other hand, having obese social contacts can alter one’s attitude to-
wards obesity and their lifestyle choices (e.g., social habits, diet and physical activity)
[22]. Furthermore, it was observed that relocation of people originating from poorer
countries to richer countries tend to experience lesser weight gain and are at lower
risk of getting diabetes as compared to those who remained in their home coun-
try [11]. With the limited data available from Africa, high BMIs were seen among
Africans who immigrated to Northwestern regions of the world [1]. Thus, future
approaches to the management of obesity should note the influence of complex
social connections among individuals as potential contributory factors to the de-

velopment of obesity [20].
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Despite extensive efforts to combat the troubling rates of obesity, commonly
prescribed treatment consisting of lifestyle advices does not seem to produce
promising results [23]. This is in line with findings from the study conducted by
Finucane ef al. revealing a worrying upward trend in BMI worldwide since 1980
[5] [11]. Increasingly, recognition of the role of social network in the understand-
ing of obesity has been accepted, however, there are still limited resources avail-
able focusing on how these webs of connections contribute to the development
of overweight and obesity [19]. A large majority of research done were to deter-
mine the risk of developing overweight or obesity based on the characteristics of
specific network groups (such as the friendship group), which highlighted the point
that it is possible for clustering of obesity in social groups to occur [19]. Howev-
er, the use of the social network as interventions for the management of obesity
is still unvisited [2]. The aim of this paper is to establish an association between
obesity and social network among the adult population and identify the under-
lying mechanisms. This is vital for the development of holistic interventions to over-
come the upsurge in rates of obesity both globally and locally. With this piece of
information, we can rely on influential individuals to convey health information
and share positive health-related behaviors to the population [2] [12] [19]. A sim-
ilar strategy has been successful in reducing the spread of HIV/AIDS with the
help of social media such as Facebook [24]. Therefore, offline social networks
could potentially produce similar results if all aspects of an individual’s daily life
are taken into account when designing a future intervention for the treatment of

obesity.

2. Methods
2.1. Search Strategy and Key Terms

An electronic literature search was done in March 2021 using 4 databases name-
ly PubMed, Embase, Scopus and Web of Science. Appropriate entry terms and
subject headings were identified and entered into each database as part of the search
strategy. 3 main concept terms were used across all databases to address the pur-
pose of this review: “social network”, “obesity” and “adult”. Database specific syno-
nyms and subject headings are provided in the Appendix section of this paper.
Several synonyms suggested by the databases were removed as it was either irrele-

vant or were in foreign languages. These includes “social network analytics”, “adipo-

sitas”, “fat overload syndrome”, “obesitas” and “prime adult”.

2.2. Study Selection Criteria

1) Inclusion criteria: Included articles were those that provided insights to the
relationship between social networks and obesity as well as its underlying mecha-
nisms. Papers that provided recommendation for development of future inter-
vention were also accepted. Besides, the study population must fall within the age
group of 18 to 65 years old and belong to the overweight category to be included

in this review. Only original papers were used.
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2) Exclusion criteria: Papers focusing on pathophysiology of obesity and other
related comorbidities were excluded. Studies that examined influence of online
social network on weight status as well as effectiveness of online network-

based interventions in the management of obesity were removed.

3) Exception: There were 2 papers in this review that did not meet the age
group stipulated in the inclusion criteria but was ultimately included in the study
because it contains crucial information pertaining to social network and obesity.
Paper written by Hosseini provided information vital for better understanding of
the association between social network and obesity. This particular study was the
only article that assessed multiple social ties individually and noted the interac-
tion between these relationships contributing to obesity. On the other hand, study
conducted by Datar included both adults and children, however, the results were

separated according the study subjects.

2.3. Screening of Articles

Additional limits for language (English) and publication years (last 5 years) were
applied to narrow the search. A total of 477 articles were obtained. 227 duplicate
papers were identified and removed. Following this, the remaining 250 papers
were divided between the 2 reviewers (L.X.Y.B and N.W.Y) of which L.X.Y.B
was allocated to PubMed and Embase whereas Scopus and Web of Science were
given to N.W.Y. These papers were then independently screened by title and ab-
stract to ensure it met the eligibility criteria. After completion of this rigorous
screening process, there were only 58 articles which met our inclusion criteria.
192 papers were excluded due to the following reasons: use of online social net-
work intervention (62 papers), age of study population not between 18-65 (43 pa-
pers), focus of study was on another medical condition and not obesity (35 pa-
pers), ongoing research (1 paper), non-stratified results (6 papers) and no relation-
ship between social network and obesity (45 papers). Full text papers were ob-
tained if they met all inclusion criteria or when eligibility of the articles was un-
certain based on their title and abstract. During this time, 47 papers were excluded
because of the following reasons: use of social media interventions (4 papers),
study population not within the stipulated age range (14 papers), ongoing research
(1 paper), no link between social network and obesity (21 papers), non-stratified
results (1 paper) and no full text (6 paper). Only 11 papers best suited the objec-
tives of our review topic on social network and obesity were included for this re-

view. The screening process is summarized in Figure 1.

3. Results

Eleven papers were included in this review where 5 papers were allocated to
L.X.Y.B and 6 papers to N.W.Y. Information were extracted from the 11 papers
and broadly classified into socio-demographic factors and social network char-
acteristics. Besides that, the relationship between the two main concepts is ex-
plained based on mechanisms involved. Recommendation for future interven-

tion was also included.
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PubMed: 59 papers

Embase: 162 papers

Scopus: 151 papers
Web of Science: 105 papers

l

250 non-duplicate 192 papers excluded after

papers screened title/abstract screen
58 papers 47 papers excluded after full text

retrieved screen

|

11 papers included

Figure 1. Flowchart for the screening process.

3.1. Sociodemographic Factors

1) Marital status: Only single status among men were linked to highest rates
of central obesity (OR: 1.18, p < 0.05) whereas single women were at increased
risk of both general (OR: 1.63, p < 0.001) and abdominal obesity (OR: 1.53, p <
0.001) as compared to those who were married [25]. In particular, single women
experience an increase in WC by 4.32 cm as compared to partnered women [25].

2) Income: Among males, the independent association between income and
BMI was insignificant [26] [27] [28]. However, it was found that correlation be-
tween family income to poverty ratio (PIR) and weight is dependent on the de-
gree of social integration [26]. For men in the low-income group, those who are
highly socially integrated place them at higher risk of becoming obese (p < 0.01)
[26]. As for women, income is negatively associated with BMI. An increase in 1
unit of PIR resulted in a significant drop in BMI by 0.29 (p < 0.05) [26].

3) Living arrangement: Men who lived alone had lower risk of obesity (OR:
0.85, p < 0.01) however, living arrangement did not show any association with
weight status among women [25]. Non-partnered women who have co-living ar-
rangement have higher WC than co-living partnered women [25]. However, wid-
owed women living alone had a decrease in WC by 0.97 cm (95% Cl: —3.85 to

1.91) as compared to lone-living partnered women [25]. For men, larger WC
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were associated with lone-living men as compared to co-living men in all marital

status except divorced [25].

3.2. Social Network Characteristics

1) Social network size

As for the size of social networks, study by Kim demonstrated that there was a
selective negative network effect of social network size on central obesity in both
men and women in the community-based group [29]. Both men and women in
the community-based group were 1.19 times and 1.29 times more likely to de-
velop central obesity when they had small size of social network respectively
(men: OR = 1.19, 95% CI: 1.01 to 1.39; women: OR = 1.29, 95% CI: 1.15 to 1.45)
[29]. This demonstrates a negative association between size of social network
and central obesity across gender in community-based group [29]. On the other
hand, in the hospital-based group, no significant association was observed be-
tween size of social network and central obesity in men and only borderline sig-
nificance for the association was observed among women (men: OR = 0.99, 95%
CI: 0.91 to 1.07; women: OR = 1.07, 95% CI 0.96 to 1.19) [29]. Thus, size of so-
cial network exerted a null network effect on central obesity in hospital-based
group.

Although it was noted in the study conducted by Wieland that there was a
smaller mean size of social network observed in overweight and obese participants,
both studies conducted by Wieland and Florez indicated absence of association
between size of social network and obesity [30] [31]. Thus, null network effect
was noted for size of social network on obesity in the above studies. However, a
study conducted by Hosseini observed that smaller network size is protective
against abdominal obesity (OR: 0.76, p < 0.001) and general obesity (OR: 0.69, p
< 0.01) compared to those with larger network size for men. The same association
was seen among women (p < 0.05) [25].

WC was positively associated with social network size across all marital status
except among women who are divorced [25]. Regardless of the extent of social
network, women who are single and widowed recorded higher WC than part-
nered women [25]. This association is stronger in larger network groups [25]. These
effects were less evident among men [25]. Higher WC was recorded in single men
with a network consisting of at least 250 contacts than in divorced men with simi-
lar network sizes [25].

Positive association was observed between social network size and WC when
men participated in 3 or more activities [25]. In low levels or absence of social
activities, WC were negatively associated with social network size however, posi-
tive association is seen when women participated in 5 or more activities [25].

2) Social participation

Less than 2 social activities predispose women to abdominal obesity (OR: 1.53)
and general obesity (OR: 1.69) [25]. Women who have no social participation ex-

perience an increase in WC by 4.19 cm as compared to those with high social par-
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ticipation [25].

On average, non-partnered women involved in 2 or less social activities had
larger WC than their partnered counterparts with less participation [25]. How-
ever, an exception was seen in the case of divorced women with the highest level
of social participation where the mean WC were greatly reduced [25]. Single and
widowed women who joined 8 social activities recorded higher WC than part-
nered women [25]. Similar results were seen among men but the association was
weak [25].

Both men and women have inverse association between social participation
and WC for co-living and lone-living [25].

3) Social environment

Social environment can be defined as “immediate physical surroundings, so-
cial relationships, and cultural milieus within which defined groups of people
function and interact”. It encompasses neighborhood socioeconomic status (SES),
perceived crime and physical neighborhood factors such as presence of recrea-
tional facilities, features of an active transportation environment and neighbor-
hood aesthetics [32]. Hoenink observed 0.75 kg/m? reduction in BMI and 27%
reduced odds of being overweight in neighborhood with high SES level [33]. Be-
sides, the odds of becoming overweight was 9% lower (OR = 0.91, 95% CI = 0.83;
0.99) and 0.21 kg/m? (95% CI = -0.40; -0.02) reduction in BMI was also noted
when there were features of active transportation environment in the neighbor-
hood [33]. Thus, a positive network effect of neighborhood SES and features of ac-
tive transportation environment with BMI and overweight status was established.
However, neither perceived crime nor other physical neighborhood factors such
as neighborhood aesthetics and presence of recreational facilities were associated
with BMI and overweight status [33]. Thus, no network effect of perceived crime
and other physical neighborhood factors on BMI and overweight status was prov-
en.

4) Social trust

Association of social trust with BMI and overweight status was also tested in
the study conducted by Hoenink [33]. 1.28 kg/m? reduction was noted when there
was a high level of social trust in neighborhood while 1.31 kg/m? reduction in BMI
was achieved when highest levels of social trust was attained within the neighbor-
hood. This showed a positive association between high level of social trust and
reduction in BMI. However, no significant relationship was established between
social trust and overweight status [33]. Thus, a positive network effect of high so-
cial trust was seen with BMI but not overweight status.

5) Social support

Among the Lesbian Gay Bisexual (LGB) community, generally, male and fe-
male had a lower likelihood of becoming overweight [OR (95% Cl: female 0.97
(0.93 - 1.00); male 0.95 (0.92 - 0.99)] or obese [female 0.94 (0.88 - 1.00); male 0.92
(0.93 - 1.00)] with higher LGB climate scores [34]. For female LGB, probability of

overweight/obesity were lower with increasing LGB climate scores but these re-
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sults were insignificant after adjusting at the college level probably the influence
of an inadequate sample size [34]. Among heterosexual and gay males, the risk of
overweight and obesity is lower with better LGB climate scores [34]. As a result,
this may suggest that an encouraging and helpful support system at college would
be beneficial to the health of heterosexual students [34].

However, social support among Hispanic adults did not contribute to the as-
sociation between social network and obesity, resulting in a null network effect

to be observed between social support and obesity [31].

3.3. Possible Mechanisms for the Association between Social
Network and Obesity

1) Cultural ideals

Also referred to as “fat bias” where higher body weight could possibly be ben-
eficial for men while lower body weight status would be preferred among women
[16]. With that, “fat” men gained higher incomes than thin men whereas “thin”
women are given higher wages as compared to “fat” women [16].

The collectivistic culture that is found within Asian American as compared to
individualistic culture that was found in European American hindered members
within the community to look for social support. This is because individuals aim
to reduce relationship-related strain by minimizing burden on other members of
social networks. Consequently, people resorted to instrumental support such as
social network quantity as compared to emotional support which signified social
network quality when they were coping against stress. Thus, this theory was able
to explain the positive association of borderline significance seen between size of
social network and central obesity across gender in community-based group and
women in hospital-based group respectively [29].

2) Nature of employment

It was found that men in lower socioeconomic groups tend to get jobs which
involve physical labour and vice versa which could have possibly justified the weight
gain or loss that occurred [26].

3) Stress

Stress may account for the differences in weight status among men and wom-
en [35] which includes gender-based reaction to stress, resulting tension from
being treated unfairly and variation in biological responses to stress [26]. Wom-
en were more likely to inculcate the “tend-and-befriend” mechanism as a coping
strategy against stress. They became more dependent on their social network as
compared to men to avoid stressors and threat. This mechanism has then allowed
women to harvest social support from their social network as part of their cop-
ing strategy [29].

4) Social isolation

Among African Americans, social isolation has been found to reduce seden-
tary life practices among men and women. For women, it is the result of increased
rates of physical activity from lesser contact with their inactive friends while men

were more inclined to inculcate healthier diet into daily living as compared to so-
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cially active men who eat out and drink frequently, causing them to have lower
BMI [30].

5) Network influence

Presence of social cohesion in a modern residential area allowed exchange of
opinions between members regarding health behaviors constituting a pleasing
social environment. This in turn led to a positive effect on health behaviors caus-
ing decrease in BMI and overweight status in participants [33].

Individuals’ BMI were negatively associated with perceived overweight/obesity
within their social network groups. 1% increase in exposure to overweight/obesity
led to a decrease in public housing residents’ BMI by 0.05 kg/m?* (95% Cl: —0.10
to 0.00, p = 0.06) [36]. Among individuals who perceived they had greater ex-
posure to overweight/obesity experience a reduction in BMI by 4.22 kg/m? (95%
Cl: —6.98 to —1.46, p < 0.01) and are at lower probability of overweight/obesity
(RR: 0.75, 95% Cl 0.61 to 0.93, p = 0.01) than those who had lesser exposure
(36].

Weight loss intentions in a particular social group were found to influence
others to follow the same behavior. Likelihood of having high weight loss inten-
tions was 4 times higher if majority of social contacts were trying to lose weight
than those with fewer contacts engaging in weight loss.

6) Self-selection

The proposed mechanism that mediates the association seen in women and
those who are younger than 30 years old is self-selection. For younger participants,
due to higher acceptance towards obesity, this has resulted in them having a high-
er number of social networks that were obese or overweight. A blunted effect, on
the other hand, contributed to the disparity seen between men and women. The
blunted effect was selectively identified in men due to the gap in self-perceived over-
weight or obese as well as lack of overweight and obese perception towards their
social network [31].

7) Social contagion

Families of military personnel assigned to installations with high County Obe-
sity Rates (COR) were found to have higher BMI and increased risk of overweight
and/or obesity than those allocated to counties with lower COR [37]. Greater
strength of correlation between COR and body weight of military families were
observed with increasing exposure to the county represented by longer duration
of time spent at installation and off-installation residences [37]. A 1% rise in county
obesity rates is linked to an increase in BMI by 0.08 in parents included in the
study cohort (95% Cl, 0.02 - 0.13) and a 5% higher risk of developing obesity (OR:
1.05; 95% Cl: 1.03 - 1.08) [37].

8) Shared built environment

Presence of a pleasing social environment in a neighborhood could be attribut-
ed to positive social influence and social engagement within members of the
neighborhood. These factors which were commonly associated with urban neigh-

borhood and high neighborhood SES would exert a profound positive impact on
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health behaviors which in turn influences BMI and overweight status. Perceived
crime on the other hand, was not a determinant for BMI and overweight status
as individuals did not acknowledge it to be as important as social safety or social
trust in body weight. Lastly, the theory also included socio-ecological models which
mentioned that tiers of environmental influences led to formation of health be-
haviors. However, only certain interactions were observed in this study to have a
supportive role as suggested by the model which further emphasized the complex
relationship between residential environment and health behavior. As an exam-
ple, when there was easy access for active transportation in the environment, this
will help members of neighborhood to recognize it as an opening to lose weight,
which in turn, promotes increase in physical activity resulting in weight reduc-
tion. However, if the factors are assessed independently from each other such as
presence of recreational facilities and neighborhood aesthetics, it resulted in no
direct influence on BMI and overweight status [33].

The impact on weight may be similar among individuals who have similar ac-
cess to resources such as recreational facilities and food [37]. Shared built envi-
ronment did not explain the positive association between COR and body weight
among army families [37]. However, due to inadequacy of subjective (using par-
ent-reported Neighborhood Environment Walkability Scale for Youth scores) ob-
jective (using Geographic Information Systems and Robert Wood Johnson County
Health Rankings data) tools used to assess the surrounding built environment,
they were not able to a definite conclusion as to whether shared built environ-

ment contributed to the results aforementioned [37].

3.4. Suggestions on Future Intervention

Making use of peer influence for the purpose of modifying health-related be-
haviors among the adult population may be effective but further research is need-
ed to determine necessary adjustments to behavioral and social targets according
to the population group [36]. Additionally, health professionals could also utilize
existing social support available to the client who includes family and friends when
promoting the need to maintain a healthy weight [26].

With the establishment of association between social network and obesity as
well as its underlying mechanisms, studies have suggested interventions incor-
porating social network in public health initiatives [26]. Besides, appropriate in-
terventions targeting specific mechanisms can be drawn such as introducing
gamification designs in physical activities, improving features of active trans-
portation environment and implementing systemic approach to combat obesi-
ty [33] [38] [39]. A summary of suggested interventions can be seen in Table
1.

4. Discussion

4.1. Association between Social Network and Obesity

There is a proven association between social networks and obesity in the adult
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Table 1. Suggested social network interventions for obesity.

Article name Suggested interventions

e Incorporation of social network in public health initiatives.

e Health professionals should take into account social support

Campbell, 2019 . . . N
available through friends and family when promoting importance

of maintaining a healthy weight.

o Application of peer influence in targeting change in health-related
behaviour among adults may be useful however more research is
Gudzune, 2019 . . . .

required to determine how behavioural and social targets may need
to be adjusted based on the population.
. e Usage of gamification design as an intervention to increase physical
Harisson 2019 e —— .
activity among families in the community.
e Improve social network, social cohesion, social trust and SES status
in a neighbourhood by promoting activity friendliness of the
Hoenink 2019 neighbourhood and adding crossings or streetlight in the
neighbourhood to improve features of the active transportation
environment in the neighbourhood.

e Since system approach has been proven successful in the fields of
infectious disease prevention and control, adoption of systemic
approach to combat obesity has been identified. This can be

Lee 2017 achieved by applying 5 of the following efforts in the interventions

drafted: promoting more universal approaches, involving
multidisciplinary expertise, applying system methods,
implementing systems orientation to traditional approaches and
finally, connecting research, education, policy and action.

population. Larger social network size comprising of family and friends among
low-income population predispose individuals to obesity [29]. On the other
hand, due to the difference in the socio-cultural aspect, having a small network
of friends could either lead to low BMI or increased risk of obesity [29] [30]. An
article published by Cockerham revealed that those in the working and lower
middle class tend to indulge in unhealthy lifestyle habits due to restricted life
opportunities and traditional male socialising activities such as binge drinking
and heavy alcohol intake [40]. Tomaka is able to demonstrate both positive and
negative influences that may arise from having a large size of social network in
Caucasian and Hispanics population based on the study conducted [41]. Positive
outcomes were observed between social support and improvement in diseases
such as diabetes, hypertension, stroke, arthritis, emphysema while negative asso-
ciation was noted between social isolation and development of liver disease. The
negative association between social isolation and development of liver diseases is
due to cultural factors such as consuming alcohol as part of social customs in the
Caucasian and Hispanics population while the positive associations are due to pres-
ence of family support and social support in the communities. This further shows
that the size of social networks may support or oppose development of obesity in

the population depending on the contextual factors in play [41].
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It was seen that greater exposure to overweight and/or obesity in different ge-
ographical location can prove to have positive or negative effects on weight sta-
tus [36] [37]. A small positive but not significant relationship between obesity
and network exposure to obesity is established in a study conducted by Pollack
in Montgomery County, Maryland, a higher socioeconomic status public hous-
ing area [42]. This indicates that geographical location may reflect socioeco-
nomic status and thus impact the development of overweight and obesity in the
community [42].

LGB students who were given more support were found to be at lower odds of
obesity and overweight among college-goers [34]. Another pilot study conducted
by Marcoux demonstrated any form of social support regardless of size of social
network impacts positively on weight control and weight loss which thus proves
that social support should be targeted as means to combat overweight and obe-
sity in the population [43].

As for social network characteristics, self-selection had led to the presence of
clustering within similar social network of obese and overweight individuals
[31]. A cohort study conducted by Pachucki highlights influence and consisten-
cy in food choices and food patterns in participants based on existing social ties
[44]. This further proves that clustering within similar social network based on
food pattern impacts in the development of overweight and obese individuals
[44].

At the community level, social neighborhood factors such as social closeness,
social trust and neighborhood SES were proven to be mediating factors between
BMI and overweight status [31] [33]. It is found by Hystad that there is an in-
crease in health-behavior change when there is presence of community belong-
ing [45]. This reflects that one’s health is improved when there is better social
cohesion within the community as it promotes indulgence in positive health be-
haviors such as exercise, diet and weight loss [45]. Finally, Yang were able to high-
light that social strain increases risk of overall obesity from young to late adult-
hood which demonstrated that social participation and support plays important
role in preventing obesity in the population [46].

Thus, it can be concluded from the studies that there are some significant fac-
tors that mediate the association between social network and obesity in adults.
Targeted interventions should be directed to overcome these factors which include
single individuals, people with low income as well as socially isolated individuals
in a supportive culture or community. On the other hands, interventions should
also incorporate or strengthen existing factors that can aid in the prevention of
overweight and obesity such as improving socioeconomic status and features of

active transportation in a neighborhood.

4.2. Impact of COVID-19 Pandemic on Obesity

1) Food insecurity

The underprivileged people group experiences food insecurity in the midst of
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the pandemic resulting in changes in dietary practices towards unhealthy ones
which contributes to development of diet related conditions [47] [48]. Examples
includes individuals opting for high calorie food items as they are readily availa-
ble and affordable for those in the low socioeconomic group due to financial re-
straints and lack of resources [48] [49].

2) Deteriorating psychosocial health

The occurrence of the pandemic has resulted in psychological stress due to re-
strictions on social interactions thereby leading to a rise in individuals experi-
encing loneliness [48]. The pandemic has had a negative influence on food re-
lated behaviors where it promoted food hoarding culture and consumption of
energy rich food [48]. This coupled with reduced social interactions causes an
increase in obesity rates [48]. Negative feelings associated with home quarantine
were found to be alleviated by impulsive eating habits such as emotional eating
[48]. Inability to dine out has led to reduction in mindful eating with an increase
in incidence of overeating and poor dietary choices [48]. It is difficult to remain
active during the pandemic due to closure of gyms and restriction on outdoor
activities [48].

3) Social isolation

An emergency social isolation has been called upon by many governments across
the world as a response to curb the spread of COVID-19 in early 2020 [49]. These
prolonged forced confinements were observed to have a negative impact on obe-
sity as obesity pandemic worsens throughout populations across the globe [49].
Throughout the globally implemented lockdown, it was noted that the period of
indolence and comfort eating has increased exponentially causing nutritional en-
ergy balance to tilt towards weight gain [49].

4) Behavioral changes

On the other hand, rapid increase of screen time was also identified to impact
obesity negatively as calorie intake exceeds energy expenditure due to escalation
in on-line education, social media usage and work from home [49]. Disruption
in work patterns due to home-schooling and work from home implementation
also caused behavioral changes which influenced physical activity patterns, thus

becoming one of the major impacts of COVID-19 on obesity [49].

4.3. Mechanism and Impacts of Social Network

One of the mechanisms affecting the association between social network and
obesity is cultural ideals. Our findings suggest that fat males were given higher
pay than their female counterpart. It was also shown that a 1% increase in BMI
among women resulted in 0.6% reduction in family income as compared to men.
As a result, these individuals have trouble gaining employment, pushing them
into the low-income category [50] [51]. Additionally, it was noted that obese women
earned 10% - 12% lesser than non-obese individuals. The impact of such prac-
tices results in women being unable to break out of vicious cycle of obesity. There-

fore, employers should be aware of such occurrence at the workplace and devel-
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op policies against it to ensure well-being of all employees.

Next, collectivistic culture among Asian American has resulted in reduced so-
cial support leading to the rise in obesity across gender. Westerners were more
likely to seek support from others than Asians when faced with challenges while
working towards their goals [52] [53] [54]. This is because Asian culture empha-
sizes on keeping harmony between social members, therefore unnecessary dis-
closure of personal issues may burden others and complicate the process of in-
tegrating into society [52] [53] [54]. Therefore, it is important to understand the
cultural aspect of the target population when developing intervention to counter
obesity.

Another potential mechanism is nature of employment. We found that men
from low SES tend to have jobs that require physical labour, sparing them from
obesity. Similar hypothesis was postulated during a study involving shift workers
but it did not reach statistical significance [55]. At present, there has been no
published papers addressing both socioeconomic status and nature of employ-
ment concurrently to assess its effects on body weight. However, independent
association between SES and obesity showed that both low and high-income
countries are equally affected by the rising rates of obesity [56]. But, socially
disadvantaged groups are thought to have more exposure to factors predisposing
individuals to obesity or are more sensitive to their effects [57]. Contrary to popu-
lar opinion, physically taxing occupations had more overweight individuals while
those who engage in exercise during their free time had low body weight among
the rural Swedish population [58]. The Healthy Worker Project also revealed
positive correlation between work-related physical activity (WRPA) and obesity
in men and women [59]. This study also concluded that job activity is not a pre-
dictive factor for weight loss because individuals who experience higher WRPA
are from the low SES category which possibly acts as a confounding factor
[59].

Variation in reaction to stress from unfair treatment subjected to individuals
with non-ideal body weight contributes to the development of obesity. Women
utilized the “tend-and-befriend” mechanism and seek help from their social group
to cope with stress. Overall, women tend to people-centred, generous and coop-
erative while men were more self-centred with regards to their own well-being and
interest and less likely to risk themselves to help others [60]. It is true that indi-
viduals are judged and stigmatized by others because of their physical appear-
ance [61]. Consequently, they would be offered lower pay and given lesser job
opportunities leading to job stress which in turn increases their BMI [61]. This is
closely related to the change in food preference towards high calories items with
high saturated fat and sugar content [62].

Social isolation resulted in lower BMI than those who are socially inclined
across genders following an increase in physical activity among women and healthi-
er eating habits among men. This association has been corroborated by studies
done in Germany where socially inactive women were less likely to be obese [63].

In contrast, study done in Switzerland and England showed that high degree of
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social exclusion predisposed individuals to physical inactivity [64] [65] [66] and
poor diet consisting of lesser daily consumption of fruits and vegetables increas-
ing their obesity risk [64] [66]. Therefore, the effects of social isolation differ ac-
cording to the population demographics.

Increased exposure to overweight or obesity in a neighborhood promotes re-
duction in BMI. Although this finding contradicts previous study conducted by
Christakis and Fowler and Pollack, it was thought that exposure to unhealthy
body weight would motivate individuals to work towards achieving normal body
weight [22] [42]. A study conducted among adolescent showed that negative peer
influence resulted in the decrease in BMI when prevalence of obesity was high
[67]. Adoption of weight loss behaviors was found to be highly dependent on
weight loss intentions of their social contacts. Similar findings were seen among
participants of a behavioral weight loss program where the decision to join the
program was greatly influenced by the participation of their social contact. These
individuals were also found to be more participative throughout the program
and experience more weight loss than those with no social contact [68].

Several studies have supported our finding that presence of social cohesion
among members of an urban neighborhood provides a conducive environment
for reduction in BMI and overweight status [69] [70] [71]. There is a 14% risk re-
duction in obesity among residential areas with high social trust versus low so-
cial trust [71]. Communities with high collective efficacy were found to have in-
dividuals who are willing to intervene to create a healthy local environment to bene-
fit the community [69]. Furthermore, they are also more open to express their
opinion on behaviors including diet and exercise, therefore these adults lead by
example, by serving more nutritious foods, incorporating exercise where possible
and reducing screen times among children in hope to encourage others to adopt a
healthy lifestyle [69].

People living in areas with high rates of obesity for a longer duration tend to
have higher BMI and more likely to be obese and overweight themselves. The
data from this study was insufficient to reach a conclusion, however, it suggested
that social contagion could have played a role. Being in constant contact with
people of a certain body size may influence an individual’s choice of food. Study
done by McFerran among female undergraduates showed that the weight of an
individual is influenced greatly by people in their immediate setting and is also
related to how one perceived themselves in comparison to others in the setting
[72]. Non-dieters were found to consume more snacks when they were served by
a thinner waitress than a heavier one. Additionally, those on a diet tend to be more
receptive towards food recommendation given by a heavier waitress than a thinner
one [19].

Urban neighborhoods and higher SES were found to reduce the rates of obe-
sity and overweight. This is found to be true as obesogenic environment tend to
cluster in less affluent neighborhoods [73]. It was reported that low-income neigh-
borhood areas who are highly deprived have more access to tobacco, alcohol and

unhealthy food than those living in wealthier areas [74]. Furthermore, these peo-
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ple are unlikely to own cars, which further prevent them from getting healthy
food [75]. Therefore, it is fair to suggest that shared built environment is at play
contributing to development of obesity. With this, improving access to healthy food
options is vital in vulnerable populations to improve their living standard and health

status.

4.4. Current Management Approach for Obesity

The mainstay approach towards management of obesity according to the Malay-
sian Clinical Practice Guideline consists non-pharmacological treatments. A trial
of weight loss with a target of 10% weight reduction over 6 months is recom-
mended to all overweight and obese individuals [76]. Once achieved, weight main-
tenance must ensue. It is considered successful if weight gain is less than 3 kg
over 2 years and at least 4cm of sustained decrease in waist circumference [76].
However, individuals can be advised to prevent further weight gain if weight loss
strategy has failed. A minimum duration of follow up of 1 year is recommended
as regular contact with the treatment team provides a supportive environment,
which is a major determinant of successful weight loss in the long run [76]. Die-
tary changes including calorie restriction to 500 to 1000 kcal/day to ensure mainte-
nance of weight and preventing weight gain [76]. To ensure compliance, dietary
education is vital. 45 to 60 minutes of moderate intensity or lesser amounts of
vigorous activity is needed after obtaining medical clearance from the treating
doctors based on the patient’s health status [76]. These exercise programmes must
meet the FITT (frequency, intensity, time and type of exercise) criteria in order
for it to be sustainable [76]. Apart from that, behavioral therapy aiding in chang-
ing eating habits has been found to be a useful adjunct to maintain weight loss.
The best approach would be a multimodal treatment strategy as it has been asso-
ciated with the highest reduction in weight [76].

Pharmacological treatment which includes the use of orlistat, sibutramine or
phentermine can be offered if BMI > 27.5 kg/m? BMI > 25 kg/m?* with comor-
bidities or have symptomatic complications of obesity [76]. Surgery is reserved
for individuals with morbid obesity (BMI > 40 kg/m?) with existing comorbidi-
ties, failure of other treatments and associated with high risk of morbidity and
mortality [76].

Despite all these recommendation in place since year 2004, the prevalence of
obesity in Malaysia has been on the rise. Therefore, the underpinning factors pre-
venting success of strategies highlighted in the local guidelines must be identi-
fied and analyzed carefully taking into account the dynamics of the community
and developing interventions that suits the given population. This is urgently
required as the negative impacts of obesity affect both physical and mental health

of an individual.

4.5. Association between Obesity and Depression and Its
Underlying Mechanism

Bidirectional association between obesity and depression has been established.
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Regardless of gender, there is a 55% (95% Cl 1.22 to 1.98, p < 0.001) increased
risk of developing depression over time among obese individual while depressed
individuals were 58% (95% Cl 1.33 - 1.87, p < 0.001) more likely to become obese
(77].

The biological mechanism underlying these associations includes inflamma-
tion and dysregulation of the hypothalamic-pituitary-adrenal axis (HPA). Adi-
pose tissues induce the body to enter a state of low-grade inflammation which
promotes secretion of a broad range of pro-inflammatory factors known as adipo-
kines [78]. In rat models of obesity, it was found that hippocampal inflammation
resulted in more emotional changes [79]. Additionally, circulating levels of in-
flammatory markers such as IL-6 and C-reactive protein is directly proportional
to the severity of mood symptoms in women suffering from severe obesity [78].
Hyperactivity of the HPA axis resulting in an increase in hormones such as corti-
cotropin-releasing hormone (CRH), adrenocorticotrophic hormone (ACTH) and
cortisol found in depressed patients explains its contribution to development of
obesity [78] [80].

Psychological and behavioral mechanism for obesity includes negative percep-
tions about one’s body image resulting in difference in treatment especially in a
community with high beauty standards, adoption of unhealthy dietary practices
due to depressed mood and changes in food choices in times of distress in line
with the “comfort food theory” stating that stress increases consumption of ap-
petizing and high fat content food [78] [81].

4.6. Practical Intervention to Combat Obesity

1) Altering current food environment to promote healthy diet

The environment surrounding current food uptake in an individual or com-
munity can be altered by increasing access to healthier range of food, restricting
advertisements on unhealthy food items as well as marking up prices and giving
discounts for unhealthy food and healthy food respectively.

In order to promote easy access to healthy food in the community, public ven-
ues such as schools, parks, playgrounds and city buildings are appropriate target
as they are common community gathering areas. A study conducted by Wilbur
demonstrated an increase in total sales relative to baseline by 59% - 100% when
lower calorie items were added to vending machines as compared to just serving
regular calorie items in a large office setting [82]. On the other hand, Moore demon-
strated that distance to nearest supermarkets may be affecting access to healthy
food such as fruits and vegetables in the community [83]. As compared to par-
ticipants who have stores near their house, those with no supermarkets within 1
mile from their neighborhood were 25% less likely to indulge in healthy diet. It
was also identified that areas with worst ranked food availability to contribute to
the participants being 25% - 35% less likely to have a healthy diet as compared to
areas with best ranked food availability [83].

Another effective intervention that can be implemented includes restricting
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advertisements on unhealthy food items. A study by Zimmerman to investigate
effects of televised food advertising on adult food choice implicated for adults
exposed to food advertising are 28% more likely to eat unhealthy food as com-
pared to those who are not exposed to food advertising [84]. The same study also
highlighted that the total caloric value in the food chosen by adults exposed to
food advertising are 65 kcal higher as compare to the control group [84]. These
results reflect positive impact may be achieved if unhealthy food advertisement
ban is implemented [84]. However, it is vital to note that a comprehensive ban
on all ranges of unhealthy food such as fast-food, high calorie food and sugary
beverages should be implemented across all types of media while setting ban on
cigarette as an example in mind. This is because selective media ban will only
lead the food and beverage (F&B) industry to prey on other non-banned media
(85].

In order to shape the current food environment to be healthy, specific inter-
vention such as marking up prices for unhealthy food vs providing incentives
such as price discount for healthy food respectively have to be implemented.
Multiple studies have demonstrated that price of food influences food intake and
consumption especially in those of lower socio-economic status. As a result, they
are more likely to consume fatty meats, refined grains and added fats in their
daily diet which are cheaper but less nutritious [86]. Thus, this intervention will
focus on price elasticity on food products which can be targeted to combat over-
weight and obesity community with lower socio-economic status. The effect of price
elasticity can be applied to specific types of food consumed and quantity of food
consumed.

The probability of consuming specific type of food is significantly reduced
when there is a hike in price for the food. As an example, Guo demonstrated
significant reduction in consumption of rice by 2 times when the price of rice
was increased [87]. With the increment in the price of rice, it was also observed
that consumers alternated to other available and cheap source of food such as
wheat flour and coarse grains, which recorded a rise of 0.77 and 1.63 times in
consumption respectively [87]. This finding is also supported by another study
conducted by Jeffery [88]. When there was a price reduction of 10%, 25% and
50% in low-fat items sold on vending machine, there was a corresponding esca-
lation in purchase of the low-fat items by 9%, 39% and 93% respectively [88].
Guo also proved that price elasticity exerts a small but significant effect of quan-
tity of food consumption [87]. They noted that when the price of rice was in-
creased, the amount of rice consumed decreased by 0.12 times [87]. Applying
the concepts of price elasticity across socioeconomic status, it was found that an
increase in the price of rice resulted in a significant drop of 0.54 times in terms
of rice consumption in the lower socioeconomic status community as compared
to only 0.25 times of drop in rice consumption in those with a higher socioeco-
nomic status [87]. It was also shown that the poor are more likely to shift their

choice of meal to cheaper and more available options when the price of food is
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increased [87]. This is clearly demonstrated as wheat flour and coarse grains con-
sumptions in those from lower socioeconomic status increase by 0.32 and 0.64
times respectively when the price of rice is increased as compared to only a small
increase in consumptions of wheat flour and coarse grains in the richer popula-
tions by 0.23 and 0.19 times respectively [87]. This concludes that the price re-
sponsive effect is more pervasive in the poor as compared to the rich [87].

2) Promoting physical exercise as part of healthy lifestyle

Upgrading outdoor recreational facilities, improving infrastructure to support
walking and cycling besides enhancing active transportation in a community or
neighborhood are means of promoting physical exercise as part of healthy life-
style.

Sallis concluded that exercise habits in a neighborhood community was sig-
nificantly affected by density of total exercise’s facilities around one’s home
which can be either free or pay facilities (F = 4.5) [89]. It was also demonstrated
in the same study that presence of specific facilities related to specific activities
significantly affect the perceived convenience to exercise in the community such
as presence of swimming pool for swimming activities (F = 81.7) [89] [90]. Study
conducted by Brownson was also able to promote access to physical activity in
their study as 18.2% of the trail users attributed availability of the walking trail as
a free place to exercise as an aspect of the trail which they prefer the most [89]
[91]. Thus, it is proven that upgrading outdoor recreational facilities reduced
perceived barriers among community to exercise and hence encourage people in
the neighborhood to exercise. On the other hand, increasing and improving in-
frastructure to support activities like walking and cycling also proves to engage
the community into habits of exercise. The same study also demonstrated that
presence of walking trails access in rural communities led to significant rise in
physical activity among the population [91]. This was proven by the increase in
the amount of walking in 55.2% of avid users [91]. Finally, promoting and en-
hancing active transportation features in the neighborhood are proven to inter-
vene with overweigh and obesity issue effectively. A significant negative linear
trend can be seen between energy expenditure due to physical activity (PEA)
with BMI and waist circumference (W) in the study conducted by Wagner [92].
As compared to those who did not walk or cycle to work frequently, a 0.31 kg/m?
reduction in BMI as well as 1 cm lower W were observed when an individual spent
10 MET hour/week cycling or walking to work which is equivalent of 30 min per
day [92]. In conclusion, improvement in the infrastructure in the neighborhood
such as walking and cycling trails will undoubtedly encourage active transporta-
tion to places by the community and thus prevent development of overweight and

obesity in the community.

5. Conclusion

In summary, specific sociodemographic factors and social network characteris-

tics, as well as gender, affect individuals’ body weight differently. The establishment
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of the association between social network and obesity and its mechanisms should

be utilized in the development of the future intervention.
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