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Abstract

Purpose We investigated whether social health mitigates the association between weight perception and anxiety and depres-
sion 1 year later in a large sample of Canadian youth in a prospective, gender-specific analysis.

Methods We used 2 years of linked survey data from 20,485 grade 9—11 students who participated in wave 6 (2017/18) and
7 (2018/19) of the COMPASS study. Mental health outcomes included the Generalized Anxiety Disorder—7 item (GAD-7)
scale and the 10-item Centre for Epidemiological Studies Depression Scale Revised (CESD-10-R). Social health encom-
passed students’ perceived relationships with friends, family, teachers, and within schools. Multilevel, prospective, linear
models regressed mental health (at wave 7) on social health (at wave 6) and weight perception (at wave 6) while controlling
for weight status, ethnicity, and grade (at wave 6). Interaction terms were used to test social health factors as moderators in
the association between weight perception and mental health.

Results Overweight perceptions were associated with higher anxiety and depression scores among youth; this was more
pronounced among females. Social health was associated with lower anxiety and depression scores. Among females only,
an overweight perception had the highest predicted scores for significant depressive symptoms. Among males only, under-
weight perceptions were associated with higher anxiety scores. No social health factors had moderating effects in females,
and only two interactions were significant among males: feeling safe at school had protective associations with anxiety scores
among those with underweight perceptions while those with overweight perceptions had higher depression scores when they
reported rewarding social relationships.

Conclusion Overweight perceptions in all youth, and underweight perceptions in males, predicted anxiety and depression
symptoms 1 year later. The role of social health should not be discounted as a means of preventing anxiety and depression
in youth, although this study suggests it is not sufficient to protect against adverse associations with overweight perceptions
for all youth, and underweight perceptions for males.
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Introduction

A perception of overweight is associated with a myriad of
negative physical and mental health outcomes including:
headaches, psychological distress, anxiety, depression, suici-
dality, and weight gain, regardless of objective weight status
[1-5]. These findings are consistent across age-groups and
evident in cross-sectional and prospective studies [3, 4, 6].
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more pronounced among female youth relative to their male
counterparts [9]. Stradmeijer et al. [10] reported that lower
self-esteem was associated with overweight among Dutch
female youth only. The association may be a vicious cycle
as low-esteem was also predictive of a perception of over-
weight among female youth in a US representative sample
[11]. In studies from China and the USA, an overweight
perception was associated with a higher risk of depressive
symptoms and suicide ideation in female adolescents, while
no association was reported among males [12, 13]. However,
a Korean study reported that an overweight perception was
associated with unhealthy weight control behaviours and
suicide ideation among females and males [6]. Similarly, in
a cross-sectional study of Canadian adolescents, both over-
weight and underweight perceptions were associated with
higher depression and anxiety symptoms [5]. These studies
emphasize that gender-specific analyses are required when
investigating associations between weight perception and
mental health among youth.

The relationship between an individual’s perception
of overweight and their mental health may be partially
explained via the mediating role of weight bias [4]. Weight
bias encompasses objective experiences, such as social
rejection (e.g., via media, social exclusion and teasing), and
can be internalized [4, 9]. Internalizing societal weight bias
is associated with psychological distress, less heath promot-
ing behaviours, poorer self-esteem, and lower cognitive and
physical abilities [9, 11, 14].

Few studies have assessed whether social health contrib-
utes to links between weight perception and mental health
among youth. Social health refers to an individual’s per-
ceptions of key relationships in their lives, e.g., whether
they perceive them to be rewarding, supportive, safe, and
treated fairly and with respect. These include interactions
with peers, family, teachers, school belonging, as well as
understanding the quality of relationships, i.e., the extent to
which they are (1) rewarding and supportive relationships or
(2) might be harmful (e.g., youth victimized by bullying, or
family disharmony). The social cognitive theory stipulates
that cognitive factors are influenced by a person’s behaviour
as well as their environmental factors (e.g., social health),
and that these three factors are interrelated [15].

Two US studies found support that social health moder-
ated the association between weight perception and men-
tal health among youth, while a study from China did not
[16-18]. In a prospective analysis among US youth, Rawana
[16] found that an overweight perception and a lack of per-
ceived support (from parents, peers, and schools) signifi-
cantly predicted depressive symptoms 1 year later. Another
US study found that youth with an overweight perception
were the group with the highest prevalence of mental dis-
tress and the lowest level of protective social health [17].
The same study found that social health (i.e., perceptions

@ Springer

of parent, friend, and school connectedness, and social
competency) was protective against mental distress among
all youth [17]. Finally, a study among Chinese adolescents
did not find an association between objective or perceived
weight status, psychological functioning and the following
social health factors: perceived availability of social support,
perceived peer isolation, family disharmony, trouble with
teachers and school connectedness [18]. Thus, evidence on
the role of social health in the association between weight
perception and anxiety and depression is mixed and may
differ by gender.

The purpose of this study was to assess the extent to
which weight perceptions are associated with anxiety and
depression in a large sample of Canadian youth, and to
evaluate whether social health (i.e., relationships with peers,
family, and teachers, school belonging, and rewarding and
supportive relationships) moderates this association pro-
spectively in gender-specific analyses. We hypothesize that
perceptions of overweight will be associated with greater
anxiety and depression symptoms, with stronger associations
in females than males, and that higher social health with
provide protective effects in all youth.

Methods
Data source

The ‘Cannabis, Obesity, Mental health, Physical activity,
Alcohol, Smoking, and Sedentary behaviour’ (COMPASS)
Study is a multi-faceted, ongoing longitudinal study that
aims to improve youth prevention research and practice.
Data were collected once annually from full school samples
via a self-report questionnaire completed during class time.
COMPASS uses a convenience sample of secondary schools
and boards based on permitted use of active-information
passive-consent protocols, which are critical to collecting
robust youth data, particularly on sensitive areas such as
mental health [19, 20]. All students attending participating
schools are eligible to participate. Non-response primarily
resulted due to student absenteeism or spare study periods
during data collection. Additional details on COMPASS can
be found in print [21] or online (www.compass.uwaterloo.
ca).

Sample

This study used 2-year linked student data from COM-
PASS waves 6 (2017/2018) and 7 (2018/2019); these rep-
resent the most recent full waves of available data col-
lected before the influence of the COVID-19 pandemic
and since the full inception of the mental health compo-
nents of COMPASS in wave 6. Wave 6 included 66,434
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students from 122 schools in Ontario [31, 654 students,
61 schools], Alberta (3243 students, 8 schools), British
Columbia (12,523 students, 16 schools), and Quebec
(19,014 students, 37 schools). In wave 7, 74,501 students
completed the student questionnaire from 136 schools in
Ontario (30,675 students, 61 schools), Alberta (3301 stu-
dents, 8 schools), British Columbia (10,402 students, 15
schools), and Quebec (30,123 students, 52 schools). The
linked sample included 23,306 grade 9-11 students from
114 schools successfully linked across baseline (wave
6) and follow-up (wave 7) in Ontario (13,521 students,
59 schools), Alberta (1412 students, 8 schools), British
Columbia (3902 students, 14 schools), and Quebec (4471
students, 33 schools). The linked sample only included
students who were in grades 9-11, or Secondary 3—4
in Quebec, in the baseline wave, as well as 41 students
in Secondary 5 at baseline who repeated Secondary 5
at follow-up. From this linked sample, 2821 students
were removed due to missing values on one or more
variable(s). Students missing data to calculate BMI (due
to missing weight, height, age, and/or sex) were retained
in the sample and categorized as having a ‘not stated’
BMLI, given the large amount of missingness on this vari-
able and likelihood that it is not missing completely at
random [22, 23]. The total complete case sample included
20,485 students from 112 schools. The front page of the
questionnaire includes a set of questions to create a code
to link student data across waves, while preserving ano-
nymity. Additional details on the data linkage process can
be found in print [24, 25].

Measures
Generalized anxiety symptoms (dependent variable)

The seven-item Generalized Anxiety Disorder (GAD-7)
scale [26] was used to assess symptoms of generalized anxi-
ety and has demonstrated validity for use among clinical and
nonclinical adolescent populations [26-28]. The scale asks
“over the last 2 weeks, how often have you been bothered
by the following problems?” for the following seven com-
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plaints: “feeling nervous, anxious, or on edge”, “not being
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able to stop or control worrying”, “worrying too much about
different things”, “trouble relaxing”, “being so restless that
it is hard to sit still”, “becoming easily annoyed or irrita-
ble”, and “feeling afraid as if something awful might hap-
pen” with an internal consistency of 0.92 [26]. The response
options were as follows: “not at all”, “several days”, “over
half the days” and “nearly every day”, scored O to 3, respec-
tively. The responses were summed for a scale that ranged
from O to 21, with a score of 10 or greater indicating clini-

cally relevant anxiety symptoms [26].

Depression symptoms (dependent variable)

To assess risk for, or symptoms of, unipolar depression, the
student questionnaire includes the ten-item Centre for Epide-
miological Studies Depression Scale Revised (CESD-R-10) [29,
30]. Its use is found to be valid and reliable among general
populations of youth [29, 31, 32]. The scale asks “on how many
of the last 7 days did you feel the following ways?” for the fol-
lowing ten complaints: “I was bothered by things that usually
don’t bother me”, “I had trouble keeping my mind of what I was
doing”, “I felt depressed”, I felt that everything I did was an
effort”, “I felt hopeful about the future”, “I felt fearful”, “My
sleep was restless”, “I was happy”, “I felt lonely”, and “I could
not get ‘going’” with an internal consistency of 0.91 [30]. The
response options were as follows: “not at all”, “several days”,
“over half the days”, and “nearly every day” scoring O to 3,
respectively (items “I felt hopeful about the future” and “I was
happy” were reverse scored). The responses were summed for a
scale that ranged between 0 and 30, with scores of 10 or above
indicating significant depressive symptoms [29, 30].

Weight perception (independent variable)

Weight perception was assessed by asking youth “how
do you describe your weight” and they had the following
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options to choose from: “very underweight”, “slightly under-
weight”, “about the right weight”, “slightly overweight” or
“very overweight”. For this analysis, “very underweight”
and “slightly underweight” and “slightly overweight” and

“very overweight” were combined.
Social health (independent variables)

Social health consisted of measures from: peers, family, teach-
ers, school belonging, and rewarding and supportive relation-
ships. The question asks “How much do you agree or disagree
with the following statements?” for “I can talk about my prob-
lems with my friends”, “I can talk about my problems with my
family”, “I have a happy home life”, “My parents/guardians
expect too much of me”, ““I feel the teachers at my school treat
me fairly”, “I feel I am part of my school”, “I feel safe in my
school”, “My social relationships are supportive and reward-
ing”, and “People respect me”. The five response options (from
strongly disagree to strongly agree), were collapsed into agree
“strongly agree” or “agree”) and disagree/neutral (“neither
agree nor disagree", "disagree" or "strongly disagree").
Bullying status was assessed by asking “In the last
30 days, how often have you been bullied by other students?”
to identify victims of bullying and “In the last 30 days, how
often have you taken part in bullying other students?” to
identify perpetrators of bullying. If youth reported any bully-
ing or perpetrating behaviour, they were considered victims
of bullying or perpetrators of bullying, respectively. Those
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who participated in both were categorized as “bully-victims”
and youth who did not report any of these behaviours were
categorized as “none”.

Covariates

The variables weight status, race/ethnicity, and grade were
used as control variables in our study. Weight status was
determined from BMI using youth’s self-reported weight
(in kilograms) and height (in meters). The World Health
Organization’s (WHO) age- and sex-specific cut-off points
(ages 13—18 years old) were used to classify weight status
[33]. The measures used to determine BMI in COMPASS
have been previously validated ICC=0.84) [34]. You who
did not report weight or height information were categorized
as ‘not stated’ in the analyses.

Youth reported their race/ethnicity when answering the
question “How would you describe yourself? (Mark all that
apply)” and they chose from “White”, “Black”, “Asian”,
“Aboriginal (First Nation, Métis, Inuit)”, “Latin Ameri-
can/Hispanic”, and “Other”. For our analysis, we gener-
ated a dichotomous variable consisting of the racial-ethnic
majority (White) and grouped the racial-ethnic minorities
(non-White).

Youth reported their current Grade [9, 10, 11, 12]. In
Quebec students, Secondary II, IV, and V were classified as
Grade 9, 10, and 11, respectively.

Statistical analyses

Differences in baseline and follow-up sample characteris-
tics between females and males were examined using chi-
squared tests. As for the dependent variables, differences
at baseline and follow-up between females and males were
examined using ¢ tests. Since there were significant differ-
ences between females and males on both outcomes and
many predictor variables, analyses were stratified by gender.

The regression analysis consisted of linear mixed-effects
models (with a random intercept term to account for school-
level clustering) to examine the prospective association
between weight perception (at Wave 6) and social health (at
Wave 6) with anxiety and depression (at Wave 7 i.e., reflect-
ing a 1-year follow-up) while controlling for weight status,
ethnicity, and grade (at Wave 6).

Additional models were run which added interaction
terms with weight perception for significant social health
variables. To observe for differences in the predicted aver-
age GAD-7 and CESD-10-R scores by weight perception,
we used the predicted least-squares means for Wave 7 after
accounting for all the other variables in the model. Sepa-
rately, we added social health at Wave 7 (reflecting a 1-year
follow-up) to the models. These models had the same overall
findings as the models without the social health at Wave 7
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variables; thus, we presented the set of models without them
following the law of parsimony. All analyses were conducted
in SAS 9.4 [35].

Results

Our sample consisted of 54% female and 46% male youth,
who were primarily in grades 9 (39%), 10 (38%), and 11
(23%), given the lack of a grade 12 equivalent in Que-
bec schools. The vast majority reported a White ethnic-
ity (75.9%). Sample descriptive statistics are displayed in
Table 1.

Weight perception

Table 1 displays differences in weight perception, weight
status, and other characteristics across female and male
youth at baseline. Gender differences are apparent in weight
perception. Table 1 shows that females tended to perceive
their weight as about the right weight and overweight more
than males (females: about the right weight =63.2%, over-
weight =26.1%; males: about the right weight=56.5, over-
weight=21.0%; p <0.0001), while more males reported an
underweight perception (males =22.5%; females=10.7%;
p<0.0001) at baseline.

Among those who did not report their weight/height
(4782 youth out of 20,485), 29% reported a perception of
overweight while 56.7% reported a perception of ‘about the
right weight” and 14.3% reported an underweight perception.

Social health

There were gender differences regarding perceived social
support from friends and family. More males agreed
that they can talk about their problems with their family
(males =62.8%, females =55.9%, p <0.0001 at baseline).
Males also reported a happy home life more often than
their female counterparts (males = 85.8%, females =76.2%,
p<0.0001 at baseline). There were also gender differences
in youth’s school belonging and rewarding and support-
ive relationships at baseline, with similar results reported
at follow-up. More males reported feeling a part of their
school (males =79.2%, females =74.4%, p < 0.0001 at base-
line) than females. Males also reported more agreement
that their social relationships are rewarding and supportive
(males =78.1%, females =75.4%, p <0.0001 at baseline).
Female and male youth did not have differences in agreeing
that parents expected too much of them (females =30.5%,
males =30.0%, p=0.4123) nor did they report differences
in the fair treatment from their teachers (females =85.5%,
males =85.7%, p=0.645) at baseline with similar results
reported at follow-up (Table 1).
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Table 1 Baseline sample Total Females Males Chi-square
characteristics for total
youth (n=20,485), female n % n % n % p value
(n=11,151), and male
(n=9334) youth from the Total 20,485 100.0% 11,151 100.0% 9334 100.0%
COMPASS study’s waves 6 Grade
(2017/2018) and 7 (2018/2019) 9 7982 39.0% 4343 38.9% 3639 39.0% 0.097
10 7790 38.0% 4300 38.6% 3490 37.4%
11 4713 23.0% 2508 22.5% 2205 23.6%
Ethnicity
White 15,542 75.9% 8506 76.3% 7036 75.4% 0.1339
Non-White 4943 24.1% 2645 23.7% 2298 24.6%
Weight perception
Underweight 3290 16.1% 1191 10.7% 2099 22.5% <.0001
About the right weight 12,318 60.1% 7046 63.2% 5272 56.5%
Overweight 4877 23.8% 2914 26.1% 1963 21.0%
Weight status*
Underweight 349 1.7% 168 1.5% 181 1.9% <.0001
Healthy weight 11,636 56.8% 6652 59.7% 4984 53.4%
Overweight 2562 12.5% 1215 10.9% 1347 14.4%
Obese 1156 5.6% 444 4.0% 712 7.6%
Not stated 4782 23.3% 2672 24.0% 2110 22.6%
Peer support
Can talk about problems with friends
Disagree/neutral 4944 24.1% 2527 22.7% 2417 25.9% <.0001
Agree 15,541 75.9% 8624 77.3% 6917 74.1%
Bullying
Neither 16,937 82.7% 9242 82.9% 7695 82.4% <.0001
Victim 2319 11.3% 1431 12.8% 888 9.5%
Bully/bully-victim 1229 6.0% 478 4.3% 751 8.0%
Family support
Can talk about problems with family
Disagree/neutral 8391 41.0% 4918 44.1% 3473 37.2% <.0001
Agree 12,094 59.0% 6233 55.9% 5861 62.8%
Happy home life
Disagree/neutral 3980 19.4% 2657 23.8% 1323 14.2% <.0001
Agree 16,505 80.6% 8494 76.2% 8011 85.8%
Parents expect too much of me
Disagree/neutral 14,281 69.7% 7747 69.5% 6534 70.0% 0.4123
Agree 6204 30.3% 3404 30.5% 2800 30.0%
Teacher support
Teachers treat me fairly
Disagree 2953 14.4% 1619 14.5% 1334 14.3% 0.645
Agree 17,532 85.6% 9532 85.5% 8000 85.7%
School climate
Feel part of my school
Disagree 4797 23.4% 2856 25.6% 1941 20.8% <.0001
Agree 15,688 76.6% 8295 74.4% 7393 79.2%
Feel safe at school
Disagree 2409 11.8% 1411 12.7% 998 10.7% <.0001
Agree 18,076 88.2% 9740 87.3% 8336 89.3%
Rewarding and supportive relationships
Rewarding social relationships
Disagree/neutral 4778 23.3% 2738 24.6% 2040 21.9% <.0001
Agree 15,707 76.7% 8413 75.4% 7294 78.1%
People respect me
Disagree/neutral 5700 27.8% 3246 29.1% 2454 26.3% <.0001
Agree 14,785 72.2% 7905 70.9% 6880 73.7%
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Table 1 (continued)

*Determined from body mass index (BMI) using The World Health Organization’s (WHO) age- and sex-

specific cut-off points (ages 13—18 years old) to classify weight status [33]

Table 2 Mental Health Scale

X Total Females Males T test
Measures at baseline and
follow-up (n=20,485) from Mean Mean SD Mean SD p value
the COMPASS study’s waves 6 : : :
(2017/2018) and 7 (2018/2019) Generalized anxiety symptoms*
Time 1 6.3 7.8 5.7 4.6 4.7 <.0001
Time 2 6.9 8.4 5.7 5.1 5.0 <.0001
Depression symptoms**
Time 1 8.5 9.7 6.2 7.1 5.0 <.0001
Time 2 9.3 10.5 6.3 7.8 55 <.0001

*The Generalized Anxiety Disorder (GAD-7) scale [26]
**Centre for Epidemiological Studies Depression Scale Revised (CESD-R-10) [29, 30]

Anxiety and depression

Table 2 presents a summary of the anxiety and depression
measures at baseline and at follow-up. There were significant
gender differences as females reported much higher anxiety
at baseline (females: x=7.8, 6=5.7; males: x=4.6, 6 =4.7,
p<0.0001) and follow-up (females: x=8.4, 6=5.7; males:
x=5.1,6=5.0; p<0.0001) relative to their male coun-
terparts. Females also reported a higher depression mean
score than their male counterparts at baseline (females:
x=9.7,06=6.2; males: x=7.1,06=5.0; p<0.0001) and fol-
low-up (females: x=10.5, 6=6.3; males: x=7.8, 6=5.5;
p<0.0001).

Regression results: anxiety
Females

Table 3 shows results among females from the models that
regressed the GAD-7 anxiety score on weight perception
and social health factors while adjusting for covariates. A
perception of overweight among females is associated with a
0.45-unit increase (95% CI=0.23, 0.67) on the anxiety scale.
Our predicted least-squares mean estimations predicted that
females with overweight perception have a score of 9.32, just
under the cut-off score of 10 that indicates clinically relevant
anxiety symptoms [26].

Two social health factors were associated with a higher
anxiety score: being a victim of bullying ( =0.62, 95%
CI=0.35, 0.89) and a perception that parents expect too
much of them (p=0.33, 95% CI=0.13, 0.53). Several of
the social health factors were associated with lower anxi-
ety: can talk about problems with family (f=-0.26, 95%
CI=-0.45, —0.06), feel a part of their school (f=—0.36,
95% CI=-0.58, —0.14), feel safe at school (=—10.32, 95%
CI=-0.61, —0.04) and a perception of that people respect
them (p=-0.47,95% CI=-0.68, —0.26). The moderating
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impact of social health factors that were significant in this
model were tested as interaction terms with weight percep-
tion in Model 4; however, none were found to be significant
(results displayed in Supplementary Table 1).

Males

Table 4 shows results among males from the models that
regressed the GAD-7 anxiety score on weight perception
and social health factors while adjusting for covariates. A
weight perception of underweight and overweight among
males is associated with a 0.34-unit increase (95% CI=0.12,
0.56) and a 0.42-unit increase (95% CI=0.16, 0.67) respec-
tively, on the anxiety scale. Our predicted least-squares mean
estimations show the predicted average scores for males’
anxiety levels are lower than females’, at 6.13 for those with
an overweight perception; therefore, males with an over-
weight perception are not reporting clinically relevant anxi-
ety symptoms.

Being a victim of bullying was the only social health fac-
tor associated with higher anxiety (p=0.43,95% CI1=0.12,
0.73). The social health factors that were associated with
lower anxiety were the same factors that were identified
among females. The moderating influence of social health
factors that were significant in this model were tested as
interaction terms; only one interaction, between a percep-
tion of underweight and feeling safe at school, was signifi-
cantly associated with a lower anxiety score (f=—0.82, 95%
CI=-1.54, —0.09) (results displayed in Supplementary
Table 2).
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Table 3 Results among females Est SE 95% CI—L 95% CI—U p value
from the regression models that
regressed the GAD-7 anxiety Weight perception
S P e i
variables (grade, ethnicity, Underweight 0.02 0.15 -0.27 0.30 0.9064
anxiety score at baseline, Overweight 0.45 0.11 0.23 0.67 <.0001
weight status) among 11,151 Grade
female youth participating in 9 (ref)
the COMPASS study’s waves 6
(2017/2018) and 7 (2018/2019) 10 -0.10 0.10 —-0.30 0.09 0.2904
11 0.01 0.12 -0.22 0.24 0.9319
Ethnicity
White (ref)
Non-White —-0.41 0.11 -0.63 -0.19 0.0003
Baseline GAD-7 Score (continuous) 0.54 0.01 0.52 0.56 <.0001
Weight status
Healthy weight (ref)
Underweight -0.35 0.36 —1.05 0.36 0.3382
Overweight —0.18 0.15 -0.47 0.12 0.2383
Obese 0.29 0.23 —-0.16 0.75 0.2088
Not stated 0.24 0.11 0.03 0.45 0.0249
Social influences
Peers: Can talk about problems with friends
Disagree/Neutral (ref)
Agree 0.01 0.11 -0.21 0.23 0.9365
Peers: bullying
Neither (ref)
Victim 0.62 0.14 0.35 0.89 <.0001
Bully/Bully-Victim 0.21 0.22 -0.22 0.63 0.3386
Family: Can talk about problems with family
Disagree/Neutral (ref)
Agree -0.26 0.10 -0.45 —0.06 0.0101
Family: happy home life
Disagree/Neutral (ref)
Agree -0.14 0.12 -0.36 0.09 0.2419
Family: Parents expect too much of me
Disagree/Neutral (ref)
Agree 0.33 0.10 0.13 0.53 0.0010
Teachers: teachers treat me fairly
Disagree (ref)
Agree -0.22 0.13 -0.48 0.03 0.0906
School: feel part of my school
Disagree (ref)
Agree -0.36 0.11 -0.58 -0.14 0.0015
School: feel safe at school
Disagree (ref)
Agree -0.32 0.15 —0.61 -0.04 0.0278
Overall: rewarding social relationships
Disagree/neutral (ref)
Agree -0.14 0.12 -0.37 0.09 0.2226
Overall: people respect me
Disagree/Neutral (ref)
Agree —-0.47 0.11 —0.68 -0.26 <.0001
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Table 4 Results among males
from the regression models that
regressed the GAD-7 anxiety
score on weight perception,
social influences, and control
variables (grade, ethnicity,
anxiety score at baseline, weight
status) among 9334 male youth
participating in the COMPASS
study’s waves 6 (2017/2018)
and 7 (2018/2019)

@ Springer

Est SE 95% CI—L 95% CI—U p value
Weight perception
About the right weight (ref)
Underweight 0.34 0.11 0.12 0.56 0.0023
Overweight 0.42 0.13 0.16 0.67 0.0012
Grade
9 (ref)
10 0.11 0.10 —-0.08 0.31 0.2631
11 0.04 0.12 -0.18 0.27 0.7030
Ethnicity
White (ref)
Non-White 0.03 0.11 -0.18 0.24 0.8021
Baseline GAD-7 Score (continuous) 0.53 0.01 0.51 0.55 <.0001
Weight status
Healthy weight (ref)
Underweight 0.13 0.32 —-0.50 0.75 0.6906
Overweight 0.17 0.14 —-0.10 0.44 0.2214
Obese —0.13 0.19 -0.51 0.24 0.4940
Not stated —0.08 0.11 -0.31 0.14 0.4623
Social influences
Peers: Can talk about problems with friends
Disagree/neutral (ref)
Agree 0.15 0.11 —0.06 0.36 0.1618
Peers: Bullying
Neither (ref)
Victim 0.43 0.15 0.12 0.73 0.0057
Bully/bully-victim 0.32 0.16 0.00 0.64 0.0471
Family: Can talk about problems with family
Disagree/Neutral (ref)
Agree -0.27 0.10 -0.47 -0.07 0.0076
Family: Happy home life
Disagree/neutral (ref)
Agree —-0.24 0.14 -0.51 0.03 0.0817
Family: Parents expect too much of me
Disagree/neutral (ref)
Agree 0.10 0.10 -0.09 0.30 0.3014
Teachers: Teachers treat me fairly
Disagree (ref)
Agree -0.15 0.13 -041 0.11 0.2488
School: Feel part of my school
Disagree (ref)
Agree -0.27 0.12 -0.50 -0.03 0.0275
School: Feel safe at school
Disagree (ref)
Agree —0.64 0.16 -0.95 —-0.34 <.0001
Overall: Rewarding social relationships
Disagree/neutral (ref)
Agree -0.16 0.12 -041 0.08 0.1845
Overall: People respect me
Disagree/neutral (ref)
Agree -0.38 0.11 —-0.60 -0.16 0.0009
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Regression results: Depression
Females

Table 5 shows results among females from the models
that regressed the depression score on weight perception
and social health factors while adjusting for covariates. A
perception of overweight among females is associated with
a 0.51 unit increase (95% CI=0.27, 0.75) on the depres-
sion scale. Our predicted least-squares mean estimations
found that all females have an anxiety score over 10, where
scores of 10 or above indicate clinically significant depres-
sive symptoms [29, 30]. The highest predicted score was 12
among females with an overweight perception; the second
highest score of 11.68 was among females with an under-
weight perception. Our results suggest that female youth
have significant depressive symptoms, particularly those
with an overweight perception.

Two social health factors were associated with higher
depression: being a victim of bullying (f=0.66, 95%
CI=0.37, 0.95) and a perception of parents expecting too
much of them (=0.56, 95% CI=0.34, 0.78). Many of the
social health factors were associated with lower depres-
sion, mainly those that were also associated with lower
anxiety, with the addition of youth reporting a happy home
life (B=-0.44, 95% CI=-0.69, —0.19). Other social
health factors were: can talk about problems with family
(B=-0.51,95% CI=-0.73, —0.29), feel a part of their
school (B=-0.58, 95% CI=-0.82, —0.34), feel safe at
school (=-0.57, 95% CI=-0.89, —0.26) and perceive
people to respect them (B=—-0.48,95% CI=-0.71, — 0.24).
The moderating influence of social health factors that were
significant were tested as interaction terms with weight per-
ception; however, none were found to be significant (results
displayed in Supplementary Table 3).

Males

Table 6 shows results among males from the models that
regressed the depression score on weight perception and
social health while adjusting for covariates. A weight
perception of overweight among males is associated with
a 0.33-unit increase (95% CI=0.06, 0.60) on the depres-
sion scale. Among male youth, an overweight perception
is associated with 1.3 unit increases in the CESD-R-10
depression scale across their secondary school years. Our
predicted least-squares mean estimations show that males
with an overweight perception have a CESD-R-10 score of
8.93, slightly below the cut-off that would classify them with
significant depressive symptoms.

Two social health factors were associated with higher
depression and they had to do with bullying status: being a
victim of bullying (§=0.79, 95% CI=0.46, 1.11) and being

a victim and perpetrator of bullying (3=0.61, 95% CI=0.26,
0.95), relative to not being a bullying victim or perpetrator.
Many of the social health factors were associated with lower
depression, and they were the same as those reported among
females. The moderating influence of social health factors
that were significant were tested as interaction terms; only
one interaction, between a weight perception of overweight
and rewarding social relationships, was significantly associ-
ated with a higher depression score (=0.76,95% CI1=0.13,
1.38) (results displayed in Supplementary Table 4).

Discussion

We found that an overweight perception is associated with
higher anxiety and depression scores after 1 year, among
youth in Canada while, an underweight perception was asso-
ciated with higher scores 1 year later among males only.
While an overweight perception is associated with increases
in the depression scale among both genders, only females
with an overweight perception were found to have signifi-
cant depressive symptoms during secondary school, possibly
because females have a higher mean depression score.

A variety of social health factors were associated with
lower anxiety and depression scores among female and male
youth. Even though social health contributed to less anxiety
and depression, it did not play a moderating role in the pro-
spective relationship between weight perception and anxiety
and depression among females. As for males, feeling safe at
school had a protective effect on anxiety scores among males
with underweight perceptions 1 year later, relative to males
with about right perceptions and who did not feel safe while
rewarding social relationships among males with overweight
perceptions were associated with higher depression scores
relative to their peers.

Among Canadian youth, perception of overweight is det-
rimental to the mental health of both females and males. A
systematic review and meta-analysis also found that per-
ceived overweight is associated with poor mental health
(depression and suicidality) among females and males and
across age-groups (children and adults); however, they
did not investigate anxiety [1]. Studies among youth in
the U.S.A. and China found such associations among only
females [12, 13]. A previous cross-sectional analysis of the
COMPASS study found both overweight and underweight
perceptions to be associated with greater depression and
anxiety symptoms, and lower flourishing, in both females
and males [5]. There are other gender-based differences
such as in perceptions of physical attractiveness. Societal
ideals are more accepting of females having low weight
status (or a small body size) versus the societal ideals of
males which are more favorable of a larger, muscular body
size [36]. This may explain our finding that a perception of
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Table 5 Results from the
regression models among
females that regressed the
CESD depression score on
weight perception, social
influences, and control variables
(grade, ethnicity, anxiety score
at baseline, weight status)
among 11,151 female youth
participating in the COMPASS
study’s waves 6 (2017/2018)
and 7 (2018/2019)
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Model 3: Add social influences

Est

SE

95% CI—L

95% CI—U

p value

Weight perception
About the right weight (ref)
Underweight 0.18
Overweight 0.51
Grade
9 (ref)
10 —0.15
11 -0.25
Ethnicity
White (ref)
Non-White 0.11
Baseline CESD Score (continuous) 0.50
Weight status
Healthy weight (ref)
Underweight 0.08
Overweight 0.23
Obese 0.88
Not stated 0.43
Social influences
Peers: Talk about problems with friends
Disagree/Neutral (ref)
Agree -0.20
Peers: Bullying
Neither (ref)
Victim 0.66
Bully/bully-victim 0.01
Family: Talk about problems with family
Disagree/neutral (ref)
Agree —0.51
Family: happy home life
Disagree/neutral (ref)
Agree —-0.44
Family: parents expect too much
Disagree/neutral (ref)
Agree 0.56
Teachers: teachers treat fairly
Disagree (ref)
Agree -0.15
School: feel part of their school
Disagree (ref)
Agree —0.58
School: feel safe at school
Disagree (ref)
Agree —-0.57
Overall: rewarding social relationships
Disagree/Neutral (ref)
Agree -0.20
Overall: people respect me
Disagree/Neutral (ref)

0.16
0.12

0.11
0.13

0.12
0.01

0.39
0.16
0.26
0.12

0.12

0.15
0.24

0.11

0.13

0.11

0.14

0.12

0.16

0.13

-0.13
0.27

-0.36
-0.50

-0.12
0.48

-0.70
-0.09
0.38
0.20

—0.44

0.37
—-045

-0.73

-0.69

0.34

-043

-0.82

-0.89

—0.46

0.50
0.75

0.06
0.00

0.35
0.52

0.85
0.56
1.39
0.65

0.04

0.95
0.48

-0.29

-0.19

0.78

0.13

-0.34

-0.26

0.05

0.2508
<.0001

0.1586
0.0521

0.3485
<.0001

0.8469
0.1560
0.0005
0.0003

0.0982

<.0001
0.9547

<.0001

0.0006

<.0001

0.2959

<.0001

0.0004

0.1157
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Table 5 (continued) Model 3: Add social influences
Est SE 95% CI—L 95% CI—U p value
Agree —-0.48 0.12 -0.71 -0.24 <.0001

underweight was associated with a higher anxiety score 1
year later among males only. In contrast, a study in Australia
found that an underweight perception was associated with
lower quality of life scores among females only [37]. Mixed
results by gender may reflect differences by geographic loca-
tions, potentially related to weight norms. Further research
is needed to build upon these mixed findings and clarify to
what extent populations of youth have different associations
between weight perception and anxiety and depression.

Social health was associated with lower depression and
anxiety scores 1 year later. The Main-Effects Model empha-
sizes the importance of social health [38, 39]. It suggests
that social support is positively associated with positive
health effects and negatively associated with negative health
effects [38]. However, research that followed this seminal
article found that not all social health factors are associated
with positive health effects; rather, these effects may differ
depending on the type of support being studied [39].

In our findings, the social health factors that were associ-
ated with lower anxiety and depression for both females and
males spanned: perceiving they can share their problems
with their family, feeling a sense of belonging and safety
at their school, as well as a general perception that people
respect them. Our results show that these four social health
factors are individually associated with decreases in anxi-
ety and depression (via the beta coefficients) among female
and male youth. It is worthy to note that evaluating for the
cumulative association of the support factors is very likely to
have a synergistic effect on mental health. This also indicates
that if the betas are added across youth with low levels of
support across the board, the betas become meaningful and
youth who are report not feeling support have a cumulative
higher risk of anxiety and depression. This is an area for
future research to investigate.

Our findings support a comprehensive social support sys-
tem (i.e., family, friends, school, general social networks) to
enhance mental health among female and male youth. This
finding aligns with viewing social health from an ecological
perspective which considers multiple influences on develop-
ment from different environments [40]. In this model, both
environments and relationships are considered when assess-
ing the association of social health with positive develop-
ment [40].

We find that social health does not play a role in the asso-
ciation between weight perception and depression and anxi-
ety among females, while only two interactions were signifi-
cant among males: feeling safe at school had a protective

association among males with perception of underweight
and the effect of rewarding social relationships had a nega-
tive association among males with perception of overweight.
One possible explanation is that supportive social influences
positively influence youth’s mental health; but, they do not
negate the impact of internalized weight bias towards their
body image [41]. In male youth, a systematic review found
that friends and peers can contribute to body dissatisfac-
tion through teasing, modeling, comparing appearances and
social conflict and these can be passive-aggressive commu-
nications [42]; thus, the quality of male youth’s rewarding
social relationships should be cautiously interpreted.

Strengths of our study include the use of prospective-
linked data from a large sample of youth in Canada, vali-
dated depression and anxiety scales, and inclusion of a vari-
ety of social health factors in gender-specific analyses. As
for limitations, BMI was based on self-reported weight and
height; although the weight status measure in COMPASS
is valid and reliable for use among youth populations [34].
We used complete cases which is a potential bias for weight
status and anxiety and depression since these individuals
may be at a higher risk of anxiety or depression [19]. We
did not control for eating disorders which may moderate the
relationship between weight perception and mental ill-health
[6, 9]. Although gender-specific, gender was only assessed
as a binary construct due to survey measures.

Conclusion

In a prospective analysis among a large sample of Canadian
adolescents, an overweight perception was associated with
higher anxiety and depression scores 1-year later, while sup-
portive social influences were associated with lower scores
among both females and males. An underweight percep-
tion was also associated with higher depression and anxiety
scores among males only. Social influences did not moderate
the association between an overweight perception and men-
tal health. This study suggests that social support factors are
not sufficient to protect against for the adverse associations
between overweight perceptions for all youth, and under-
weight perceptions for males, on depression and anxiety.
Interventions preventing weight perceptions differing from
about the right weight and targeting weight bias may prove
effective for prevention of internalizing disorders among
adolescents.
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Table 6 Results from the
regression models among
males that regressed the CESD
depression score on weight
perception, social influences
and control variables (grade,
ethnicity, anxiety score at
baseline, weight status) among
9334 male youth participating
in the COMPASS study’s
waves 6 (2017/2018) and 7
(2018/2019)
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Model 3: Add social influences

Est SE 95% CI—L

95% CI—U

p value

Weight perception
About the right weight (ref)
Underweight
Overweight
Grade
9 (ref)
10
11
Ethnicity
White (ref)
Non-White
Baseline CESD Score (continuous)
Weight status
Healthy weight (ref)
Underweight
Overweight
Obese
Not stated

Social influences

0.20 0.12 —-0.04
0.33 0.14 0.06

0.06 0.11
-0.09 0.12

-0.15
-0.33

0.21 0.11 -0.01
0.52 0.01 0.50

0.41 0.34
0.14 0.15
0.00 0.21
-0.01 0.12

-0.27
-0.16
-0.40
-0.25

Peers: Talk about problems with friends

Disagree/neutral (ref)
Agree

Peers: Bullying
Neither (ref)
Victim

Bully/bully-victim

0.16 0.11 -0.07

0.79 0.17 0.46
0.61 0.18 0.26

Family: Talk about problems with family

Disagree/neutral (ref)
Agree

Family: happy home life
Disagree/neutral (ref)
Agree

Family: parents expect too much
Disagree/neutral (ref)
Agree

Teachers: teachers treat fairly
Disagree (ref)
Agree

School: feel part of their school
Disagree (ref)
Agree

School: feel safe at school
Disagree (ref)
Agree

Overall: rewarding social relationships

Disagree/neutral (ref)
Agree

Overall: people respect me
Disagree/neutral (ref)

-0.51 0.11 -0.72

-0.33 0.15

-0.62

0.21 0.11 0.00

0.10 0.14

-0.17

-0.26 0.13

-0.52

—0.80 0.17

-1.13

—-0.42 0.13 —0.68

0.43 0.0995
0.60 0.0184

0.27 0.6044
0.15 0.4650

0.42 0.0603
0.54 <.0001

1.08 0.2373
0.43 0.3607
0.41 0.9957
0.24 0.9648

0.38 0.1699

1.11 <.0001
0.95 0.0005

-0.30

<.0001

-0.03

0.0295

0.42 0.0508

0.38 0.4663

-0.01 0.0452

-0.47

<0.0001

-0.15 0.0018
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Table6 (continued) Model 3: Add social influences
Est SE 95% CI—L 95% CI—U p value
Agree -0.37 0.12 -0.61 -0.13 0.0026
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