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Abstract

Objective: We examined the associations between BMI, weight concern, body size perception,

dieting and mental distress in a population-based study of 7 350 adolescents. Design: Cross-

sectional. Settings: Data from a Norwegian population-based cohort, The Young-HUNT3 (2006-

08) from the county of Nord-Trendelag, Norway. Participants: A total of 7 350 adolescents
(13-19 years) who had both self-reported questionnaire data and anthropometric measures.
Primary outcome measures: Odds for mental distress given sex, BMI, weight concern, body
size perception, and dieting. Analyses were performed in binomial logistic regression models.

Results: Compared to being overweight/obese, having weight concern, irrespective of body

mass index (BMI), was associated with higher odds ratio (OR) for mental distress (MD) amongst
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boys and girls. Body size overestimation was associated with a dramatic increase in the OR for
MD, in participants who were overweight/obese, had weight concern or dieted. This effect was
more pronounced in boys. Conclusions: Weight concern and body-size estimation are strongly
associated with mental health in adolescent boys and girls. Routine assessment of adolescents’

attitudes towards their weight and body size is advised.

Keywords: Adolescents, body size overestimation, weight concern, dieting, BMI, mental health,

Cognitive dissonance theory, HUNT.

Strength and limitations of this study:

¢ Our findings were based on a study of a large, population-representative dataset of male
and female adolescents.

e Stratification of our study population into smaller groups based on their body size
perception and weight concern allowed for inferences being made on the interaction terms
between the two, which had clear methodological advantage in making inferences as to
which component seemed to contribute more to the outcome variable.

e The relationship of weight concern, body-size estimation and mental distress has been
discussed within the framework of the Cognitive Dissonance Theory.

e A limitation of this study was the cross-sectional design that is not suitable for study of

causality between exposure and outcome variables.
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Introduction

Long-term negative effects of pediatric obesity on the physical and mental wellbeing are widely
known. Preventing obesity has however, proved difficult [1-3]. To lose weight, many adolescents
resort to dieting; whose effectivity and long-term health consequences are debated [4-7]. In
order to strive to achieve (or maintain) normal weight, it is necessary for individuals, to have

awareness of their own body.

Previous studies in adolescent populations, have collectively pointed at inter-related and
multifaceted relationships between body awareness, BMI and dieting [4-7]. High BMI and
having concerns about one’s weight or body size have been associated with poorer mental health

amongst adolescents, but what contributes to this association is not fully understood [6].

Body awareness is a human construct, formed by comparisons made between individuals’
perception of their own body (body-image) to that of others (body-ideal)[8]. The definition of
body-ideals may vary depending on the context within which it is applied. In medical terms,
there is a preference for normal BMI (defined by the World Health Organization as between
18.5-24.9). Societal body-ideals, which seems to be culturally dependent, is what advance
individuals towards goals such as being liked or being successful [9]. In a societal context,
emphasis is often put on body shape/size [9]. For instance, in western societies, there is a
preference for overly thin bodies in girls [10] and masculine and lean bodies in boys [11-14].
Individuals may also compare their weight (or BMI) to what they consider most prevalent (hence

normal) by looking at their peers [13].

In the past few decades, there has been a significant increase in the obesity rate and mean

population BMI amongst both adults and adolescents [15]. This is contrary to the current societal
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preference for overly thin body-ideals many adolescents find unattainable [9]. In today’s western
societies, the perceived distance between BMI in overweight/obese individuals and societal or
medical body-ideals has increased compared to previous situations. In contrast, due to the
increase in mean population BMI, the perceived distance between BMI in overweight/obese
individuals and the population norm has decreased. It is known that holding contradictory

elements of cognition causes psychological discomfort (Cognitive Dissonance theory)[16, 17].

Psychological theories have provided a scientific framework for studying body-image [16]. For
instance, in the field of eating behavior, Cognitive Dissonance Theory (CDT) has been applied to
study body acceptance in female adolescents and adults [18]. CDT suggests that humans have an
inert drive to create and maintain harmony between their attitudes and behavior, because
disharmony (or cognitive dissonance) causes psychological discomfort. Accordingly,
incongruency between the body-ideals themselves, as well as incongruency between individuals’
body-image and their body-ideals, could create psychological discomfort, which may then be

reduced by making changes in cognition or behavior (such as dieting).

In the current study, we have explored associations between body-image, dieting and mental
distress in 7 350 Norwegian adolescents who had taken part in The Young-HUNT3 Survey
(2006-08). Body-ideals were defined as, 1- being of normal weight BMI (medical preference),
and 2- being closer to societal thinner/leaner body-ideals. Taking advantage of data available on
a range of health-related issues, we divided our participants into groups based on their BMI,
body-image, and dieting behavior. Body-image consisted of two elements: individuals’
perception of their weight (weight concern) and body size (body size under- and overestimation).

Odds for mental distress were then estimated across these groups. By cross-comparing the odds
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we made inferences as to which body-ideals seem to be playing a greater part in increasing

psychological discomfort amongst adolescents.

We hypothesized that adolescents with excess weight, experience higher psychological
discomfort due to an increase in the discrepancy between their weight perception and societal
preference for thinness and medical preference for lower BMI. We hypothesized that body size
overestimation is associated with higher psychological discomfort because overestimation puts
adolescents in a less favorable position compared to the societal body-ideal. Due to greater
societal preference for thinness in girls, we expected this association to be stronger in the female
group. We hypothesized that body size underestimation in adolescents is associated with lower
psychological discomfort because the underestimation puts the adolescents in a more favorable
position compared to the societal body-ideal. Within the context of CDT, behavioral changes
such as dieting are expected to reduce psychological discomfort caused by cognitive dissonance
between body-image and body-ideals. We therefore hypothesized that dieting is associated with

lower odds for MD, in both girls and boys.

To our best knowledge, this is the first time CDT is used as a theoretical framework to infer the

relative significance of societal definitions of body-ideals for body-awareness at adolescence.

Methods

Participants

Data from The Young-HUNT3 Survey (YH3) (2006-08) was used in the present study. YH3 is
the third wave of the adolescent arm of the Trendelag Health Study (The HUNT Study). The
Young-HUNT surveys were carried out at the Nord-Trendelag Region County’s schools, and

comprises three cross-sectional surveys: Young-HUNT1, YH1 (1995-97), Young-HUNT?3, YH3
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(2006-08) and Young-HUNT4, YH4 (2016-2019). Cohort profiles of The HUNT Study are

previously described elsewhere [19, 20].

After completion of YH3, data on 17 820 adolescent research participants (13-19 years old,

response rate 78% - 90%) were collected [19, 20].

YH3 data included self-administered questionnaires, structured interviews, collection of
biological samples and clinical measurements, carried out by trained personnel . For
anthropometric measurements of height, weight, hip and waist circumference, standard
procedures were followed [19]. In the present study, questionnaire data and anthropometric

measurements have been used.

In total, 8 202 individuals in junior and senior high schools participated in YH3 (78% response
rate) [19]. Of those, 7 718 individuals had both answered the YH3 questionnaire and had
anthropometric measurements data available. Due to missing data on body size perception,
dieting or mental distress, 386 participants were excluded from our study, totaling study

population to 7 350 participants (3 806 boys and 3 544 girls).

Measurements

Mental distress

The five-item Hopkins Symptom Checklist (SCL-5)[21] was used to evaluate participants’ level
of mental distress. SCL-5, a valid and reliable measure of mental distress [21, 22] consists of the
following question items: “Feeling blue”, —Feeling fearful”, —“Feeling hopeless about the

future”, — Worrying too much about things” and — Experiencing nervousness or shakiness
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inside”. Participants recorded their answer on a four-point Likert scale from 1 (‘not bothered”) to

4 (‘very much bothered’).

Only participants who had answered four or more questions were included. The mean scores for
each question were summed up to a total score that was then divided by the number of questions
answered. Based on a previously defined cut-off point [21], participants with “high” mental
distress (> 2) were identified and compared to those with “low” (< 2) levels of mental distress. In

this paper, adolescents with high mental distress are referred to as those with mental distress.

Anthropometric measures

Participants’ weight was measured to the nearest half kilo and height to the nearest cm [19]. BMI
(body mass index) was calculated as weight (kg)/height? (m?). The adolescent BMI-based weight
categories were defined using the age-specified and sex-specified International Obesity Task
Force cut-off values [23, 24], participants were grouped into four categories; obese, overweight,
normal weight or underweight. In the analyses, overweight and obese in addition to underweight

and normal weight were collapsed into groups.

Weight concern and dieting

The research participants were asked, ”Are you trying to lose weight?”, to which they could
choose one of the following answers: “No, [ am comfortable with my weight”(1), “No, but I

need to lose weight”(2) or “Yes”(3).

This question provided information on whether participants had weight concern or dieted. By

pairing this information with participants’ actual BMI-based weight category, we stratified
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participants into the following groups (also see Figure 1 and2) that bore information on

participants’ BMI-based weight category, weight concern or dieting behavior (or the lack of).

1. Unnecessary weight concern (UC): Normal or underweight adolescents with unnecessary
weight concern, but without dieting behavior (answer option 2).

2. Unnecessary dieting (UD): Normal or underweight adolescents with weight concern and
dieting behavior (answer option 3).

3. Healthy dieting (HD): Overweight/obese adolescents with weight concern and dieting
behavior (answer option 3).

4. Lack of weight concern (LC): Overweight/obese adolescents who neither were concerned
about their weight, nor dieted (answer option 1).

5. Reference: Normal or underweight adolescents with no weight concern or dieting

behavior (answer option 1).

Body size perception

Study participants were asked about how they perceived their body size as follows: “Do you

consider yourself to be: “very fat”, “quite fat”, “about the same as others”, “quite thin” or “very

thin™?

By combining individuals’ body size perception (BSP) with their BMI-based weight category,
we defined three BSP groups: BSP overestimation (normal- underweight who consider

9% ¢

themselves “very fat”, “quite fat”), BSP underestimation (overweight/obese who consider

29 ¢

themselves “about the same as others”, “quite thin” or “very thin), and accurate BSP estimation

(for instance, overweight-obese who thought they were quite fat or very fat).
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Statistical analysis

A three-way log-linear analysis was performed to determine which model components
(individuals’ BMI-based weight category, weight concern, body size perception, dieting and sex)
were necessary to retain in order to best account for the data. The log-linear analysis suggested a
hierarchical unsaturated model for the associations between sex, weight concern/dieting, and
body size perception. An unsaturated model was chosen using SPSS Statistics' hierarchical log-
linear model selection procedure with a backwards elimination stepwise procedure. This
produced a model that included all main effects and two two-way associations of weight
concern/dieting and body size perception. The Log-linear analysis did not recommend including
interaction terms between sex and other factors. The model had a likelihood ratio of ¥2(14) <

0.001 p=1.

Binomial logistic regression was employed to study the associations between BMI, weight
concern/dieting, body size perception, and mental distress amongst adolescents. Analyses were
performed in groups stratified according to weight concern, body size perception (BSP over- and
underestimation), and dieting. After stratification on BSP over- and underestimation, groups with
BSP underestimation had very few participants; hence excluded from the final analyses. All
association analyses were adjusted for age. All association analyses were performed against the
group with least cognitive dissonance. i.e. adolescents with normal weight, no weight concern,

with accurate BSP, and not dieting.

Results are reported as Odds Ratio (OR) for mental distress (MD), with 95% confidence
intervals. Overall missingness ( < 5% ) was considered as missing at random (MAR). A
complete case analyses were performed. IBM SPSS Statistics 26 was used for the analyses.
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Application of Cognitive Dissonance Theory (CTD)

According to CDT, discrepancies between adolescents’ body-image and their body-ideals should
be associated with increased mental distress. Emergence of divergent sets of body-ideals would
inevitably lead to discrepancy between how adolescents view their weight and body size in
different context within which body-ideals are defined. Accordingly, individuals’ sum of
cognitive dissonance (CD) due to discrepancy between body-image and body-ideals (See Figure

1 and 2), can be considered as the sum of:

I- CD due to weight concern as a mismatch between person’s actual BMI and medical
body-ideal (normal weight BMI).
2- CD due to discrepancy between person’s body size estimation and their societal body-

ideal.

For instance, in a normal weight person who thinks she/he is overweight, CD may be, in part,
due to as discrepancy between what the person thinks they weigh and their ideal weight. This
ideal weight, however, is defined based on medical and societal expectations. On the other hand,
ideal weight may be, in part, relative to the population mean BMI that has been changing
upwards in the past few decades. Similarly, changes in CD are expected due to discrepancies

between individuals’ perception of their body size and an increasingly thin societal body-ideal.

By comparing the odds for mental distress across groups defined according to their BMI-based
weight category, weight concern, body size perception (BSP under- and overestimation), and
dieting, authors made inferences as to which of these possible discrepancies seem to have higher

impact on the total CD.
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Ethics

The Young-HUNT Study was approved by the Norwegian Data Inspectorate. The present study
was approved by the Regional and National Committees for Medical and Health Research Ethics
(2009/740-2) as well as by the HUNT Data Access Committee. All study procedures were in

accordance with the Helsinki Declaration, as of 1975, and revised in 2000.

Participants signed written consents before they were enrolled in The Young-HUNT Study. In
Norway, legal age for providing informed consent is 16 years. Written consents were obtained
from participants aged 16 years or older and from their parents or legal guardians if participants

were younger than 16 years.

Patient and Public Involvement statement

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination

plans of this study.

Results

Population characteristics

Study participant’s characteristics of main variables are summarized in Table 1. In total, 7 350

adolescents (3 806 boys and 3 544 girls) were included in the current study (mean age: 15.82 years

old).

Most boys (70.9%) and girls (72.9%) were of normal weight BMI. The prevalence of
overweight/obesity was slightly higher amongst boys than girls (25.9% vs. 22.3%). Being

underweight was slightly more prevalent in girls than boys (4.7% vs. 3.2%).
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More girls than boys showed unnecessary weight concern (overestimation of weight in UC & UD
groups, 6.6% in boys vs. 25.2% in girls). More boys showed lack of weight concern/dieting despite

being overweight/obese (underestimation of weight in LC group, 19.8% of boys vs. 13.6% of girls).

More boys misperceive their body size as thinner (BSP underestimation in 19.8% of boys vs. 13% of
girls), and more girls misperceived their body size as fatter (BSP overestimation in 16.8% of boys vs.
22.3% of girls) . In boys, BSP overestimation was more prevalent than weight overestimation (UC

and UD groups) (Table 1).

The majority of boys and girls were happy with their weight, hence not dieting. Compared to their
female counterparts, fewer overweight/obese boys had weight concern or tried to lose weight by
dieting (weight underestimation seen in LC group: 19.8 % of boys vs. 13.6 % of girls). Compared to
boys, and irrespective of BMI-based weight category, more girls resorted to dieting in order to lose
weight, as expressed by the prevalence of dieting in HD group (9.3% of girls vs. 6.7 % of boys) and
UD group ( 12.8 % of girls vs. 2.6% of boys). The higher prevalence of dieting in girls paralleled

their higher tendency of BSP overestimation (Table 1).

Mental distress was prevalent in both genders, more so in girls than boys (27% vs. 10.2%, Table 1).
The Relative Risk for mental distress in girls compared to boys was 2.66, CI 95% 2.38 - 2.96, p-

value < 0.0001 (data not shown).
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Tablel. Population characteristics.
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Boys Girls
N % N %

BMI based weight categories

Obese
Overweight
Normal weight

Underweight

244 6.4 179 4.7
741 19.5 668 17.6
122 3.2 179 4.7
2699 70.9 2765 72.9

Are you trying to lose weight?

No, | am happy with my weight

No, but | need to lose weight

2998 79.8 2206 58.3
423 11.3 760 20.1

Yes 338 9 819 21.6
Weight concern/dieting Unnecessary concern but not 146 4 440 12.4

dieting in normal- /underweight

(uc)

Unnecessary concern and 95 2.6 455 12.8

dieting in normal- /underweight
(UD)

Weight concern and dieting in
overweight/obese (HD)

Lack of concern, no dieting in
overweight/obese (LC)

Lack of concern, no dieting in
normal- /underweight

241 6.7 331 9.3

714 19.8 483 13.6

2413 66.9 1835 51.8

(reference)

Body size perception Very fat 58 1.6 122 3.2
Quite fat 676 18.1 1008 26.6
Like others 721 19.3 534 141
Quite thin 66 1.8 41 1.1
Very thin 2212 59.3 2080 55.0

Body size perception

BSP underestimation
BSP overestimation

BSP accurate

687 19.8 455 13.0
585 16.8 783 22.3
2204 63.4 2272 64.7

Mental distress(SCL-5)

Low mental distress (score < 2)

High mental distress (score > 2)

3330 89.8 2780 73.0
377 10.2 1030 27.0

BMlI-based weight categories are age and sex adjusted in accordance with Cole et al. [23, 24]. BSP: Body size
perception. HD: Healthy dieting, LC: Lack of weight concern, MD: Mental distress, UC: Unnecessary weight
concern, UD: Unnecessary dieting, SCL-5: The five-item Hopkins Symptom Checklist.
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Association between participants’ BMI, weight concern/dieting, body size perception and

mental distress

Confirming findings from the initial log-linear analysis, The discrepant number of participants in
each BMI-based weight category compared with the size of groups with presumed correlated weight
concern or body size perception (Table 1) showed that weight concern and body size perception do

not entirely measure the same thing.

In both boys and girls, being overweight/obese was associated with increased odds for mental
distress, independent of the presence of weight concern or dieting (Table 2 and Table 3; OR for
mental distress in HD and LC groups). Likewise, comparable size effects were observed in the in
normal-/underweight groups with unnecessary weigh concern and dieting (in Table 2 and Table 3;

higher odds for mental distress in UC and UD groups).

In both boys and girls, analyses based on BSP overestimation had even larger effects on the

associations between all the various weight concern/dieting groups and mental distress. (Table 3).

Interestingly, overweight/obese adolescents with weight concern and dieting had much lower odds
for mental distress (HD group, OR: 6.8, 95% CI 5.3-8.8 and 6.1, CI 4.3-8.5, boys and girls
respectively) compared to overweight/obese with lack of weight concern and dieting (LC group, OR:
20.6, 95% CI 16.9-25.15 and 11.9, CI 8.9-15.8, boys and girls respectively) (see Table 3). Similar
association effects were observed in the associations between weight concern /dieting and mental
distress in the normal-/ underweight groups (see results in the UC and UD groups compared to the

reference group).

On the other hand, overweight/obese participants with weight concern and dieting (HD group, OR

for MD: 6.81) had much lower Or for MD compared to overweight/obese participants with no weight
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(Table 2) or even higher odds (Table 3) for MD amongst boys compared to girls.

Table 2. Associations between weight concern, dieting and mental distress in boys and girls.

Boys Girls
OR Cl 95% Cl 95%
Lowe Uppe P-value OR Lowe Uppe P-value
r r r r

Unnecessary weight 213 1.333 3412 0.002 259 2.064 3.264 <0.001
concern, no dieting in 3 5
normal-/underweight (UC)
Unnecessary weight 212 1.198 3.759 0.010 3.84 3.085 4.795 <0.001
concern and dieting in 2 6
normal-/underweight (UD)
Weight concern and 275 1941 3921 <0.001 3.35 2.618 4.308 <0.001
dieting in 9 8
overweight/obese (HD)
Lack of weight concern, 139 1.059 1.844 0.018 156 1.235 1.98 <0.001
not dieting in 7 6

overweight/obese (LC)

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight
concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no

weight concern or dieting.
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Table 3: Associations between weight concern, dieting and mental distress in boys and girls, in the

group with BSP overestimation.

Boys Girls
Cl 95% Cl 95%
OR Lowe Upper P-value OR Lowe Uppe P-value
r r r

Unnecessary weight concern, 16.6 13.28 2096 <0.001 13.5 10.18 18.03 <0.001
no dieting in normal- 92 7 9 52 4 4
Junderweight (UC)
Unnecessary weight concern 153 1220 19.36 <0.001 12.8 9.662 17.02 <0.001
and dieting in normal- 74 5 6 27 9
/underweight (UD)
Weight concern and dieting 6.80 5.275 8.788 <0.001 6.07 4.345 8.490 <0.001
in overweight/obese (HD) 9 3
Lack of weight concern, not 20.6 16.88 25.14 <0.001 11.8 8.895 15.83 <0.001
dieting in overweight/obese 07 6 8 69 9

(LC)

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight
concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no
weight concern or dieting, with BSP accurate.

Discussion

Principal findings

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

We found strong supporting evidence that being overweight/obese, having weight concern or
body size overestimation are all associated with higher odds for mental distress. We also found
supporting evidence that being overweight/obese, body size over estimation, having weight
concern and reporting dieting were associated with relatively lower odds for mental distress in

boys and girls. Contrary to our hypothesis that predicted higher risk of mental distress amongst
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girls due to more focus on thinness, we found that boys with BSP overestimation consistently
showed greater increases risk than girls. These results were significant in our population, but the

low number of participants in each group makes our results less generalizable.

Comparison with previous studies

Concern about being overweight in overweight individuals has been shown previously to be
associated with poor mental health more strongly than the excess weight by itself [25, 26]. Both
body size perception and obesity levels have changed amongst adolescents over the past decades,
although in a multinational study of longitudinal trends in the associations between body size
misperception and dieting in adolescents, overweight did not change the dieting trends [27]. Our
findings supported this observation in both the overweight/obese and normal-/ underweight groups,
providing more evidence as to the relative importance of cognitive aspects of overweight/obesity,
that seem to by themselves, and independent of individual’s BMI, associate with mental distress

amongst adolescents.

Whilst weight and height (BMI) are routinely measures and tracked throughout childhood and
adolescence, no routine enquiries are made about adolescents’ attitude towards their own weight or
body size [28]. This may lead to failure in early identification of vulnerable adolescents who harbor
unnecessary concern about their own weight or body size. Likewise, unnecessary dieting may in

itself lead to adverse physical complications and should be prevented.

In agreement with a previous report [29], we found BSP overestimation to be common in our study
population. Since body size misperception does not seem to occur due to cognitive or perceptual

failures [30] ,we propose that inaccuracy in body size perception occur due to body-ideals.
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As children transit to adolescence, their exposure to body-ideals increases in tandem with the
increase in dieting behavior [9]. In the past few decades, divergent definitions of body-ideals
have been emerging [14, 31]. Whilst the obesity epidemic has shifted public perception towards
normalization of excess weight, the negative health consequences of obesity remain unchanged
[32]. On the other hand, desirability of thinness has risen. According to the Cognitive
Dissonance Theory, divergent body-ideals may increase psychological discomfort, even amongst
normal weight adolescents, and can potentially cause mental distress, as shown in our study

population.

Body size overestimation is associated with poorer mental health which can lead to unnecessary
dieting that may, in turn, further jeopardize adolescents’ physical well-being [33-40]. Due to this
relationship, authors suggest that children and adolescents are asked about their attitudes towards
their own body in routine follow-up examinations by pediatricians, community nurses or other health

workers.

Compared to their female counterparts, adolescent boys who overestimated their body size quite
consistently showed higher odds for mental distress. In line with previous findings [6], we found
higher male vulnerability to mental distress across all weight concern/dieting groups. Since weight
concern/dieting groups were defined based on BMI, the higher male vulnerability cannot be solely
related to individuals’ BMI. This higher male vulnerability could not be attributed to male societal
body-ideals either, because male body-ideals are less focused on being overtly thin, and more on

being muscular [41-43].

Being overweight/obese puts adolescents in a less favorable social position compared to their peers,
and is in itself associated with poorer mental health amongst adolescents [44]. The observed higher

vulnerability to mental distress amongst adolescent boys who overestimate their body size, could be a
18| Page
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simple reflection of a higher number of overweight/obese boys, i.e. an issue of statistical strength.
However, the increase in odds for mental distress was observed across all BMI groups in our
population. On the other hand, the general increase in the population mean BMI has also normalized
being obese amongst obese adolescents, which may in effect, lead to less stigma around being

overweight/obese, since it becomes easier for the overweight to fit in with their peers [32, 45].

Like in previous studies [46], the overweight/obese female study participants in our study tended to

overestimate their weight and body size.

Dieting was far more prevalent amongst girls compared to boys in our population, and previous

studies have also shown that more overweight girls, compared to boys, correctly identify themselves
as “too heavy” [32]. Furthermore, dieting was shown to be negatively associated with mental distress
in our population. Considering this, we conclude that higher vulnerability to mental distress amongst

males who overestimate their body size, may be due to lack of a behavioral change such as dieting.

Strengths and limitations of this study

Our study was performed in a large population-based homogenous population of male and

female adolescents, which made our results more generalizable.

Studies combining components of body-image and body dissatisfaction has shown clear
methodological advantages in previous association studies between body-image and body
dissatisfaction amongst female adults [47]. We believe that grouping our study population into
smaller but more units has been useful in making inferences as to which exposure variable seemed to

contribute the greatest to mental distress.

The population stratification came however at the cost of having much smaller number of

participants in some groups. Although results remained consistent and statistically significant
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across all groups in both genders, the smaller participant numbers in some groups made it less

possible to draw conclusive remarks.

Because of the cross-sectional design of our study, we were unable to make any conclusions on

causality between exposures and outcome.

Application of the CDT framework to our findings has offered some theoretical explanation for why
societal body-ideals seem to be of greater importance in body image formation in adolescents.
Similarly, CDT has offered some theoretical explanation for higher vulnerability for mental distress

amongst boys who overestimate their body size.

Our results suggest that inconsistencies in the existing literature on adolescent obesity and its
psychological comorbidities, may stem from biased methodological approaches that give greater

importance to adolescents’ BMI rather than their weight concern or body size perception [26].

Conclusion

Our study points at a few important factors that were consistently associated with mental distress
amongst our participants. Being overweight, having weight concern even if unnecessary
increases the odds for mental distress amongst boys and girls. Body size overestimation seems to
have a greater impact on mental distress related to weight concern and dieting amongst
adolescents. Unexpectedly, we found that male adolescents who overestimate their body size are

at a particularly high risk for having mental distress compared to their female counterparts.

Since societal body-ideals seem to play a greater part in formation of body-image, interventions
aimed at reducing the psychological burden of a negative body-image should focus on changing

the societal body-ideals to a set of attainable body-ideals that are population representative. Such
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changes in societal body-ideals may help adolescents to form a more accurate body image, which

may prevent unnecessary weight concern or unnecessary dieting.

A more holistic exploratory approach towards adolescents’ body-image and body-ideals, make for a
more comprehensive assessment of developmental growth, and may help identify vulnerable
adolescents. A change of focus from normalization of BMI to normalization of different body
size/shapes may improve mental well-being amongst adolescents with body-image dissatisfaction.
Replication of our findings in clinical populations of adolescents with body-image dissatisfaction,
may pave the way for improvement in the novel treatment techniques for disorders of feeding and

eating [48, 49].

Dieting seems to promote better mental well-being in overweight and obese adolescents. Since
behavioral changes such as dieting often make fast and short-lived reduction in cognitive dissonance
[50], it is imperative to encourage adolescents to reduce weight by offering them motivational

support over longer follow-up periods.

Acknowledgement

The material described in this paper is original research and has not been previously published or

submitted for publication elsewhere.
Author Contributions

FSS has conceived the idea, performed the analyses and drafted the manuscript. FSS and KK
have contributed to interpretation of results and critical revision of manuscript. FSS and KK have
read and approved the final version of the manuscript before submission. Authors FSS and KK

declare no conflict of interest or any competing financial interests.

21| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 27

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 23 of 27

oNOYTULT D WN =

BMJ Open

Authors are indebted to Professor Turid Lingaas Holmen for her very insightful comments on

earlier drafts of this manuscript.
Funding

The Trondelag Health Study (The HUNT Study) is collaboration between HUNT Research
Centre (Department of Public Health and Nursing, Faculty of Medicine and Health Sciences,
Norwegian University of Science and Technology (NTNU)), Nord-Trendelag County Council
and Central Norway Health Authority. This study was funded through a PhD scholarship by the

Faculty of Medicine and Health Sciences, NTNU (internal grant number: 2011/11215).
Data availability statement

Due to restrictions imposed by the HUNT Research Centre (in accordance with Norwegian Data
Inspectorate), data cannot be made publicly available. Data are currently stored in the HUNT
Databank, and there are restrictions in place for the handling of HUNT data files. Data used from
the HUNT Study in research projects will be made available on request to the HUNT Data
Access Committee (hunt@medicine.ntnu.no). The HUNT data access information (available

here: http://www.ntnu.edu/hunt/data) describes in detail the policy regarding data availability.

References

1. Sowers JR: Obesity as a cardiovascular risk factor. Am J Med 2003, 115 Suppl 8A:37S-41S.

2. De Pergola G, Silvestris F: Obesity as a major risk factor for cancer. J Obes 2013, 2013:291546.
3. Brown T, Moore TH, Hooper L, Gao Y, Zayegh A, ljaz S, Elwenspoek M, Foxen SC, Magee L,

O'Malley C et al: Interventions for preventing obesity in children. Cochrane Database Syst Rev
2019, 7:CD001871.

4, Buscemi S, Marventano S, Castellano S, Nolfo F, Rametta S, Giorgianni G, Matalone M,
Marranzano M, Mistretta A: Role of anthropometric factors, self-perception, and diet on
weight misperception among young adolescents: a cross-sectional study. Eating and weight
disorders : EWD 2016.

22| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

BMJ Open

Fan M, Jin Y, Khubchandani J: Overweight Misperception among Adolescents in the United
States. J Pediatr Nurs 2014, 29(6):536-546.

Saeedzadeh Sardahaee F, Holmen TL, Micali N, Sund ER, Bjerkeset O, Kvaloy K: Suicidal ideation
in relation to disordered eating, body size and weight perception: a cross-sectional study of a
Norwegian adolescent population: the HUNT Study. BMJ open 2019, 9(7):e029809.

Haynos AF, Watts AW, Loth KA, Pearson CM, Neumark-Stzainer D: Factors Predicting an
Escalation of Restrictive Eating During Adolescence. J Adolesc Health 2016, 59(4):391-396.
Higgins ET: Self-discrepancy: a theory relating self and affect. Psychol Rev 1987, 94(3):319-340.
Fardouly J, Diedrichs PC, Vartanian LR, Halliwell E: Social comparisons on social media: the
impact of Facebook on young women's body image concerns and mood. Body Image 2015,
13:38-45.

Silverstein B PB, Purdue L. : Some correlates of the then standard of physical attractiveness of
women. Int J Eat Disord (1986) 5:898—905

Voelker DK, Reel JJ, Greenleaf C: Weight status and body image perceptions in adolescents:
current perspectives. Adolesc Health Med Ther 2015, 6:149-158.

Morris AM, Katzman DK: The impact of the media on eating disorders in children and
adolescents. Paediatr Child Health 2003, 8(5):287-289.

Carey RN, Donaghue N, Broderick P: Body image concern among Australian adolescent girls:
the role of body comparisons with models and peers. Body Image 2014, 11(1):81-84.

Pope HG, Jr., Olivardia R, Borowiecki JJ, 3rd, Cohane GH: The growing commercial value of the
male body: a longitudinal survey of advertising in women's magazines. Psychother Psychosom
2001, 70(4):189-192.

Greydanus DE, Agana M, Kamboj MK, Shebrain S, Soares N, Eke R, Patel DR: Pediatric obesity:
Current concepts. Dis Mon 2018, 64(4):98-156.

Draycott S, Dabbs A: Cognitive dissonance. 1: An overview of the literature and its integration
into theory and practice in clinical psychology. Br J Clin Psychol 1998, 37(3):341-353.

Festinger L: Cognitive dissonance. Sci Am 1962, 207:93-102.

Stice E, Shaw H, Marti CN: A meta-analytic review of eating disorder prevention programs:
encouraging findings. Annu Rev Clin Psychol 2007, 3:207-231.

Holmen TL, Bratberg G, Krokstad S, Langhammer A, Hveem K, Midthjell K, Heggland J, Holmen J:
Cohort profile of the Young-HUNT Study, Norway: a population-based study of adolescents.
International journal of epidemiology 2014, 43(2):536-544.

Krokstad S, Langhammer A, Hveem K, Holmen TL, Midthjell K, Stene TR, Bratberg G, Heggland J,
Holmen J: Cohort Profile: the HUNT Study, Norway. International journal of epidemiology 2013,
42(4):968-977.

Strand BH, Dalgard OS, Tambs K, Rognerud M: Measuring the mental health status of the
Norwegian population: a comparison of the instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-
36). Nordic journal of psychiatry 2003, 57(2):113-118.

Tambs K, Moum T: How well can a few questionnaire items indicate anxiety and depression?
Acta psychiatrica Scandinavica 1993, 87(5):364-367.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition for child
overweight and obesity worldwide: international survey. BMJ (Clinical research ed) 2000,
320(7244):1240-1243.

Cole TJ, Flegal KM, Nicholls D, Jackson AA: Body mass index cut offs to define thinness in
children and adolescents: international survey. BMJ (Clinical research ed) 2007, 335(7612):194.

23| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 27

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 25 of 27

oNOYTULT D WN =

25.

26.

27.

28.

BMJ Open

Uchoa FNM, Uchoa NM, Daniele T, Lustosa RP, Garrido ND, Deana NF, Aranha ACM, Alves N:
Influence of the Mass Media and Body Dissatisfaction on the Risk in Adolescents of
Developing Eating Disorders. Int J Environ Res Public Health 2019, 16(9).

Atlantis E, Ball K: Association between weight perception and psychological distress. Int J Obes
(Lond) 2008, 32(4):715-721.

Quick V, Nansel TR, Liu D, Lipsky LM, Due P, lannotti RJ: Body size perception and weight
control in youth: 9-year international trends from 24 countries. Int J Obes (Lond) 2014,
38(7):988-994.

Geme ARKIJS: Nelson Textbook of Pediatrics

vol. 2-Volume Set 21st Edition.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

Challinor KL, Mond J, Stephen ID, Mitchison D, Stevenson RJ, Hay P, Brooks KR: Body size and
shape misperception and visual adaptation: An overview of an emerging research paradigm. J
Int Med Res 2017, 45(6):2001-2008.

Christopher P. Barlett CLV, and Donald A. Saucier: Meta-Analyses of the Effects of Media
Images on Men's Body-image Concerns. Journal of Social and Clinical Psychology 2008,
27(3):279-310.

Smolak L: Body image in children and adolescents: where do we go from here? Body Image
2004, 1(1):15-28.

Johnson F, Cooke L, Croker H, Wardle J: Changing perceptions of weight in Great Britain:
comparison of two population surveys. BMJ (Clinical research ed) 2008, 337:a494.

Dulloo AG, Jacquet J, Montani JP, Schutz Y: How dieting makes the lean fatter: from a
perspective of body composition autoregulation through adipostats and proteinstats awaiting
discovery. Obes Rev 2015, 16 Suppl 1:25-35.

Haslam D: Weight management in obesity - past and present. Int J Clin Pract 2016, 70(3):206-
217.

de Witt Huberts JC, Evers C, de Ridder DT: Double trouble: restrained eaters do not eat less and
feel worse. Psychol Health 2013, 28(6):686-700.

Neumark-Sztainer D, Wall M, Haines J, Story M, Eisenberg ME: Why does dieting predict weight
gain in adolescents? Findings from project EAT-II: a 5-year longitudinal study. / Am Diet Assoc
2007, 107(3):448-455.

Neumark-Sztainer D, Wall M, Story M, Standish AR: Dieting and unhealthy weight control
behaviors during adolescence: associations with 10-year changes in body mass index. J Adolesc
Health 2012, 50(1):80-86.

Viner RM, Cole TJ: Who changes body mass between adolescence and adulthood? Factors
predicting change in BMI between 16 year and 30 years in the 1970 British Birth Cohort. Int J
Obes (Lond) 2006, 30(9):1368-1374.

Field AE, Sonneville KR, Micali N, Crosby RD, Swanson SA, Laird NM, Treasure J, Solmi F, Horton
NJ: Prospective association of common eating disorders and adverse outcomes. Pediatrics
2012, 130(2):289-295.

Eddy KT, Kim Y: Dieting to Disordered Restricting. J Adolesc Health 2016, 59(4):369-370.
Dondzilo L, Rodgers RF, Turnbull G, Bell J: The importance of motivational orientation towards
the muscular ideal versus the stigmatised burdensome body in male body dissatisfaction.
Body Image 2019, 31:81-87.

Blond A: Impacts of exposure to images of ideal bodies on male body dissatisfaction: a review.
Body Image 2008, 5(3):244-250.

24 |Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

43.

44.

45.

46.

47.

48.

49.

50.

BMJ Open

Labre MP: Adolescent boys and the muscular male body ideal. J Adolesc Health 2002,
30(4):233-242.

Hayward LE, Vartanian LR, Pinkus RT: Weight Stigma Predicts Poorer Psychological Well-Being
Through Internalized Weight Bias and Maladaptive Coping Responses. Obesity (Silver Spring)
2018, 26(4):755-761.

Salcedo V, Gutierrez-Fisac JL, Guallar-Castillon P, Rodriguez-Artalejo F: Trends in overweight and
misperceived overweight in Spain from 1987 to 2007. Int J Obes (Lond) 2010, 34(12):1759-
1765.

Jankauskiene R, Baceviciene M: Body Image Concerns and Body Weight Overestimation Do Not
Promote Healthy Behaviour: Evidence from Adolescents in Lithuania. Int J Environ Res Public
Health 2019, 16(5).

Heider N, Spruyt A, De Houwer J: Implicit beliefs about ideal body image predict body image
dissatisfaction. Front Psychol 2015, 6:1402.

Bullock K, Won AS, Bailenson J, Friedman R: Virtual Reality-Delivered Mirror Visual Feedback
and Exposure Therapy for FND: A Midpoint Report of a Randomized Controlled Feasibility
Study. J Neuropsychiatry Clin Neurosci 2020, 32(1):90-94.

Griffen TC, Naumann E, Hildebrandt T: Mirror exposure therapy for body image disturbances
and eating disorders: A review. Clinical psychology review 2018, 65:163-174.

Perlovsky L: A challenge to human evolution-cognitive dissonance. Front Psychol 2013, 4:179.

Figure caption:

Figure 1. Study population males N=3 806

Figure 2. Study population females N= 3 544
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Figure 1. Study population
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Abstract

Objective: We examined the associations between BMI, weight concern, body size perception,
dieting and mental distress in a population-based study of 7 350 adolescents. Design: Cross-
sectional. Settings: Data from a Norwegian population-based cohort, The Young-HUNT3 (2006-
08) from the county of Nord-Trendelag, Norway. Participants: A total of 7 350 adolescents (13-
19 years) who had both self-reported questionnaire data and anthropometric measures. Primary
outcome measures: Odds for mental distress given sex, BMI, weight concern, body size
perception, and dieting. Analyses were performed in binomial logistic regression models.
Results: Compared to being overweight/obese, having weight concern, irrespective of body

mass index (BMI), was associated with higher odds ratio (OR) for mental distress (MD) amongst
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boys and girls. Body size overestimation was associated with an increase in the OR for MD, in
participants who were overweight/obese, had weight concern or dieted. This effect was more
pronounced in boys. Conclusions: Weight concern and body-size estimation are strongly
associated with mental health in adolescent boys and girls. Routine assessment of adolescents’

attitudes towards their weight and body size is advised.

Keywords: Adolescents, body size overestimation, weight concern, dieting, BMI, mental health,

Cognitive dissonance theory, HUNT.

Strength and limitations of this study:

¢ Our findings were based on a study of a large, population-representative dataset of male
and female adolescents.

e Stratification of our study population into smaller groups based on their body size
perception and weight concern allowed for inferences being made on the interaction terms
between the two, which had clear methodological advantage in making inferences as to
which component seemed to contribute more to the outcome variable.

e The relationship of weight concern, body-size estimation and mental distress has been
discussed within the framework of the Cognitive Dissonance Theory.

e A limitation of this study was the cross-sectional design that is not suitable for studying

causality between exposure and outcome variables.

Introduction
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Long-term negative effects of pediatric obesity on the physical and mental wellbeing are widely
known. Preventing obesity has however, proved difficult [1-3]. To lose weight, many adolescents
resort to dieting; whose effectivity and long-term health consequences are debated [4-7]. In
order to strive to achieve (or maintain) normal weight, it is necessary for individuals, to have

awareness of their own body.

Previous studies in adolescent populations, have collectively pointed at inter-related and
multifaceted relationships between body awareness, BMI and dieting [4-7]. High BMI and
having concerns about one’s weight or body size have been associated with poorer mental health

amongst adolescents, but what contributes to this association is not fully understood [6].

Body awareness is a human construct, formed by comparisons made between individuals’
perception of their own body (body-image) to that of others (body-ideal)[8]. The definition of
body-ideals may vary depending on the context within which it is applied. In medical terms,
there is a preference for normal BMI (defined by the World Health Organization as between
18.5-24.9). Societal body-ideals, which seems to be culturally dependent, is what advance
individuals towards goals such as being liked or being successful [9]. In a societal context,
emphasis is often put on body shape/size [9]. Weight perception and body-ideals may vary in
different racial or ethnical groups[10]. For instance, in western societies, there is a preference for
overly thin bodies in girls [11] and masculine and lean bodies in boys [12-15]. Individuals may
also compare their weight (or BMI) to what they consider most prevalent (hence normal) by

looking at their peers [14].

In the past few decades, there has been a significant increase in the obesity rate and mean

population BMI amongst both adults and adolescents [16]. This is contrary to the current societal
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preference for overly thin body-ideals many adolescents find unattainable [9]. In today’s western
societies, the perceived distance between BMI in overweight/obese individuals and societal or
medical body-ideals has increased compared to previous situations. In contrast, due to the
increase in mean population BMI, the perceived distance between BMI in overweight/obese
individuals and the population norm has decreased. It is known that holding contradictory

elements of cognition causes psychological discomfort (Cognitive Dissonance theory)[17, 18].

Psychological theories have provided a scientific framework for studying body-image [17]. For
instance, in the field of eating behavior, Cognitive Dissonance Theory (CDT) has been applied to
study body acceptance in female adolescents and adults [19]. CDT suggests that humans have an
inert drive to create and maintain harmony between their attitudes and behavior, because
disharmony (or cognitive dissonance) causes psychological discomfort. Accordingly,
incongruency between the body-ideals themselves, as well as incongruency between individuals’
body-image and their body-ideals, could create psychological discomfort, which may then be

reduced by making changes in cognition or behavior (such as dieting).

In the current study, we have explored associations between body-image, dieting and mental
distress in 7 350 Norwegian adolescents who had taken part in The Young-HUNT3 Survey
(2006-08). Body-ideals were defined as, 1- being of normal weight BMI (medical preference),
and 2- being closer to societal thinner/leaner body-ideals. Taking advantage of data available on
a range of health-related issues, we divided our participants into groups based on their BMI,
body-image, and dieting behavior. Body-image consisted of two elements: individuals’
perception of their weight (weight concern) and body size (body size under- and overestimation).

Odds for mental distress were then estimated across these groups. By cross-comparing the odds

4|Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

we made inferences as to which body-ideals seem to be playing a greater part in increasing

psychological discomfort amongst adolescents.

We hypothesized that adolescents with excess weight, experience higher psychological
discomfort due to an increase in the discrepancy between their weight perception and societal
preference for thinness and medical preference for lower BMI. We hypothesized that body size
overestimation is associated with higher psychological discomfort because overestimation puts
adolescents in a less favorable position compared to the societal body-ideal. Due to greater
societal preference for thinness in girls, we expected this association to be stronger in the female
group. We hypothesized that body size underestimation in adolescents is associated with lower
psychological discomfort because the underestimation puts the adolescents in a more favorable
position compared to the societal body-ideal. Within the context of CDT, behavioral changes
such as dieting are expected to reduce psychological discomfort caused by cognitive dissonance
between body-image and body-ideals. We therefore hypothesized that dieting is associated with

lower odds for Mental Distress (MD), in both girls and boys.

To our best knowledge, this is the first time CDT is used as a theoretical framework to infer the

relative significance of societal definitions of body-ideals for body-awareness at adolescence.

Methods

Participants

Data from The Young-HUNT3 Survey (YH3) (2006-08) was used in the present study. YH3 is

the third wave of the adolescent arm of the Trondelag Health Study (The HUNT Study).

5|Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 29

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 7 of 29

oNOYTULT D WN =

BMJ Open

The Young-HUNT surveys were carried out at the Nord-Trendelag Region County’s schools,
and comprises three cross-sectional surveys: Young-HUNTI1, YH1 (1995-97), Young-HUNT3,
YH3 (2006-08) and Young-HUNT4, YH4 (2016-2019). A survey of a limited number of

Young-HUNTI participants was done in a smaller cohort, Young-HUNT2, YH2 (2000-2001).

After completion of YH3 and in total, data on 17 820 adolescent research participants (13-19
years old, response rate 78% - 90%) were collected [20, 21]. Cohort profiles of The HUNT

Study are previously described elsewhere [20, 21].

YH3 data included self-administered questionnaires, structured interviews, collection of
biological samples and clinical measurements, carried out by trained personnel. For
anthropometric measurements of height, weight, hip and waist circumference, standard
procedures were followed [21]. In the present study, questionnaire data and anthropometric

measurements have been used.

In total, 8 202 individuals in junior and senior high schools participated in YH3 (78% response
rate) [21]. Of those, 7 718 individuals had both answered the YH3 questionnaire and had
anthropometric measurements data available. Due to missing data on body size perception,
dieting or mental distress, 386 participants were excluded from our study. The total study

population was 7 350 (3 806 boys and 3 544 girls).

Measurements

Mental distress

6|Page
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The five-item Hopkins Symptom Checklist (SCL-5)[22] was used to evaluate participants’ level
of mental distress. SCL-5, a valid and reliable measure of mental distress [22, 23] consists of the
following question items: “Feeling blue”, —“Feeling fearful”, —Feeling hopeless about the
future”, — Worrying too much about things” and — Experiencing nervousness or shakiness
inside”. Participants recorded their answer on a four-point Likert scale from 1 (‘not bothered’) to

4 (‘very much bothered’).

Only participants who had answered four or more questions were included. A negligible number
of participants (n = 21) did not have data available for all five questions The mean scores for
each question were summed up to a total score that was then divided by the number of questions
answered. Based on a previously defined cut-off point [22], participants with “high” mental
distress (> 2) were identified and compared to those with “low” (< 2) levels of mental distress. In

this paper, adolescents with high mental distress are referred to as those with mental distress.

Anthropometric measures

Participants’ weight was measured to the nearest half kilo and height to the nearest cm [21]. BMI
(body mass index) was calculated as weight (kg)/height? (m?). The adolescent BMI-based weight
categories were defined using the age-specified and sex-specified International Obesity Task
Force cut-off values [24, 25], participants were grouped into four categories; obese, overweight,
normal weight or underweight. In the analyses, overweight and obese in addition to underweight

and normal weight were collapsed into groups.

Weight concern and dieting
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The Young HUNT research participants were asked a series of questions about their «Meals and
eating habitsy, including a question item on dieting[26]. The dieting item consists of the
following question: “Are you trying to lose weight?”, with the answer options: : “No, [ am
comfortable with my weight”(1), “No, but I need to lose weight”(2) or “Yes”(3). The two latter
options both indicated weight concern, but only the latter point to actively changing eating

behaviors to reduce weight.

By pairing this information with participants’ actual BMI-based weight category, we stratified
participants into the following five groups (also see Figure 1 and 2) that bore information on

participants’ BMI-based weight category, weight concern or dieting behavior (or the lack of).

1. Unnecessary weight concern (UC): Normal or underweight adolescents with unnecessary
weight concern, but without dieting behavior (answer option 2).

2. Unnecessary weight concern with dieting (UD): Normal or underweight adolescents with
weight concern and dieting behavior (answer option 3).

3. Healthy weight concern with dieting (HD): Overweight/obese adolescents with weight
concern and dieting behavior (answer option 3).

4. Lack of weight concern (LC): Overweight/obese adolescents who were neither concerned
about their weight, nor dieted (answer option 1).

5. Reference: Normal or underweight adolescents with no weight concern or dieting

behavior (answer option 1).

Body size perception
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Study participants were asked about how they perceived their body size as follows: “Do you

consider yourself to be: “very fat”, “quite fat”, “about the same as others”, “quite thin” or “very

thin”?

By combining individuals’ body size perception (BSP) with their BMI-based weight category,
we defined three BSP groups: BSP overestimation (normal- underweight who consider

9% ¢

themselves “very fat”, “quite fat”), BSP underestimation (overweight/obese who consider

themselves “about the same as others”, “quite thin” or “very thin”), and accurate BSP estimation

(for instance, overweight-obese who thought they were quite fat or very fat).

Statistical analysis

A three-way log-linear analysis was performed to determine which model components
(individuals’ BMI-based weight category, weight concern, body size perception, dieting and sex)
were necessary to retain in order to best account for the data. The log-linear analysis suggested a
hierarchical unsaturated model for the associations between sex, weight concern/dieting, and
body size perception. An unsaturated model was chosen using SPSS Statistics' hierarchical log-
linear model selection procedure with a backwards elimination stepwise procedure. This
produced a model that included all main effects and two two-way associations of weight
concern/dieting and body size perception. The Log-linear analysis did not recommend including
interaction terms between sex and other factors. The model had a likelihood ratio of y2(14) <

0.001 p=1.
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Binomial logistic regression was employed to study the associations between BMI, weight
concern/dieting, body size perception, and mental distress amongst adolescents. Analyses were
performed in groups stratified according to weight concern, body size perception (BSP over- and
underestimation), and dieting. After stratification on BSP over- and underestimation, groups with
BSP underestimation had very few participants; hence excluded from the final analyses. All
association analyses were adjusted for age. All association analyses were performed against the
group with least cognitive dissonance. i.e. adolescents with normal weight, no weight concern,

with accurate BSP, and not dieting.

Results are reported as Odds Ratio (OR) for mental distress (MD), with 95% confidence
intervals. Overall missingness ( < 5% ) was considered as missing at random (MAR). A

complete case analyses were performed. IBM SPSS Statistics 26 was used for the analyses.

Application of Cognitive Dissonance Theory (CDT)

According to CDT, discrepancies between adolescents’ body-image and their body-ideals should
be associated with increased mental distress. Emergence of divergent sets of body-ideals would
inevitably lead to discrepancy between how adolescents view their weight and body size in
different context within which body-ideals are defined. Accordingly, individuals’ sum of
cognitive dissonance (CD) due to discrepancy between body-image and body-ideals (See Figure

1 and 2), can be considered as the sum of:

1- CD due to weight concern as a mismatch between person’s actual BMI and medical
body-ideal (normal weight BMI).
2- CD due to discrepancy between person’s body size estimation and their societal body-

1deal.
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For instance, in a normal weight person who thinks she/he is overweight, CD may be, in part,
due to as discrepancy between what the person thinks they weigh and their ideal weight. This
ideal weight, however, is defined based on medical and societal expectations. On the other hand,
ideal weight may be, in part, relative to the population mean BMI that has been changing
upwards in the past few decades. Similarly, changes in CD are expected due to discrepancies

between individuals’ perception of their body size and an increasingly thin societal body-ideal.

By comparing the odds for mental distress across groups defined according to their BMI-based
weight category, weight concern, body size perception (BSP under- and overestimation), and
dieting, authors made inferences as to which of these possible discrepancies seem to have higher

impact on the total CD.

Ethics

The Young-HUNT Study was approved by the Norwegian Data Inspectorate. The present study
was approved by the Regional and National Committees for Medical and Health Research Ethics
(2009/740-2) as well as by the HUNT Data Access Committee. All study procedures were in

accordance with the Helsinki Declaration, as of 1975, and revised in 2000.

Participants signed written consents before they were enrolled in The Young-HUNT Study. In
Norway, legal age for providing informed consent is 16 years. Written consents were obtained
from participants aged 16 years or older and from their parents or legal guardians if participants

were younger than 16 years.

Patient and Public Involvement

No patient involved.
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Results

Population characteristics

Study participant’s characteristics of main variables are summarized in Table 1. In total, 7 350

adolescents (3 806 boys and 3 544 girls) were included in the current study (mean age: 15.82 years

old).

Most boys (70.9%) and girls (72.9%) were of normal weight BMI. The prevalence of
overweight/obesity was slightly higher amongst boys than girls (25.9% vs. 22.3%). Being

underweight was slightly more prevalent in girls than boys (4.7% vs. 3.2%).

More girls than boys showed unnecessary weight concern (overestimation of weight in UC & UD
groups, 6.6% in boys vs. 25.2% in girls). More boys showed lack of weight concern/dieting despite

being overweight/obese (underestimation of weight in LC group, 19.8% of boys vs. 13.6% of girls).

More boys misperceive their body size as thinner (BSP underestimation in 19.8% of boys vs. 13% of
girls), and more girls misperceived their body size as fatter (BSP overestimation in 16.8% of boys vs.
22.3% of girls) . In boys, BSP overestimation was more prevalent than weight overestimation (UC

and UD groups) (Table 1).

The majority of boys and girls were happy with their weight, hence not dieting. Compared to their
female counterparts, fewer overweight/obese boys had weight concern or tried to lose weight by
dieting (weight underestimation seen in LC group: 19.8 % of boys vs. 13.6 % of girls). Compared to
boys, and irrespective of BMI-based weight category, more girls resorted to dieting in order to lose
weight, as expressed by the prevalence of dieting in HD group (9.3% of girls vs. 6.7 % of boys) and
UD group (12.8 % of girls vs. 2.6% of boys). The higher prevalence of dieting in girls paralleled

their higher tendency of BSP overestimation (Table 1).
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Mental distress was prevalent in both genders, more so in girls than boys (27% vs. 10.2%, Table 1).

The Relative Risk for mental distress in girls compared to boys was 2.66, CI 95% 2.38 - 2.96, p-

value < 0.0001 (data not shown).

Table 1. Population characteristics.

Boys Girls
N % N %
BMI based weight categories  Obese 244 6.4 179 4.7
Overweight 741 19.5 668 17.6
Normal weight 122 3.2 179 4.7
Underweight 2699 70.9 2765 72.9
Are you trying to lose weight? No, | am happy with my weight 2998 79.8 2206 58.3
No, but | need to lose weight 423 11.3 760 20.1
Yes 338 9 819 21.6
Weight concern/dieting Unnecessary concern but not 146 4 440 12.4
dieting in normal- /underweight
(UQ)
Unnecessary concern and 95 2.6 455 12.8
dieting in normal- /underweight
(UD)
Weight concern and dieting in 241 6.7 331 9.3
overweight/obese (HD)
Lack of concern, no dieting in 714 19.8 483 13.6
overweight/obese (LC)
Lack of concern, no dieting in 2413 66.9 1835 51.8
normal- /underweight
(reference)
Body size perception Very fat 58 1.6 122 3.2
Quite fat 676 18.1 1008 26.6
Like others 721 19.3 534 14.1
Quite thin 66 1.8 41 1.1
Very thin 2212 59.3 2080 55.0
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Body size perception BSP underestimation 687 19.8 455 13.0
BSP overestimation 585 16.8 783 223
BSP accurate 2204 63.4 2272 64.7
Mental distress(SCL-5) Low mental distress (score < 2) 3330 89.8 2780 73.0

High mental distress (score > 2) 377 10.2 1030 27.0

BMI-based weight categories are age and sex adjusted in accordance with Cole et al. [23, 24]. BSP: Body size perception. HD: Healthy dieting,
LC: Lack of weight concern, MD: Mental distress, UC: Unnecessary weight concern, UD: Unnecessary dieting, SCL-5: The five-item Hopkins

Symptom Checklist.

Association between participants’ BMI, weight concern/dieting, body size perception and

mental distress

Confirming findings from the initial log-linear analysis, The discrepant number of participants in
each BMI-based weight category compared with the size of groups with presumed correlated weight
concern or body size perception (Table 1) showed that weight concern and body size perception do

not entirely measure the same thing.

In both boys and girls, being overweight/obese was associated with increased odds for mental
distress, independent of the presence of weight concern or dieting (Table 2 and Table 3; OR for
mental distress in HD and LC groups). Likewise, comparable size effects were observed in the in
normal-/underweight groups with unnecessary weigh concern and dieting (in Table 2 and Table 3;

higher odds for mental distress in UC and UD groups).

In both boys and girls, analyses based on BSP overestimation had even larger effects on the

associations between all the various weight concern/dieting groups and mental distress. (Table 3).

Interestingly, overweight/obese adolescents with weight concern and dieting had much lower odds

for mental distress (HD group, OR: 6.8, 95% CI 5.3-8.8 and 6.1, CI 4.3-8.5, boys and girls
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respectively) compared to overweight/obese with lack of weight concern and dieting (LC group, OR:
20.6, 95% CI 16.9-25.15 and 11.9, CI 8.9-15.8, boys and girls respectively) (see Table 3). Similar
association effects were observed in the associations between weight concern /dieting and mental
distress in the normal-/ underweight groups (see results in the UC and UD groups compared to the

reference group).

On the other hand, overweight/obese participants with weight concern and dieting (HD group, OR
for MD: 6.81) had much lower OR for MD compared to overweight/obese participants with no
weight concern or dieting (LC group, OR for MD: 20.61). Interestingly, our analyses revealed similar

effects (Table 2) or even higher odds (Table 3) for MD amongst boys compared to girls.

Table 2. Associations between weight concern, dieting and mental distress in boys and girls.

Boys Girls
OR Cl 95% Cl 95%
Lowe Uppe P-value OR Lowe Uppe P-value
r r r r

Unnecessary weight 213 1.333 3412 0.002 259 2.064 3.264 <0.001
concern, no dieting in 3 5
normal-/underweight (UC)
Unnecessary weight 212 1.198 3.759 0.010 3.84 3.085 4.795 <0.001
concern and dieting in 2 6
normal-/underweight (UD)
Weight concern and 275 1941 3921 <0.001 3.35 2.618 4.308 <0.001
dieting in 9 8
overweight/obese (HD)
Lack of weight concern, 1.39 1.059 1.844 0.018 1.56 1.235 1.986 <0.001
not dieting in 7 6

overweight/obese (LC)

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight

concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no

weight concern or dieting.
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Table 3: Associations between weight concern, dieting and mental distress in boys and girls, in the

group with BSP overestimation.

Boys Girls
Cl 95% Cl 95%

OR Lower Upper P-value OR Lower Upper P-value
Unnecessary weight 16.692 13.287 20.969 <0.001 13.552 10.184 18.034 <0.001
concern, no dieting in
normal-/underweight
(uc)
Unnecessary weight 15.374 12.205 19.366 <0.001 12.827 9.662 17.029 <0.001
concern and dieting in
normal-/underweight
(UD)
Weight concern and 6.809 5.275 8788 <0.001 6.073 4.345 8490 <0.001
dieting in
overweight/obese (HD)
Lack of weight concern, 20.670 16.886 25.148 <0.001 11.869 8.895 15.839 <0.001

not dieting in
overweight/obese (LC)

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight
concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no
weight concern or dieting, with BSP accurate.

Discussion

Principal findings

We found strong supporting evidence that being overweight/obese, having weight concern or

body size overestimation are all associated with higher odds for mental distress. We also found

supporting evidence that being overweight/obese, body size over estimation, having weight

concern and reporting dieting were associated with relatively lower odds for mental distress in

boys and girls. Contrary to our hypothesis that predicted higher risk of mental distress amongst
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girls due to more focus on thinness, we found that boys with BSP overestimation consistently
showed greater increases risk than girls. These results were significant in our population, but the

low number of participants in each group makes our results less generalizable.

Comparison with previous studies

Concern about being overweight in overweight individuals has been shown previously to be
associated with poor mental health more strongly than the excess weight by itself [27, 28]. Both
body size perception and obesity levels have changed amongst adolescents over the past decades,
although in a multinational study of longitudinal trends in the associations between body size
misperception and dieting in adolescents, overweight did not change the dieting trends [29]. Our
findings supported this observation in both the overweight/obese and normal-/ underweight groups,
providing more evidence as to the relative importance of cognitive aspects of overweight/obesity,
that seem to by themselves, and independent of individual’s BMI, associate with mental distress

amongst adolescents.

Whilst weight and height (BMI) are routinely measures and tracked throughout childhood and

adolescence, no routine enquiries are made about adolescents’ attitude towards their own weight or
body size [30]. This may lead to failure in early identification of vulnerable adolescents who harbor
unnecessary concern about their own weight or body size. Likewise, unnecessary dieting may itself

lead to adverse physical complications, and should be prevented.

In agreement with a previous report [31], we found BSP overestimation to be common in our study
population. Since body size misperception does not seem to occur due to cognitive or perceptual

failures [32] ,we propose that inaccuracy in body size perception occur due to body-ideals.

17| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 29

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 19 of 29

oNOYTULT D WN =

BMJ Open

As children transit to adolescence, their exposure to body-ideals increases in tandem with the
increase in dieting behavior [9]. In the past few decades, divergent definitions of body-ideals
have been emerging [15, 33]. Whilst the obesity epidemic has shifted public perception towards
normalization of excess weight, the negative health consequences of obesity remain unchanged
[34]. On the other hand, desirability of thinness has risen. According to the Cognitive
Dissonance Theory, divergent body-ideals may increase psychological discomfort, even amongst
normal weight adolescents, and can potentially cause mental distress, as shown in our study

population.

Body size overestimation is associated with poorer mental health which can lead to unnecessary
dieting that may, in turn, further jeopardize adolescents’ physical well-being [35-42]. Due to this
relationship, authors suggest that children and adolescents are asked about their attitudes towards
their own body in routine follow-up examinations by pediatricians, community nurses or other health

workers.

Compared to their female counterparts, adolescent boys who overestimated their body size quite
consistently showed higher odds for mental distress. In line with previous findings [6], we found
higher male vulnerability to mental distress across all weight concern/dieting groups. Since weight
concern/dieting groups were defined based on BMI, the higher male vulnerability cannot be solely
related to individuals’ BMI. This higher male vulnerability could not be attributed to male societal
body-ideals either, because male body-ideals are less focused on being overtly thin, and more on

being muscular [43-45].

Being overweight/obese puts adolescents in a less favorable social position compared to their peers,
and is in itself associated with poorer mental health amongst adolescents [46]. The observed higher

vulnerability to mental distress amongst adolescent boys who overestimate their body size, could be a
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simple reflection of a higher number of overweight/obese boys, i.e. an issue of statistical strength.
However, the increase in odds for mental distress was observed across all BMI groups in our
population. On the other hand, the general increase in the population mean BMI has also normalized
being obese amongst obese adolescents, which may in effect, lead to less stigma around being

overweight/obese, since it becomes easier for the overweight to fit in with their peers [34, 47].

Like in previous studies [48], the overweight/obese female study participants in our study tended to

overestimate their weight and body size.

Dieting was far more prevalent amongst girls compared to boys in our population, and previous
studies have also shown that more overweight girls, compared to boys, correctly identify themselves
as “too heavy” [34]. Furthermore, dieting was shown to be negatively associated with mental distress
in our population [49]. Considering this, we conclude that higher vulnerability to mental distress
amongst males who overestimate their body size, may be due to lack of a behavioral change such as

dieting.

Strengths and limitations of this study

Our study was performed in a large population-based homogenous population of male and

female adolescents, which made our results more generalizable.

Studies combining components of body-image and body dissatisfaction has shown clear
methodological advantages in previous association studies between body-image and body
dissatisfaction amongst female adults [50]. We believe that grouping our study population into
smaller but more units has been useful in making inferences as to which exposure variable seemed to
contribute the greatest to mental distress.
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The population stratification came however at the cost of having much smaller number of
participants in some groups. Although results remained consistent and statistically significant
across all groups in both genders. The smaller participant numbers in some groups came with the
disadvantage of introducing bias in a regression model, and hence made it less possible to make

conclusive remarks.

It should also be noted that because of the cross-sectional design of our study, we were unable to

make any conclusions on causality between exposures and outcome.

Application of the CDT framework to our findings has offered some theoretical explanation for why
societal body-ideals seem to be of greater importance in body image formation in adolescents.
Similarly, CDT has offered some theoretical explanation for higher vulnerability for mental distress

amongst boys who overestimate their body size.

Our results suggest that inconsistencies in the existing literature on adolescent obesity and its
psychological comorbidities, may stem from biased methodological approaches that give greater

importance to adolescents’ BMI rather than their weight concern or body size perception [28].

Conclusion

Our study points at a few important factors that were consistently associated with mental distress
amongst our participants. Being overweight, having weight concern even if unnecessary
increases the odds for mental distress amongst boys and girls. Body size overestimation seems to
have a greater impact on mental distress related to weight concern and dieting amongst
adolescents. Unexpectedly, we found that male adolescents who overestimate their body size are

at a particularly high risk for having mental distress compared to their female counterparts.
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Since societal body-ideals seem to play a greater part in formation of body-image, interventions
aimed at reducing the psychological burden of a negative body-image should focus on changing
the societal body-ideals to a set of attainable body-ideals that are population representative. Such
changes in societal body-ideals may help adolescents to form a more accurate body image, which

may prevent unnecessary weight concern or unnecessary dieting.

A more holistic exploratory approach towards adolescents’ body-image and body-ideals, make for a
more comprehensive assessment of developmental growth, and may help identify vulnerable
adolescents. A change of focus from normalization of BMI to normalization of different body
size/shapes may improve mental well-being amongst adolescents with body-image dissatisfaction.
Replication of our findings in clinical populations of adolescents with body-image dissatisfaction,
may pave the way for improvement in the novel treatment techniques for disorders of feeding and

eating.

Dieting seems to promote better mental well-being in overweight and obese adolescents. Since
behavioral changes such as dieting often make fast and short-lived reduction in cognitive dissonance,
it is imperative to encourage adolescents to reduce weight by offering them motivational support

over longer follow-up periods.
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Figure 1. Study population
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Abstract

Objective: We examined the associations between BMI, weight concern, body size perception,
dieting and mental distress in a population-based study of 7 350 adolescents. Design: Cross-
sectional. Settings: Data from a Norwegian population-based cohort, The Young-HUNT3 (2006-
08) from the county of Nord-Trendelag, Norway. Participants: A total of 7 350 adolescents (13-
19 years) who had both self-reported questionnaire data and anthropometric measures. Primary
outcome measures: Odds for mental distress given sex, BMI, weight concern, body size
perception, and dieting. Analyses were performed in binomial logistic regression models.
Results: Compared to being overweight/obese, having weight concern, irrespective of body

mass index (BMI), was associated with higher odds ratio (OR) for mental distress (MD) amongst
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boys and girls. Body size overestimation was associated with an increase in the OR for MD, in
participants who were overweight/obese, had weight concern or dieted. This effect was more
pronounced in boys. Conclusions: Weight concern and body-size estimation are strongly
associated with mental health in adolescent boys and girls. Routine assessment of adolescents’

attitudes towards their weight and body size is advised.

Keywords: Adolescents, body size overestimation, weight concern, dieting, BMI, mental health,

Cognitive dissonance theory, HUNT.

Strength and limitations of this study:

¢ Our findings were based on a study of a large, population-representative dataset of male
and female adolescents.

e Stratification of our study population into smaller groups based on their body size
perception and weight concern allowed for inferences being made on the interaction terms
between the two, which had clear methodological advantage in making inferences as to
which component seemed to contribute more to the outcome variable.

e The relationship of weight concern, body-size estimation and mental distress has been
discussed within the framework of the Cognitive Dissonance Theory.

e A limitation of this study was the cross-sectional design that is not suitable for studying

causality between exposure and outcome variables.

Introduction

2|Page
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Long-term negative effects of pediatric obesity on the physical and mental wellbeing are widely
known. Preventing obesity has however, proved difficult [1-3]. To lose weight, many adolescents
resort to dieting; whose effectivity and long-term health consequences are debated [4-7]. In
order to strive to achieve (or maintain) normal weight, it is necessary for individuals, to have

awareness of their own body.

Previous studies in adolescent populations, have collectively pointed at inter-related and
multifaceted relationships between body awareness, BMI and dieting [4-7]. High BMI and
having concerns about one’s weight or body size have been associated with poorer mental health

amongst adolescents, but what contributes to this association is not fully understood [6].

Body awareness is a human construct, formed by comparisons made between individuals’
perception of their own body (body-image) to that of others (body-ideal)[8]. The definition of
body-ideals may vary depending on the context within which it is applied. In medical terms,
there is a preference for normal BMI (defined by the World Health Organization as between
18.5-24.9). Societal body-ideals, which seems to be culturally dependent, is what advance
individuals towards goals such as being liked or being successful [9]. In a societal context,
emphasis is often put on body shape/size [9]. Weight perception and body-ideals may vary in
different racial or ethnical groups[10]. For instance, in western societies, there is a preference for
overly thin bodies in girls [11] and masculine and lean bodies in boys [12-15]. Individuals may
also compare their weight (or BMI) to what they consider most prevalent (hence normal) by

looking at their peers [14].

In the past few decades, there has been a significant increase in the obesity rate and mean

population BMI amongst both adults and adolescents [16]. This is contrary to the current societal
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preference for overly thin body-ideals many adolescents find unattainable [9]. In today’s western
societies, the perceived distance between BMI in overweight/obese individuals and societal or
medical body-ideals has increased compared to previous situations. In contrast, due to the
increase in mean population BMI, the perceived distance between BMI in overweight/obese
individuals and the population norm has decreased. It is known that holding contradictory

elements of cognition causes psychological discomfort (Cognitive Dissonance theory)[17, 18].

Psychological theories have provided a scientific framework for studying body-image [17]. For
instance, in the field of eating behavior, Cognitive Dissonance Theory (CDT) has been applied to
study body acceptance in female adolescents and adults [19]. CDT suggests that humans have an
inert drive to create and maintain harmony between their attitudes and behavior, because
disharmony (or cognitive dissonance) causes psychological discomfort. Accordingly,
incongruency between the body-ideals themselves, as well as incongruency between individuals’
body-image and their body-ideals, could create psychological discomfort, which may then be

reduced by making changes in cognition or behavior (such as dieting).

In the current study, we have explored associations between body-image, dieting and mental
distress in 7 350 Norwegian adolescents who had taken part in The Young-HUNT3 Survey
(2006-08). Body-ideals were defined as, 1- being of normal weight BMI (medical preference),
and 2- being closer to societal thinner/leaner body-ideals. Taking advantage of data available on
a range of health-related issues, we divided our participants into groups based on their BMI,
body-image, and dieting behavior. Body-image consisted of two elements: individuals’
perception of their weight (weight concern) and body size (body size under- and overestimation).

Odds for mental distress were then estimated across these groups. By cross-comparing the odds
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we made inferences as to which body-ideals seem to be playing a greater part in increasing

psychological discomfort amongst adolescents.

We hypothesized that adolescents with excess weight, experience higher psychological
discomfort due to an increase in the discrepancy between their weight perception and societal
preference for thinness and medical preference for lower BMI. We hypothesized that body size
overestimation is associated with higher psychological discomfort because overestimation puts
adolescents in a less favorable position compared to the societal body-ideal. Due to greater
societal preference for thinness in girls, we expected this association to be stronger in the female
group. We hypothesized that body size underestimation in adolescents is associated with lower
psychological discomfort because the underestimation puts the adolescents in a more favorable
position compared to the societal body-ideal. Within the context of CDT, behavioral changes
such as dieting are expected to reduce psychological discomfort caused by cognitive dissonance
between body-image and body-ideals. We therefore hypothesized that dieting is associated with

lower odds for Mental Distress (MD), in both girls and boys.

To our best knowledge, this is the first time CDT is used as a theoretical framework to infer the

relative significance of societal definitions of body-ideals for body-awareness at adolescence.

Methods

Participants

Data from The Young-HUNT3 Survey (YH3) (2006-08) was used in the present study. YH3 is

the third wave of the adolescent arm of the Trondelag Health Study (The HUNT Study).
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The Young-HUNT surveys were carried out at the Nord-Trendelag Region County’s schools,
and comprises three cross-sectional surveys: Young-HUNTI1, YH1 (1995-97), Young-HUNT3,
YH3 (2006-08) and Young-HUNT4, YH4 (2016-2019). A survey of a limited number of

Young-HUNTI participants was done in a smaller cohort, Young-HUNT2, YH2 (2000-2001).

After completion of YH3 and in total, data on 17 820 adolescent research participants (13-19
years old, response rate 78% - 90%) were collected [20, 21]. Cohort profiles of The HUNT

Study are previously described elsewhere [20, 21].

YH3 data included self-administered questionnaires, structured interviews, collection of
biological samples and clinical measurements, carried out by trained personnel. For
anthropometric measurements of height, weight, hip and waist circumference, standard
procedures were followed [21]. In the present study, questionnaire data and anthropometric

measurements have been used.

In total, 8 202 individuals in junior and senior high schools participated in YH3 (78% response
rate) [21]. Of those, 7 718 individuals had both answered the YH3 questionnaire and had
anthropometric measurements data available. Due to missing data on body size perception,
dieting or mental distress, 386 participants were excluded from our study. The total study

population was 7 350 (3 806 boys and 3 544 girls).

Measurements

Mental distress

6|Page
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The five-item Hopkins Symptom Checklist (SCL-5)[22] was used to evaluate participants’ level
of mental distress. SCL-5, a valid and reliable measure of mental distress [22, 23] consists of the
following question items: “Feeling blue”, —“Feeling fearful”, —Feeling hopeless about the
future”, — Worrying too much about things” and — Experiencing nervousness or shakiness
inside”. Participants recorded their answer on a four-point Likert scale from 1 (‘not bothered’) to

4 (‘very much bothered’).

Only participants (N=7329) who had answered four or more questions were included. The mean
scores for each question were summed up to a total score that was then divided by the number of
questions answered. Based on a previously defined cut-off point [22], participants with “high”
mental distress (> 2) were identified and compared to those with “low” (< 2) levels of mental
distress. In this paper, adolescents with high mental distress are referred to as those with mental

distress.

Anthropometric measures

Participants’ weight was measured to the nearest half kilo and height to the nearest cm [21]. BMI
(body mass index) was calculated as weight (kg)/height? (m?). The adolescent BMI-based weight
categories were defined using the age-specified and sex-specified International Obesity Task
Force cut-off values [24, 25], participants were grouped into four categories; obese, overweight,
normal weight or underweight. In the analyses, overweight and obese in addition to underweight

and normal weight were collapsed into groups.

Weight concern and dieting

7|Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 30

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 9 of 30

oNOYTULT D WN =

BMJ Open

The Young HUNT research participants were asked a series of questions about their «Meals and
eating habitsy, including a question item on dieting[26]. The dieting item consists of the
following question: “Are you trying to lose weight?”, with the answer options: : “No, [ am
comfortable with my weight”(1), “No, but I need to lose weight”(2) or “Yes”(3). The two latter
options both indicated weight concern, but only the latter point to actively changing eating

behaviors to reduce weight.

By pairing this information with participants’ actual BMI-based weight category, we stratified
participants into the following five groups (also see Figure 1 and 2) that bore information on

participants’ BMI-based weight category, weight concern or dieting behavior (or the lack of).

1. Unnecessary weight concern (UC): Normal or underweight adolescents with unnecessary
weight concern, but without dieting behavior (answer option 2).

2. Unnecessary weight concern with dieting (UD): Normal or underweight adolescents with
weight concern and dieting behavior (answer option 3).

3. Healthy weight concern with dieting (HD): Overweight/obese adolescents with weight
concern and dieting behavior (answer option 3).

4. Lack of weight concern (LC): Overweight/obese adolescents who were neither concerned
about their weight, nor dieted (answer option 1).

5. Reference: Normal or underweight adolescents with no weight concern or dieting

behavior (answer option 1).

Body size perception
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Study participants were asked about how they perceived their body size as follows: “Do you

consider yourself to be: “very fat”, “quite fat”, “about the same as others”, “quite thin” or “very

thin”?

By combining individuals’ body size perception (BSP) with their BMI-based weight category,
we defined three BSP groups: BSP overestimation (normal- underweight who consider

9% ¢

themselves “very fat”, “quite fat”), BSP underestimation (overweight/obese who consider

themselves “about the same as others”, “quite thin” or “very thin”), and accurate BSP estimation

(for instance, overweight-obese who thought they were quite fat or very fat).

Statistical analysis

A three-way log-linear analysis was performed to determine which model components
(individuals’ BMI-based weight category, weight concern, body size perception, dieting and sex)
were necessary to retain in order to best account for the data. The log-linear analysis suggested a
hierarchical unsaturated model for the associations between sex, weight concern/dieting, and
body size perception. An unsaturated model was chosen using SPSS Statistics' hierarchical log-
linear model selection procedure with a backwards elimination stepwise procedure. This
produced a model that included all main effects and two two-way associations of weight
concern/dieting and body size perception. The Log-linear analysis did not recommend including
interaction terms between sex and other factors. The model had a likelihood ratio of y2(14) <

0.001 p=1.
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Binomial logistic regression was employed to study the associations between BMI, weight
concern/dieting, body size perception, and mental distress amongst adolescents. Analyses were
performed in groups stratified according to weight concern, body size perception (BSP over- and
underestimation), and dieting. After stratification on BSP over- and underestimation, groups with
BSP underestimation had very few participants; hence excluded from the final analyses. All
association analyses were adjusted for age. All association analyses were performed against the
group with least cognitive dissonance. i.e. adolescents with normal weight, no weight concern,

with accurate BSP, and not dieting.

Results are reported as Odds Ratio (OR) for mental distress (MD), with 95% confidence
intervals. Overall missingness ( < 5% ) was considered as missing at random (MAR). A

complete case analyses were performed. IBM SPSS Statistics 26 was used for the analyses.

Application of Cognitive Dissonance Theory (CDT)

According to CDT, discrepancies between adolescents’ body-image and their body-ideals should
be associated with increased mental distress. Emergence of divergent sets of body-ideals would
inevitably lead to discrepancy between how adolescents view their weight and body size in
different context within which body-ideals are defined. Accordingly, individuals’ sum of
cognitive dissonance (CD) due to discrepancy between body-image and body-ideals (See Figure

1 and 2), can be considered as the sum of:

1- CD due to weight concern as a mismatch between person’s actual BMI and medical
body-ideal (normal weight BMI).
2- CD due to discrepancy between person’s body size estimation and their societal body-

1deal.
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For instance, in a normal weight person who thinks she/he is overweight, CD may be, in part,
due to as discrepancy between what the person thinks they weigh and their ideal weight. This
ideal weight, however, is defined based on medical and societal expectations. On the other hand,
ideal weight may be, in part, relative to the population mean BMI that has been changing
upwards in the past few decades. Similarly, changes in CD are expected due to discrepancies

between individuals’ perception of their body size and an increasingly thin societal body-ideal.

By comparing the odds for mental distress across groups defined according to their BMI-based
weight category, weight concern, body size perception (BSP under- and overestimation), and
dieting, authors made inferences as to which of these possible discrepancies seem to have higher

impact on the total CD.

Ethics

The Young-HUNT Study was approved by the Norwegian Data Inspectorate. The present study
was approved by the Regional and National Committees for Medical and Health Research Ethics
(2009/740-2) as well as by the HUNT Data Access Committee. All study procedures were in

accordance with the Helsinki Declaration, as of 1975, and revised in 2000.

Participants signed written consents before they were enrolled in The Young-HUNT Study. In
Norway, legal age for providing informed consent is 16 years. Written consents were obtained
from participants aged 16 years or older and from their parents or legal guardians if participants

were younger than 16 years.

Patient and Public Involvement

No patient involved.
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Results

Population characteristics

Study participant’s characteristics of main variables are summarized in Table 1. In total, 7 350

adolescents (3 806 boys and 3 544 girls) were included in the current study (mean age: 15.82 years

old).

Most boys (70.9%) and girls (72.9%) were of normal weight BMI. The prevalence of
overweight/obesity was slightly higher amongst boys than girls (25.9% vs. 22.3%). Being

underweight was slightly more prevalent in girls than boys (4.7% vs. 3.2%).

More girls than boys showed unnecessary weight concern (overestimation of weight in UC & UD
groups, 6.6% in boys vs. 25.2% in girls). More boys showed lack of weight concern/dieting despite

being overweight/obese (underestimation of weight in LC group, 19.8% of boys vs. 13.6% of girls).

More boys misperceive their body size as thinner (BSP underestimation in 19.8% of boys vs. 13% of
girls), and more girls misperceived their body size as fatter (BSP overestimation in 16.8% of boys vs.
22.3% of girls) . In boys, BSP overestimation was more prevalent than weight overestimation (UC

and UD groups) (Table 1).

The majority of boys and girls were happy with their weight, hence not dieting. Compared to their
female counterparts, fewer overweight/obese boys had weight concern or tried to lose weight by
dieting (weight underestimation seen in LC group: 19.8 % of boys vs. 13.6 % of girls). Compared to
boys, and irrespective of BMI-based weight category, more girls resorted to dieting in order to lose

weight, as expressed by the prevalence of dieting in HD group (9.3% of girls vs. 6.7 % of boys) and
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UD group (12.8 % of girls vs. 2.6% of boys). The higher prevalence of dieting in girls paralleled

their higher tendency of BSP overestimation (Table 1).

Mental distress was prevalent in both genders, more so in girls than boys (27% vs. 10.2%, Table 1).

The Relative Risk for mental distress in girls compared to boys was 2.66, CI 95% 2.38 - 2.96, p-

value < 0.0001 (data not shown).

Table 1. Population characteristics.

Boys Girls
N % N %
BMI based weight categories  Obese 244 6.4 179 4.7
Overweight 741 19.5 668 17.6
Normal weight 122 3.2 179 4.7
Underweight 2699 70.9 2765 72.9
Are you trying to lose weight? No, | am happy with my weight 2998 79.8 2206 58.3
No, but | need to lose weight 423 11.3 760 20.1
Yes 338 9 819 21.6
Weight concern/dieting Unnecessary concern but not 146 4 440 12.4
dieting in normal- /underweight
(UQ)
Unnecessary concern and 95 2.6 455 12.8
dieting in normal- /underweight
(UD)
Weight concern and dieting in 241 6.7 331 9.3
overweight/obese (HD)
Lack of concern, no dieting in 714 19.8 483 13.6
overweight/obese (LC)
Lack of concern, no dieting in 2413 66.9 1835 51.8
normal- /underweight
(reference)
Body size perception Very fat 58 1.6 122 3.2
Quite fat 676 18.1 1008 26.6
Like others 721 19.3 534 14.1
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Quite thin 66 1.8 41 1.1
Very thin 2212 59.3 2080 55.0
Body size perception BSP underestimation 687 19.8 455 13.0
BSP overestimation 585 16.8 783 22.3
BSP accurate 2204 63.4 2272 64.7
Mental distress(SCL-5) Low mental distress (score < 2) 3251 89.8 2715 73.0

High mental distress (score > 2) 361 10.2 1002 27.0

BMI-based weight categories are age and sex adjusted in accordance with Cole et al. [23, 24]. BSP: Body size perception. HD: Healthy dieting,
LC: Lack of weight concern, MD: Mental distress, UC: Unnecessary weight concern, UD: Unnecessary dieting, SCL-5: The five-item Hopkins

Symptom Checklist.

Association between participants’ BMI, weight concern/dieting, body size perception and

mental distress

Confirming findings from the initial log-linear analysis, The discrepant number of participants in
each BMI-based weight category compared with the size of groups with presumed correlated weight
concern or body size perception (Table 1) showed that weight concern and body size perception do

not entirely measure the same thing.

In both boys and girls, being overweight/obese was associated with increased odds for mental
distress, independent of the presence of weight concern or dieting (Table 2 and Table 3; OR for
mental distress in HD and LC groups). Likewise, comparable size effects were observed in the in
normal-/underweight groups with unnecessary weigh concern and dieting (in Table 2 and Table 3;

higher odds for mental distress in UC and UD groups).

In both boys and girls, analyses based on BSP overestimation had even larger effects on the

associations between all the various weight concern/dieting groups and mental distress. (Table 3).
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Interestingly, overweight/obese adolescents with weight concern and dieting had much lower odds

for mental distress (HD group, OR: 6.8, 95% CI 5.3-8.8 and 6.1, CI 4.3-8.5, boys and girls

respectively) compared to overweight/obese with lack of weight concern and dieting (LC group, OR:

20.6, 95% CI 16.9-25.15 and 11.9, CI 8.9-15.8, boys and girls respectively) (see Table 3). Similar

association effects were observed in the associations between weight concern /dieting and mental

distress in the normal-/ underweight groups (see results in the UC and UD groups compared to the

reference group).

On the other hand, overweight/obese participants with weight concern and dieting (HD group, OR

for MD: 6.81) had much lower OR for MD compared to overweight/obese participants with no

weight concern or dieting (LC group, OR for MD: 20.61). Interestingly, our analyses revealed similar

effects (Table 2) or even higher odds (Table 3) for MD amongst boys compared to girls.

Table 2. Associations between weight concern, dieting and mental distress in boys and girls.

Boys Girls
OR Cl 95% Cl 95%
Lowe Uppe P-value OR Lowe Uppe P-value
r r r r
Unnecessary weight 2.13 1.333 3412 0.002 259 2.064 3.264 <0.001
concern, no dieting in 3 5
normal-/underweight (UC)
Unnecessary weight 212 1.198 3.759 0.010 3.84 3.085 4.795 <0.001
concern and dieting in 2 6
normal-/underweight (UD)
Weight concern and 275 1941 3921 <0.001 3.35 2618 4.308 <0.001
dieting in 9 8
overweight/obese (HD)
Lack of weight concern, 139 1.059 1.844 0.018 1.56 1.235 1986 <0.001
not dieting in 7 6
overweight/obese (LC)
15| Page

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 30

"1yBuAdoo Ag peroalold 1senb Ag €20z ‘TT Jequiadaq uo /wod fwg uadolwg//:dny woly papeojumoqd "zz0z Iudy 6T U0 Z96570-0202-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 17 of 30

oNOYTULT D WN =

BMJ Open

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight
concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no
weight concern or dieting.

Table 3: Associations between weight concern, dieting and mental distress in boys and girls, in the
group with BSP overestimation.

Boys Girls
Cl 95% Cl 95%
OR Lower Upper P-value OR Lower Upper P-value

Unnecessary weight 16.692 13.287 20.969 <0.001 13.552 10.184 18.034 <0.001
concern, no dieting in

normal-/underweight

(uc)

Unnecessary weight 15.374 12.205 19.366 <0.001 12.827 9.662 17.029 <0.001
concern and dieting in

normal-/underweight

(UD)

Weight concern and 6.809 5275 8788 <0.001 6.073 4345 8490 <0.001
dieting in

overweight/obese (HD)

Lack of weight concern, 20.670 16.886 25.148 <0.001 11.869 8.895 15.839 <0.001
not dieting in

overweight/obese (LC)

BSP: Body size perception, HD: Healthy dieting group, LC: Lack of weight concern group, UC: Unnecessary weight
concern group, UD: Unnecessary dieting group. Reference group: Non overweight/obese participants with no
weight concern or dieting, with BSP accurate.

Discussion

Principal findings

We found strong supporting evidence that being overweight/obese, having weight concern or

body size overestimation are all associated with higher odds for mental distress. We also found
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supporting evidence that being overweight/obese, body size over estimation, having weight
concern and reporting dieting were associated with relatively lower odds for mental distress in
boys and girls. Contrary to our hypothesis that predicted higher risk of mental distress amongst
girls due to more focus on thinness, we found that boys with BSP overestimation consistently
showed greater increases risk than girls. These results were significant in our population, but the

low number of participants in each group makes our results less generalizable.

Comparison with previous studies

Concern about being overweight in overweight individuals has been shown previously to be
associated with poor mental health more strongly than the excess weight by itself [27, 28]. Both
body size perception and obesity levels have changed amongst adolescents over the past decades,
although in a multinational study of longitudinal trends in the associations between body size
misperception and dieting in adolescents, overweight did not change the dieting trends [29]. Our
findings supported this observation in both the overweight/obese and normal-/ underweight groups,
providing more evidence as to the relative importance of cognitive aspects of overweight/obesity,
that seem to by themselves, and independent of individual’s BMI, associate with mental distress

amongst adolescents.

Whilst weight and height (BMI) are routinely measures and tracked throughout childhood and

adolescence, no routine enquiries are made about adolescents’ attitude towards their own weight or
body size [30]. This may lead to failure in early identification of vulnerable adolescents who harbor
unnecessary concern about their own weight or body size. Likewise, unnecessary dieting may itself

lead to adverse physical complications, and should be prevented.
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In agreement with a previous report [31], we found BSP overestimation to be common in our study
population. Since body size misperception does not seem to occur due to cognitive or perceptual

failures [32] ,we propose that inaccuracy in body size perception occur due to body-ideals.

As children transit to adolescence, their exposure to body-ideals increases in tandem with the
increase in dieting behavior [9]. In the past few decades, divergent definitions of body-ideals
have been emerging [15, 33]. Whilst the obesity epidemic has shifted public perception towards
normalization of excess weight, the negative health consequences of obesity remain unchanged
[34]. On the other hand, desirability of thinness has risen. According to the Cognitive
Dissonance Theory, divergent body-ideals may increase psychological discomfort, even amongst
normal weight adolescents, and can potentially cause mental distress, as shown in our study

population.

Body size overestimation is associated with poorer mental health which can lead to unnecessary
dieting that may, in turn, further jeopardize adolescents’ physical well-being [35-42]. Due to this
relationship, authors suggest that children and adolescents are asked about their attitudes towards
their own body in routine follow-up examinations by pediatricians, community nurses or other health

workers.

Compared to their female counterparts, adolescent boys who overestimated their body size quite
consistently showed higher odds for mental distress. In line with previous findings [6], we found
higher male vulnerability to mental distress across all weight concern/dieting groups. Since weight
concern/dieting groups were defined based on BMI, the higher male vulnerability cannot be solely
related to individuals’ BMI. This higher male vulnerability could not be attributed to male societal
body-ideals either, because male body-ideals are less focused on being overtly thin, and more on

being muscular [43-45].
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Being overweight/obese puts adolescents in a less favorable social position compared to their peers,
and is in itself associated with poorer mental health amongst adolescents [46]. The observed higher
vulnerability to mental distress amongst adolescent boys who overestimate their body size, could be a
simple reflection of a higher number of overweight/obese boys, i.e. an issue of statistical strength.
However, the increase in odds for mental distress was observed across all BMI groups in our
population. On the other hand, the general increase in the population mean BMI has also normalized
being obese amongst obese adolescents, which may in effect, lead to less stigma around being

overweight/obese, since it becomes easier for the overweight to fit in with their peers [34, 47].

Like in previous studies [48], the overweight/obese female study participants in our study tended to

overestimate their weight and body size.

Dieting was far more prevalent amongst girls compared to boys in our population, and previous
studies have also shown that more overweight girls, compared to boys, correctly identify themselves
as “too heavy” [34]. Furthermore, dieting was shown to be negatively associated with mental distress
in our population [49]. Considering this, we conclude that higher vulnerability to mental distress
amongst males who overestimate their body size, may be due to lack of a behavioral change such as

dieting.

Strengths and limitations of this study

Our study was performed in a large population-based homogenous population of male and

female adolescents, which made our results more generalizable.

Studies combining components of body-image and body dissatisfaction has shown clear
methodological advantages in previous association studies between body-image and body
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dissatisfaction amongst female adults [50]. We believe that grouping our study population into
smaller but more units has been useful in making inferences as to which exposure variable seemed to

contribute the greatest to mental distress.

The population stratification came however at the cost of having much smaller number of
participants in some groups. Although results remained consistent and statistically significant
across all groups in both genders. The smaller participant numbers in some groups came with the
disadvantage of introducing bias in a regression model, and hence made it less possible to make

conclusive remarks.

It should also be noted that because of the cross-sectional design of our study, we were unable to

make any conclusions on causality between exposures and outcome.

Application of the CDT framework to our findings has offered some theoretical explanation for why
societal body-ideals seem to be of greater importance in body image formation in adolescents.
Similarly, CDT has offered some theoretical explanation for higher vulnerability for mental distress

amongst boys who overestimate their body size.

Our results suggest that inconsistencies in the existing literature on adolescent obesity and its
psychological comorbidities, may stem from biased methodological approaches that give greater

importance to adolescents’ BMI rather than their weight concern or body size perception [28].

Conclusion

Our study points at a few important factors that were consistently associated with mental distress

amongst our participants. Being overweight, having weight concern even if unnecessary
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increases the odds for mental distress amongst boys and girls. Body size overestimation seems to
have a greater impact on mental distress related to weight concern and dieting amongst
adolescents. Unexpectedly, we found that male adolescents who overestimate their body size are

at a particularly high risk for having mental distress compared to their female counterparts.

Since societal body-ideals seem to play a greater part in formation of body-image, interventions
aimed at reducing the psychological burden of a negative body-image should also focus on
changing the societal body-ideals to a set of attainable body-ideals that are population
representative. Such changes in societal body-ideals may help adolescents to form a more accurate

body image, which may prevent unnecessary weight concern or unnecessary dieting.

A more holistic exploratory approach towards adolescents’ body-image and body-ideals, make for a
more comprehensive assessment of developmental growth, and may help identify vulnerable
adolescents, whom do not necessary meet the clinical thresholds of current diagnostic categories but
nevertheless show higher odds for mental distress. A change of focus from normalization of BMI to
normalization of different body size/shapes may improve mental well-being amongst adolescents
with body-image dissatisfaction. Replication of our findings in clinical populations of adolescents
with body-image dissatisfaction, may pave the way for improvement in the novel treatment
techniques for disorders of feeding and eating, with more attention paid to sex differences in the

descriptive phenomenology of weight and body perception.

Dieting seems to associate with better mental well-being in overweight and obese adolescents in our
study, which may be a potential area for interventions aimed at promoting health and well-being.
Since behavioral changes such as dieting often make fast and short-lived reduction in cognitive

dissonance, it is imperative to encourage adolescents to reduce weight by offering them motivational
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support over longer follow-up periods, where end target is not solely a certain BMI, but overall

health of individuals.
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Figure 1. Study population Males N = 3806

Figure 2. Study population females N = 3544
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Figure 2. Study population
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