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Abstract

Objectives—To evaluate dose-response associations between misperceived weight and 32 health
risk behaviors in a nationally representative sample of US adolescents.

Methods—~Participants included 13,864 US high school students in the 2011 Youth Risk
Behavior Survey. Comparing the degree of agreement between perceived and reported actual
weight, weight misperception was determined as 5 categories. Multivariable-adjusted logistic
regression analyses evaluated associations of weight misperception with 32 health risk behaviors.

Results—Both underestimated and overestimated weight were statistically significantly
associated with all 32 health risk behaviors in a dose-response manner after adjustment for age,
sex and race/ethnicity, where greater weight misperception was associated with higher
engagement in health risk behaviors.

Conclusions—Understanding potential impacts of weight misperception on health risk
behaviors could improve interventions that encourage healthy weight perception and attainment
for adolescents.
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Weight misperception is increasingly recognized as a potentially important health risk
marker in adolescents. A large proportion of adolescents incorrectly perceive themselves as
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being underweight, healthy weight, overweight, or obese.1-3 For example, in a national
sample of high school students, 23.1% underestimated their weight and 20.7%
overestimated their weight.# Studies have demonstrated that adolescents' perceived weight
status is more strongly associated with psychological well-being and health risk behaviors
than actual weight status.2:5-10 Both overestimation and underestimation of weight are
associated with greater health risk in adolescents.>7:11

Understanding relations between weight misperception and health risk behaviors is
important because accurately perceiving oneself has been associated with greater motivation
to change harmful behaviors.12 Previous studies showed associations of weight
misperception with several health-related factors in adolescents, including mental health (eg,
depression, anxiety, suicide, stress, and psychosocial distress), dieting and physical
inactivity.46:8-10.13-15 However, little is known about associations of misperceived weight
with health behaviors related to safety and violence (eg, drinking and driving, physical
fighting, dating violence, seatbelt use, condom use) or substance use (eg, smoking, alcohol,
illicit drugs). Furthermore, prior studies frequently dichotomize participants as accurate
perceivers and inaccurate perceivers,14 or categorize participants as those who
underestimate, correctly estimate, or overestimate.16-18 A larger number of weight
misperception categories will allow for graded, dose-response associations to be evaluated.
The presence of dose-response relations are an important component of Hill's criteria for
causal inference.1® Finally, most studies to date used study samples with limited
generalizability; consequently, there is a need for nationally representative study
populations.5.7:8:10,13-18

Targeting weight misperception may facilitate the adoption of healthy behaviors among
adolescents.12 Because overweight/obesity during adolescence increase risks for
cardiovascular disease in adulthood, and weight misperception will limit success on the
changes of lifestyle behaviors (physical activity, diet, etc.), targeting youth with
misperceived weight may improve effectiveness of overweight/obesity prevention
interventions.1220 Consequently, objectives of this study were to evaluate whether weight
over- and underestimation are associated with 32 health risk behaviors in 4 categories
(safety/violence, mental health, substance use, and dieting/physical activity) in a dose-
response manner, in a nationally representative sample of US high school students. We
hypothesized that adolescents would be more likely to report unhealthy behaviors in a dose-
response manner, to the degree that their perceived weight was incongruent with reported
actual weight.

Methods

Data Source

The Youth Risk Behavior Survey (YRBS) monitors health risk behaviors that contribute to
the major causes of mortality, morbidity, injury, and social problems among adolescents. A
3-stage cluster sample design was used to produce a nationally representative sample of 9th
through 12th grade public and private high school students in the 50 states and the District
of Columbia. Each school district YRBS employs a 2-stage, cluster sample design to
produce a representative sample of students in grades 9-12 in its jurisdiction. In the first
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sampling stage, schools are selected with probability proportional to school enroliment size.
In the second sampling stage, intact classes of a required subject or intact classes during a
required period (eg, second period) are selected randomly. All students in sampled classes
are eligible to participate. A weight is applied to each student record to adjust for student
nonresponse and the distribution of students by grade, sex, and race/ethnicity in each
jurisdiction. Therefore, weighted estimates are representative of all students in grades 9-12
in each jurisdiction. More details on the sampling strategy are provided elsewhere.?1

Analyses were based on cross-sectional data from the 2011 YRBS, which assessed self-
reported height, weight, and health risk behaviors. A total of 15,425 participants completed
surveys; the overall response rate was 71%. Of these, 1561 were missing data related to: (1)
self-reported height or weight (N = 1140); (2) weight perception (N = 285); (3) age (N =
62); (4) sex (N = 61); and (5) race/ethnicity (N = 315). Some respondents had multiple
missing values, resulting in 13,864 participants available for analyses. We compared the
prevalence of health risk behaviors between participants with complete data (N = 13,864) vs
participants with missing data (N = 1561), and found that participants with complete data
were more likely (p < .05) to report healthier levels than participants with missing data for
28 of the 32 evaluated behaviors (ie, all health risk behavior variables other than being
bullied, considered suicide, trying to lose weight, and not eating breakfast). Furthermore,
particpants with complete data were significantly (p < .05) more likely than participants with
missing data to have healthy reported actual weight, healthy perceived weight, be female,
and be non-Hispanic white race/ethnicity.

Independent Variable: Weight Misperception

Perceived weight (PW) was assessed via participants' self-reported response to the question:
How do you describe your weight? with response categories of “very underweight” (PW
score=1), “slightly underweight” (PW score=2), “about the right weight” (PW score=3),
“slightly overweight” (PW score=4), or “very overweight” (PW score=5).

Reported actual weight (RAW) was estimated via body mass index (BMI), calculated from
self-reported height and weight (kg/m?2). BMI values were compared with sex- and age-
specific reference data from the 2000 Centers for Disease Control and Prevention (CDC)
growth charts?223 to create BMI percentiles for each student. Age- and sex-specific BMI
percentiles were categorized utilizing standard criterial:1724:25 as follows: extremely
underweight (<1st percentile; RAW score=1), underweight (=1st and <5th percentile; RAW
score=2), healthy (=5th and <85th percentile; RAW score=3), overweight (=85th and <95th
percentile; RAW score=4), and obese (=95th percentile; RAW score=5). Self-reported
weight and height underestimate the prevalence of adolescent overweight;2% consequently,
directly measured height and weight are preferred. However, previous studies demonstrated
that self-reported height and weight tend to be relatively accurate, can be used as a reliable

alternative in the absence of direct measures, and remain an important surveillance
tool.7.26-31

A weight misperception (WM) score that compared the degree of agreement between PW

and RAW was created by subtracting RAW score (range 1-5, details above) from PW score
(range 1-5, details above). The WM score included the following 5 categories: greatly
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underestimated weight (WM score range -2 to -4); moderately underestimated weight (WM
score=-1); accurately perceived weight (WM score=0) which was the reference group;
moderately overestimated weight (WM score=1); and greatly overestimated weight (WM
score range 2 to 4), as shown in Table 1.

Dependent Variable: Health Risk Behaviors

Covariates

The 32 risk behaviors included in the analyses are standard health risk factors assessed in
adolescents and classified into 4 domains (Appendix Table A): (1) safety and violence
(rarely/never wore seatbelt; drink and drive; carry a weapon at school; not go to school due
to feeling unsafe; threatened or injured with weapon at school; property stolen/damaged;
fight at school; hit by boyfriend/girlfriend on purpose; physically forced to have sex; not use
condom; and being bullied); (2) mental health (felt sad/hopeless; considered suicide;
planned suicide; attempted suicide; and suicide attempt treated by doctor/nurse); (3)
substance use (current cigarette use; current alcohol use; current marijuana use; current
cocaine use; lifetime heroin use; lifetime methamphetamines use; lifetime hallucinogenic
drug use; lifetime ecstasy use; and lifetime steroid use); (4) dieting and physical in activity
(trying to lose weight; fasted to lose weight; diet pills to lose weight; vomited to lose weight;
not eat breakfast; played video/computer game; and not attend sports teams). Detailed
sampling procedures and questionnaires for the 2011 YRBS can be found elsewhere.32

All participants were in grades 9 through 12, and self-reported age in the following
categories: 12 years or younger, 13 years, 14 years, 15 years, 16 years, 17 years, or 18 years
or older. Race/ethnicity was self-reported, and categorized as non-Hispanic white, non-
Hispanic black, Hispanic/Latino, and other. Sensitivity analyses were performed to evaluate
whether cognitive abilities may confound associations between weight misperception and
health risk behaviors. The national YRBS did not assess cognitive abilities, consequently
these sensitivity analyses were performed in the 2007- and 2009-combined Rhode Island
YRBS (N = 5423), where students were asked: During the past 12 months, how would you
describe your gradesin school ? with response options “Mostly A's”, “Mostly B's”, “Mostly
C's”, “Mostly D's”, and “Mostly F's.” Socioeconomic status (SES) is not available on the
YRBS. Consequently, no adjustment could be made in the analyses. Previous studies
showed minimal impact of adjustment for SES on associations of weight misperception with
health risk behaviors in adolescents, which suggests risk for residual confounding by SES is
fairly low,14:33 although the possiblity of residual confounding due to SES remains in the
current analyses.34

Statistical Analyses

Weighted kappa statistics were calculated to measure agreement between perceived and
reported actual weight. The kappa coefficient is a more robust measure than computing
percent agreement because it considers the agreement caused by chance.3% A kappa of 0.41-
0.60 indicates moderate agreement and kappa of 0.21-0.40 indicates fair agreement.16

Multivariable logistic regression analyses were used to examine associations of
misperceived weight with 32 health risk behaviors, adjusted for age, sex, and race/ethnicity.
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The reference category for the the 5-level independent variable (WM score) was correctly
perceived weight (WM score=0). Analyses were initially stratified by sex, and formal tests
for effect modification in sex-pooled analyses evaluated if there was evidence of effect
modification by sex.

Further sensitivity analyses evaluated whether cognitive abilities may be a confounder in the
2007- and 2009-combined Rhode Island YRBS (N = 5423; described above). All data
analyses were performed in SAS 9.2 (SAS Institute Inc., Cary, North Carolina), and
accounted for cluster sample design.

Demographic analyses demonstrated that there were similar proportions of boys and girls
(48.9% girls; Table 2). Non-Hispanic whites accounted for a high percentage (58.4%) of
participants, followed by Hispanics (19.4%) and non-Hispanic blacks (13.4%; Table 2). Age
was generally similar across category of misperceived weight, with slightly higher ages for
those who overestimated their weight (Table 2). Girls were more likely to overestimate their
weight than boys. Non-Hispanic black participants were more likely to underestimate their
weight, and conversely, non-Hispanic white participants were more likely to overestimate
their weight (Table 2).

Distributions of weight perception within each reported actual weight status category are
shown in Table 3. Whereas 69.2% of 9th-to-12th grade students were of healthy weight at
the time of the 2011 YRBS, only 56.7% believed that they were “about the right weight.”
The bolded diagonal cells in the table represent participants whose perceived weight was
concordant with their reported actual weight (59.3%). The values above the diagonal bold
cells represent those who overestimated their weight, and the values below the diagonal bold
cells represent those who underestimated their weight. The weighted kappa statistics
indicated only a moderate agreement (kappa = 0.52).

Analyses showed that 4.0%, 25.1%, 59.3%, 10.6%, and 1.0% of participants greatly
underestimated, moderately underestimated, correctly perceived, moderately overestimated,
and greatly overestimated weight, respectively (Table 4). When compared to participants
who accurately perceived their weight, those who either overestimated or underestimated
their weight had significantly higher odds of engaging in health risk behaviors in a graded,
dose-response manner, adjusted for age, sex and race/ethnicity (Table 4). Greatly
underestimated weight and greatly overestimated weight were significantly associated with
all health risk behaviors compared with correctly perceived weight, although strengths of
association varied across behaviors. Except for 2 health risk behaviors (‘physically forced to
have sex’ and ‘not eat breakfast’), students with greatly overestimated weight demonstrated
higher odds ratios than students with greatly underestimated weight for all health risk
behaviors. Sex-stratified analyses showed overall similar patterns between boys and girls,
although strengths of association varied somewhat across behaviors (Appendix Table B-C).
Formal tests for interaction of weight misperception by sex demonstrated few significant
interaction terms (see Appendix Table D), consequently analyses were sex-pooled for
primary analyses, and adjusted for sex.
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An overview of the dose-response relationship between misperceived weight status and 32
health risk behaviors is shown in Figure 1. Associations between misperceived weight
classification and health risk behaviors demonstrated a U-shaped curve among participants,
indicating that weight overestimation and underestimation were associated with engaging in
health risk behaviors in a dose-response manner.

Further sensitivity analyses evaluated potential contributions of cognitive abilities as a
confounder. Analyses in the 2007- and 2009-combined Rhode Island YRBS that further
adjusted for academic performance (Appendix Table E) demonstrated similar associations
between weight misperception and health risk behaviors as analyses that did not adjust for
academic performance (Appendix Table F).

Discussion

Perceived weight status in a nationally representative sample of high school students was not
concordant with reported actual weight for 40.7% of participants. Misperceived weight was
significantly associated with all 32 of the evaluated health risk behaviors in the 4 domains
including safety/violence, mental health, substance use, and dieting/physical inactivity.
Participants with underestimated or overestimated weight were more likely to engage in
health risk behaviors in a dose-response manner, compared to those with correctly perceived
weight.

Prior Literature

Previous studies demonstrated that inaccurate weight perception in adolescents is typically
positively associated with depressive symptoms, suicidal behavior, alcohol consumption,
soft drink consumption, time spent watching television, and negatively associated with
vegetable intake, trying to lose weight, and physical activity, compared to those who
correctly percieved their weight.1-3:5.6.8.10.11,14,36-38 Other studies found adolescents with
overestimated weight were more likely to engage in weight-related health risk behaviors
(taking diet pills, fasting, or using laxatives/vomited to lose their weight, eating fewer
calories, watching TV), and those students with underestimated weight were less likely to
exercise or eat fewer calories.3*39 Our results showed that those high school students who
misperceived their weight were more likely to engage in all health risk behaviors compared
to those who correctly perceived their weight. Those who greatly overestimated their weight
have higher odds ratios for all health risk behaviors than those who greatly underestimated
their weight except ‘physically forced to have sex’ and ‘not eat breakfast’. These findings
are consistent with the present results. The current analyses further evaluated novel
outcomes such as seatbelt use, drinking and driving, carrying weapons, feeling unsafe at
school, dating violence, and forced sex, and found signficant dose-response associations of
misperceived weight with these factors. Furthermore, most studies to date use study samples
with limited generalizability; there is a need for nationally representative study populations,
which the current study provides.57:8:10.13-18

Additionally, prior studies have tended to dichotomize participants as accurate vs
innaccurate perceivers,1* or categorized participants in 3 levels as those who
underestimated, correctly estimated, or overestimated weight.16-18 The larger number of
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weight misperception categories in the current study allowed for dose-response associations
to be demonstrated. Finally, weight overestimation is less common, and less often
considered a public health concern. This study demonstrated that adolescents who either
underestimated or overestimated weight had greater health risk behaviors, suggesting that
both underestimation and overesimation of weight may be important.

Strengths and Limitations

With regard to strengths, this study evaluated associations of weight misperception with a
large number of health risk behaviors, in a nationally representative sample of US
adolescents. Among the 4 domains of health risk behaviors evaluated, particularly novel
findings were demonstrated for associations of weight misperception with seatbelt use,
drinking and driving, carrying weapons, feeling unsafe at school, not using condoms, dating
violence, and forced sex. Furthermore, by using 5 categories of weight misperception, this
study was able to evaluate, and demonstrate, dose-response relations between weight
misperception and health risk behaviors.

There were several limitations to this study. First, although BMI percentiles calculated from
self-reported height and weight tend to be relatively accurate,”-26-31 evidence suggests that
adolescents tend to overestimate their height and underestimate weight.26 Future studies
using directly assessed weight and height will provide further evidence on the relation
between weight misperception and health risk behaviors. Secondly, the findings do not
reflect adolescents who dropped out of school, as the study only assessed participants who
were high school students in the US. Third, the YRBS is a cross-sectional study,
consequently we cannot infer causation between misperceived weight and health risk
behaviors. Future longitudinal research and randomized controlled trials would will provide
further evidence on whether misperceived weight status influences adolescents' engagement
in health risk behaviors. Fourth, the majority of the health risk behaviors were “negative’ or
unhealthy in nature except for ‘trying to lose weight’. This could be a positive health
behavior for some participants but not others.

Potential Implications

In Western culture, overweight or underweight are often stigmatizing characteristics.® Peer
weight norm misperceptions may help perpetuate adolescents' weight overestimation or
underestimation, and contribute to unhealthy behaviors.”? Incorrect weight comments have
been shown to be related to weight misperception, which can then result in lower self-
esteem and poorer body image.*! A study by Ali et al?” demonstrated that participants
tended to report perceived weight more inaccurately than their reported actual height and
weight. Adolescents may misperceive their weight because they are not aware of clinical
descriptions of weight status or because of environmental influences and messages from the
media that may not promote healthy body types.1242 Understanding these influences is
necessary to improve interventions that encourage healthy weight perception and attainment,
such as potentially incorporating cognitive-behavioral skills into health education curricula,
nutrition and physical activity programs. Studies have demonstrated that when adolescents
are exposed to actual norms, their misperceptions and actual problem behavior can be
reduced.*0 There is evidence that prevention intervention programs may be more effective

Am J Health Behav. Author manuscript; available in PMC 2015 November 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al. Page 8

by addressing healthy body image and body size.8 Incorporating misperception awareness to
interventions may help adolescents to be more receptive to adopting healthy lifestyle
behaviors.12

Conclusions

In summary, this study demonstrated that misperceived weight was significantly associated
with 32 health risk behaviors in a dose-response manner, using a nationally representative
sample of US adolescents. Understanding the potential impact of weight misperception on
health risk behaviors could improve interventions that encourage healthy weight perception
and attainment for adolescents.
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Odds Ratio

Greatly Moderately Correctly Moderately Greatly
underestimated underestimated perceived overestimated overestimated
weight weight weight weight weight

Misperceived Weight Category

Figure 1. Odds Ratios Representing Associations of Misperceived Weight Category with
Prevalence of 32 Health Risk Behaviors, Adjusted for Age, Sex and Race/Ethnicity; 2011 Youth
Risk Behavior Survey
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Appendix Table A

Summary of 32 Health Risk Behaviors Survey Questions, 2011 Youth Risk Behavior

Survey3?

Health Risk Behaviors

Questions

Safety & Violence

Rarely/never wore seatbelt

Drink & drive

Carry a weapon at school

Not go to school due to feeling unsafe
Threatened or injured with weapon at
school

Property stolen/damaged

Fight at school

Hit by boyfriend/girlfriend on purpose

Physically forced to have sex
Not use condom

Being bullied

How often do you wear a seatbelt when riding in a car driven by someone else? 1: Never/Rarely; 2:
Sometimes/Most of the time/Always

During the past 30 days, how many times did you drive a car or other vehicle when you had been
drinking alcohol? 1: 0 times; 2: 1+ time

During the past 30 days, on how many days did you carry a weapon such as a gun, knife, or club on
school property? 1: 0 days; 2: 1+ day

During the past 30 days, on how many days did you not go to school because you felt you would be
unsafe at school or on your way to or from school? 1: 0 days; 2: 1+ day

During the past 12 months, had someone threatened or injured you with a weapon such as a gun,
knife, or club on school property? 1: Yes; 2: No

During the past 12 months, how many times has someone stolen or deliberately damaged your
property such as your car, clothing, or books on school property? 1: 0 times; 2: 1+ time

During the past 12 months, how many times were you in a physical fight on school property? 1: 0
times; 2: 1+ time

During the past 12 months, did your boyfriend or girlfriend ever hit, slap, or physically hurt you on
purpose? 1: Yes; 2: No

Have you ever been physically forced to have sexual intercourse when you did not want to? 1: Yes;
2: No

The last time you had sexual intercourse, did you or your partner use a condom? 1: Yes; 2: No

During the past 12 months, have you ever been bullied on school property? 1: Yes; 2: No

Felt sad/hopeless

Considered suicide

Planned suicide

Attempted suicide

Suicide attempt treated by doctor/nurse

Mental Health

During the past 12 months, did you ever feel so sad or hopeless almost every day for 2 weeks or
more in a row that you stopped doing some usual activities? 1: Yes; 2: No

During the past 12 months, did you ever seriously consider attempting suicide? 1: Yes; 2: No

During the past 12 months, did you make a plan about how you would attempt suicide? 1: Yes; 2:
No

During the past 12 months, how many times did you actually attempt suicide? 1: 0 times; 2: 1+ time

If you attempted suicide during the past 12 months, did any attempt result in an injury, poisoning, or
overdose that had to be treated by a doctor or nurse? 1: | did not attempt suicide during the past 12
months; 2: Yes; 3: No

Substance Use

Current cigarette use

Current alcohol use

Current marijuana use

Current cocaine use

Lifetime heroin use

During the past 30 days, on how many days did you smoke cigarettes on school property? 1: 0 days;
2: 1+ day

During the past 30 days, on how many days did you have at least one drink of alcohol on school
property? 1: 0 days; 2: 1+ day

During the past 30 days, how many times did you use marijuana on school property? 1: 0 times; 2:
1+ times

During the past 30 days, how many times did you use any form of cocaine, including powder, crack,
or freebase? 1: 0 times; 2: 1+ times

During your life, how many times have you used heroin (also called smack, junk, or China White)?
1: 0 times; 2: 1+ times

Health Risk Behaviors

Questions
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Health Risk Behaviors

Questions

Lifetime methamphetamines use
Lifetime hallucinogenic drug use
Lifetime ecstasy use

Lifetime steroid use

During your life, how many times have you used methamphetamines (also called speed, crystal,
crank, or ice)? 1: 0 times; 2: 1+ times

During your life, how many times have you used hallucinogenic drugs, such as LSD, acid, PCP,
angel dust, mescaline, or mushrooms? 1: 0 times; 2: 1+ times

During your life, how many times have you used ecstasy (also called MDMA)? 1: 0 times; 2: 1+
times

During your life, how many times have you taken steroid pills or shots without a doctor's
prescription? 1: 0 times; 2: 1+ time

Trying to lose weight

Fasted to lose weight

Diet pills to lose weight

Vomited to lose weight

Not eat breakfast

Played video/computer game

Not attend sports teams

Dieting & Physical Inactivity
Were you trying to lose weight? 1: Yes; 2: No

During the past 30 days, did you go without eating for 24 hours or more (also called fasting) to lose
weight or to keep from gaining weight? 1: Yes; 2: No

During the past 30 days, did you take any diet pills, powders, or liquids without a doctor's advice to
lose weight or to keep from gaining weight? (Do not include meal replacement products such as
Slim Fast.) 1: Yes; 2: No

During the past 30 days, did you vomit or take laxatives to lose weight or to keep from gaining
weight? 1: Yes; 2: No

During the past 7 days, on how many days did you eat breakfast? 1: 0-6 days; 2: 7 days

On an average school day, how many hours do you play video or computer games or use a
computer for something that is not school work? (Include activities such as Xbox, PlayStation,
Nintendo DS, iPod touch, Facebook, and the Internet.) 1: 0-2 hours per day; 2: 3+ hours per day

During the past 12 months, on how many sports teams did you play? (Count any teams run by your
school or community groups.) 1: 0 team; 2: 1+ teams
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