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ABSTRACT

Background: The etiology of adult obesity is still
poorly understood. It has been shown that over-
weight children suffer from adverse psycholo-
gical events, but less is known about the asso-
ciation of adverse psychological factors among
normal weight children and adult obesity. Aim:
The aim of this study was to examine being bul-
lied during childhood could be associated with
development of adult obesity. Methods: Adult,
same-sexed twin pairs discordant for BMI were
identified from the Danish Twin Registry. The
twins underwent an interview and a physical
examination. Data were analyzed by means of a
growth-curve model and an intra-pair compari-
son. This design controls for other influences of
early lifestyle and socio economic status and is
therefore a powerful tool to study independent
effects of specific exposures. Results: In total,
236 (81.7%) of the twin individuals identified par-
ticipated in the study. Participants who reported
having been bullied in school, had attained a
BMI which was on average 1.4 kg/m? (95% CI =
0.2; 2.5, p = 0.02) higher than those not bullied.
Two other questions on specific types of bully-
ing resulted in BMI that were 1.1 kg/m? (Cl = 0.1;
2.2, p = 0.03) and 1.9 kg/m® (Cl = 0.7; 3.1, p =
0.002) larger than subjects who had not been
exposed to bullying. There was a direct asso-
ciation between intra pair differences in BMI and
exposure to bullying. Conclusion: The results of
the study could indicate that being bullied dur-
ing childhood seems be associated with adult
obesity.
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1. INTRODUCTION

A number of previous studies have examined the in-
fluence of psychosocial factors in childhood and devel-
opment of adult obesity [1-4]. Psychological factors id-
entified included inadequate sleep, depressive symptoms,
mood disorders and traumatic events during childhood,
including abuse and parental neglect [5-7]. Recent stud-
ies propose that consequences of childhood exposure to
bullying have been studied in relation to later psychoso-
cial health and quality of life [6,8-10], and previous stud-
ies have examined the influence of bullying among chil-
dren who were already overweight or obese in relation to
different health outcomes, but to our knowledge it has not
previously been examined whether childhood bullying
could be related to the subsequent development of adult
obesity among initially normal weight children [11].

The definition of being bullied is: “Bullying is when
someone repeatedly and on purpose says or does mean or
hurtful things to another person who has a hard time de-
fending himself or herself” [8]. Bullying can take many
forms including: Verbal bullying such as calling names
and verbal harassment or isolation, e.g. leaving a person
out of a group. Bullying can also be physical such as pu-
shing, hitting, or kicking, telling lies and spreading false
rumors. Taking money or other things from someone or
damaging someone’s personal property and threatening
or forcing another person to do things they don’t want to
do. Finally racial, sexual bullying and cyber-bullying (via
cell phone or the Internet) are other types of bullying [8].

Consequently, the aim of the present study was to exa-
mine whether victims of bullying in school developed
more adult obesity than non-victims.
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2. METHODS
2.1. Twin Studies as Research Method

The classical twin study compares similarity between
monozygotic (MZ) twins with that of dizygotic (DZ)
twins and is used to study the relative importance of ge-
netic and environmental factors on a phenotype [12,13].
Another type of twin study is the co-twin control study
where influences of environmental factors are studied
among twins discordant for a trait [12,13], i.e. a matched
case-control study. The strength of this type of study is
the ability to control for socioeconomic factors, maternal
and paternal age and environmental exposure in child-
hood. This type of design is thus more powerful to study
independent effects than conventional case-control stud-
ies [12,13]. These studies may be based on MZ twins
only, to account fully for genetic effects, but in our case
we have included DZ twins also. The Danish Twin Reg-
istry (DTR) is the oldest population based twin register
in the world and among the largest [14,15]. These twins
have been found to be representative of the general popu-
lation in Denmark with regard to many diseases and mor-
tality [16,17].

2.2. The Twin Participants

A questionnaire on health and health related behavior
was sent by mail to 46,418 twin individuals who were
aged 20 - 71 years in 2002. After one reminder, 34,944
individuals (75.3%) had returned the questionnaire and
from these data BMI was calculated based on self-repor-
ted height and weight.

2.3. Inclusion Criteria

The pairs discordant for BMI, i.e. one twin having a
BMI > 30 kg/m? (obesity) and the other twin a BMI be-
tween 20 and 25 kg/m® (normal), were selected. Further-
more, twins in a pair should be of the same sex and their
age in 2002 should not exceed 50 years. A total of 146
complete twin pairs fulfilled these criteria in 2006. Three
subjects could not be contacted resulting in 143 complete
pairs and 3 single persons, i.e. 289 twin individuals. These
subjects were invited to participate in a structured inter-
view and a physical examination which took place in
their home or in a nearby nursing school in 2006 [18].
All were interviewed without any relatives, including the
co-twin, being present and by the same interviewer. The
structured interview consisted of a total of 145 questions
from validated questionnaires [8,19-25].

2.4. Exclusion Criteria

The twins who would report being overweight before

Copyright © 2012 SciRes.

starting school and those who did not answer the ques-
tions on bullying would be excluded from further analy-
sis with their co-twins.

2.5. The Bully Questionnaire

The questionnaires dealt with various health related
topics including mental and physical problems, the per-
ception of stress, experiences of having been bullied in
childhood, growth and height history, eating habits, per-
ception of body shape and of parental care and neglect
[8,19-25]. Having been a victim of bullying in school
was assessed by means of the Olweus Bully/Victim Que-
stionnaire (OBVQ) which has been used in a number of
previous studies [26-28]. In 2006, a study demonstrated
that the OBVQ instrument had satisfactory psychometric
properties; including construct validity and reliability [28].
The OBVQ questionnaire comprises a total of 40 ques-
tions about social relations in school, including bullying
and teasing [29]. We used the reduced version consisting
of 13 questions (Table 1) since the twins had to recall
their school experiences many years earlier [29].

For questions 1 - 11 the answer options consisted of 5
categories: Question one offered possibilities for answer-
ing from “Very bad” to “Very well”. Question two offered
possibilities for answering from “No good friends” to
“More than 5 good friends” and questions 3 - 11 offered
possibilities for answering from: “No, I was not bullied”
to “It happened several times a week”. For those who re-
membered never having been bullied the questionnaire
stopped with question three. Answer options for question
12 was “Yes” or “No”, whereas for question 13 the pos-
sibilities were “No contact”, “Contact once” and “Con-
tact several times” [29].

Only few individuals gave answers in the extreme ca-
tegories and therefore the answer categories I-II and III-
V were subsequently merged for question 1, whereas an-
swer categories I-III and IV-V were merged for question
2. For questions 3 - 10 answer categories II-V were mer-
ged, for question 11 answer categories I-1I, and III-V and
for question 13 answer categories II-11I were merged.

The height and weight questionnaire was developed
and used by the Finnish Twin Register and was used with
permission from Professor Jaakko Kaprio.

The twin individuals were asked to report how their
height and weight had developed during childhood com-
pared to that of their co-twin and of peers.

The questions were covering the age groups: 0 - 6
years (before school age as Danish children start school
at the age of six), 7 - 12 years, 13 - 16 years, 17 - 19 years,
20 - 23 years, last year, and finally the past six months.

The answer possibilities for height of co-twin and
peers were: higher, similar or lower than co-twin/peers,
and for the weights lighter, similar, a little more over-
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Table 1. Descriptive statistics.

Males Females
No. (%) 77 (32.6) 159 (67.4)
Zygosity [No.]:
MZ (complete pair) 13 (6) 45 (21)
DZ (complete pair) 64 (30) 106 (48)
Unknown (complete pair) 0 8(4)
Mean age in 2006 (year) (SD) 40.4 (8.4) 41.4(7.3)
Mean BMI (weight/m?) in 2002 (SD) 273 (44) 28.4 (7.1)
Mean BMI (weight/m?) in 2006 (SD) 28.8 (4.8) 29.5(6.8)
BMI at ages 20, 30 and 40 (weight/m®):
Number of twin participants at age 20 76 155
Mean BMI at age 20 (SD) 24.0 (2.9) 23.4(4.3)
Number of twin participants at age 30 61 144
Mean BMI at age 30 (SD) 25.7(3.5) 25.9(5.6)
Number of twin participants at age 40 47 100
Mean BMI at age 40 (SD) 26.9 (4.0) 27.0 (6.0)
The Questions about bullying [No. (%)]
1) When in school, how did you feel during school breaks?" 18 (23.4) 64 (40.3)
2) How many good friends did you have among your classmates?'" 33 (42.9) 124 (78.0)
3) How often were you bullied in school?' 56 (72.7) 119 (74.8)
. rri))alrr \;/sassi xl:;a;ijdahf:l):tlf;f;f;;}gg nasty names and was teased in an 41(533) 87 (54.7)
Cor?p?gtlé(l);gztﬁz :l?eglig?cc.)%sg tried to shut me out, exclude me or 28 (36.4) 77 (48.4)
6) T was hit, kicked, pushed or locked up, had my hair pulled. 22 (28.6) 42 (26.4)

7) Schoolmates spread lies or false rumors about me and tried to turn

the others against me.""" 22 (28.6) 48 (30.4)

‘8) Mg?ey and other things have been stolen from me or have been 16 (20.8) 24(152)
ruined.
9) I have been threatened and forced to do things that I did not want

to do 8(104)  22(13.9)

10) I have been subject to nasty words or comments of a sexual nature 8(10.4) 21(13.3)
(on genitals or sexual orientation).’’ . :

11) How long were you bullied?” 34 (44.2) 80 (50.6)
12) Did you tell anyone that you were bullied? If yes, then to whom?™" 42 (75.0) 54 (44.6)

13) Did an adult in your home contact the school to try to stop the

bullying of you in school?™ 470940) 89(83.2)

INumber in the category “bad”; ""Number in thg* category “0 - 3 friends”; """Number in the category “yes”;
Number in the category “more than 1 month”; "Number in the category “no”; The questions about bullying
have been translated from Danish by an authorized translator.
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weight or more overweight than the co-twin, or others at
the same age.

2.6. Measurements

The twin individuals were also asked to remember
their weights in kg at ages 18, 20, 25, 30, 35, 40, 45 and
50 years up to the present age.

Physical measurements of height and weight were ta-
ken with the participants wearing light indoor clothes and
no shoes [30]. The same standard folding ruler and bath-
room scale were used throughout the study. Height was
measured in meters with two decimals and weight meas-
ured in kilograms with one decimal by the same investi-
gator.

From the answers to the questions about weight at dif-
ferent ages during adulthood and the weight measured in
2006 we calculated BMI from the age of 20 and with 5
years of intervals up until present age, while using the
same height measurement taken in 2006. Since height
does not change much from the age of 20 until the mid-
fifties, this was considered a valid method [30,31].

The study was approved by the Scientific-Ethical Com-
mittee of Vejle and Funen Counties (J nr VF- 20030155).
Each participant was guaranteed anonymity with regard
to publication and they were guaranteed that nothing be-
ing said in the interview would be disclosed to the co-
twin.

3. STATISTICAL ANALYSIS

As the OBVQ questionnaire had no own scoring sys-
tem which was recommended by Olweus, each question
were analysed separately. The answers to all the ques-
tions were dichotomized into two groups (the “no” an-
swer and “how often” answers were summarized) after
testing for similarity with regard to BMI, because of the
fairly small sample and to ensure the association with
BMI to be similar in the groups. The analysis of the des-
criptive statistics included an intra-pair comparison and a
growth curve model.

3.1. Intra-Pair Twin Comparison

This design utilized the complete twin pairs who par-
ticipated (n = 109) only and not the singletons (n = 18).
Twin pairs, who reported to having been discordant for
weight already when starting school, were also excluded
from further analysis.

In the intra-pair analysis we tested if the twin, who
was bullied in school (considered to be the “case”) had a
higher probability of being the heaviest compared to the
twin who was not bullied in school (considered to be the
“control”). We also tested whether the probability in-
creased with higher intra-pair differences in BMI.
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3.2. Growth-Curve Model

The growth-curve model analyses the association be-
tween BMI from age 20 and the answers to the 13 ques-
tions about bullying using Wald test and a mixed-effects
linear regression model. Each question was analyzed se-
parately and adjustments were subsequently made for age
and sex, allowing for a random intercept and a random
slope.

By these procedures, unbiased standard errors, regres-
sion coefficients and p-values were derived [32]. A hier-
archical model was also applied to test if the twin design
had a significant influence on the growth in BMI.

The statistical analysis was carried out using Stata 9.2
(StataCorp, 2007). For the analysis of the intra-pair twin
comparison the ptrend command in STATA was used.
Finally the growth-curve model was analyzed by use of
the xtmixed command, which allows for individuals hav-
ing a random intercept and a random slope.

4. RESULTS

In total, 236 (109 complete and 18 broken twin pairs)
out of the 289 twin individuals chose to participate in the
study, i.e. the participation rate was 81.7%. Due to the
matched design we utilized the complete twin pairs only
and not the singletons. The 236 participants, 77 males
and 159 females and 58 were MZ, 170 DZ and 8 of un-
classifiable zygosity.

The descriptive results can be seen in Table 1. The
twins who reported being overweight before starting
school (n = 47) and those who did not answer the ques-
tions on bullying (n = 2) were excluded from further
analysis with their co-twins. In total, 100 twin pairs were
used in the intra pair analysis. A large part of the obese
participants (74%) reported having been bullied during
childhood. In four of the bully questions the male twin
participants generally scored higher whereas in the re-
maining nine of the questions the female twin partici-
pants scored higher (Table 1).

Table 2 shows the association between intra-pair twin
difference in BMI at the age of 20 and childhood bully-
ing for all the 13 bully questions. The results are shown
as the proportion of times that the co-twin who had the
highest BMI was also the one who was exposed to bul-
lying in childhood, with increase in intra-pair difference
of BML

Three of the 13 bully questions: “I was hit, kicked etc.”
(Regression coefficient (RC) = 0.17, p = 0.04), “School-
mates spread lies about me etc.” (RC = 0.16, p = 0.04)
and “How long were you bullied” (RC = 0.16, p = 0.05)
were associated with adult obesity.

Figure 1 shows the associations between the three
questions mentioned above and the intra pair difference
in BMI. This figure shows the proportion of times that
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Table 2. Result of the intrapair analysis. The results are given as the increase in the proportion
of times the co-twin, who had the highest BMI, also was the one who perceived having been
bullyed during childhood, with increase in intra pair difference of BMI.

Binary variables: The 13 bully questions Regression coefficient  p-value

1) When in school, how did you feel during school breaks?" -0.075 0.38
2) How many good friends did you..." -0.125 0.10
3) How often were you bullied in school?' 0.007 0.94
4) 1 was made a fool of, called nasty names and...""" 0.039 0.59
5) Schoolmates on purpose tried to shut me out...."" 0.050 0.49
6) 1 was hit, kicked, pushed or locked up..."" 0.169 0.04
7) Schoolmates spread lies or false rumors about..."" 0.156 0.04
8) Money and other things have been stolen...""" 0.056 0.55
9) I have been threatened and forced to do things..."" —0.067 0.46
10) T have been subject to nasty words..."" —-0.004 0.96
11) How long were you bullied?” 0.156 0.05
12) Did you tell anyone that you were bullied?” 0.016 0.87
13) Did an adult in your home contact the school to try to stop the

bullying of you in school?”” 0.1 0.44

Reference category is “good”; "'Reference category is “more than 3 friends”; ""'Reference category is “no”;

"Reference category is “0 - 1 month”; ""Reference category is “yes”.

the co-twin, who had the highest BMI, was also the one
who was exposed to the specific bully victim question,
based on the magnitude of the intra-pair difference in
BMLI. The three bully items all show a direct trend, which
have a good fit for all three bully questions.

Table 3 shows the BMI growth-curve model regres-
sion coefficients for each of the 13 bully questions, after
adjustment for age and gender.

Subjects who reported “Yes” to “How often were you
bullied in school?” had attained a BMI which was on
average 1.4 kg/m’® larger (RC = 1.4 (0.2; 2.5), p = 0.02)
than subjects who were not bullied. Those who answered
“Yes” to “I was made a fool of” in childhood, had at-
tained a BMI which was on average 1.1 kg/m?” larger (RC
= 1.1 (0.1; 2.2), p = 0.03) than subjects who answered
“No” to this. The participants who answered “Yes” to
“Schoolmates spread lies about me” had attained a BMI
which was on average 1.9 kg/m* larger (RC = 1.9 (0.7;
3.1), p = 0.002) than subjects who had answered “No” to
this question.

These analyses did not show any improvement of the
BMI growth curve model when adjustments were made
for the twin design.

The results are given as the increase in the proportion
of times the co-twin, who had the highest BMI, also was
the one who was exposed to have been bullied in child-
hood, with increase in intra pair difference of BMI.
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5. DISCUSSION

This study has shown that being a victim of bullying
during childhood is associated with obesity at age 20.
Because of the matching within twin pairs, these findings
were independent of early lifestyle and childhood socio-
economic factors. Those who reported they had experi-
enced being bullied in childhood had attained an adult
BMI which was on average 1.4 kg/m’ or approximately 4
kg higher than at those who did not report this.

We found that the associations attenuated to some de-
gree between the ages of 20 and 41 years. From the age of
about 20 years, young Danes move away from home and
with regard to twins, also from each other. Here they start
different types of education and subsequently careers.
Women might also experience differences in parity.

This increasingly different environment may have con-
tributed to a “thinning out” of the effect on adult obesity
of having been bullied as a normal weight child.

The reason for using twin pairs discordant for both
exposure and outcome in the analysis is that twins con-
cordant for exposure do not contribute to the analysis. If
they are exposed to bullying to the same degree this can
not be the explanation for the difference in BMI.

The analyses did not show any improvement of the
BMI growth curve model when adjustment was made for
the twin design and it thus seems to be valid to do the
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Table 3. The results from the growth-curve models in relation to BMI at the ages 20 - 55.

O eted orage and gonder N Gnigueing - (EEEOT plue
1) When in school, how did you feel during school breaks?" 1256 (187) 0.4[-0.7; 1.6] 0.47
2) How many good friends did you..." 1256 (187) —-0.4 [-1.6; 0.7] 0.46
3) How often were you bullied in school?""" 1256 (187) 1.4[0.2; 2.5] 0.02
4) T was made a fool of, called nasty names and..."" 1256 (187) 1.1[0.1; 2.2] 0.03
5) Schoolmates on purpose tried to shut me out...." 1256 (187) 0.9[-0.2; 1.9] 0.12
6) T was hit, kicked, pushed or locked up..." 1256 (187) 0.8 [-0.4;2.1] 0.19
7) Schoolmates spread lies or false rumors about..."" 1256 (187) 1.9[0.7; 3.1] 0.002
8) Money and other things have been stolen...” 1256 (187) 1.3[-0.1; 2.8] 0.07
9) I have been threatened and forced to do things..."™ 1256 (187) -1.1[-2.8;0.6] 0.21
10) T have been subject to nasty words..."" 1256 (187) 1.4[-0.2;3.1] 0.08
11) How long were you bullied?” 1251 (186) 0.9 [-0.2; 2.0] 0.09
12) Did you tell anyone that you were bullied?” 881 (132) 1,0 [-0.4; 2.3] 0.17
13) Did an adult in your home contact the school to try to stop 793 (118) ~03[-24: 18] 078

the bullying of you in school?™

N symbolizes the number of BMI’s given at different ages for the twins; 'Reference category is “good”; ""Reference category is

“more than 3 friends”; """Reference category is “no

(6) I was hit, kicked...

i 1
0.8 0.8
=] [=]
] ]
£ 0.6 20.6-
(=} [=}
£0.44 o £0.44
=¥ [ ] =¥
0.2 0.2
4G en  @wn 6 oG @)
1 I T

(7) Schoolmates spread lies...

* ’ & -
”’; Reference category is “0 - 1 month”; Reference category is “yes”.

(11) How long were you bullied...

(6/9) (4/8)  (5/8)

(7/9) 0d (318) (6/7)

1 1 T T T T T
0%-25% 25%-50% 50%-75% 75%-100%  0%-25% 25%-50% 50%-75% 75%-100%  0%-25% 25%-50% 50%-75% 75%-100%

Intra-pair difference of BMI

Intra-pair difference of BMI

Intra-pair difference of BMI

Figure 1. The trend of the proportions with increasing intra-pair comparison of BMI for 3 bully questions at the age of 20.

analysis using this model.

This study has a number of strengths. The participa-
tion rate was high (81.7%) and the study population ori-
ginated from an unselected population based twin survey,
where the focus was not on obesity.

Twin pairs discordant for obesity are few, and the re-
latively big sample is an indication that the study base is
actually unselected in this respect.

To ensure reliability of the data, the same investigator
visited all the twins, who could choose between being
visited at home or go to the nearest nursing college. The
interviews took place with no relatives present, including
the co-twin, which means that twin individuals had the
opportunity to answer without being influenced by the
opinion of their relatives. It is expected that this may
have made it easier for the twins to answer potentially
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sensitive questions and thus it increases the validity of
the answers. In order to minimize misclassification, the
same ruler and scale were used for all twins, and all mea-
surements were done twice.

We have no reason to believe that the associations
found in the study should differ between twins and sin-
gletons, as studies have shown that twins are representa-
tive of the general population for most traits and diseases,
e.g. type 2 diabetes, obesity, cardiovascular diseases and
mortality [21,33].

We furthermore analyzed MZ and DZ twins separately
and generally found similar results but due to power pro-
blems we chose not to split the sample into two.

There were also some limitations to this study. The in-
formation on weight and height were self-reported in the
2002 questionnaire and this may be considered a limita-
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tion, as subjects may underestimate their weight and over-
estimate their height, which could underestimate BMI.

A number of studies do find that self-reports of weight
and height correlate well with measurements, though [34,
35].

We found more females than males among the discor-
dant pairs. This might relate to for example differences
in parity, as this is a well known determinant of weight
gain, also post-partum.

Having had more men in the sample might have chan-
ged the results somewhat, since men and women have
different patterns of bullying behavior and experience, i.e.
males are more exposed to physical bullying while fema-
les are more exposed to psychological types of bullying
[36]. We do not expect this will have changed the overall
pattern of results, though.

Due to the retrospective nature of the study, recall bias
may have been present if the twins themselves consid-
ered childhood bullying as a major risk factor for adult
obesity. The participants were therefore asked what they
believed were the causes of their weight gain.

None gave answers which indicated that having been
bullied in childhood was considered a determinant of obe-
sity. This question was posed after the OBVQ.

The results may to some degree be confounded by ge-
netic effects, something that could have been further in-
vestigated if we could have stratified the sample by zy-
gosity. This was not possible due to power problems, de-
spite the fact that the sample size is big when taking the
phenotype into consideration.

Peer and/or teacher reports are believed to provide an
objective measure of the number of victims in any class
at a given time, but they do not necessarily provide an
estimate of the frequency of the bullying behavior. Thus,
in order to obtain insights into the experience of children,
we have to rely upon the recollections of the victims [36],
with the inherent recall problems. It has been found [29,
37] that former victims are accurate in their estimates of
the severity of such behavior and their memories were
stable over the years suggesting that the accuracy of re-
call for these events was not affected by time [36].

Selective non-participation could also have flawed our
results. However, the 17 pairs not taking part in the study
were found to be representative with regard to the inclu-
sion criteria. Furthermore, it may be argued that the di-
rection of the causation could be a concern, since having
been bullied as children could be because they were al-
ready overweight at that point in time [38]. To exclude
this option, we included twin participants only if they re-
ported to have been normal weight as children.

Finally, in this study it was assumed that the discor-
dant twin pairs were raised together, because we have no
knowledge of the opposite.

In summary, the results of the present study indicate
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that childhood bullying may not only be an important
and immediate psychosocial problem, but additionally
may have important long term consequences in the form
of overweight or obesity in adulthood.

Key Points

Overweight and obesity have increased significantly
world-wide over the past decades in both sexes, all age
groups, of all ethnicities and at all educational levels. The
prevalence has tripled in many countries in the WHO Eu-
ropean region since the 1980’s, and the numbers of those
affected continue to rise at an alarming rate.

Childhood exposure to bullying has been studied in
relation to later psychosocial health and quality of life but
it has further been suggested that bullying during child-
hood may be of importance also for future somatic health
and thus also for development of overweight and obesity.

Previous studies have examined bullying among chil-
dren who were already overweight or obese and related
this to different health outcomes.

It has not previously been examined whether child-
hood bullying could be a risk factor and be related to the
subsequent development of adult obesity among initially
normal weight children.

The results of the present twin study indicate that child-
hood bullying may not only be an important and imme-
diate psychosocial problem, but additionally may have
important long term consequences in the form of over-
weight or obesity in adulthood.

This suggests that by preventing bullying in childhood
the prevalence of overweight and obesity would decrease,
which could be important news regarding public health.
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