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Abstract: The global obesity epidemic raises long-term health concerns which underline the
importance of preventive efforts. We aimed to investigate individual and combined effects of common
health problems in adolescence on the probability of obesity in young adulthood. This prospective
population-based study included data from participants in the Nord-Trendelag Health Study in
Norway (Young-HUNT1 (1995-1997), age 13-19, baseline) who participated in HUNT3 as young adults
11 years later (age 23-31). Exposure variables at baseline included self-reported physical activity,
musculoskeletal pain, and psychological distress. We examined associations between exposure
variables and the main outcome of obesity in young adulthood (BMI > 30 kg/m?) using univariate and
multiple logistic regression, stratified by sex. Probabilities of obesity for given combinations of the
exposure variables were visualized in risk matrixes. The study sample consisted of 1859 participants
(43.6% boys). Higher probabilities of obesity in young adulthood were found across combinations of
lower physical activity levels and presence of musculoskeletal pain in adolescence. Additional adverse
effects of psychological distress were low. Proactive intervention strategies to promote physical
activity and facilitate sports participation for all adolescents, whilst addressing musculoskeletal
pain and its potential individual causes, could prove helpful to prevent development of obesity in
young adulthood.

Keywords: obesity; prevention; adolescence; young adulthood; physical activity; musculoskeletal pain

1. Introduction

Obesity is a major public health concern worldwide, and is associated with increased risk of
chronic morbidity and mortality [1]. A substantial rise in the prevalence of obesity during the last three
decades [1,2], along with an increase in related comorbidities and disease burden [2], has made the
prevention of obesity a global public health priority [3]. Adolescence, and the subsequent transition
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into young adulthood, have been recognized as critical periods for weight-related behavior change to
prevent the development of obesity [4,5].

A lifestyle characterized by low levels of physical activity (PA), musculoskeletal pain,
and psychological distress are three common and related factors adversely affecting the health
and well-being of adolescents worldwide [6-10]. The cumulative presence of these factors could be of
particular importance for the development of overweight and obesity over time. Particularly, regular PA
is considered one of the most important lifestyle factors in the prevention and management of obesity [11]
and long-term morbidity [12]. Young people commonly drift away from engagement in regular physical
activity throughout their adolescent years [13], and the majority of adolescents worldwide (81%) do
not adhere to the current recommendations of daily PA [6]. Emerging unhealthy adolescent behavior
patterns, such as no or infrequent engagement in PA, could affect the development of obesity into
adulthood [14,15]. However, there is a lack of knowledge about the impact of early regular PA on later
risk of obesity. More specifically, results from systematic reviews are inconsistent and have provided
limited evidence for the contribution of PA in adolescence on development of obesity [14-16], with few
studies covering the transition period from adolescence to young adulthood.

Further, musculoskeletal pain and mental health problems frequently take place in adolescence,
and are among the top causes of functional impairments [7,8,10,17]. Estimations indicate that
between one third and one half of adolescents worldwide report musculoskeletal pain monthly or
more [7], and up to one in five children and adolescents experience mental health problems [8,18].
Moreover, these problems commonly co-occur [19,20]. In a national representative cohort from the
United States, 26% of adolescents reported that they had experienced both chronic pain and mental
health problems during their lifetime [21]. Both musculoskeletal pain and mental health problems are
known to be leading causes of health-related disability [8,10,22], associated with impairments in daily
activities, in social relationships and in extracurricular activities, as well as sleep disturbances and
absence from school [7,19,23].

There is a possibility that these commonly persistent health problems, alongside lack of PA,
could impact heavily on young people’s capability to pursue healthy lifestyles. The potential adverse
impact of pain on the development of obesity has been raised as a concern based on the high prevalence
of obesity seen in adolescents with chronic pain [24,25]. Further, results from systematic reviews have
found psychological distress or depression/depressive symptoms in adolescence being predictive for
development of obesity [26-29]. Limited evidence, however, exists on individual and combined effects
of these common health problems from population-based cohorts with follow-up into young adulthood.

Young adults of this generation appear to be particularly affected by the global obesity epidemic [30],
highlighting the importance of addressing the weight-related consequences of the potential risk factors.
However, the question of whether the co-occurrence of physical inactivity and these health problems
in adolescence may play a role in the development of obesity has received little attention. As current
preventive efforts to reduce obesity seem to be insufficient [31], there is need for further exploration
of factors that may be helpful in guiding intervention strategies. Particularly, future prospective
studies assessing the combination of multiple potential risk factors for obesity are warranted [32].
Early intervention is a key in the prevention of obesity [31,33,34], and knowledge about the potential
impact of the co-existence of health challenges in adolescence may make a valuable contribution to
this initiative. Physical activity habits, as well as musculoskeletal pain and mental health challenges,
are likely to be less ingrained in adolescence than in adulthood, emphasizing the importance of
preventive efforts during the adolescent years when these potential risk factors are more malleable [35].
Identifying groups of adolescents potentially at risk for the development of obesity could help to
provide early, targeted preventive interventions.

To the best of our knowledge, it has not been examined in large population-based samples
whether the joint impact of physical inactivity, musculoskeletal pain, and psychological distress
in adolescence increases the probability of obesity. Thus, the aim of this prospective study with
11-year follow-up was to examine the impact of the individual and combined occurrence of PA
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levels, musculoskeletal pain, and psychological distress in adolescence on the probability of obesity in
young adulthood. We hypothesized that physical inactivity, musculoskeletal pain, and psychological
distress in adolescence would contribute additively to adverse impact on the probability of obesity in
young adulthood.

2. Materials and Methods

2.1. Study Sample

All adolescents aged 13-19 years living in the county of Nord-Trendelag in Norway (n = 10,202)
were invited to participate in the first adolescent phase of the Nord-Trendelag Health Study,
the Young-HUNT1 study, conducted in 1995-1997. During school hours, the adolescents completed
a comprehensive health-related questionnaire about lifestyle factors, health, and quality of life,
including the exposure variables described below (Section 2.3 Exposures). In addition, nurses performed
health examinations that included measurement of height and weight at school visits. In total,
8983 adolescents responded the questionnaire in Young-HUNT1 (response rate 88%). These adolescents
were also invited as young adults 11 years later, in 20062008, to participate in the HUNT3 study.
Of the invited young adults who had participated in the Young-HUNT1 (n = 5353), 36% participated
in the 11-year follow-up in HUNT3 [36]. Participants in HUNT3 completed a comprehensive
health-related questionnaire at home, and attended screening stations for clinical examinations,
including measurement of weight and height. In total, 1919 individuals participated in the
Young-HUNTT1 (baseline) as adolescents and in HUNT3 as young adults (age 23-31) 11 years later.
We excluded participants >20 years of age at baseline (n = 10) according to the World Health
Organization (WHO)’s definition of adults, and participants in HUNT3 who did not attend the clinical
examination (n = 11) or did not have available BMI measures (n = 10). Those classified as underweight
in HUNT3 (BMI < 18.5) were also excluded (n = 29) as these individuals are considered at higher risks
of serious illness, leaving N = 1859 for the analysis (Appendix A).

The majority of the population in the Nord-Trendelag County is Caucasian. In terms of sex,
age distribution, mortality and health status, the population is representative of Norway [36,37], and the
development of obesity in Nord-Trendelag is comparable to the global trend [1]. The Norwegian
society is a socioeconomically stable society with a high degree of equity among students and young
people [38]. A more comprehensive description of the data collection in the HUNT studies can be
found elsewhere [36,37]. Participation in the study was voluntary. Inclusion was based on written
consent from participants 16 years of age or older, and from the parents of those under 16 years
of age, in accordance with Norwegian law. The Regional Committee for Medical Research Ethics
(REK) has approved the current study (2014/1228/REK Ser-UJst A). The HUNT Studies have been
approved by REK and the Norwegian Data Inspectorate of Norway. The Strengthening the Reporting
of Observational studies in Epidemiology (STROBE) guidelines were used to ensure the reporting of
this observational study.

2.2. Variables

Data on gender and age were obtained from the Norwegian National Population Registry. BMI was
calculated by dividing body weight in kilograms by the squared value of body height in meters (kg/m?).
The BMI-derived categorization of obesity for adolescents at baseline was defined in accordance with
the extended International Obesity Task Force (IOTF) classification according to age and sex specific
cut-off points [39].
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2.3. Exposures

2.3.1. Physical Activity Level (Young-HUNT1)

A validated question on frequency of PA from the World Health Organization Health Behavior
in Schoolchildren (WHO HBSC) Survey Questionnaire was used to assess leisure time PA level [40]:
“Outside school hours, how often do you usually exercise in your free time so much that you get out of
breath or sweat?”. Response options were: every day, 4-6 days/week, 2-3 days/week, 1 day/week,
less than every week, less than every month, and never. These seven categories were combined into
three levels: “Low PA” (<1 days/week) (reference group), “moderate PA” (2-3 days/week), and “high
PA” (>4 days/week).

2.3.2. Musculoskeletal Pain (Young-HUNT1)

Musculoskeletal pain was assessed by questions regarding occurrence of neck or shoulder pain
and joint or muscle pain in the past 12 months. Response options for frequency of pain were: “never”,

“seldom”, “sometimes”, and “often”. Those who reported experiencing pain “sometimes” or “often”
were classified as having musculoskeletal pain.

2.3.3. Psychological Distress (Young-HUNT1)

A validated short version of the Hopkins Symptom Checklist Five items (SCL-5) was used to
assess symptoms of psychological distress [41]. The statements included in SCL-5 were: “During the
last 14 days: I have been constantly afraid and anxious; I have felt tense or uneasy; I have felt hopeless
about the future; I have felt dejected or sad; I have worried too much about various things”. The four
response options ranged from 1 = “not at all bothered” to 4 = “extremely bothered”. A mean score was
calculated, with a cut-off for symptoms of psychological distress set at a mean score of two [41].

2.4. Outcome

Obesity (BMI > 30 kg/m2) in Young Adulthood (at 11 Years Follow-Up, HUNT3)

Height and weight were measured by nurses. Height was measured to the nearest centimeter,
and weight to the nearest half kilogram with light clothes, without shoes, jacket, or outdoor clothing.
BMI was calculated (kg/m?), and those with BMI > 30 were categorized as obese according to the
definition of adult obesity adopted from the WHO.

2.5. Data Analyses

Categorical variables were reported as counts and percentages, and continuous variables as means
and standard deviations (SDs). Analyses were stratified by gender. Differences in distribution of
exposure variables at baseline between girls and boys were assessed using the Chi-square test for
categorical variables and the Student’s t-test for continuous variables.

The risk matrixes were constructed by first performing univariate logistic regression analyses to
estimate the odds for the main outcome of obesity for each of the exposure variables; PA level (low, moderate,
high), musculoskeletal pain (yes/no), and psychological distress (yes/no). Reference groups in the logistic
regression analyses were young adults with BMI 18.5-29.9 kg/m?. The results were expressed as crude
and adjusted odds ratios (ORs) with 95% confidence intervals (ClIs).

In our study, the aim was to develop a prediction model, not to reveal variables which would
be independently associated with the outcome. Some variables might be statistically significant only
when other variables are included in the multiple model, so we did not want to rule out such possible
interactions. We therefore chose to include variables from the univariate analyses with p-values < 0.2
into a multiple logistic regression model in order to evaluate whether their inclusion improved the
overall model fit and the prediction abilities of the model. Thus, PA level and musculoskeletal pain for
both sexes, in addition to psychological distress for girls, were included in multiple logistic regression
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models which formed the basis for calculations of the risk matrixes. The coefficients derived from the
multiple models were used to compute probabilities for obesity in young adulthood given different
combinations of the exposure variables at baseline. Risk matrixes for girls and boys were constructed
separately to visualize the results. Sensitivity analyses were performed by limiting the reference
group to participants within a normal weight range in young adulthood (BMI 18.5-24.9 kg/m?),
excluding overweight participants (BMI 25-30 kg/m?). Statistical differences in exposure variables at
baseline between Young-HUNT1 participants who also participated at HUNT3 (11-year follow-up)
and those who did not participate in HUNT3 were calculated with the Chi square test. All analyses
were considered exploratory so no correction for multiple testing was done and p-values < 0.05 were
considered statistically significant. All tests were two-sided. Statistical analyses were performed with
SPSS version 25 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Characteristics of the Study Sample

The study sample consisted of 1859 participants, of whom 810 (43.6%) were males. Characteristics
of the study participants at baseline (Young-HUNT1) by gender are presented in Table 1. Mean age
was 16 years (SD 1.8). About one third of the adolescents reported a low level of PA (<1 day/week).
Musculoskeletal pain was frequently reported among both girls (36%) and boys (26%). The rate of
psychological distress was twice as high in girls compared to boys (Table 1).

Table 1. Participants’ characteristics at baseline-nord-trendelag health study in norway (Young-HUNT1).

. Girls Boys
Variables (N = 1049) (N = 810) p-Value
Age (years), mean (SD) 16.0 (1-8) 16.0 (1.8)
Physical activity, N (%)
High PA 245 (23.4) 239 (29.5)
Moderate PA 449 (42.8) 321 (39.6)
Low PA 347 (33.1) 237 (29.3) 0.005 *
Missing 8 (0.8) 13 (1.6)
Musculoskeletal pain, N (%)
Yes 379 (36.1) 213 (26.3)
No 638 (60.8) 568 (70.1) p <0.001
Missing 32 (3.1) 29 (3.6)
Psychological distress, (SCL5), N (%)
SCL5 > 2 123 (11.7) 46 (5.7)
SCL5 <2 890 (84.8) 735 (90.7) p <0.001
Missing 36 (3.4) 29 (3.6)
BMI, mean (SD) 21.5(3.2) 21.1(3.2) 0.012
Obese 1, N (%) 16 (1.5) 24 (3.0 0.027

Boys and girls analysed separately; * Chi-square test for trend; High physical activity (PA) = >4 days/week,
Moderate PA = 2-3 days/week, Low PA = <1 day/week; SCL5 = Hopkins Symptom Checklist Five Items
(range 0-4); T BMI-derived categorization of obesity defined by the International Obesity Task Force (IOTF);
criteria for adolescents.

3.2. Probability of Obesity in Young Adulthood

In total, 165 (15.7%) girls and 146 (18.0%) boys were obese at 11 years follow-up (young adulthood,
HUNTS3). Results from univariate and multiple logistic regression analyses of PA level, musculoskeletal
pain, and psychological distress in adolescence assessing potential predictors of obesity in young
adulthood are listed in Table 2. A high PA level was the one of the selected covariates that was most
strongly associated with reduced odds for obesity for both sexes.
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Table 2. Results from logistic regression analysis with obesity (BMI > 30) in young adulthood as
dependent variable.

Variables Univariate Analysis Multiple Analysis
OR 95% CI p-Value OR 95% CI p-Value
Girls
PA level
Low PA 1.0 (Reference) 1.0 (Reference)
Moderate PA 0.67 0.46-0.98 0.04 0.67 0.45-0.99 0.05
High PA 0.64 0.41-1.00 0.05 0.61 0.38-0.97 0.04
Musculoskeletal pain
No 1.0 (Reference) 1.0 (Reference)
Yes 1.53 1.09-2.16 0.02 1.55 1.08-2.22 0.02
Psychological distress *
No 1.0 (Reference) 1.0 (Reference)
Yes 1.41 0.87-2.28 0.17 1.09 0.65-1.82 0.76
Boys
PA level
Low PA 1.0 (Reference) 1.0 (Reference)
Moderate PA 0.70 0.46-1.07 0.10 0.67 0.44-1.02 0.06
High PA 0.56 0.35-0.90 0.02 0.55 0-35-0.89 0.02
Musculoskeletal pain
No 1.0 (Reference) 1.0 (Reference)
Yes 1.30 0.88-1.93 0.19 1.30 0.87-1.93 0.20
Psychological distress *
No 1.0 (Reference) 1.0 (Reference)
Yes 1.12 0.53-2.38 0.77 - -

High PA = >4 days/week, Moderate PA = 2-3 days/week, Low PA = <1 day/week; * SCL-5 > 2, SCL5 = Hopkins
Symptom Checklist Five Items (range 0—4).

Adolescent girls with a high level of PA, and no musculoskeletal pain or psychological distress,
had the lowest probability of developing obesity as young adults (11%, 95% CI (6% to 16%)) (Table 3).
The probability of obesity among girls was the highest among those with low PA in combination
with musculoskeletal pain and psychological distress (25%, 95% CI (11% to 39%)). The risk matrix
for boys, including PA level and musculoskeletal pain, showed similar results. Boys with a high
PA level and no musculoskeletal pain had the lowest probability of obesity in young adulthood
with 14% (95% CI (9% to 19%)), compared to 27% (95% CI (16% to 38%)) in boys with low PA who
reported musculoskeletal pain (Table 4). Overall, about one in four adolescents with a low PA level in
combination with musculoskeletal pain had developed obesity by young adulthood, compared to one
in seven to nine adolescents with a high PA level and absence of musculoskeletal pain.

Results from sensitivity analyses, with normal weight, rather than both normal and overweight
individuals, as the reference group, suggested stronger predictive value of tested risk factors,
thus supporting the main results (Appendix B; Table A1, Table A2, Table A3).
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Table 3. Risk matrix model for girls. Probability of obesity (BMI > 30 kg/m?) (percentage, (95% confidence
interval (CI)) in young adulthood.

PA Level
Low PA Moderate PA High PA
. 25% 18% 17%
Psychol. dist
. Sychol. distress (11-39%) (3-33%) (1-33%)
MS pain
No psychol. distress 24% 17% 16%
(15-33%) (10-24%) (8-24%)
. 18% 13% 12%
Psychol. distress o o o
No MS pain (1-35%) (0-32%) (0-35%)
. 17% 12% 11%
No psychol. distress (11-23%) (8-16%) (6-16%)

Physical activity (PA) level (low PA = <1 day/week, moderate PA = 2-3 days/week, high PA = >4 days/week), presence
of musculoskeletal (MS) pain (never/seldom or sometimes/often) and psychological distress (SCL5, <2 points or
>2 points). Red = highest risk profile.

Table 4. Risk matrix model for boys. Probability of obesity (BMI > 30 kg/m?) (percentage, (95% CI)) in

young adulthood.
PA Level
Low PA Moderate PA High PA
MS oain 27% 20% 7%
P (16-38%) (12-28%) (7-27%)
) 2% 6% 4%
No MS pain (16-28%) (11-21%) (9-19%)

Physical activity (PA) level (low PA = <1 day/week, moderate PA = 2-3 days/week, high PA = >4 days/week),
presence of musculoskeletal (MS) pain (never/seldom or sometimes/often) and psychological distress
(SCLS5, <2 points or >2 points). Red = highest risk profile.

4. Discussion

In this prospective population-based study we found that low levels of PA in adolescence increased
the probability of obesity in young adulthood. Early musculoskeletal pain, in combination with low
PA, contributed consistently and additively to the adverse effect. A low PA level in combination
with musculoskeletal pain doubled adolescents’ risk of developing obesity by young adulthood,
as compared to their physically active peers without musculoskeletal pain.

These results are in line with findings from prior studies where longitudinal relationships between
physical inactivity in adolescence and obesity in young adulthood have been reported [42]. The current
study adds to previous knowledge by estimating the probability of obesity in young adulthood
given combinations of PA levels and two of the most common and burdensome health challenges
among adolescents, musculoskeletal pain and psychological distress [7,8]. Our results indicate that the
presence of musculoskeletal pain in adolescence predicts development of obesity by young adulthood.
Thus, adolescents’ pain may precede obesity, rather than vice versa. This finding may challenge our
current belief that pain is often a consequence of obesity. As an example, increased clinical attention to
weight status among adolescents with pain has previously been emphasized based on the high rate of
obesity (1/3) found among adolescents with chronic pain who have been consulting pain clinics [24,25].
Thus, the current study adds valuable knowledge to existing research from pediatric pain clinics by
demonstrating how musculoskeletal pain reported in a population-based sample of adolescents may
contribute to long-term weight-related consequences into young adulthood.

We further anticipated higher probability of obesity among adolescents struggling with both
psychological distress and musculoskeletal pain as the co-occurrence of these health challenges
is linked to worse pain and decreased functioning [19]. However, in our study we did not find
support for an added effect of early psychological distress on adult obesity when accounting for
PA level and musculoskeletal pain. This finding contrasts with results from prior studies that
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have reported an increased risk of obesity in adulthood among those with depressive symptoms
in adolescence [26,43,44]. There is a possibility that pain and withdrawal from social contexts,
including regular sports activities, may represent the active agents driving or mediating the previously
found adverse effect of psychological distress on development of obesity. A reason for the lack of
associations between psychological distress in adolescence and later onset obesity in the present study
might, however, also be a lack of statistical power due to the sample size and the relatively few cases of
obesity in our material.

Prospective studies that examine multiple potential risk factors for obesity, as well as their
co-occurrence, in diverse samples of adolescents are needed to enhance our understanding of the
complexity of factors that may contribute to the development of obesity [32]. Taken together, findings from
this study support the need for public health efforts to focus on proactive strategies to promote and
customize sports activities for all adolescents. Early identification of pain and subsequent implementation
of need-based treatment may represent an opportunity to prevent the development of obesity, as the
additional adverse effect of musculoskeletal pain on lower PA levels indicated a strong tendency towards
increased probability of obesity. Further, our findings pointed in the same direction for both genders, which
strengthens our confidence in the results. Sensitivity analyses, where the reference groups were limited
to participants within a normal weight range in young adulthood, revealed even higher probabilities
of obesity across combinations of lower levels of PA and occurrence of musculoskeletal pain, and thus
confirmed the robustness of the results from our main analysis.

The results of this study suggest that health care professionals should be aware of the potential
increased likelihood of future obesity among adolescents with low levels of PA who also report
musculoskeletal pain. In particular, adolescents who are at risk of being obese or having difficulty
with weight management may require greater attention in examinations of musculoskeletal pain,
assessment of potential underlying causes, and implementation of need-based treatment, in addition
to the emphasis on providing information on the benefits of PA and activity guidance.

Of the three exposure factors examined in this study, a low level of PA in adolescence was most
strongly associated with obesity in young adulthood. PA is probably the most modifiable of the factors
examined, as getting adolescents to be more physically active and to participate in sports and activities
may be easier than treating anxiety, depression, and musculoskeletal pain. Additionally, an increase in
PA may lead to higher levels of socialization through inclusion in community activities, thereby creating
opportunities for development of social skills and social competence, which in turn may provide
benefits for musculoskeletal health and mental health [45,46]. Further, based on the current findings,
musculoskeletal pain appears to be a stronger predictor than psychological distress. This might
be of special importance as musculoskeletal pain could be easier to detect and to modify through
interventions than psychological distress.

Although there is existing evidence to suggest that low levels of PA [11,32], musculoskeletal
pain [24,25], and psychological distress [26-28] are factors to consider in the prevention of obesity,
this study is unique in examining the potential long-term impact of combinations of these adverse
health factors on the probability of obesity. The study uses a representative population-based sample
of adolescents with an 11-year follow-up period capturing the transition period from adolescence into
young adulthood.

A limitation of our study is that our exposure measures were self-reported. However, PA has
been assessed using the WHO HBSC measure of frequency of PA, which has been validated for use in
adolescent samples [40,47]. We have used a validated measure to assess psychological distress (SCL-5),
with a cut-off point shown to be clinically relevant [41]. The questions about musculoskeletal pain
only provided information about pain frequency, not severity, and may be prone to recall bias due
to the 12-month recall period. Reports of “neck or shoulder pain” and “joint or muscle pain” were
combined into one category of musculoskeletal pain due to the lack of statistical power to analyze them
separately, and a drawback may be that information about pain localization is not taken into account.
Another limitation is the low follow-up participation rate from the Young-HUNT1 study to the HUNT3
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study, which may represent a selection bias. Many young adults had moved out of the county for
educational purposes and were not eligible for invitation at follow-up. However, baseline values were
comparable between participants and non-participants in the 11-year follow-up from the Young-HUNT1
study to the HUNT3 study regarding PA level and mean BMI [36], indicating that the drop out is
unlikely to substantially influence the results. Further, comparisons between these groups showed no
significant differences in occurrence of musculoskeletal pain or psychological distress at baseline.

Although the probability estimates indicated a strong pattern of increased probability of obesity
across lower levels of PA in combination with musculoskeletal pain in both genders, the relatively low
number of obese young adults resulted in low precision as reflected in the wide 95% Cls, especially for
girls where three factors (PA level, musculoskeletal pain, and psychological distress) were included into
the final regression model. Hence, we emphasize the patterns in our findings, and recommend caution
in the interpretation of the single probability estimates. Further research assessing the combined effects
of these health challenges in adolescence on the probability of obesity is needed to confirm the findings,
ideally with more frequent follow-ups and improved measurement methods, including more detailed
assessment of pain location and severity.

Lastly, as regression analyses for prediction purposes were conducted to identify subgroups of
adolescents at high risk of obesity focusing on the three aforementioned factors, other health risk
factors that might make additional contributions to PA limitations and the risk of obesity, such as diet,
smoking, alcohol and drug use, have not been taken into account. Further, BMI status at baseline was
not considered. However, only 40 adolescents (2%) were obese at baseline.

5. Conclusions

The study shows that adolescents with a low PA level may have a higher probability of obesity in
young adulthood, and that co-occurrence of musculoskeletal pain further increases the probability of
later obesity. Our findings support proactive strategies to make regular sports activities more inclusive
and accessible for all adolescents in order to reduce risk of becoming obese in young adulthood.
Interventions targeting adolescents” musculoskeletal pain and underlying causes could make an
important contribution in hindering the development of obesity in adolescents at risk.
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10 of 14

(1995-1997)
n=10,202

Adolescents invited to the Young-HUNT1 Study

Excluded, n=1219

\4

A\ 4

¢ Non-responders, questionnaire

(1995-1997)
n = 8983

Respondents to the questionnaire in Young-HUNT1

Not eligible for invitation to HUNTS3,

A\ 4

n = 3630

HUNTS3 (2006-2008)

n =5353

Young-HUNTT1 participants (1995-1997) invited to

v

HUNT3 (2006-2008)
n=1919

Participants in both Young-HUNT1 (1995-1997) and

v

Excluded, n =60

Age > 20 at baseline (n = 10)
Did not attend the clinical examination (n = 11)

Classified as underweight at follow-up (1 = 29)

No available BMI measures at follow-up (1 =10)

Study sample analysed
n =1859

Figure A1l. Flow Chart of the Study Sample.
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Appendix B

Table A1. Results from logistic regression analysis with obesity (BMI > 30) as dependent variable,
with the reference group restricted to individuals within normal weight (BMI 18.5-24.9 kg/m?).

Variables Univariate Analysis Multivariate Analysis

OR 95% CI  p-Value OR 95% CI p-Value

Girls
PA level
Low PA 1.0 (Reference) 1.0 (Reference)
Moderate PA 0.69 0.46-1.02 0.06 0.68 0.45-1.03 0.07
High PA 0.63 0.39-1.01 0.05 0.59 0.36-0.97 0.04
Musculoskeletal pain
No 1.0 (Reference) 1.0 (Reference)
Yes 1.56 1.09-2.22 0.02 1.58 1.08-2.31 0.02

Psychological distress
*

No 1.0 (Reference) 1.0 (Reference)
Yes 1.46 0.88-2.42 0.15 1.11 0.65-1.90 0.71
Boys
PA level
Low PA 1.0 (Reference) 1.0 (Reference)
Moderate PA 0.66 0.41-1.04 0.07 0.61 0.38-0.97 0.04
High PA 0-45 0.27-0.75 <0.01 0.43 0.26-0.72 <0.01
Musculoskeletal pain
No 1.0 (Reference) 1.0 (Reference)
Yes 1.26 0.82-0.93 0.28 1.28 0.83-1.97 0.27

Psychological distress

No 1.0 (Reference) 1.0 (Reference)
Yes 1.33 0.58-3.07 0.50 - -

High PA = >4 days/week, Moderate PA = 2-3 days/week, Low PA = <1 day/week; * SCL-5 > 2, SCL5 = Hopkins
Symptom Checklist Five Items (range 0—4).

Table A2. Sensitivity analyses, risk matrix model for girls. Probability of Obesity (BMI > 30)
(percentage, (95% CI)) in young adulthood, with the reference group restricted to individuals within a
normal weight range (BMI 18-5-24-9 kg/m?).

PA Level
Low PA Moderate PA High PA
. 35% 27% 24%
Psychol.
MS pain sychol. distress (20-50%) (10-44%) (5-43%)
No psychol. distress 32% 25% 22%
(23-41%) (17-33%) (12-32%)
. 25% 19% 17%
Psychol. distress o o o
No MS pain (6-44%) (0-41%) (0-43%)
. 23% 17% 15%
No psychol. distress (17-29%) (13-21%) (9-21%)

Physical activity (PA) level (low PA = <1 day/week, moderate PA = 2-3 days/week, high PA = >4 days/week), presence of
musculoskeletal (MS) pain (never/seldom or sometimes/often), and psychological distress (SCL5, <2 points or >2 points).
Red = highest risk profile.
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Table A3. Sensitivity analyses, risk matrix model for boys. Probability of Obesity (BMI > 30)
(percentage, (95% CI)) in young adulthood, with the reference group restricted to individuals within a
normal weight range (BMI 18-5-24-9 kg/m?).

PA Level
Moderate .

Low PA PA High PA

MS oain 43% 32% 5%
P (31-55%) (22-42%) (14-36%)

. 37% 27% 20%

No MS

oNSpam (30-44%) (21-33%) (14-26%)

Physical activity (PA) level (low PA = <1 day/week, moderate PA = 2-3 days/week, high PA = >4 days/week), presence of
musculoskeletal (MS) pain (never/seldom or sometimes/often), and psychological distress (SCL5, <2 points or >2 points).
Red = highest risk profile.

References

1. Ng, M,; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbeafati, C.; Abera, S.F; et al. Global, regional, and national prevalence of overweight and obesity in children
and adults during 1980-2013: A systematic analysis for the Global Burden of Disease Study 2013. Lancet
2014, 384, 766-781. [CrossRef]

2. Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.,; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.;
Moradi-Lakeh, M.; Naghavi, M.; et al. Health Effects of Overweight and Obesity in 195 Countries over
25 Years. New Engl. |. Med. 2017, 377, 13-27. [CrossRef] [PubMed]

3.  Swinburn, B.A,; Kraak, V.I; Allender, S.; Atkins, V.J.; Baker, PI.; Bogard, J.R.; Brinsden, H.; Calvillo, A.; De
Schutter, O.; Devarajan, R.; et al. The Global Syndemic of Obesity, Undernutrition, and Climate Change:
The Lancet Commission report. Lancet 2019, 393, 791-846. [CrossRef]

4. Alberga, A.S,; Sigal, R.J.; Goldfield, G.; Prud’homme, D.; Kenny, G.P. Overweight and obese teenagers:
Why is adolescence a critical period? Pediatric. Obes. 2012, 7, 261-273. [CrossRef] [PubMed]

5. Nelson, M.C,; Story, M.; Larson, N.I.; Neumark-Sztainer, D.; Lytle, L.A. Emerging adulthood and college-aged
youth: An overlooked age for weight-related behavior change. Obesity (Silver Spring Md.) 2008, 16, 2205-2211.
[CrossRef] [PubMed]

6.  Guthold, R.; Stevens, G.A,; Riley, L.M.; Bull, EC. Global trends in insufficient physical activity among
adolescents: A pooled analysis of 298 population-based surveys with 1.6 million participants. Lancet Child.
Adolesc. Health 2020, 4, 23-35. [CrossRef]

7. Kamper, S.J.; Henschke, N.; Hestbaek, L.; Dunn, K.M.; Williams, C.M. Musculoskeletal pain in children and
adolescents. Braz. |. Phys. Ther. 2016, 20, 275-284. [CrossRef] [PubMed]

8.  Kieling, C.; Baker-Henningham, H.; Belfer, M.; Conti, G.; Ertem, I.; Omigbodun, O.; Rohde, L.A.; Srinath, S.;
Ulkuer, N.; Rahman, A. Child and adolescent mental health worldwide: Evidence for action. Lancet
2011, 378, 1515-1525. [CrossRef]

9.  Bertha, E.A; Balazs, J. Subthreshold depression in adolescence: A systematic review. Eur. Child. Adolesc. Psychiatry
2013, 22, 589-603. [CrossRef]

10. Mokdad, A.H.; Forouzanfar, M.H.; Daoud, F; Mokdad, A.A.; El Bcheraoui, C.; Moradi-Lakeh, M.; Kyu, H-H.;
Barber, R.M.; Wagner, J.; Cercy, K.; et al. Global burden of diseases, injuries, and risk factors for young
people’s health during 1990-2013: A systematic analysis for the Global Burden of Disease Study 2013. Lancet
2016, 387, 2383-2401. [CrossRef]

11. Hills, A.P; Andersen, L.B.; Byrne, N.M. Physical activity and obesity in children. Br. ]. Sports Med.
2011, 45, 866-870. [CrossRef]

12. Magnussen, C.G.; Smith, K.J.; Juonala, M. When to prevent cardiovascular disease? As early as possible:
Lessons from prospective cohorts beginning in childhood. Curr. Opin. Cardiol. 2013, 28, 561-568. [CrossRef]
[PubMed]

13.  Dumith, S.C.; Gigante, D.P.; Domingues, M.R.; Kohl, HW., 3rd. Physical activity change during adolescence:
A systematic review and a pooled analysis. Int. |. Epidemiol. 2011, 40, 685-698. [CrossRef]


http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1056/NEJMoa1614362
http://www.ncbi.nlm.nih.gov/pubmed/28604169
http://dx.doi.org/10.1016/S0140-6736(18)32822-8
http://dx.doi.org/10.1111/j.2047-6310.2011.00046.x
http://www.ncbi.nlm.nih.gov/pubmed/22461384
http://dx.doi.org/10.1038/oby.2008.365
http://www.ncbi.nlm.nih.gov/pubmed/18719665
http://dx.doi.org/10.1016/S2352-4642(19)30323-2
http://dx.doi.org/10.1590/bjpt-rbf.2014.0149
http://www.ncbi.nlm.nih.gov/pubmed/27437719
http://dx.doi.org/10.1016/S0140-6736(11)60827-1
http://dx.doi.org/10.1007/s00787-013-0411-0
http://dx.doi.org/10.1016/S0140-6736(16)00648-6
http://dx.doi.org/10.1136/bjsports-2011-090199
http://dx.doi.org/10.1097/HCO.0b013e32836428f4
http://www.ncbi.nlm.nih.gov/pubmed/23928921
http://dx.doi.org/10.1093/ije/dyq272

Int. |. Environ. Res. Public Health 2020, 17, 4603 13 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wareham, N.J.; van Sluijs, E.M.; Ekelund, U. Physical activity and obesity prevention: A review of the current
evidence. Proc. Nutr. Soc. 2005, 64, 229-247. [CrossRef] [PubMed]

Wilks, D.C.; Besson, H.; Lindroos, A.K.; Ekelund, U. Objectively measured physical activity and obesity
prevention in children, adolescents and adults: A systematic review of prospective studies. Obes. Rev. Off. ].
Int. Assoc. Study Obes. 2011, 12, e119-e129. [CrossRef]

Narciso, J.; Silva, A.J.; Rodrigues, V.; Monteiro, M.].; Almeida, A.; Saavedra, R.; Costa, A.M. Behavioral,
contextual and biological factors associated with obesity during adolescence: A systematic review. PLoS ONE
2019, 14, €0214941. [CrossRef] [PubMed]

Kessler, R.C.; Angermeyer, M.; Anthony, ].C.; Graaf, R.D.E.; Demyttenaere, K.; Gasquet, I.; Girolamo, D.E.G.;
Gluzman, S.; Gureje, O.; Haro, ].M.; et al. Lifetime prevalence and age-of-onset distributions of mental
disorders in the World Health Organization’s World Mental Health Survey Initiative. World Psychiatry Off. J.
World Psychiatr. Assoc. (WPA) 2007, 6, 168-176.

Belfer, M.L. Child and adolescent mental disorders: The magnitude of the problem across the globe. . Child
Psychol. Psychiatry Allied Discip. 2008, 49, 226-236. [CrossRef] [PubMed]

Soltani, S.; Kopala-Sibley, D.C.; Noel, M. The Co-occurrence of Pediatric Chronic Pain and Depression: A
Narrative Review and Conceptualization of Mutual Maintenance. Clin. . Pain 2019, 35, 633-643. [CrossRef]
Hartvigsen, J.; Hancock, M.].; Kongsted, A.; Louw, Q.; Ferreira, M.L.; Genevay, S.; Hoy, D.; Karppinen, J.;
Pransky, G.; Sieper, J.; et al. What low back pain is and why we need to pay attention. Lancet
2018, 391, 2356-2367. [CrossRef]

Tegethoff, M.; Belardi, A.; Stalujanis, E.; Meinlschmidt, G. Comorbidity of Mental Disorders and Chronic
Pain: Chronology of Onset in Adolescents of a National Representative Cohort. J. Pain Off. J. Am. Pain Soc.
2015, 16, 1054-1064. [CrossRef] [PubMed]

Institute for Health Metrics and Evaluation. GBD Compare. Available online: https://vizhub.healthdata.org/
gbd-compare/ (accessed on 29 October 2019).

Roth-Isigkeit, A.; Thyen, U.; Stéven, H.; Schwarzenberger, J.; Schmucker, P. Pain among children and
adolescents: Restrictions in daily living and triggering factors. Pediatrics 2005, 115, e152-e162. [CrossRef]
[PubMed]

Wilson, A.C.; Samuelson, B.; Palermo, T.M. Obesity in children and adolescents with chronic pain:
Associations with pain and activity limitations. Clin. ]. Pain 2010, 26, 705-711. [CrossRef] [PubMed]
Santos, M.; Murtaugh, T.; Pantaleao, A.; Zempsky, W.T.; Guite, ].W. Chronic Pain and Obesity Within a
Pediatric Interdisciplinary Pain Clinic Setting: A Preliminary Examination of Current Relationships and
Future Directions. Clin. J. Pain 2017, 33, 738-745. [CrossRef]

Blaine, B. Does depression cause obesity?: A meta-analysis of longitudinal studies of depression and weight
control. J. Health Psychol. 2008, 13, 1190-1197. [CrossRef]

Luppino, ES.; de Wit, L.M.; Bouvy, P.E; Stijnen, T.; Cuijpers, P.; Penninx, B.W.; Zitman, F.G. Overweight,
obesity, and depression: A systematic review and meta-analysis of longitudinal studies. Arch. Gen. Psychiatry
2010, 67, 220-229. [CrossRef]

Mannan, M.; Mamun, A.; Doi, S.; Clavarino, A. Prospective Associations between Depression and Obesity for
Adolescent Males and Females- A Systematic Review and Meta-Analysis of Longitudinal Studies. PLoS ONE
2016, 11, e0157240. [CrossRef]

Vamosi, M.; Heitmann, B.L.; Kyvik, K.O. The relation between an adverse psychological and social
environment in childhood and the development of adult obesity: A systematic literature review. Obes. Rev.
Off. ]. Int. Assoc. Study Obes. 2010, 11, 177-184. [CrossRef]

Poobalan, A.; Aucott, L. Obesity Among Young Adults in Developing Countries: A Systematic Overview.
Curr. Obes. Rep. 2016, 5, 2-13. [CrossRef]

Weihrauch-Bliiher, S.; Kromeyer-Hauschild, K.; Graf, C.; Widhalm, K.; Korsten-Reck, U.; Jodicke, B.;
Markert, J.; Miiller, M.].; Moss, A.; Wabitsch, M.; et al. Current Guidelines for Obesity Prevention in
Childhood and Adolescence. Obes. Facts 2018, 11, 263-276. [CrossRef]

Pate, RR,; O'Neill, J.R.;; Liese, A.D.; Janz, K.F; Granberg, EM.; Colabianchi, N.; Harsha, D.W,;
Condrasky, M.M.; O’Neil, PM,; Lau, E.Y.; et al. Factors associated with development of excessive fatness
in children and adolescents: A review of prospective studies. Obes. Rev. Off. |. Int. Assoc. Study Obes.
2013, 14, 645-658. [CrossRef] [PubMed]


http://dx.doi.org/10.1079/PNS2005423
http://www.ncbi.nlm.nih.gov/pubmed/15960868
http://dx.doi.org/10.1111/j.1467-789X.2010.00775.x
http://dx.doi.org/10.1371/journal.pone.0214941
http://www.ncbi.nlm.nih.gov/pubmed/30958850
http://dx.doi.org/10.1111/j.1469-7610.2007.01855.x
http://www.ncbi.nlm.nih.gov/pubmed/18221350
http://dx.doi.org/10.1097/AJP.0000000000000723
http://dx.doi.org/10.1016/S0140-6736(18)30480-X
http://dx.doi.org/10.1016/j.jpain.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26168877
https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
http://dx.doi.org/10.1542/peds.2004-0682
http://www.ncbi.nlm.nih.gov/pubmed/15687423
http://dx.doi.org/10.1097/AJP.0b013e3181e601fa
http://www.ncbi.nlm.nih.gov/pubmed/20664337
http://dx.doi.org/10.1097/AJP.0000000000000448
http://dx.doi.org/10.1177/1359105308095977
http://dx.doi.org/10.1001/archgenpsychiatry.2010.2
http://dx.doi.org/10.1371/journal.pone.0157240
http://dx.doi.org/10.1111/j.1467-789X.2009.00645.x
http://dx.doi.org/10.1007/s13679-016-0187-x
http://dx.doi.org/10.1159/000486512
http://dx.doi.org/10.1111/obr.12035
http://www.ncbi.nlm.nih.gov/pubmed/23601571

Int. |. Environ. Res. Public Health 2020, 17, 4603 14 of 14

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Street, S.J.; Wells, J.C.; Hills, A.P. Windows of opportunity for physical activity in the prevention of obesity.
Obes. Rev. Off. ]. Int. Assoc. Study Obes. 2015, 16, 857-870. [CrossRef] [PubMed]

Doak, C.M.; Visscher, T.L.; Renders, C.M.; Seidell, ].C. The prevention of overweight and obesity in children
and adolescents: A review of interventions and programmes. Obes. Rev. Off. |. Int. Assoc. Study Obes.
2006, 7, 111-136. [CrossRef] [PubMed]

Patton, G.C.; Sawyer, S.M.; Santelli, J.S.; Ross, D.A.; Afifi, R.; Allen, N.B.; Arora, M.; Azzopardi, P;
Baldwin, W.; Bonell, C.; et al. Our future: A Lancet commission on adolescent health and wellbeing. Lancet
2016, 387, 2423-2478. [CrossRef]

Holmen, T.L.; 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. Int. ].
Epidemiol. 2014, 43, 536-544. [CrossRef] [PubMed]

Krokstad, S.; Langhammer, A.; Hveem, K.; Holmen, T.L.; Midthjell, K.; Stene, T.R.; Bratberg, G.; Heggland, J.;
Holmen, ]. Cohort Profile: The HUNT Study, Norway. Int. |. Epidemiol. 2013, 42, 968-977. [CrossRef]
Norway, S. Student Life and Economic Conditions. Norwegian Results from Eurostudent V in a European Perspective;
Statistics Norway: Oslo, Norway, 2015.

Cole, TJ.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatric Obes. 2012, 7, 284-294. [CrossRef]

Rangul, V,; Holmen, T.L.; Kurtze, N.; Cuypers, K.; Midthjell, K. Reliability and validity of two frequently
used self-administered physical activity questionnaires in adolescents. BMC Med Res. Methodol. 2008, 8, 47.
[CrossRef]

Strand, B.H.; Dalgard, O.S.; 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 |. Psychiatry
2003, 57, 113-118. [CrossRef]

Pietilainen, K.H.; Kaprio, J.; Borg, P.; Plasqui, G.; Yki-Jarvinen, H.; Kujala, U.M.; Rose, R.J.; Westerterp, KR.;
Rissanen, A. Physical inactivity and obesity: A vicious circle. Obesity (Silver Spring Md.) 2008, 16, 409-414.
[CrossRef]

Marmorstein, N.R.; Iacono, W.G.; Legrand, L. Obesity and depression in adolescence and beyond: Reciprocal
risks. Int. J. Obes. (Lond.) 2014, 38, 906-911. [CrossRef]

Srinivas, S.; Rajendran, S.; Anand, K.; Chockalingam, A. Self-reported depressive symptoms in adolescence
increase the risk for obesity and high BP in adulthood. Int. ]. Cardiol. 2018, 269, 339-342. [CrossRef]
[PubMed]

Eime, RM,; Young, J.A; Harvey, ].T.; Charity, M.].; Payne, W.R. A systematic review of the psychological and
social benefits of participation in sport for children and adolescents: Informing development of a conceptual
model of health through sport. Int. J. Behav. Nutr. Phys. Act. 2013, 10, 98. [CrossRef] [PubMed]

Evans, M.B.; Allan, V.; Erickson, K.; Martin, L.].; Budziszewski, R.; Cote, ]J. Are all sport activities equal?
A systematic review of how youth psychosocial experiences vary across differing sport activities. Br. J.
Sports Med. 2017, 51, 169-176. [CrossRef] [PubMed]

Booth, M.L.; Okely, A.D.; Chey, T.; Bauman, A. The reliability and validity of the physical activity questions
in the WHO health behaviour in schoolchildren (HBSC) survey: A population study. Br. J. Sports Med.
2001, 35, 263-267. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/obr.12306
http://www.ncbi.nlm.nih.gov/pubmed/26222544
http://dx.doi.org/10.1111/j.1467-789X.2006.00234.x
http://www.ncbi.nlm.nih.gov/pubmed/16436107
http://dx.doi.org/10.1016/S0140-6736(16)00579-1
http://dx.doi.org/10.1093/ije/dys232
http://www.ncbi.nlm.nih.gov/pubmed/23382364
http://dx.doi.org/10.1093/ije/dys095
http://dx.doi.org/10.1111/j.2047-6310.2012.00064.x
http://dx.doi.org/10.1186/1471-2288-8-47
http://dx.doi.org/10.1080/08039480310000932
http://dx.doi.org/10.1038/oby.2007.72
http://dx.doi.org/10.1038/ijo.2014.19
http://dx.doi.org/10.1016/j.ijcard.2018.07.089
http://www.ncbi.nlm.nih.gov/pubmed/30057162
http://dx.doi.org/10.1186/1479-5868-10-98
http://www.ncbi.nlm.nih.gov/pubmed/23945179
http://dx.doi.org/10.1136/bjsports-2016-096725
http://www.ncbi.nlm.nih.gov/pubmed/27986759
http://dx.doi.org/10.1136/bjsm.35.4.263
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Sample 
	Variables 
	Exposures 
	Physical Activity Level (Young-HUNT1) 
	Musculoskeletal Pain (Young-HUNT1) 
	Psychological Distress (Young-HUNT1) 

	Outcome 
	Data Analyses 

	Results 
	Characteristics of the Study Sample 
	Probability of Obesity in Young Adulthood 

	Discussion 
	Conclusions 
	
	
	References

