7%
university of 59/,
groningen L

i

University Medical Center Groningen

University of Groningen

Multiple health risk behaviors and mental health from a life course perspective

Wijbenga, Lisette; de Winter, Andrea F; Almansa, Josue; Vollebergh, Wilma A M; Korevaar,
Eliza L; Hofstra, Jacomijn; Reijneveld, Sijmen A

Published in:
Preventive Medicine

DOI:
10.1016/j.ypmed.2021.106870

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Wijbenga, L., de Winter, A. F., Almansa, J., Vollebergh, W. A. M., Korevaar, E. L., Hofstra, J., & Reijneveld,
S. A. (2022). Multiple health risk behaviors and mental health from a life course perspective: The Dutch
TRAILS study. Preventive Medicine, 154, [106870]. https://doi.org/10.1016/j.ypmed.2021.106870

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 12-10-2022


https://doi.org/10.1016/j.ypmed.2021.106870
https://research.rug.nl/en/publications/acc6bad7-5465-4560-86d8-43e2b39ac43c
https://doi.org/10.1016/j.ypmed.2021.106870

Preventive Medicine 154 (2022) 106870

Contents lists available at ScienceDirect

Preventive Medicine

journal homepage: www.elsevier.com/locate/ypmed

ELSEVIER

Multiple health risk behaviors and mental health from a life course
perspective: The Dutch TRAILS study

Lisette Wijbenga ™", Andrea F. de Winter ", Josue Almansa®, Wilma A.M. Vollebergh ,
Eliza L. Korevaar ”, Jacomijn Hofstra ", Sijmen A. Reijneveld *
& Department of Health Sciences, University of Groningen. University Medical Center Groningen, Groningen, The Netherlands

b Research and Innovation Center for Rehabilitation, Hanze University of Applied Sciences, Groningen, The Netherlands
¢ Department of Interdisciplinary Social Science, Utrecht University, Padualaan 14, Room A2.30, 3584 CH Utrecht, The Netherlands

ARTICLE INFO ABSTRACT
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We examined trajectories of multiple health risk behavior (MHRB) patterns throughout adolescence, and changes
in mental health from childhood to young adulthood. Further, we assessed how continuity or onset of MHRBs
overall were associated with subsequent changes in mental health, and whether this varied by type of MHRBs.

We used six waves of the prospective Dutch TRAILS study (2001-2016; n = 2229), covering ages 11 until 23.
We measured MHRBs (substance use: alcohol misuse, cannabis use, smoking; and obesity-related: overweight,
physical inactivity, irregular breakfast intake) at three time points during adolescence. We assessed mental
health as Youth/Adult Self-report total problems at ages 11 and 23. Latent class growth analyses and ANOVA
were used to examine longitudinal trajectories and associations.

We identified six developmental trajectories for the total of MHRBs and mental health. Trajectories varied
regarding likelihood of MHRBs throughout adolescence, mental health at baseline, and changes in mental health
problems in young adulthood. We found no associations for the continuity of overall MHRBs throughout
adolescence, and neither for early, mid- or late onset, with changes in mental health problems in young adult-
hood. However, continuity of MHRBs in the obesity-related subgroup was significantly associated with an in-
crease in mental health problems.

Adolescents with the same MHRB patterns may, when reaching adulthood, have different levels of mental
health problems, with mental health at age 11 being an important predictor. Further, involvement with obesity-
related MHRBs continuously throughout adolescence is associated with increased mental health problems in
young adulthood.

1. Introduction research within the TRAILS study has shown an increase in prevalence

rates of Multiple Health Risk Behaviors (MHRBs) of almost 7% among

Health risk behaviors, such as smoking, drug use, alcohol con-
sumption, physical inactivity, irregular meals, and obesity, often accu-
mulate during adolescence and are relatively persistent throughout the
life course (de Winter et al., 2016; Klein Velderman et al., 2014; Mistry
etal., 2009; van Nieuwenhuijzen et al., 2009). Numerous adolescents do
not meet national guidelines for this spectrum of health behaviors which
pose a risk for health problems later in life (de Winter et al., 2016;
Rosenbaum Asarnow, 2014; van Nieuwenhuijzen et al., 2009). Prior

Dutch adolescents, all having more than five MHRBs from age 13 to 16,
i.e. between 2003 and 2007 (de Winter et al., 2016). Given that MHRBs
developed in adolescence are associated with changes in mental health
outcomes over time (Yu et al., 2017), study of the life course should
provide a better understanding of this issue.

Despite growing interest in MHRBs, few studies have investigated the
link between MHRB patterns and long-term mental health problems.
Heikkala et al. (2014) showed that smoking, physical inactivity, and

Abbreviations: HRBs, Health Risk Behaviors; MHRBs, Multiple Health Risk Behaviors; LCGA, Latent Class Growth Analyses; ANOVA, ANalyses Of Variance.
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high BMI were associated with psychosocial problems among adoles-
cents aged 16-18. Another recent study indicated a link between MHRBs
in late adolescence and depressive symptoms in young adulthood (Yu
et al., 2017). Nevertheless, studies from a life course perspective with
more than two time points are scarce, especially research that links the
accumulation of health risk behaviors (HRBs) in adolescence to mental
health problems in young adulthood. However, the accumulation of risk
hypothesis suggests that exposure to MHRBs may lead to long-term
health disadvantages (Kuh et al., 2003). We define accumulation of
risk, or MHRBEs, in line with the clustering approach posed by McAloney
et al. (2013), which assumes that concurrent health risk behaviors are
associated over time (de Winter et al., 2016) and do not ‘co-occur’
independently (McAloney et al., 2013).

In addition to the accumulation of risk, an early onset of MHRBs is
also likely to affect a person’s level of mental health problems. However,
such associations have been established mainly for single risk behaviors.
For example, one study showed an initiation of alcohol misuse in early
adolescence to be associated with higher levels of depression (Skogen
et al,, 2016). Another study on substance use indicated that early
adolescence was a particularly vulnerable period, and that trajectories
with an early onset of substance use were associated with poorer mental
health outcomes (Tucker et al., 2005). From a life course perspective,
the critical period hypothesis suggests that the timing of exposure may be
linked to irreversible changes in long-term health (Kuh et al., 2003).

Effects of MHRBs on mental health may vary in relation to specific
HRBs. Although using a broader range, van Nieuwenhuijzen et al.
(2009) found that clustering of MHRBs occurs at different ages, with
different types of interrelated subgroups. Examples were a cluster of
behaviors related to substance use, and another cluster related to health,
such as breakfast and exercise behaviors (Dusseldorp et al., 2014; Klein
Velderman et al., 2014; van Nieuwenhuijzen et al., 2009). The present
study therefore separately investigated the effects of substance use and
obesity-related MHRBs on changes in mental health in young adulthood.
Insights into associations between total MHRBs and young adult’s
mental health, as well as comparison of the subgroups, will be useful for
improvement of current interventions, since the majority of research
and interventions still focus on single risk behaviors (Hale et al., 2014).

This study aims to obtain more insight into trajectories of multiple
health risk behavior (MHRB) patterns throughout adolescence, and
changes in mental health from childhood to young adulthood. It further
assesses how the continuity or onset of MHRBs were associated with
changes in mental health. All analyses were conducted for overall
MHRBs, as well as for two subgroups: substance use and obesity-related
MHRBs.

2. Methods
2.1. Sample

This study used data from the first six waves (T1-T6, ages 11-23) of
the Tracking Adolescents’ Individual Lives Survey (TRAILS) study, an
ongoing prospective cohort study on early adolescents living in the
north of The Netherlands, both rural and urban areas (Oldehinkel et al.,
2015). The sample is representative for the north of The Netherlands.
More information on the sample selection can be found elsewhere (De
Winter et al., 2005; Huisman et al., 2008; Oldehinkel et al., 2006). In the
first wave (T1, 2001-2002) 2229 adolescents were included (response
rate 76%; mean age = 11.1; SD = 0.6). As 86 individuals did not score on
any of the MHRB questionnaires, they were omitted.

2.2. Procedure

In the first wave (T1) we interviewed parents or caretakers (prefer-
ably the mother, 95.6%) at their homes, on a wide range of topics. They
also filled out several questionnaires. Under supervision by TRAILS as-
sistants, the adolescents filled out questionnaires at school or other
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testing locations. From all adolescents and their parents or caretakers we
obtained written informed consent. The Dutch Central Committee on
Research involving Human Subjects approved each of the six waves of
the TRAILS study. More details concerning the TRAILS study are avail-
able elsewhere (Oldehinkel et al., 2015).

2.3. Measures

2.3.1. Multiple health risk behaviors

We included six health risk behaviors (HRBs), measured similarly in
T2, T3, and T4. The validity of these measurements has been well
documented (Klein Velderman et al., 2014; van Nieuwenhuijzen et al.,
2009). To create the sum variable of MHRBs, we dichotomized each HRB
(presence vs. absence of HRB). All classifications took place in accor-
dance with national guidelines. Aside from the overall MHRBs we
defined two subgroups, each compromising three HRBs: substance use
(alcohol, smoking, cannabis), and obesity-related lifestyle (breakfast,
overweight, physical inactivity). We were interested in dividing the
adolescents who most certainly engaged in MHRBs and those who did
not. Due to this and the rather large amount of HRBs used, we used a
cutoff score of three HRBs or more per wave (T2-T4), to identify those
most strongly engaged (Freyer-Adam et al., 2011). For the subgroups we
used a cutoff score of one HRB or more per wave (T2-T4), indicating the
presence of at least one HRB within that category. We constructed
MHRB patterns using dichotomized representations of the presence of
MHRBSs per wave (T2-T4), creating string patterns of three binary codes
to indicate the presence of MHRBs per wave (‘1°), the absence of MHRBs
(‘0"), or either value (“**) at wave T2, T3 or T4. We examined prolonged
MHRB patterns regarding the continuity of MHRBs at T2-T4 (‘111°), as
well as all early onset patterns with MHRBs at T2 (‘1**’), all mid-onset
patterns with MHRBs at T3 (‘01*°), and late onset MHRB patterns with
MHRBs at T4 (‘001’). We measured each single HRB as described below.

Alcohol: We asked adolescents how many alcoholic beverages they
had drunk weekly in the last 12 months. Under Dutch law, at the time of
this study adolescents aged 16 and older were allowed to drink alcohol.
For these adolescents of legal age to drink alcohol we created a cutoff
score based on guidelines for adults; which indicated: no more than one
drink per day (Gezondheidsraad, 2015). Smoking: This was defined as
smoking one or more cigarettes per day. We assessed smoking by asking
adolescents whether they had ever smoked. Five categories were indi-
cated, ranging from “I never smoked” to “I smoke every day”. If par-
ticipants indicated they had only a few puffs or one cigarette, they were
considered to have smoked. However, “I never smoked” and “I have
smoked in the past, but I have stopped completely” were categorized as
non-smoking. Cannabis: This was defined as any use of cannabis in the
past 12 months. Participants were asked how many times they used
cannabis in this period. No regular breakfast: This was defined as
consuming breakfast on fewer than 5 days a week. Overweight: To asses
overweight or obesity, we calculated body mass index (BMI) using
measurements of weight and height. For this purpose, TRAILS used
regularly calibrated equipment (respectively, models 770 and 214; in kg
and m?% Seca, Hamburg, Germany). Cutoff scores of overweight and
obesity (i.e. 25 kg/m2) were in agreement with international WHO age-
and gender-adjusted BMI criteria (Bentham et al., 2017; Cole et al.,
2000). Physical inactivity: We determined this by using the Short QUes-
tionnaire to ASsess Health-enhancing physical activity (SQUASH), with
various questions about activities such as sports. We quantified physical
activity using the Metabolic Equivalent of Tasks (METs). To measure the
recommended level of physical activity we used a cutoff score of 7 days a
week, 60 min a day (METs > 3)(Haskell et al., 2007).

2.3.2. Mental health

We assessed mental health problems at T1 using the Youth Self
Report (YSR), and at T5 and T6 using the Adult Self Report (ASR). Both
the YSR and the ASR are highly valid and reliable measurements
(Achenbach and Rescorla, 2003, 2001). Participants answered 112 items
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on behavioral and emotional problems within a time frame of 6 months,
on a three-point scale (not true, somewhat or sometimes true, very true or
often true). We measured internalizing problems (withdrawn/depressed,
physical complaints, and anxious/depressed), externalizing problems
(aggressive behavior, delinquent, and intrusive behavior), and other mental
problems (thinking problems and attention problems), and combined these
into a total score. We used age-standardized scores of all scales com-
bined, at a continuous level. Our outcome measure was a constructed
mean variable of young adults’ mental health problems at wave 5 and
wave 6, with a score of 0 to a maximum of 1.23. Higher scores indicate
more mental health problems. Scores above the 93th percentile were
considered in the borderline and clinical range of mental health prob-
lems (Achenbach and Rescorla, 2003).

2.3.3. Background characteristics

At baseline, participants provided data on age, sex, ethnicity, and
socioeconomic status. The latter was based on a combination of occu-
pation and education of both mother and father, and family income.

2.4. Statistical analyses

Data with complete cases would reduce the sample by more than half
(see Supplementary Table D), which could affect the validity of results
and the statistical power (Graham, 2009; Little et al., 2012; White et al.,
2011). Therefore, we created twenty imputed data-sets, which led to
adequate estimates (White et al., 2011). Repetition of the analyses on
only complete cases yielded findings with a similar direction, although
final solutions differed due to the much lower power. Missing values
were imputed for each of the six HRBs (T2-T4), using logistic regression,
and for mental health scores (T1, T5/T6) through predictive mean
matching. Gender, age and ethnicity where also used as predictors of the
missing values. Nonetheless, we removed 86 participants with no MHRB
information at all.

First, we calculated descriptive statistics for all variables. Second, in
order to categorize adolescents, we identified trajectories of probabili-
ties of MHRBs over time, together with changes in mental health be-
tween childhood (T1) and young adulthood (average of T5 and T6),
using an extended version of the latent class growth analyses (LCGA).
We defined each trajectory based simultaneously on three different el-
ements: the longitudinal probability of MHRBs during adolescence
(T2-T4) plus mental health at baseline, and the difference in mental
health from baseline to T5/T6. We selected the number of trajectories
based on diagnostic information (AIC, BIC, and aBIC) and the conceptual
interpretation of the results. LCGA’s were estimated via maximum-
likelihood with robust standard errors and 1000 starting values, and
(co)variances among mental health (baseline and changes) were also
allowed to vary across classes. We used the BIC, aBIC, and AIC (averaged
over the imputed datasets) to determine the most representative number
of trajectories. Next, we assessed descriptives of covariates for the
resulting trajectories. Third, we used ANOVA to assess associations be-
tween patterns of MHRBs over time (continuity of MHRBs, as well as
early, mid- and late onset patterns), with changes in mental health (from
baseline to wave 5/6) adjusted by sex, socioeconomic status and
ethnicity. We repeated all analyses for the subgroups substance use and
obesity-related lifestyle.

We performed the LCGA in Mplus version 8(Muthén and Muthén,
1998), and conducted the other statistical analyses using SPSS v.25.0
software (IBM Corp). Multiple imputation was conducted in R version
3.6.2 (R Core Team, 2020; package mice).

3. Results
3.1. Sample characteristics

Descriptive statistics are shown in Table 1. Adolescents had a pre-
dominantly Dutch ethnic background (87.0%), which is common for the
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Table 1
Descriptive statistics of the sample (N= 2,143).
T1 T2 T3 T4 T5/T6
Age in years, mean 11.11 13.57 16.28 19.08 23.08
(SD) (0.56) (0.53) (0.71) (0.60) (0.76)
Multiple health risk
behaviors, N (%)
All MHRBs" 496 968 1711
(23%) (45%) (80%)
Substance use 1155 1708 1912
subgroup” (54%) (80%) (89%)
Obesity-related 1432 1435 2086
subgroup” (67%) (67%) (97%)
Mental health®, mean 0.34 0.29
(SD) (0.19) (0.20)

@ We consider a cut off score of > 3 multiple health risk behaviors per wave
(T2-T4) in the total group.

b We consider a cut off score of > 1 multiple health risk behaviors per wave
(T2-T4) in the subgroups.

¢ YSR, ASR; total problem score.

north of The Netherlands, and over half of the sample consisted of girls
(51.4%). Of all adolescents, 522 (24.4%) were raised in families with
low socio-economic status (SES). The overall prevalence rates of ado-
lescents with more than three MHRBs increased from 23% at age 13.5 to
80% at age 19. Similar results were found for the subgroups substance
use and obesity-related lifestyle (increases from 54% to 89%, and 67% to
97%, respectively). We found an overall decrease in average mental
health problems from age 11 to age 23 (0.34 to 0.29, respectively).

3.2. Associations between MHRB patterns over time and changes in
mental health

Using LCGA we identified six developmental trajectories for the total
MHRBs, as well as for the subgroups substance use and obesity-related
lifestyle (Table 2). Entropies were considered medium (Nagin, 2005).
Trajectories varied in terms of probability of MHRBs over time (low,
medium-high), their mental health at baseline, and their change in
mental health in young adulthood. Fig. 1a shows two patterns of like-
lihood of MHRBs over time among the trajectories. A medium-high
pattern with probabilities of MHRBs at wave 2 around 50%,
increasing fast to approximately 90% at wave 4, and a low pattern with
probabilities of MHRBs at wave 2 around 10%, growing after wave 3 up
to approximately 60% at wave 4. The three medium-high trajectories
(12.9%, 10.7%, and 23.9% of participants) showed moderate to high
mental health problems at baseline. However, only one trajectory
showed a significant decrease in mental health problems (12.9% of
participants, MHgi¢r— —0.07, p < 0.05). The three low trajectories
(10.5%, 24.9%, and 17.1% of participants) showed low to moderate
mental health problems at baseline. Two trajectories showed significant
decreases in mental health (10.5% of participants, MHgjs— —0.06, p <
0.05, 24.9% of participants, MHgi¢r— —0.09, p < 0.05), however, dif-
ferences were small. Descriptives statistics of the covariates per trajec-
tory are shown in Supplementary Tables A-C. Two of the trajectories
with a medium-high pattern show a rather higher proportion of families
with low SES.

In the subgroups, substance use trajectories with a low pattern
demonstrate a relatively higher proportion of families with high SES.
The highest trajectory within the obesity-related subgroup consisted of
more males, whereas the trajectory with significant decrease in mental
health problems, consisted of more females. We found no associations
for prolonged patterns of MHRBs throughout adolescence and changes
in mental health (Table 3).

Fig. 1b shows two main patterns of probability of MHRBs over time
among the trajectories of substance use, similar to the total of MHRBs
mentioned above. However, most adolescents are part of the medium-
high pattern (79.8% of participants). Adolescents in both patterns
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Table 2
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Comparative goodness of fit indices for the selected number of trajectories based on A) the longitudinal probability of MHRBs™" at ages 13, 16, and 19, B) mental health

at age 11, and C) outcome changes in mental health from age 11 to age 23.

Number of classes® Akaike information criterion’ Bayes information criterion® Adjusted bayes information criterion Entropy
All MHRBs" 1 5307.9 5353.3 5327.9 N/A
2 4503.9 4600.3 4546.3 0.57
3 4234.6 4382.0 4299.4 0.61
4 4091.1 4289.6 4178.4 0.61
5 4029.1 4278.6 4138.8 0.63
6 3956.4 4256.9 4088.5 0.65
7 3930.5 4282.0 4085.0 0.65
Substance use subgroup” 1 4471.0 4516.4 4491.0 N/A
2 3725.4 3821.8 3767.8 0.57
3 3332.1 3479.5 3396.9 0.65
4 3186.6 3385.0 3273.8 0.64
5 3110.0 3359.5 3219.7 0.65
6 3063.1 3363.6 3195.2 0.64
7 3041.4 33929 3195.9 0.69
Obesity-related subgroup” 1 3857.1 3902.5 3877.0 N/A
2 3126.4 3222.8 3168.8 0.57
3 2975.9 3123.3 3040.7 0.59
4 2910.7 3109.2 2998.0 0.58
5 2859.1 3108.6 2968.8 0.66
6 2825.9 3126.4 2958.0 0.57
7 2801.9 3153.5 2956.5 0.59

@ We consider a cut off score of > 3 multiple health risk behaviors per wave (T2-T4) in the overall group.
> We consider a cut off score of > 1 multiple health risk behaviors per wave (T2-T4) in the subgroups.

¢ Used model is indicated in bold.
4 Lower AIC and BIC values indicate a better model fit.

vary widely in mental health at baseline, as well as changes in mental
health, however non significantly. Moreover, for the obesity-related
subgroup, Fig. 1c¢ shows again two main patterns of likelihood of MHRBs
over time. However, trajectories have a large variability at wave 2
(30-100% of probability of MHRBs), and all trajectories grow until
100% at wave 4. We found no clear relationship with mental health. For
example, the trajectories with the highest and the lowest mental health
at baseline (resp. MH;=0.57; MH;=0.18) showed the same pattern in
MHRBs, but the only trajectory with a significant decrease in mental
health problems regarded a relatively low MHRB level-category (19.9 %
of participants, MH;=0.39, MHg;¢ = —0.02, p < 0.05).

3.3. Relationship between onset of MHRBs in adolescence and change in
mental health

Early, mid- and late onset of MHRBs in adolescence were not asso-
ciated with change in mental health from childhood to young adulthood.
Regarding subgroups, prolonged patterns of obesity-related lifestyle were
significantly linked to changes in mental health problems in young
adulthood (Table 3; B=0.02, p < 0.05), indicating an increase in mental
health problems compared to the other possible MHRB patterns.

4. Discussion

This study is the first to examine patterns of multiple health risk
behavior (MHRB) in adolescence and changes in mental health from
childhood to young adulthood. We found six trajectories of MHRB pat-
terns MHRBs throughout adolescence (low, medium-high) with different
levels of mental health problems at baseline, and, varying changes of
mental health problems in young adulthood. Mental health problems at
age 11 were an important predictor of mental health problems in young
adulthood, in combination with the MHRB patterns. Continuity of
MHRBs throughout adolescence predicted increases in mental health
problems in young adulthood, but only for the obesity-related subgroup.

Adolescents with similar patterns regarding likelihood of MHRBs had
varying levels of mental health at baseline, and also varying levels of
change in mental health problems in young adulthood. For example,
adolescents highly engaged in MHRBs were divided in three groups
based on their level of childhood mental health and their rather different

changes in mental health. These combinations suggest that MHRBs
explain only a small part of the changes in mental health. This shows
that mental health and MHRB patterns should be assessed jointly, to
discriminate those groups which require combined efforts on these two
types of outcomes (Child Mind Institute, 2021). However, MHRB pat-
terns seem to interpose the association of mental health at age 11 with
mental health problems in young adulthood. This finding is hard to
compare to previous research. Extensive research has been done on
trajectories of MHRBs (Mahalik et al., 2013; Peeters et al., 2019), but no
prior research used trajectories based on all three measures simulta-
neously: mental health at baseline, patterns of MHRBs in adolescence,
and changes in mental health in young adulthood. This makes it difficult
to compare results. A possible explanation for our findings may be that
both MHRBs and mental health during adolescence are also subject to
various other factors, which modify the associations. Examples may
include self-control (Finkenauer et al., 2005), family functioning
(Simpson et al., 2018), stressful life events (McLaughlin and Hatzen-
buehler, 2009), and resilience of adolescents who face adversities
(Sagone et al., 2020), which have shown to affect associations of mental
health in adolescence and single HRBs (Skogen et al., 2016; Tucker et al.,
2005). Evidently, such potential moderators deserve further study.

For the obesity-related subgroup, continuity of MHRBs throughout
adolescence was associated with increases in mental health problems in
young adulthood. These findings are consistent with those of Mumford
et al. (2013), who found an association between becoming obese and
experiencing a decline in mental health from adolescence to young
adulthood. A possible explanation may be that adolescence marks a
critical transition from the care of the family to more independence,
which is often accompanied by a less healthy lifestyle (Mumford et al.,
2013). Another explanation may be that engaging in various HRBs could
be a form of coping with stressors (Gould et al., 2012; Pampel et al.,
2010), as described in the theory of self-medication. Stress has, for
example, been shown to be associated with a craving for “comfort
foods”(Dallman et al., 2005), as part of an unhealthy lifestyle. Regarding
substance use, such as alcohol, Lisdahl et al. (2013) found an early onset
of alcohol use to be linked to greater mental health problems, whereas
we found no association. An explanation may be that we used strict
national health guidelines: “no alcohol use”. Some experimentation with
low levels of substance use, such as smoking a cigarette or drinking
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Fig. 1. (a) Trajectories of individuals categorized according to
probability of co-occurring MHRBs over time (T2-T4), and levels
of mental health problems at baseline (age 11) and at age 23. (b)
Trajectories of individuals categorized according to probability of
substance use over time (T2-T4), levels of mental health problems
at baseline (age 11) and at age 23. (c) Trajectories of individuals
categorized according to probability of obesity-related lifestyle
over time (T2-T4), and levels of mental health problems at base-
line (age 11) and at age 23.

& MH-diff refers to the average change in mental health problems
from adolescence to young adulthood (expected values of outcome
mental health - mean T5 and T6 - minus mental health at T1).

Y MH1 refers to the average in mental health problems at baseline
(T1).

* MH-diff statistically different from zero (p < 0.05).
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alcohol, might be an opportunity for adolescents to explore their self or
identity (Arbeit et al., 2014; Yu et al., 2017), and not constitute long
term problems like mental health issues.

4.1. Strengths and limitations

This study has several strengths. First, it includes a large population-

based cohort with high response rates and low dropout across the
various follow-ups. Second, it uses data over six waves, covering a long
trajectory from childhood to adulthood. Third, it combines variance and
trajectory analyses. The ANOVA estimated average mental health
changes of predefined MHRB patterns, and the latent class growth an-
alyses enabled us to uncover meaningful distinct trajectories for MHRB
patterns over time and a long-term mental health outcome, taking into
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Table 3

Changes in mental health problems from early adolescence until young adult-
hood, per MHRB pattern at ages 13, 16, and 19 (T2-T4): regression coefficients
(B) with 95% confidence intervals (CI) for changes in mental health problems
from age 11 to age 23, measured by YSR/ASR scores.

Changes in mental health

problems

MHRB patterns” N¢ B* 95%CI

f
All MHRBs" 349 —0.00 [-0.03; 0.03]
Substance use subgroup® 1033 -0.02 [-0.04; 0.00]
Obesity-related

Prolonged (111) subgroup® 1040  0.02* [ 0.00; 0.04]
All MHRBs 496 —0.01 [-0.04; 0.02]
Substance use subgroup® 1155 —0.02 [—0.04; 0.00]
Obesity-related

Early onset (0**) subgroup® 1432 0.01 [-0.01; 0.03]
All MHRBs! 968 0.01 [—0.01; 0.04]
Substance use subgroup® 1708 0.01 [—0.02; 0.04]
Obesity-related

Mid onset (01%) subgroup® 1435  0.02 [-0.01; 0.05]
All MHRBs* 1711 0.02 [-0.01; 0.05]
Substance use subgroup® 2086 —0.00 [-0.04; 0.03]
Obesity-related

Late onset (001) subgroup® 1912 0.01 [-0.07;-0.09]

Estimates(B) with 95% confidence intervals (CI).

@ Each row corresponds to one regression analysis with a specific MHRB
patterns as predictor, relative to all other MHRB patterns.

b patterns indicated by a string of three binary codes to indicate the presence
of MHRBs per wave (‘1), the absence of MHRBs (‘0’), or either value (‘**) at wave
T2, T3 or T4.

¢ Average N over all imputed datasets.

4 We considered a cut off score of > 3 multiple health risk behaviors per wave
(T2-T4) in the overall group.

¢ We considered a cut off score of > 1 multiple health risk behaviors per wave
(T2-T4) in the subgroups.

f Analyses were controlled for the variables sex, socioeconomic status and
ethnicity.

¥ p < 0.05.

account that repeated measurements of HRBs might be correlated.

However, the study also has some limitations. Although our interest
was to measure MHRBs using a clustering approach (McAloney et al.,
2013), the combination of two different analyses allowed us to only
measure co-occurrence of HRBs, i.e. a sum score of dichotomized
seperate HRBs. Moreover, the construction of trajectories may not have
fully captured the variability of MHRB patterns in the population, as e.g.
all trajectories in our sample had high probabilities of MHRBs at wave 4.
Therefore, we could not estimate what could have been the impact of all
possible patterns, such as no presence or decreasing patterns of MHRBs
on long-term mental health. Nevertheless, this may simply represent the
pattern of accumulation of HRBs (de Winter et al., 2016) during
adolescence. A further limitation was that all measures were self-
reported, which could result in underestimation of the occurrence of
problems. However, measurement scores were all reliable and valid, and
anonymity was assured (Del Boca and Darkes, 2003). Finally, we could
not control for all potential confounders, since parental MHRBs were not
measured. A sensitivity analysis showed no impact of parental mental
health in our models; therefore this variable was not included as a co-
variate (see Supplementary Tables D and E). While the trajectories in our
study provide further insight, the categorization of adolescents deserves
further study. More precise classification enables a further improvement
of targeted interventions.

4.2. Implications

Adolescents in this cohort involved in MHRBs, now adults, were at
risk of mental health problems, especially if they already experienced
mental health problems as a child. Future research should investigate
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mechanisms and moderators of the reported associations, such as family,
individual, and peer factors that may build resilience against the
temptation to engage in MHRBs, thereby helping to prevent or minimize
consequences of deteriorating mental health in adulthood, and under-
stand the emergence of its complexity. Our findings regarding mental
health at age 11 point to the importance of the onset of mental health
problems in combination with MHRBs. These risks should be confirmed
by future research, as they may imply more focus in preventive in-
terventions aimed on adolescent risk behavior and mental health. A
standardized categorization of MHRBs can add value to this research.
Our findings further deserve replication among ethnically more diverse
populations.

5. Conclusion

In conclusion, this life-course study provided a unique insight into
the trajectories and long-term associations between MHRBs and mental
health. Our results suggest that although during their teenage years
adolescents may share similar MHRB patterns, they can reach adulthood
with different levels of changes in mental health problems, most likely if
they experienced mental health issues as a child.
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