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Highlights

e Cardiorespiratory fitness (CRF) is a major determinant of health

e We studied 1647 Finnish male army conscripts

e Low socioeconomic status in childhood was associated with low adult CRF

e Childhood depression recurring in adolescence was associated with low adult CRF
e Childhood conduct problems affected adult CRF through obesity and smoking
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ABSTRACT

Background: Cardiorespiratory fitness (CRF) strongly influences health, but very little is known
about the childhood determinants of adult CRF. Our longitudinal study investigated whether
childhood psychopathology and socioeconomic status (SES) were related to adult CRF in 1647

Finnish male military conscripts.

Methods: Childhood psychopathology was assessed at the age of eight using the Rutter and
Children’s Depression Inventory questionnaires. Parental education and family structure were used
to assess childhood SES. In late adolescence, depressive symptoms were assessed with the Beck
Depression Inventory and smoking with a questionnaire. CRF in early adulthood was examined

with the Cooper’s 12-minute run test.

Results: General linear models showed that low parental education (p=0.001), depressive
symptoms in childhood (p=0.035) and late adolescence, smoking, underweight, and
overweight/obesity (all p<0.001) independently predicted lower CRF. The interaction between
depressive symptoms in childhood and adolescence was significant (p=0.003). In adolescents with
depressive symptoms, childhood depressive symptoms (p=0.001) and overweight/obesity (p<0.001)

predicted lower CRF. In adolescents without depressive symptoms, conduct problems in childhood
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predicted lower CRF in the initial models, but the effect disappeared after taking into account

smoking and body mass index. Mediational analysis confirmed these results.
Limitations: We lacked data on physical activity and only studied males at three time-points.

Conclusions: Recurrent depression in childhood and adolescence and low SES in childhood predict
lower adult CRF. Conduct problems in childhood predict lower CRF, but the effect is mediated by
overweight/obesity and smoking. Psychiatric treatment for children and adolescents should promote

physical activity, particularly for children with low SES.

Keywords: adolescent; child; cardiorespiratory fitness; conduct disorder; depressive symptoms;

socioeconomic factors

INTRODUCTION

Cardiorespiratory fitness (CRF) is the ability of the circulatory, respiratory, and muscular systems
to supply oxygen during sustained physical activity (Lee et al., 2010). CRF in late adolescence
(Crump et al., 2016), young adulthood (Carnethon et al., 2003), and middle age (Kennedy et al.,
2018) have been shown to be strong predictors of future health. CRF is partially determined by
genetic factors (Bouchard et al., 2011). During adulthood, physical activity, obesity, underweight,
smoking, and socioeconomic status (SES) have been associated with CRF (Lakoski et al., 2011;

Nikolakaros et al., 2017; Ombrellaro et al., 2018).

Childhood psychopathology can have profound effects on adult health (Duarte et al., 2010;
Goodwin et al., 2009; Sourander et al., 2009). Childhood depression may recur (Rao and Chen,

2009), and it may coexist with conduct disorder (Ingoldsby et al., 2006).
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Five cross-sectional studies have reported that childhood psychopathology, mostly depressive
symptoms, were associated with lower CRF during childhood and adolescence (Esmaeilzadeh,
2015; LaVigne et al., 2016; Rieck et al., 2013; Shomaker et al., 2012; Yeatts et al., 2017).
Depressive symptoms in obese adolescents were associated with lower CRF (Shomaker et al.,
2012). Another study of adolescents aged 10-14 found that higher CRF was associated with less
depressive symptoms in both sexes and with less internalizing symptoms in males (LaVigne et al.,
2016). Esmaeilzadeh, 2015 showed that CRF was associated with depressive symptoms in subjects
aged 7-11 years. Rieck et al., 2013 reported that high CRF was associated with a lower level of
depression in adolescents aged 11-15. Yeatts et al., 2017 showed that high CRF was associated with
less depressive symptoms in adolescents with high levels of neuroticism. One longitudinal study
found that high baseline CRF prevented the onset of new depressive symptoms in adolescents over
a one-year period (Ruggero et al., 2015). Another longitudinal study of adolescents found that CRF
decreased with increasing levels of depressive symiptoms over a period of four years (Olive et al.,
2016). To our knowledge, there has been only one previous study that has examined childhood
determinants of CRF in adults. That study found no association between parental SES during

childhood and CRF during military service (Stea et al., 2009).

The existing literature suggests that there is an association between depression and CRF during
adolescence, but there are no existing studies on the effects of childhood and adolescent
psychopathology on adult CRF. Such an association is plausible for two reasons. Firstly, childhood
psychopathology has been associated with the development of somatic (Duarte et al., 2010;
Goodwin et al., 2009) and psychiatric (Sourander et al., 2009) morbidity in adulthood. Secondly,
childhood depression has been shown to have a bidirectional association with physical activity
(Stavrakakis et al., 2012), and physical activity has been shown to be a strong predictor of CRF
(Lakoski et al., 2011). Given the salient effects of CRF on mortality and morbidity, understanding
any associations between CRF and factors during childhood and adolescence is of major public

health importance.
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Our population-based study of young Finnish male military conscripts has previously shown that
smoking in late adolescence and body composition in young adulthood were associated with CRF
in young adulthood (Nikolakaros et al., 2017). The present study extended that assessment to
examine any associations between CRF in early adulthood and psychopathology, namely
depressiveness, neuroticism, and conduct problems and SES in childhood and depressive symptoms
in late adolescence. We measured CRF with Cooper’s 12-minute run (12MR) test (Cooper, 1968), a
widely used objective measure of CRF (Hamari et al., 2010; Nikolakaros et al., 2017). We took into
account the effects of smoking in late adolescence and body composition at the time of the CRF
assessment by including them as covariates in the models. Our first research hypothesis was that
childhood psychopathology and SES would predict adult CRF. Our second research hypothesis was
that the recurrence of childhood depression in late adolescence would be associated with a more

profound effect.

METHODS

This investigation was a part of our longitudinal population-based ‘‘From a Boy to a Man’’ study
(Sourander et al., 2004), which belongs to the Finnish Psychiatric Birth Cohort Consortium
(PSYCOHORTS, www.psycohorts.fi). The study is focusing on a large cohort of Finnish children
and assessing adult health-related outcomes in relation to child psychopathology. The initial cohort
comprised 2964 subjects, a representative sample of Finnish males born in 1981. The present study
gathered information on the study subjects at three time-points: at the age of eight years, in late
adolescence, and in early adulthood. At eight years of age (first assessment of the study subjects)
mental health was evaluated by questionnaires filled in by the children, their parents, and their
teachers. The parents completed the 31-item parent version of the Rutter questionnaire (Rutter,

1970) and the teachers completed the 26-item teacher version. The children completed the
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Children’s Depression Inventory (CDI) (Kovacs, 1992) in the classroom and were asked to answer
the guestions based on how they felt at that point and in the previous two weeks. This questionnaire
was developed from the Beck Depression Inventory (BDI) (Beck et al., 1961). The original CDI
includes 27 items. However, we omitted the question about suicide for ethical reasons. The parent
and teacher information was combined by adding the individual domain-specific scores to generate
Rutter emotional, conduct, and hyperactivity total scores, in line with previous studies (Duarte et
al., 2010). The parents’ educational level (either parent having completed upper secondary
education versus lower) and family structure (the child living with both biological parents versus

other) were used to evaluate the children’s SES.

In Finland, military service is mandatory for young adult men, who are called up around the age of
18 (late adolescence). At the call-up, 2216 subjects were administered the BDI and a questionnaire
on their smoking habits. This provided five smoking categories: no smoking, occasional smoking,
smoking 1-5 cigarettes per day, smoking 6—10 cigarettes per day, and smoking 11 or more

cigarettes per day (Nikolakaros et al., 2017).

Of these 2216 subjects, 1882 began their military service during early adulthood (third assessment).
In Finland, all conscripts undergo a 12MR test and have their height and weight measured at the
beginning of service (Nikolakaros et al., 2017). We obtained the height, weight, and the 12MR test
values from the Finnish military. The subjects’ body mass index (BMI) was calculated using the
standard weight/height? formula. The 12MR test measures the distance covered by running for 12
minutes (Cooper, 1968), and it has been reported to have good overall reliability in estimating CRF
in young healthy men. However, it might underestimate CRF at low values and overestimate CRF
at high values (Penry et al., 2011). Conscripts were instructed to perform the 12MR with a maximal
effort and to progressively increase their running speed. They also received safety instructions that
stated that they could voluntarily stop the test. The accuracy of the measurements was + 10 meters

(Hamari et al., 2010; Santtila et al., 2006).
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The final study cohort consisted of 1647 subjects. Figure 1 shows the selection of the study
subjects. Similar to our previous study (Nikolakaros et al., 2017), we excluded 20 subjects with a
12MR score of fewer than 1200 meters to reduce the effect of lack of motivation. Performing 1200
meters in the 12MR test can be achieved with brisk walking, without any attempt to run. We
compared the 1647 young adults whose data were analyzed with the 1075 who were not included in
the study and found that the study subjects had significantly more depressive (mean 7.9 versus 7;
p<0.001), conduct (mean 3 versus 2.3; p<0.001), hyperactive (mean 2.3 versus 1.7; p<0.001), and

emotional (mean 2.5 versus 2.1; p<0.001) symptoms.

Of the subjects with a childhood depressive symptom score of 0-50 %, 37/921 (4%) were depressed
in late adolescence. The respective figures for subjects with a childhood depressive symptom score
of 50-90 % and 90-100 % were 48/542 (8.9%) and 29/158 (18.4%). The difference was statistically
significant (X* (2, N = 1621) = 46.54, p<0.001). The 1647 subjects we studied had a mean age of
19.52 years (SD = 0.81) at the time of the CRF and BMI assessments. The mean 12MR score was
2523.6 meters (SD = 347.6). In correlation analysis of the childhood psychopathology variables, the
Pearson correlation coefficients were less than 0.66, and the collinearity statistics (tolerance values)

were greater than 0.30, suggesting no collinearity.

Statistical analyses

We used general linear models and mediational analysis. The 12MR test score in young adulthood,
at the beginning of the subject’s military service, was the outcome variable for CRF, and smaller
values represented lower CRF. The predictor variables from the first assessment at eight years of
age comprised the four child psychopathology variables (the combined parent/teacher emotional,

conduct, and hyperactivity scales and the child depressive symptom scale), the parents’ educational
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level, and family structure. The mental health symptom scales were used as continuous for the
hypothesis testing, as recently recommended (Blackford, 2017). These continuous variables were
standardized, so that the regression coefficients could be interpreted as the difference in the 12MR

score that corresponds to a change of one standard deviation in the scale.

The four mental health scales were categorized into three groups: less than the 50th percentile
indicated the absence of mental health problem or a low level, the 50th to 90th percentile was a
moderate level, and above the 90th percentile indicated a high level. The cut-off points were based
on the distribution of the scores in the initial cohort at eight years of age (Duarte et al., 2010).
Models with these categorical predictor variables were used in supplementary analyses as single
predictor models to facilitate clinical interpretation (Blackford, 2017) and for interaction analyses

(see below).

Predictor variables from the second evaluation in late adolescence, during the military call-up
process, comprised two dichotomous variables: regular smoker versus other and depressed if the
BDI score was at least eight versus non-depressed if it was less than that. This BDI cut-off value
was the 90" percentile of the BD! distribution and depicted a marked level of depressive symptoms
(Renning et al., 2011). The predictor variable from the third assessment in young adulthood, at the
beginning of the military service, was BMI categorized as underweight (<18.5), normal weight
(18.5-24.9), and overweight/obese (>25). The BMI categorization used was compatible with the

World Health Organization guidelines.

The first step to examine our first hypothesis, that childhood psychopathology and SES would
predict adult CRF, was to run single general linear regression predictor models. The subsequent
multiple predictor analyses used stepwise backward selection with retaining criterion p<0.05 in
models containing all the childhood predictors that were significant in the single predictor analyses.
These were: child psychopathology, parental education, and family structure. We then added the

predictors from the late adolescence evaluation (smoking and BDI) and young adulthood (BMI).
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To examine our second research hypothesis, which was that the effect of childhood depression on
CRF in young adulthood would be modified by the presence of depression in late adolescence, we
added the interaction term of the childhood and adolescence depressive symptom variables as a
predictor. This interaction term was significant, and the interaction between depression in childhood
and depression in late adolescence was further explored by performing separate analyses in
subgroups defined by one of the predictors (Corraini et al., 2017; Nikolakaros et al., 2017).
Specifically, we performed single and multiple predictor subgroup analyses according to whether
subjects had a marked level of depressive symptoms in late adolescence or not (effect modification,

(Corraini et al., 2017)).

To examine whether the effect of childhood depression on CRF in young adulthood was modified
by the presence of conduct problems during childhood, we constructed a model that contained three
predictors: the childhood depressive symptoms score, the childhood conduct problems score, and

their interaction term.

The mediational analysis was performed with the SAS CAUSALMED procedure. We tested
predictors that were significant in the general linear models. Mediation effects for the possible
mediators were tested one at a time, and we included the other predictors as covariates. Models with
non-significant direct and indirect effects were interpreted as evidence for no mediation. Models
with significant direct and indirect effects were interpreted as evidence for partial mediation.
Finally, models with non-significant direct and significant indirect effects were interpreted as

evidence for complete mediation.

The subject’s age at the time of the 12MR test was included as a covariate in all of the models. We
used Bonferroni correction for multiple comparisons. Statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and IBM SPSS Statistics version 23 (IBM

Corp., Armonk, NY, USA). A two-tailed p<0.05 was considered statistically significant.
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Ethics

The Joint Commission on Ethics of Turku University and Turku University Central Hospital
approved the research plan. Permission to use the military register data was obtained from the
Finnish Defense Forces. The study subjects and their parents provided written permission for the

study.

RESULTS

Childhood predictors

In the single predictor models of childhood factors, low parental education, family structure,
childhood depressive symptoms, childhood conduct problems, and childhood hyperactivity
predicted a lower 12MR score (Table 1, Models A). Low parental education, childhood depressive
symptoms, and childhood conduct problems remained significant in the multiple predictor analysis
(Table 1, Model B). A single predictor model was also used with childhood depressiveness as a
categorical variable: compared with subjects with a low level of depressive problems, subjects with
a moderate level of depressive symptoms had a mean 12MR test score that was non-significantly
decreased by 38.6 meters (p=0.10), and subjects with a high level of depressive symptoms had a

mean 12MR test score that was significantly decreased by 109.3 meters (p=0.001).

Childhood, late adolescence, and early adulthood predictors

In the single predictor models, all the late adolescence and young adulthood predictors (depressive
symptoms, smoking, and BMI) were highly significant (p<0.001). Table 2 shows the results of the
multiple predictor models, with backward selection, which started with the predictors that remained
significant after all the previous steps. Low parental education, childhood depressive symptoms,

depressive symptoms and smoking in late adolescence, and BMI (both underweight and
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overweight/obesity) in early adulthood remained significant and independently predicted a lower

12MR score.

Interaction analyses

1. Interaction between depressive symptoms in childhood and depressive symptoms in late

adolescence

The interaction term was significant in the model that contained the interaction between depressive
symptoms in childhood and depressive symptoms in late adolescence in addition to the variables

that remained significant in earlier multiple predictor models. The p-values for the interaction term
in models with the continuous and categorical childhood depressive symptoms variable were 0.002

and 0.003, respectively. The effect of parental education was virtually unchanged.

Exploring the interaction between childhood and late adolescence depressiveness: Table 3 shows

the results of the analyses in the subjects without depressive symptoms in late adolescence. In the
single predictor models, the following predicted a lower 12MR score: low parental education,
childhood depressive symptoms, childhood conduct problems, smoking in late adolescence, and
BMI (both underweight and overweight/obesity). Only parental education and childhood conduct
problems remained significant in the multiple predictor models of the childhood variables. When
smoking and BMI were added to the final model, parental education, smoking, and BMI (both

underweight and overweight/obesity) remained significant.

Table 4 shows the results in subjects with depressive symptoms in late adolescence. In the single
and multiple predictor models, only childhood depressive symptoms and overweight/obesity in

young adulthood predicted a lower 12MR score.
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2. Interaction between childhood depressive symptoms and childhood conduct problems
The interaction term was not significant (p=0.51) in the model that contained childhood depressive

symptoms, childhood conduct problems, and their interaction term.

Mediational analyses (Figure 2)

In the whole study population, the effect of childhood hyperactivity problems was completely
mediated by childhood conduct problems and depressive symptoms. The effect of the family
structure was totally mediated by childhood conduct problems. The effect of childhood
depressiveness was partially mediated by depression in adolescence. Lastly, the effect of childhood

conduct problems was totally mediated by smoking, overweight/obesity, and parental education,

In the subjects that were not depressed in adclescerice, the effect of childhood depressiveness was
completely mediated by childhood conduct problems. In turn, the effect of childhood conduct
problems was completely mediated by smoking, overweight/obesity, and parental education. There

was no mediation of effects in the subjects that were depressed in adolescence.
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DISCUSSION

In this population-based study of young men assessed as heaithy for military service, we have
shown, for the first time, that childhood psychopathology and SES predict adult CRF. Depressive
and conduct symptoms at the age of eight and depressive symptoms in late adolescence predicted
lower CRF in young adulthood. The effect of childhood depressive symptoms was much stronger in
subjects who were also depressed in late adolescence. In this group, the effect of childhood
depressive symptoms was independent of SES, other child psychopathology measures, smoking in
late adolescence, and underweight/overweight/obesity in early adulthood. Low SES in childhood

was associated with low CRF in early adulthood.

The general linear models and the mediational analysis suggested several paths leading from
childhood psychopathology and SES to adult CRF. The following paths were the most consistent
across analyses: firstly, a direct path that started from parental education. Secondly, a direct path
that started from childhood depression. Thirdly, indirect paths that started from childhood
depression and passed through childhood conduct problems and separately through adolescent
depression. Finally, an indirect path started from childhood conduct problems and passed through

smoking in adolescence and being overweight/obese in adulthood to reach lower adult CRF.
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The main finding of our study was that childhood depressive symptoms that recurred in late
adolescence independently predicted low CRF in early adulthood. It has previously been shown that
childhood depression predicts adverse adult outcomes, including an increased risk of psychiatric
disorders, criminality, and lower academic achievement (Rao and Chen, 2009). Most depressed
children recover, but there is a high risk of relapse (Haavisto et al., 2004; Kovacs et al., 2016; Rao
and Chen, 2009). The recurrence of childhood depression is difficult to predict (Rao and Chen,
2009). However, a recent study reported that the persistence of childhood depression into late
adolescence was associated with autistic traits, particularly when subjects had experienced bullying
(Rai et al., 2018). We have previously shown that the recurrence of childhood depressive symptoms
in late adolescence is predicted by adverse life events in childhood, and it may lead to poor adaptive

functioning in late adolescence (Rgnning et al., 2011).

In adults, several longitudinal studies have demonstrated that high CRF protects from depression
(Aberg et al., 2012; Becofsky et al., 2015; Dishman et al., 2012; Lindwall et al., 2014; Schuch et al.,
2016; Shigdel et al., 2019; Sui et al., 2009; Willis et al., 2018). The reciprocal relationship is more
relevant to the present study, and, to our knowledge, there have not been any studies that have

examined the effects of depression on later CRF in adults.

In children and adolescences, cross-sectional studies have suggested associations between
childhood psychopathology and CRF (Esmaeilzadeh, 2015; LaVigne et al., 2016; Rieck et al., 2013;
Shomaker et al., 2012; Yeatts et al., 2017). In a prospective study with a one-year follow-up, high
CRF protected subjects from developing depression in middle school, particularly girls (Ruggero et
al., 2015). Exercise interventions improved depressive symptoms in adolescents (Carter et al.,
2016). High CRF has been shown to enhance the physical and mental health of children and
adolescents (Ortega et al., 2008). Concerning the etiological direction relevant to the present study,

we are aware of only one previous longitudinal study that examined the effect of psychological
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factors on future CRF. Olive et al. followed 676 children from the age of eight until the age of 17
and found that depressive symptoms had a significant detrimental effect on CRF for girls, with a

similar trend for boys (Olive et al., 2016).

Depression may prevent the development of high CRF by reducing the subject’s physical activity
(Motl et al., 2004; Olive et al., 2016; Rottenberg et al., 2014). In children and adolescents, mood
problems have been associated with low levels of physical activity (Kantomaa et al., 2008; Sallis et
al., 2000), and physical activity has been shown to promote CRF (Ortega et al., 2008). Taken
together with previous findings on the association between mood problems and CRF/physical
activity, our results suggest that recurring depressive symptoms in childhood and adolescence may
compromise the development of a healthy CRF level through young adulthood by means of a
prolonged mood-related reduction in physical activity. A second possible etiological path that has
been suggested is direct neuroendocrine dysfunction, namely chronic hyperactivity of the
hypothalamic—pituitary—adrenal axis or the locus coeruleus-norepinephrine system (Hollenberg et

al., 2003; Olive et al., 2016).

Childhood depression may co-occur with conduct problems, particularly among children with lower
cognitive abilities (Riglin et al., 2016) and those facing psychosocial adversity (Simic and
Fombonne, 2001). Co-occurring childhood depression and conduct disorder have been shown to
predict lower academic adjustment and social competence in adolescence (Ingoldsby et al., 2006).
In our study, the interaction between childhood depressive and conduct symptoms in predicting
CRF in early adulthood was not significant. This means that there was no modifying effect of
conduct symptoms on the association between childhood depressive symptoms and CRF in early
adulthood in the whole study population. In the subgroup with depressive symptoms in childhood
but not in late adolescence, the association between childhood depressive symptoms and CRF

became non-significant after we took conduct symptoms into account. In turn, conduct symptoms



Journal Pre-proof

became non-significant when we took smoking in late adolescence and BMI in early adulthood into
account. These results suggest that there is no direct association between non-recurring childhood
depressive symptoms and adult CRF. Conduct problems in childhood may be associated with adult
CRF, and this association may be mediated by adaptation of an unhealthy lifestyle, i.e., smoking

and overweight/obesity.

In previous studies of the same study population, childhood conduct problems predicted both
overweight/obesity (Duarte et al., 2010) and smoking (Niemela et al., 2009). In another study, the
accumulation of cardiovascular risk factors was associated with the severity of asymptomatic
atherosclerosis in young people (Berenson et al., 1998). Thus, our results expand previous findings
on the accumulation of important cardiovascular risk factors in-children with conduct problems.
These results should be taken into account when health promotion interventions are being devised

for children with conduct problems.

Childhood psychopathology increases the risk for psychiatric disease later in life (Rao and Chen,
2009; Sourander et al., 2009), and low CRF in early adulthood predicts future psychiatric morbidity
(Aberg et al., 2014). Therefore, our results suggest that the persistence of psychiatric symptoms into
adulthood might be a complex phenomenon that is partly mediated by childhood psychopathology

causing low CRF.

Cross-sectional studies on the association between SES and CRF during childhood and adolescence
have produced conflicting results. Some studies have found evidence that supported a detrimental
effect of low SES on CRF (Freitas et al., 2007; Jiménez-Pavon et al., 2010; Jin and Jones-Smith,
2015; Kristensen et al., 2006), whereas another study did not find any clear association (Sandercock
et al., 2017). To our knowledge, there has only been one previous longitudinal study on the

association between SES in childhood and CRF in young adults. Stea et al., 2009 examined 750
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Norwegian conscripts and reported that there was no significant association between parental
education during childhood and CRF in young adulthood. In contrast, when we looked at subjects
who were not depressed in late adolescence, we found a clear association between parental
education when the subjects were eight years of age and CRF in early adulthood. In this subgroup,
the association between SES and CRF was independent of smoking, BMI, and childhood
psychopathology. The differences between our results and the study carried out by Stea et al. could
be due to the latter study having less statistical power. Other previous research has suggested an
association between childhood SES and CRF later in life. Firstly, it has been shown that low SES in
childhood predicts physical inactivity in adolescence (Sherar et al., 2016) and adulthood (Matthews
et al., 2019; Pinto Pereira et al., 2014). Secondly, socioeconomic differences in CRF may emerge

early in life (Kristensen et al., 2006).

A recent meta-analysis has suggested that school-based physical activity programs improve CRF in
children (Pozuelo-Carrascosa et al., 2018). The association between low SES in childhood and low
CRF in early adulthood suggests the need to take SES into account when designing health
interventions to enhance physical activity in childhood and adolescence. Such interventions may be
more effective if they include support for both family- and community-based activities, because low
SES may prevent the children of deprived families from participating in family-based activities.
Parental support and parental high physical activity have been shown to enhance the adoption of a
physically active lifestyle by a child, particularly in families with a low SES (Kwon et al., 2016;

Lounassalo et al., 2019; Rovio et al., 2018).

Limitations and strengths
Our study has several limitations. Firstly, we did not have data on CRF during childhood or
adolescence or data on physical activity. Thus, we were not able to assess the continuity of CRF

from childhood to early adulthood or assess possible mediating or modifying effects of physical
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activity. Secondly, we only had information on male subjects. Thirdly, we only had information on
CRF for subjects that were judged to be fit for military service. Some subjects with psychiatric
problems in late adolescence were not included because their military call-up assessments showed
they were not fit for military service. Those subjects were more likely to have had high childhood
psychopathology scores (Duarte et al., 2010). Thus, our study may have underestimated the effects
of childhood psychopathology on CRF. Fourthly, we only had information on childhood and
adolescent depressive symptoms at two time-points. This means that we may have missed episodes
of depressiveness, such as in early adolescence. Fifthly, our study may have not had enough power
in subjects with depressive symptoms in late adolescence, and significant effects of parental
education and conduct problems in childhood and smoking in late adolescence cannot be excluded
with confidence in this group. Sixthly, we did not have information on the subjects’ education,
which has been shown to be an independent determinant of adult CRF (Ombrellaro et al., 2018).
Thus, we were not able to examine potentially important pathways from childhood
psychopathology and SES to adult CRF with regard to the educational level attained by the
subjects. Finally, to enhance statistical power, we used a relatively low symptom threshold for
depressive symptoms in late adolescence. However, it has been shown that even mild depressive
symptoms in childhood and adolescence are associated with adverse adult outcomes (Duarte et al.,

2010; Pine et al., 1999).

Our study also has strengths. The original sample of eight-year-olds is highly representative of the
Finnish population. The assessment of childhood psychopathology was thorough, and it was carried
out with widely accepted instruments. The assessment of CRF in the conscripts was also carried out

in a standardized and consistent way.

Conclusions
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This study has shown, for the first time, that psychopathology and lower SES during childhood
predict lower CRF in young adulthood. Depressive symptoms that occur in both childhood and late
adolescence may confer a particularly increased and independent risk of having low CRF as a
young adult. Given the salient contribution of CRF to health, our results highlight the importance of
treating child and adolescent psychopathology to avoid long-term adverse effects on CRF and
physical and psychological health. Psychiatric treatment of children and adolescents should include
an assessment of their physical activity and fitness, especially in children at high risk of recurrent

depression. Relevant health interventions should take into account the child’s SES.
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Figure legends
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Representative sample of Finnish 8-year-old males (N = 2964). The Rutter and
Children’s Depression Inventory questionnaires were administered. Parental
education and family structure were also assessed.

242 subjects were excluded
because their Finnish Personal
Identification Number was
unavailable.

\ 4

2722 subjects underwent the Beck Depression Inventory during military call-
up at the age of 18 years. Smoking was also assessed.

506 subjects with no data on
the Beck Depression Inventory
were excluded.

v

34 subjects with no data on
smoking were excluded.

300 subjects who were found
v unfit for military service were
excluded.

v

1882 subjects began their military service. Weight and height were measured,
and the 12-minute run test was administered.

215 subjects with missing body
mass index or 12-minute run
test values were excluded.

A 4

20 subjects with a 12-minute
run test score < 1200 meters
were excluded.

v

v

Data from 1647 subjects were analyzed.
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FIGURE 1. Flow chart showing the selection of the study subjects.
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FIGURE 2. Mediational analysis of childhood psychopathology and socioeconomic status,
adolescence depression and smoking, and body mass index in young adulthood as predictors of
cardiorespiratory fitness in young adulthood. The whole study population (upper part), subjects that

were not depressed in adolescence (middle), and subjects that were depressed in adolescence (lower

part).
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TABLE 1. Childhood predictors of cardiorespiratory fitness in 1647 male conscripts. Single
and multiple predictor general linear models.

Models A (single predictor) Modi
Childhood factor N  Mean 12MR test Mean 12MR test 95% CLsfor the P Mean 12MR test Me
score (meters)  score difference mean difference score (meters)  sc
Parental education
Either parent upper secondary 561 2578 2569.7
Both less than upper secondary 1024 2497 -81 -45.5,-116.4  <0.001 2502.8
Family structure
Two biological parents 1376 25314
Other 224 2481.9 -49.4 -0.6, -98.3 0.047
Depressive problems (CDI)
1 SD unit = 5.6 points -38.9 -22.2, -b5.7 <0.001
Emotional problems
1 SD unit = 1.84 points -13.8 3.1, -30.7 0.11
Hyperactivity problems
1 SD unit = 2.17 points -25.7 -8.8, 42.6 0.003

Conduct problems
1 SD unit= 2.7 points -38.1 -21.3, 549 <0.001
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Models A include one predictor at a time (single predictor analysis).

Model B initially included all predictors that were significant in single predictor models (Models A). With backward
selection, the hyperactivity scale predictor was removed first with a p-value of 0.79. Next, the family structure predictor
was removed with a p-value of 0.19. The model shown comprises the predictors that remained significant.

The subject’s age at the time of the 12MR test was included as a covariate in all the models.

CLs = Confidence Limits, CDI = Children’s Depression Inventory

TABLE 2. Predictors of cardiorespiratory fitness among 1647 male conscripts in childhood,
late adolescence, and early adulthood. Multiple predictor general linear model (backward
selection).

Predictor N Mean 12MR test Mean 12MR test  95% CLs for the P
score (meters)  score difference  mean difference
Parental education

Either parent upper secondary 554 2421.3

Both less than upper secondary 1007 2363.8 -57.4 -24.6, -90.2 0.001
Childhood depressiveness (CDI)

1 SD unit = 5.6 points 1561 -17.2 -1.2, -33.1 0.035
Depressiveness in late adolescence

BDI < 8 (not depressed) 1453 2451.2

BDI > 8 (depressed) 108 2333.9 -117.4 -55.4,-179.3 <0.001
Regular smoking in late adolescence

No 1035 2455.1

Yes 526 2330 -125.1 -91.8,-158.5 <0.001
Body mass index in early adulthood <0.001

Normal (18.5 - 25) 1131 2533.9

Underweight (<18.5) 93 2399 -135 -54.0,-215.9 <0.001

Overweight/obese (>25) 337 22448 —289.2 —242.6,-335.7 <0.001

The conduct problems scale was removed from the model with a p-value of 0.17. The model shown comprises the
predictors that remained significant.

The subject’s age at the time of the 12MR test was included as a covariate.

CLs = Confidence Limits, CDI = Children’s Depression Inventory, BDI = Beck Depression Inventory

TABLE 3. Cardiorespiratory fitness of 1528 male conscripts who were not depressed (Beck
Depression Inventory score <8) in late adolescence. Single and multiple predictor general
linear models.

Models A (single predictor) M
Predictor N  Mean 12MR test Mean 12MR test 95% CLs for the P Mean 12MR test
score (meters)  score difference mean difference score (meters)

Parental education

Either parent upper secondary 527 2588 2482.1

Both less than upper secondary 946 2508.2 -79.8 -43.6,-116.0 <0.001 2421.2
Childhood depressiveness (CDI)

1 SD unit = 5.6 points -26.3 -8.6, 44.0 0.004

Childhood conduct problems
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1 SD unit = 2.7 points

Regular smoking in late adolescence
No
Yes

Body mass index in early adulthood
Normal (18.5 - 25)
Underweight (< 18.5)
Overweight/Obese (>25)

-34.2
1031 2583.9
497 2433.1 -150.8
1113 2605.4
86 2470.7 -134.7
329 2312.8 —292.6

-16.8, -51.6

-115.0,-186.6

-49.0,-220.4
—244.5,-340.6

<0.001

<0.001

<0.001

0.001
<0.001

2522.2
2381

2590.7
2461.6
2302.7

Models A include one predictor at a time (single predictor analysis).
Model B initially included all childhood predictors that were significant in single predictor analysis (Models A). With
backward selection, the childhood depressiveness variable was removed first with a p-value of 0.078. Next, body mass
index and smoking were added to the model, and at that stage, the conduct problems variable was removed with a p-
value of 0.21. Model B includes the predictors that remained significant.
The subject’s age at the time of the 12MR test was included as a covariate in all the models.
CLs = Confidence Limits, CDI = Children’s Depression Inventory

TABLE 4. Cardiorespiratory fitness of 115 male conscripts who were depressed (Beck
Depression Inventory score >8) in late adolescence. Single and multiple predictor general

linear models.
Models A (single predictor) M
Predictor N Mean 12MR test Mean 12MR test 95% CLs for the P Mean 12MR test
score (meters)  score difference  mean difference score (meters)
Parental education
Either parent upper secondary 33 2415.9
Both less than upper secopndary 76 2360.1 -55.9 -103.4,-215.1 0.49
Childhood depressiveness (CDI)
1 SD unit = 5.6 points -99.1 -40.5,-157.6 0.001
Childhood conduct problems
1 SD unit = 2.7 points -18.5 -5.0, -41.9 0.12
Regular smoking in late adolescence
No 59 2401.5
Yes 56 2341.1 -63.1 -80.0,-206.3 0.38
Body mass index in early adulthood <0.001
Normal (18.5 — 25) 79 2476.2 2465.9
Underweight (< 18.5) 9 2255.6 -172.0 -142.0,-486.0 0.56 2299.8
Overweight/Obese (>25) 27 2106.4 -350.4 -153.5,-547.2 <0.001 2120.5

Models A include a single predictor at a time.
Model B first included childhood depressiveness, the only childhood predictor that was significant in the single
predictor analyses. Next, body mass index was added to the model. Both childhood depressiveness and body mass index
remained significant in the final model (Model B).
The subject’s age at the time of the 12MR test was included as a covariate in all the models.
CLs = Confidence Limits, CDI = Children’s Depression Inventory
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