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Abstract

Purpose Little is known about how physical activity patterns during childhood and
adolescence are associated with risk of subsequent depression. We examined
prospective and retrospective associations between leisure physical activity patterns

from childhood to adulthood and risk of clinical depression in young adulthood.

Methods Participants (759 males, 871 females) in a national survey, aged 9-15 years,
were re-interviewed approximately 20-years later. Leisure physical activity was self-
reported at baseline (1985) and follow-up (2004-2006). To bridge the interval between
the two time-points, historical leisure activity from age 15 years to adulthood was
self-reported retrospectively at follow-up. Physical activity was categorized into
groups that, from a public health perspective, compared patterns that were least
beneficial (persistently inactive) with those increasingly beneficial (decreasing,
increasing and persistently active). Depression (major depressive or dysthymic

disorder) was assessed using the Composite International Diagnostic Interview.

Results Compared with those persistently inactive, males who were increasingly and
persistently active had a 69 % to 65 % reduced risk of depression in adulthood
respectively (all p <0.05). In retrospective analyses, females who were persistently
active had a 51 % reduced risk of depression in adulthood (p = 0.01). Similar but non-

significant trends were observed for leisure physical activity in females and



historical leisure activity in males. Results excluded those with childhood onset of

depression and were adjusted for various sociodemographic and health covariates.

Conclusions Findings from both prospective and retrospective analyses indicate a

beneficial effect of habitual discretionary physical activity since childhood on risk of

depression in young adulthood.
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Introduction

The lifetime prevalence of major depression increases from childhood with around 20 %
of the population experiencing a depressive episode by young adulthood [1].
Concurrently, physical activity levels tend to decline between childhood and young
adulthood [2]. While the health benefits of physical activity in childhood and adolescence
are well established [3], it is unclear how physical activity patterns over time may be
associated with the risk of developing depression. Clarifying the efficacy of physical
activity in the prevention of depression during this critical life stage would be an

important advance in public health.

Population-based studies indicate that habitual physical activity is associated with
reduced risk of depression in adults [4]. Further, intervention studies indicate a
beneficial effect of exercise on depressive symptoms in adults with depression [5]. In
contrast, research examining the prospective relationship between physical activity
in childhood and adolescence, and depression is scant [6] with only a few studies
having examined associations that extend into adulthood [7-10]. While some studies
indicate an inverse association between leisure-time physical activity and risk of
emotional [11] and psychological distress [9], depressive symptoms [12-15],
dysthymic disorder [12], and major depressive disorder [8, 12], other results are
equivocal [7, 10, 16]. Methodological limitations including brief follow-up periods [8,
11, 14, 15], use of a single-item to assess physical activity [11, 14], and assessment of

physical activity frequency only [7-10, 12, 13] rather than both frequency and



duration may account for mixed findings. Further, most studies have used symptom

scales rather than more clinically salient diagnostic criteria to assess depression.

We have previously demonstrated cross-sectional associations between discretionary
physical activity and i) depressed mood in childhood [17] and ii) depression in
young adulthood [18]. Current analyses examine the effect of persistent physical
activity and changes (if any) in physical activity from childhood to adulthood on risk
of depression in adulthood. This study extends previous research by i) analyzing
data over a 20-year period from a large national population cohort; ii) examining
physical activity patterns during the transition from childhood to adulthood and iii)
using diagnostic criteria to assess depression. We hypothesized that compared with
being persistently inactive, progressively more beneficial leisure physical activity
patterns (i.e., decreasing, increasing and persistently active) from childhood to
adulthood would be associated with a decreased risk of depression in young

adulthood over a 20-year follow-up.

Methods

Description of cohort

The Childhood Determinants of Adult Health Study is a 20-year follow-up of 8,498
school-children who participated in the 1985 Australian Schools Health and Fitness
Survey (ASHFS), when aged 7-15 years. Sampling procedures and methods of data

collection are described elsewhere [17]. Briefly, participants were selected using a



two-stage (school, then student) probability sampling process that was designed to
yield a self-weighted sample. The first stage of sampling resulted in a nationally
representative sample of 109 schools selected from each state and territory in
Australia with probability proportional to enrolment. The second stage utilized
simple random sampling to select ten males and ten females from each age group at
each school. Parental and child consents were obtained and approval sought from

the Director General of Education in each state and territory.

Twenty years later, 6,840 (81 %) of the baseline sample were traced and 5,170 (61 %)
were enrolled and provided follow-up data. Of these, 2,315 attended one of 34 study
clinics held around Australia and completed depression assessment. Participants
aged 7-8 years in childhood (1 = 491) were not eligible as they did not complete
questionnaires at baseline. In total, 1,630 clinic attendees (aged 27-36 years)
completed the baseline and follow-up physical activity and depression measures
used in the current analyses. Figure 1 illustrates the recruitment and retention of
cohort participants. The study was approved by the Southern Tasmania Health and
Medical Human Research Ethics Committee and all participants provided written

informed consent.

Insert Figure 1 here



Sample attrition

Baseline comparisons between those who did and did not attend a study clinic in
adulthood were only possible for those aged 9-15 years (n = 6,412) in 1985, as
younger children did not complete questionnaires. In childhood, clinic non-
attendees (n = 4,782) were more likely than clinic attendees to speak a language at
home other than English (13.5 % versus 11.0 %, p = 0.01), report poorer general
health (22.0 % versus 18.0 %, p = 0.001) and were more likely to be male (52.2 %
versus 46.6 %, p <0.001). There were no significant differences in childhood between
clinic non-attendees and clinic attendees in mean age (both 11.9 years, p = 0.54),
prevalence of depressed mood (8.9 % versus 8.0 %, p = 0.31) and minutes of past-

week physical activity (442 versus 434, p = 0.51).

Measures

Baseline (1985)

For convenience, participants in 1985 are termed ’children’ though ages span both
childhood and adolescence. Information regarding sociodemographics, health and
physical activity was collected using a questionnaire developed by Coonan and
Dwyer [19]. Trained data collectors read questionnaire instructions to children in
groups of four and supervised completion. Children (9-15 years only) self-reported
past-week frequency and duration of school and extracurricular sport and exercise
providing an estimate of minutes of past-week discretionary (leisure) physical

activity. Children also completed a timed 1.6 km (1 mile) run/walk to estimate



cardiorespiratory fitness. For testing, children were organized into small groups that
ran on level, measured circuits ranging in length from 0.2 to 0.4 km. Time to
complete the 1.6 km run/walk was adjusted for measured body weight and reverse

ranked.

As ASHFS was not originally designed to be a research study no reliability or
validity information was available for the physical activity questionnaire. However,
self-reported physical activity using this questionnaire indicates reasonable face and
construct validity [17]. For example, boys reported more physical activity than girls
and physical activity increased with age in boys, while girls” physical activity
decreased with age in early adolescence. Further, total past-week physical activity
from this questionnaire demonstrated a positive association with cardiorespiratory
titness (r = 0.21) similar to those observed for other self-report measures among

children [20].

Depressed mood was assessed using the single item ‘During the past few weeks,
how often have you felt depressed or unhappy?” from Bradburn’s Negative Affect
Scale [21], with responses dichotomized as ‘often’ versus ‘sometimes/never’. The
Negative Affect Scale has been found to be a reliable and valid indicator of
psychological distress when additional adjustment is made for the confounding

effects of physical illness [22]. This scale has demonstrated adequate reliability and



validity [23] with depressed mood exhibiting the strongest discriminatory validity of

all single items [21].

Sociodemographic and health information collected included age, sex, child and
parental birthplace, language spoken at home, living arrangements, school-assessed
and self-reported scholastic ability, self-reported health status, alcohol use, current
smoking and parental smoking status. Area based socio-economic status was

derived using the Australian Bureau of Statistics Socioeconomic Index for Areas [24].

Follow-up (2004-2006)
Participants received questionnaires prior to attending a study clinic where the
Composite International Diagnostic Interview was completed, pedometers were

issued, and body mass index (BMI) and cardiorespiratory fitness were assessed.

International Physical Activity Questionnaire

Physical activity in adulthood was assessed using the long version of the
International Physical Activity Questionnaire (IPAQ) [25]. Weekly minutes of leisure
physical activity were used to indicate discretionary physical activity in adulthood
as, conceptually, it was most aligned to the childhood physical activity measure. The
IPAQ demonstrates very good levels of repeatability and fair to moderate validity

when compared to accelerometer data [26].
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Historical Leisure Activity Questionnaire

In order to bridge the interval between physical activity assessment in childhood
(aged 9-15 years) and adulthood, leisure activity from age 15 years to adulthood was
self-reported retrospectively at follow-up using a self-administered version of the
Historical Leisure Activity Questionnaire (HLAQ) [27]. Inclusion of this
questionnaire allowed for a comprehensive examination of changes (if any) in
physical activity patterns across the developmental trajectory from childhood
through to adulthood. Originally developed by Kriska and colleagues, this modified
questionnaire assessed participation in habitual leisure activity over four prior age
periods (15-19, 20-24, 25-29, and 30+ years). Participants identified those leisure and
sporting activities in which they participated more than 10 times and provided an
estimate of the number of years, months per year and hours per week spent in each
activity during each age period. To assist recall, 28 popular sport and physical
activities relevant to young Australians were included [28]. Participants added
activities not listed under ‘other” activities. Average hours of leisure activity per
week were estimated for each prior age period truncating the last two age periods

(25-29 years and 30+ years) to current age.

This version has demonstrated reasonable validity for ranking participants in this
cohort by their level of retrospective leisure-time physical activity. Total historical
leisure activity from the HLAQ was significantly correlated with past-week sports

participation (v = 0.09 to 0.23) and cardiorespiratory fitness (r = 0.08 to 0.21) in
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childhood and past-week leisure physical activity (r = 0.13 to 0.46) and
cardiorespiratory fitness (r = 0.09 to 0.29) in adulthood [29]. Correlations between the
youngest age period (15-19 years) and self-reported discretionary sport in childhood
(when aged 13 to 15 years) were r = 0.22 for boys and r = 0.23 for girls (both p <0.001)
[29]. Correlations in childhood were comparable to those observed between
discretionary physical activity and total energy expenditure (r = 0.21 to 0.24) in
adolescents aged 13-18 years [30]. This indicates that retrospectively recalled leisure
activity using the HLAQ is a reasonably valid indicator of leisure physical activity
levels in childhood in the current cohort. Correlations in adulthood also
corresponded to those between current activity and cardiorespiratory fitness in
young adults (r = 0.18 to 0.21) [31]. Further, studies indicate that recall of physical
activity over the previous ten years is reliable [32] and that the HLAQ is

reproducible in young adults [33].

Pedometers

Following detailed instructions from trained staff, participants wore a pedometer
(Yamax Digiwalker SW-200) for 7-days and kept a pedometer diary from which
average daily steps values were calculated. Participants recorded the date, the
number of hours per day that the pedometer was worn, the total steps per day and
any time spent active while not wearing the pedometer (e.g. swimming). Data were
deemed valid if daily wear time was > 8 hours and a minimum of 4-days of reading

was collected.
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Cardiorespiratory fitness

Cardiorespiratory fitness in adulthood was estimated based on physical work
capacity at a heart rate of 170 beats/minute (PWC170) using a standardized protocol
[34] on a Monark bicycle ergometer. PWC170 measures were adjusted for lean body

mass estimated from the sum of four skinfolds using standard equations [35].

Depression

Participants completed the depression module of the self-administered
computerized Composite International Diagnostic Interview (CIDI-Auto, version
2.1) [36]. The reliability and validity of the computerized version has been confirmed
using an Australian sample [37]. Participants who met the DSM-IV criteria for major
depressive disorder and/or dysthymic disorder in the previous 12-months were
defined as depression cases [38]. Participants not meeting these criteria were defined
as non-cases. DSM-IV organic exclusion and diagnostic hierarchy rules were used in

making diagnoses.

Sociodemographic and health information

Age, sex, marital status, education level, main source of income, current occupation,
smoking status, and number of live births (females only) were collected by self-
report. Physical health status was assessed with the physical health component

summary scale (PCS-12) of the Short-Form Survey (SF-12v2) [39]. Measurements of
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height and weight were taken by trained staff using a Leicester stadiometer (Invicta,
UK) and Heine scales (Dover, USA) and body mass index (BMI) (kg/m?) calculated

and categorized according to standard BMI cut-points [40].

Statistical analysis

Prospective associations between discretionary (leisure) physical activity in
childhood and depression in adulthood were examined a priori using log-binomial
regression. Associations between physical activity in childhood and depression in
adulthood are almost certainly influenced by change in physical activity from
childhood to adulthood. Accordingly, the physical activity classification used in the
current analysis attempts to account for both baseline physical activity and changes

(if any) in physical activity over time.

Physical activity patterns were defined using a method similar to that employed in
other studies that examined change in risk factors from childhood to adulthood [41,
42]. Discretionary physical activity in childhood (adjusted for age at baseline) and
leisure physical activity in adulthood were categorized into ‘low’, ‘moderate” and
‘high” strata based on tertile cut-points. For males, median physical activity values
for low, moderate and high strata were 1.00, 3.45 and 10.00 hours per week
respectively in childhood and 0.00, 2.00 and 5.15 hours per week respectively in

adulthood. Similarly, median physical activity values for low, moderate and high
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strata for females were 0.90, 3.00 and 8.00 hours per week in childhood and 0.00, 2.00

and 5.00 hours per week in adulthood.

To examine the effect of persistent physical activity and changes in activity from
childhood to adulthood on depression in adulthood, physical activity was
categorized into groups that, from a public health perspective, compared patterns
that were least beneficial (persistently inactive) with those increasingly beneficial
(decreasing, increasing and persistently active), on the basis of the three activity
tertiles described previously [41]. This approach assesses change in physical activity
rank within the cohort over time rather than change in absolute physical activity
levels. Participants in the low group at both time points were deemed “persistently
inactive’; those who moved from the high or moderate group to the low group were
deemed “decreasing’; those who moved from the low group to the moderate or high
group were deemed ‘increasing’; and those who moved from the moderate to the
high group, the high to the moderate group or were in the moderate or high group
at both time points were deemed “persistently active’. Figure 2 illustrates the

formation of physical activity patterns from childhood to adulthood.

Insert Figure 2 here

The interpretation of these groups is based on the premise that most of the mental

health benefits of physical activity are observed when individuals move out of the
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lowest or sedentary categories of physical activity into the more active or non-
sedentary categories . In the current study, those with persistent moderate physical
activity are likely therefore to have similar mental health benefits as those with

persistently high physical activity [4, 18].

To examine whether this categorization adequately discriminated participants by
their level of physical activity, we evaluated the association between objectively
measured cardiovascular fitness from childhood to adulthood for each level of the
leisure physical activity variable. Change in cardiorespiratory fitness in an
individual is strongly associated with change in habitual energy expenditure and
leisure-time physical activity [43]. We assessed change in cardiorespiratory fitness
over time by calculating age- (in childhood) and sex-specific standardized scores (z-
scores) in childhood (1.6 km run/walk) and adulthood (PWC170). Childhood z-
scores were then subtracted from adult z-scores to generate change in z-scores. The
relationship between mean change in cardiorespiratory fitness z-scores and leisure

physical activity patterns was examined using one way analysis of variance.

Historical leisure activity was ranked within each of the five-year age periods and
variability was smoothed by regression modeling of the ranked data with time. To
examine relative change in historical leisure activity from age 15 to adulthood,
modeled ranks were used to determine persistence of activity by categorizing each

participant into three groups based on tertile cut-points at the youngest time point,
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and determining if their rank had moved to another category by the oldest time

point using the method described above.

Using those ‘persistently inactive’ as the reference group, relative risks (RR) and

95 % confidence intervals (CI) of depression in adulthood from i) leisure physical
activity patterns and ii) historical leisure activity patterns were estimated using log-
binomial regression [44]. Potential covariates were selected based on a bivariate
association at p < 0.25 and retained in the model if the exposure coefficient varied by
at least 10 % upon covariate removal [45]. Childhood and adult factors identified a
priori as potential confounders of the association between physical activity and
depression are those described previously. Covariates included in final models are
displayed in table footnotes. Only participants with complete data for all covariates
were included in these analyses. BMI in adulthood was hypothesized a priori to act
as a potential confounder and/or mediator of the relationship between physical

activity and depression [46] and was therefore examined separately.

Those currently pregnant were excluded from models due to the known differences
in etiology of depression and physical activity patterns in these women [47]. To
account for baseline depression, those reporting age of onset of depression younger
or equal to age at baseline were excluded from leisure physical activity models.
Likewise, those reporting age of onset of depression < 15 years were excluded from

historical leisure activity models. N-values are presented in table footnotes.



17

To examine possible bias due to depression at the time of physical activity self-
report, spearman correlations between current leisure physical activity (IPAQ) and

pedometer data (mean steps/day) in adulthood by depression status were compared.

Analyses were conducted separately by sex due to the known sex differences in
physical activity during adolescence [2] and performed using Stata version 9.2
(Statacorp, 2005). Statistical comparisons were treated as significant at a = 0.05 (two-

tailed).

Results

Description of cohort

Overall, 1,630 participants (759 males, 871 females) provided leisure physical activity
data in childhood and adulthood and completed the depression module of the CIDI-
Auto. Of these, 1,496 (695 males, 801 females) additionally provided historical leisure
activity data and 1,380 (640 males, 740 females) provided pedometer data in
adulthood. Table 1 describes the sociodemographic and health characteristics of the
analysis sample. In regards to current occupation, sex differences were observed
with a higher proportion of females being in white collar positions (25 % versus 6 %)
and a higher proportion of males being in blue collar positions (30 % versus 4 %) (p <
0.001). Differences were also observed for BMI with a higher proportion of males

being overweight or obese (63 % versus 39 %) (p < 0.001).
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Insert Table 1 here

Depression

Overall 36 males and 100 females met the criteria for major depressive disorder and
11 males and 11 females met the criteria for dysthymic disorder. Seven males and
nine females met the criteria for both major depressive and dysthymic disorder.
Accordingly, prevalence of depression was 5.3 % (1 = 40; 95 % CI 3.8-7.1) for males
and 11.7% (n =102; 95 % CI 9.7-14.0) for females (p < 0.001). Similarly, for the sub-
sample with historical leisure activity data, prevalence of depression was 5.0% (1 =
35; 95 % CI 3.6-6.9) for males and 11.6% (1 = 93; 95 % CI 9.5-14.0) for females (p <

0.001).

Associations between physical activity in childhood and depression in adulthood

There was no significant association between discretionary physical activity in
childhood and depression in adulthood in females (p > 0.05). For males, there was a
non-significant trend for those in the highest tertile of activity to have an
approximate 55 % lower risk of depression in adulthood compared with those in the
lowest tertile of activity (p = 0.06), after excluding those with an age of onset of
depression in childhood and adjustment for mother’s place of birth, childhood

smoking status and age in adulthood.
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Associations between leisure physical activity patterns from childhood to adulthood and
depression in adulthood

Mean increase in cardiovascular fitness z-scores was associated with leisure physical
activity patterns from childhood to adulthood for both males (persistently inactive,
—0.75; decreasing, -0.14; increasing, -0.06; persistently active, 0.31; p <0.001) and
females (persistently inactive, -0.85; decreasing, -0.35; increasing, 0.14; persistently

active, 0.30; p <0.001).

Using those persistently inactive as the reference group, we then estimated
unadjusted and adjusted associations between leisure physical activity patterns from
childhood to adulthood, and depression in adulthood (Table 2). For males, those
increasingly and persistently active had a 69 % and 65 % reduced risk of depression
in adulthood respectively, compared with those persistently inactive following
adjustment (both p < 0.05). While not statistically significant a similar trend was
observed for females, with those persistently active having a 38 % lower risk of

depression.

Insert Table 2 here

Associations between historical leisure activity patterns from childhood to adulthood and

depression in adulthood
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Similarly, unadjusted and adjusted associations between historical leisure activity
patterns from childhood to adulthood, and depression in adulthood were estimated
(Table 3). For females, those persistently active had a 51 % lower risk of depression
compared with those persistently inactive following adjustment (p = 0.01). A large
but non-significant 51 % lower risk of depression in adulthood was observed for
those increasingly active from childhood to adulthood (p = 0.06). For males, a non-
significant trend was observed with those persistently active having a 45 % lower

risk of depression compared with those persistently inactive.

Insert Table 3 here

Additional analyses

The addition of BMI to multivariable models had minimal impact on associations
between physical activity and depression in females for leisure physical activity
patterns and historical leisure activity patterns (data not shown). Similarly, the
addition of BMI to multivariable models in males had a negligible effect on
associations for leisure physical activity patterns and historical leisure activity
patterns (data not shown) suggesting BMI did not mediate or confound the

relationship between physical activity patterns and depression in the current cohort.

Including those with age of onset of depression equal or younger than age at

baseline (6 males, 4 females) did not affect the adjusted associations between leisure
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physical activity patterns and depression for males or females (data not shown).
Including those with age of onset of depression < 15 years (7 males, 10 females) had a
negligible influence, attenuating adjusted associations between historical leisure

activity patterns and depression marginally for males and females (data not shown).

Finally, associations between current leisure physical activity and mean steps/day
were r = 0.09 for cases and r =-0.01 for non-cases for males (both p > 0.05), and r =
0.22 for cases and r = 0.20 for non-cases for females (both p < 0.05), suggesting that
self-reported physical activity in adulthood was not substantially biased by

depression, particularly for females.

Discussion

To our knowledge, this study is the first to examine associations between leisure-
time physical activity patterns from childhood to adulthood and risk of depression
in young adults over a 20-year follow-up. Using two different measures, physical
activity was assessed both prospectively and retrospectively and categorized into
four physical activity trajectories. Results indicate that, particularly for males, those
who increased or maintained activity from childhood to adulthood had a decreased
risk of depression in adulthood. Adjusting for diverse sociodemographic and health
characteristics including depressed mood in childhood did not affect associations.

Likewise, associations were not confounded or mediated by BMI.
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Cross-sectional associations between discretionary physical activity and i) depressed
mood in childhood [17], and ii) depression in adulthood [4, 18] have previously been
demonstrated. However, a key unresolved research question is whether physical
activity in childhood confers any additional protection to subsequent depression to
that of current activity. Compared with those who were inactive at both time points
in the current study, there was a trend for decreasingly active males to have a 60 %
decreased risk of depression even though physical activity rank declined in
adulthood. Furthermore, females who were persistently active in both childhood
and adulthood had a 38 % decreased risk of depression. While non-significant, these
effect sizes suggest that childhood physical activity may make an additional
contribution over and above that of current activity. Physical activity involving
(competitive) sport or moderate-to-vigorous intensity activities, which are more
common in childhood [2], may be particularly protective. Indeed, we have
demonstrated that our cohort appear to depend on physical activity involving sport
(males) and being structured in nature (females) to derive mental health benefits in

childhood [17].

The analysis examining retrospectively assessed leisure activity patterns during the
interval between baseline and follow-up provides supportive evidence with similar
results to the analysis using prospectively assessed physical activity. Associations for
males were non-significant however the small number of cases in each physical

activity category limited the statistical power required to examine these associations.
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Furthermore, while the assessment of leisure physical activity using the IPAQ
included those activities of at least moderate intensity, the HLAQ also included
lower intensity activities such as fishing and golf. A minimum threshold of intensity
may be required for males to derive mental health benefits. Indeed inverse
prospective associations between vigorous-intensity leisure physical activity and

incidence of depression in men have been demonstrated [48].

While comparing studies is difficult due to differing methodology, results extend
previous short-term prospective cohort studies demonstrating associations between
habitual leisure physical activity and decreased incidence of major depression [12],
minor depression [8, 12], and depressive symptoms [8, 13, 14] in adolescents, and
prospective associations between regular sporting activity during adolescence and
psychological distress in young adults over a 15-year period [9]. In contrast, Strohle
and colleagues found that compared with being sedentary, regular physical activity
was associated with a 50 % decrease in incidence of major depressive disorder
(assessed by the CIDI) in males aged 18-24 years but not females [8]. However,
physical activity was assessed using just four items regarding type and frequency of

sports, potentially biasing results towards males.

There are several mechanisms by which physical activity may protect against
depression [49]. For example, physical activity might influence depression via

central monoamine functioning [50] or by stimulating endorphin levels [51]. Data



24

from animal models also support a neurochemical pathway for the relationship
between physical activity and depression [52]. Recent evidence indicates the effect of
exercise on depressive symptoms is moderated by 5-HTTLPR genotype, suggesting
that mechanisms responsible for the alleviation of symptoms are similar for both
exercise and SSRI treatment [53]. Associations may also be explained by common
genetic factors influencing both exercise behavior and depressive symptoms rather
than a causal effect of exercise [54]. Psychological factors such as increased self-
esteem, self-efficacy and social interaction may also be influential. For example,
participation in physical activity and organized sport during adolescence may
provide a social network that supports and protects individuals from depressive

symptoms [55, 56].

Despite the prospective design of the current study, observed associations may be
bidirectional with depressive symptoms such as anhedonia, psychomotor
retardation and fatigue contributing to lower levels of physical activity. Indeed
recent evidence implicates elevated depressive symptoms during adolescence with
decreased participation in sporting activity in young adulthood [57]. In the current
analysis, while those who reported onset of depressive symptoms at baseline were
excluded from analyses, individuals experiencing an episode of depression during
follow-up may have reduced their physical activity. In addition, those with current
depression may have had lower levels of physical activity at follow-up leading to an

increased prevalence of depression in the “persistently inactive” and ‘decreasing’
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categories, as observed. Associations between subjective and objectively measured
physical activity provide some assurance that self-reported physical activity in
adulthood was not extensively biased by depression. However, comparisons
between leisure physical activity and mean steps/day must be interpreted with
caution as pedometer data also include non-discretionary activity (e.g. work physical

activity).

A second clear limitation is the lack of assessment of depression at baseline. While
we used age of onset of depressive symptoms (reported in adulthood) as an
exclusion criterion and adjusted for depressed mood in childhood, information
regarding depression diagnoses in childhood was unavailable. Thus
misclassification of those with depression onset in childhood is a potential source of
bias. Further, while the Negative Balance Scale has been used extensively in
population surveys, the measurement properties of the scale using juvenile
populations remain unclear. Future prospective studies using more contemporary
and psychometrically sound measures of childhood depression may provide further

insight into the nature of any prospective associations.

Another possible limitation is the use of self-report measures of physical activity and
depression. The HLAQ relied on retrospective recall of leisure activities over the
intervening period from baseline to follow-up. However, self-reported historical

physical activity has been found to be reliable [32] and reproducible in young adults
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[33]. Evaluations of the IPAQ also indicate acceptable measurement properties [26].
Furthermore, diagnostic interviews for depression, including the CIDI, have been
shown to improve standardization of diagnosis, eliminate clinician bias and offer
high reliability and consistency of administration [58]. Another potential limitation is
the different measures of physical activity used at baseline and follow-up. However,
assessing adults” physical activity with a survey specifically designed for children
would be incongruous. Finally, we were unable to examine the differential effects of
aerobic and nonaerobic physical activity using the current self-report measures. Both
aerobic and anaerobic physical activity interventions have been found to be
efficacious in reducing depression and depressive symptoms [59]. Further research
incorporating detailed assessment of the type of physical activity is required to

disentangle these effects.

Measurement error and unmeasured potential confounders, inevitable in
observational studies, may have also influenced results. While associations were not
affected by adjustment for the most salient potential confounders, the possibility of
residual confounding remains. For example, while current physical health status was
assessed, associations may have been influenced by recurring physical illness during
the interval from baseline to follow-up. Finally, like other long-term prospective
cohort studies, attrition was evident at follow-up. However, absolute differences at
baseline between participants and non-participants at follow-up were small and

there were no significant differences in baseline physical activity and depressed
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mood suggesting that bias due to differential loss to follow-up was likely to be

minimal.

Using a geographically dispersed population-based cohort of young adults, this
study is one of the first to examine the influence of habitual leisure-time physical
activity patterns from childhood to adulthood on depression in adulthood. Key
strengths include a national sample of youth, long-term follow-up, measured height
and weight, extensive assessment of physical activity trajectories from childhood to
adulthood, and use of diagnostic criteria to assess depression. A wide range of
potential confounders were examined, and findings were robust to excluding cases

of depression with childhood onset.

Conclusions

The present study found that, particularly for males, increasing or maintaining
discretionary physical activity from childhood to adulthood relative to one’s peers is
prospectively associated with a decreased risk of depression. Given that physical
activity is a potentially modifiable risk factor, the public health implications of these
tindings are substantial. Childhood to early adulthood is a critical developmental
period when physical activity levels decline [2] and depressive symptoms commence
or increase [60]. Strategies aimed at maintaining physical activity participation from
childhood and initiating physical activity in young people has potential for reducing

the morbidity and subsequent treatment burden of depressive disorders.



28

Acknowledgments

This work was supported by the National Health and Medical Research Council
(211316); the National Heart Foundation (GOOH 0578); the Tasmanian Community
Fund (D0013808); and Veolia Environmental Services. KS was supported by an
Australian Research Council Future Fellowship (FT0991524). The authors gratefully
acknowledge the study sponsors (Sanitarium, ASICS, and Target), the contributions
of the study’s project manager, Ms Marita Dalton, all other project staff, volunteers,
and study participants. Associate Professor Leigh Blizzard provided valuable
statistical advice.

Conflict of interest

On behalf of all authors, the corresponding author states that there is no conflict of

interest.



29

References

1. Newman D, Moffitt T, Caspi A, Magdol L, Silva P, Stanton W (1996)
Psychiatric disorder in a birth cohort of young adults: prevalence,
comorbidity, clinical significance, and new case incidence from ages 11 to 21. ]
Consult Clin Psychol 64:552-562

2. Olds T, Wake M, Patton G, Ridley K, Waters E, Williams ], Hesketh K (2009)
How do school-day activity patterns differ with age and gender across
adolescence? ] Adolesc Health 44:64-72

3. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, Rowland T, Trost S,
Trudeau F (2005) Evidence based physical activity for school-age youth. |
Pediatr 146:732-737

4. Teychenne M, Ball K, Salmon ] (2008) Physical activity and likelihood of
depression in adults: a review. Prev Med 46:397-411

5. Rimer J, Dwan K, Lawlor DA, Greig CA, McMurdo M, Morley W, Mead GE
(2012) Exercise for depression. Cochrane Database Syst Rev 7

6. Larun L, Nordheim L, Ekeland E, Hagen K, Heian F (2006) Exercise in
prevention and treatment of anxiety and depression among children and
young people. Cochrane Database Syst Rev (Online) 3:CD004691

7. Birkeland M, Torsheim T, Wold B (2009) A longitudinal study of the
relationship between leisure-time physical activity and depressed mood

among adolescents. Psychology of Sport and Exercise 10:25-34



10.

11.

12.

13.

30

Strohle A, Hofler M, Pfister H, Miiller A, Hoyer J, Wittchen H, Lieb R (2007)
Physical activity and prevalence and incidence of mental disorders in
adolescents and young adults. Psychol Med 37:1657-1666

Sacker A, Cable N (2006) Do adolescent leisure-time physical activities foster
health and well-being in adulthood? Evidence from two British birth cohorts.
Eur ] Pub Health 16:331-335

Brunet J, Sabiston CM, Chaiton M, Barnett TA, O'Loughlin E, Low NC,
O'Loughlin JL (2013) The association between past and current physical
activity and depressive symptoms in young adults: a 10-year prospective
study. Ann Epidemiol 23:25-30

Sagatun A, Segaard A, Bjertness E, Selmer R, Heyerdahl S (2007) The
association between weekly hours of physical activity and mental health: A
three-year follow-up study of 15-16-year-old students in the city of Oslo,
Norway. BMC Public Health 7:d0i:10.1186/1471-2458-1187-1155

Jerstad S, Boutelle K, Ness K, Stice E (2010) Prospective reciprocal relations
between physical activity and depression in female adolescents. ] Consult
Clin Psychol 78:268-272

Rees D, Sabia ] (2010) Exercise and adolescent mental health: new evidence
from longitudinal data. Journal of Mental Health Policy and Economics 13:13-

25



14.

15.

16.

17.

18.

19.

20.

31

Motl R, Birnbaum A, Kubik M, Dishman R (2004) Naturally occurring
changes in physical activity are inversely related to depressive symptoms
during early adolescence. Psychosom Med 66:336-342

Sund A, Larsson B, Wichstrem L (2011) Role of physical and sedentary
activities in the development of depressive symptoms in early adolescence.
Soc Psych Psych Epid 46:431-441

Rothon C, Edwards P, Bhui K, Viner R, Taylor S, Stansfeld S (2010) Physical
activity and depressive symptoms in adolescents: a prospective study. BMC
Medicine 8:d0i:10.1186/1741-7015-1188-1132

McKercher C, Schmidt M, Sanderson K, Dwyer T, Venn A (2012) Physical
activity and depressed mood in primary and secondary school-children.
Mental Health and Physical Activity 5:50-56

McKercher C, Schmidt M, Sanderson K, Patton G, Dwyer T, Venn A (2009)
Physical activity and depression in young adults. Am ] Prev Med 36:161-164
Coonan W, Dwyer T (1983) Recommended guidelines and protocols for the
establishment of a national fitness, health and physical performance survey in
Australian schools. Adelaide, Australian Council for Health, Physical
Education and Recreation (ACHPER).

Trost S (2005) Discussion paper for the development of recommendations for
children's and youths' participation in health promoting physical activity.

Canberra, Commonwealth Department of Health and Ageing.



21.

22.

23.

24.

25.

26.

27.

28.

32

McDowell I, Praught E (1982) On the measurement of happiness: an
examination of the Bradburn Scale in the Canada Health Survey. Am ]
Epidemiol 116:949-958

Koopmans G, Lamers L (2005) Assessing the construct validity of three
indicators of psychological distress in relation to perceived health and
physical illness. Soc Psych Psych Epid 40:1012-1018

McDowell I (2010) Measures of self-perceived well-being. ] Psychosom Res
69:69-79

Australian Bureau of Statistics (ABS) (2001) Census of population and
housing: socio-economic indexes for areas (SEIFA). Canberra, ABS.
International Physical Activity Questionnaire.
http://www.ipaq.ki.se/ipaq.htm. Accessed 6 February 2013

Craig C, Marshall A, Sjostrom M, Bauman A, Booth M, Ainsworth B, Pratt M,
Ekelund U, Yngve A, Sallis ], Oja P (2003) International Physical Activity
Questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
35:1381-1395

Kriska A, Sandler R, Cauley ], LaPorte R, Hom D, Pambianco G (1988) The
assessment of historical physical activity and its relation to adult bone
parameters. Am ] Epidemiol 127:1053-1063

The Australian Sports Commission (2003) Participation in Exercise, Recreation

and Sport: Annual Report 2003. Canberra, Australian Sports Commission.



29.

30.

31.

32.

33.

34.

35.

33

Jose K, Blizzard L, Dwyer T, McKercher C, Venn A (2011) Childhood and
adolescent predictors of leisure time physical activity during the transition
from adolescence to adulthood: a population based cohort study. Int ] Behav
Nutr Phys Act 8:doi:10.1186/1479-5868-1188-1154

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

Sallis JF, Patterson TL, Buono MJ, Nader PR (1988) Relation of cardiovascular
titness and physical activity to cardiovascular disease risk factors in children
and adults. Am | Epidemiol 127:933-941

Bowles HR, FitzGerald SJ, Morrow Jr JR, Jackson AW, Blair SN (2004)
Construct validity of self-reported historical physical activity. Am J Epidemiol
160:279-286

Chasan-Taber L, Erickson J, McBride J, Nasca P, Chasan-Taber S, Freedson P
(2002) Reproducibility of a self-administered lifetime physical activity
questionnaire among female college alumnae. Am ] Epidemiol 155:282-289
Withers R, Davies G, Crouch R (1977) A comparison of three W170 protocols.
Eur ] Appl Physiol Occup Physiol 37:123-128

Durnin JV, Womersley J (1974) Body fat assessed from total body density and
its estimation from skinfold thickness: measurements on 481 men and women

aged from 16 to 72 years. Brit ] Nutr 32:77-97



36.

37.

38.

39.

40.

41.

42.

34

World Health Organization (1997) Composite International Diagnostic
Interview (CIDI). Version 2.1. Geneva, WHO.

Andrews G, Peters L (1998) The psychometric properties of the Composite
International Diagnostic Interview. Soc Psych Psych Epid 33:80-88

American Psychiatric Association (1994) Diagnostic and Statistical Manual of
Mental Disorders (4th edn) (DSM-IV). Washington DC, APA.

Ware J, Kosinski M, Keller S (1996) A 12-item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity. Med
Care 34:220-233

National Heart Lung and Blood Institute (1998) Clinical Guidelines for the
Identification, Evaluation and Treatment of Overweight and Obesity in
Adults: The Evidence Report. Bethesda, MD, National Heart, Lung, and Blood
Institute.

Yang X, Telama R, Viikari ], Raitakari O (2006) Risk of obesity in relation to
physical activity tracking from youth to adulthood. Med Sci Sports Exerc
38:919-925

Juonala M, Magnussen C, Berenson G, Venn A, Burns T, Sabin M, Srinivasan
S, Daniels S, Davis P, Chen W, Sun C, Cheung M, Viikari ], Dwyer T, Raitakari
O (2011) Childhood adiposity, adult adiposity, and cardiovascular risk

factors. New Engl ] Med 365:1876-1885



43.

44.

45.

46.

47.

48.

49.

50.

35

Sternfeld B, Sidney S, Jacobs Jr DR, Sadler MC, Haskell WL, Schreiner PJ
(1999) Seven-year changes in physical fitness, physical activity, and lipid
profile in the CARDIA study. Ann Epidemiol 9:25-33

Blizzard L, Hosmer W (2006) Parameter estimation and goodness-of-fit in log
binomial regression. Biometrical ] 48:5-22

Hosmer D, Lemeshow S (2000.) Applied logistic regression, 2nd edition. New
York, Wiley & Sons.

Sanderson K, Patton G, McKercher C, Dwyer T, Venn A (2011) Overweight
and obesity in childhood and risk of mental disorder: a 20-year cohort study.
Aust NZ | Psychiat 45:384-392

Da Costa D, Rippen N, Dritsa M, Ring A (2003) Self-reported leisure-time
physical activity during pregnancy and relationship to psychological well-
being. ] Psychosom Obstet Gynaecol 24:111-119

Paffenbarger R, Lee I, Leung R (1994) Physical activity and personal
characteristics associated with depression and suicide in American college
men. Acta Psychiatr Scand Suppl 89:16-22

Paluska S, Schwenk T (2000) Physical activity and mental health: current
concepts. Sports Med 29:167-180

Bothe N, Zschucke E, Dimeo F, Heinz A, Wiistenberg T, Strohle A (2013)
Acute exercise influences reward processing in highly trained and untrained

men. Med Sci Sports Exerc 45:583-591



51.

52.

53.

54.

55.

56.

57.

36

Boecker H, Sprenger T, Spilker ME, Henriksen G, Koppenhoefer M, Wagner
KJ, Valet M, Berthele A, Tolle TR (2008) The runner's high: opioidergic
mechanisms in the human brain. Cereb Cortex 18:2523-2531

Russo-Neustadt A, Beard R, Huang Y, Cotman C (2000) Physical activity and
antidepressant treatment potentiate the expression of specific brain-derived
neurotrophic factor transcripts in the rat hippocampus. Neuroscience 101:305-
312

Rethorst CD, Landers DM, Nagoshi CT, Ross JT (2010) Efficacy of exercise in
reducing depressive symptoms across 5-HTTLPR genotypes. Med Sci Sports
Exerc 42:2141-2147

De Moor MH, Boomsma DI, Stubbe JH, Willemsen G, de Geus EJ (2008)
Testing causality in the association between regular exercise and symptoms of
anxiety and depression. Arch Gen Psychiat 65:897-905

Kirkcaldy B, Shephard R, Siefen R (2002) The relationship between physical
activity and self-image and problem behaviour among adolescents. Soc Psych
Psych Epid 37:544-550

Fletcher A, Nickerson P, Wright K (2003) Structured leisure activities in
middle childhood: links to well-being. ] Community Psychol 31:641-659
Sabiston C, O'Loughlin E, Brunet J, Chaiton M, Low N, Barnett T, O'Loughlin
J (2013) Linking depression symptom trajectories in adolescence to physical

activity and team sports participation in young adults. Prev Med 56:95-98



58.

59.

60.

37

Erdman H, Klein M, Greist ] (1985) Direct patient computer interviewing. J
Consult Clin Psychol 53:760-773

Josefsson T, Lindwall M, Archer T (2013) Physical exercise intervention in
depressive disorders: meta-analysis and systematic review. Scand ] Med Sci
Spor doi:10.1111/sms.12050

Birmaher B, Ryan N, Williamson D, Brent D, Kaufman ], Dahl R, Perel J,
Nelson B (1996) Childhood and adolescent depression: a review of the past 10

years. Part I. ] Am Acad Child Adolesc Psychiatry 35:1427-1439



Fig 1. Flowchart of recruitment and retention of cohort participants

Fig 2. Formation of physical activity patterns from childhood to adulthood
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Table 1 Characteristics of participants in childhood (1985) and adulthood (2004-2006)

Females Males
Characteristic n=_871 n =759
Childhood (1985)
Language spoken at home, (%)
English 785 (90.1) 665 (87.6)
Other 86 (9.9) 93 (12.3)
Missing 0 (0.0) 1 (0.1)
Self-reported health status, (%)
Very good/good 711 (81.6) 626 (82.5)
Average/poor 160 (18.4) 133 (17.5)
Depressed mood?, (%)
Often 85 9.8 45 5.9
Sometimes/never 780 89.5 706 93.0
Missing 6 0.7 8 1.1
Physical activity (mins/wk)?, mean (SD) 285 (376) 339 (373)
Adulthood (2004-2006)
Age, mean (SD) 323 (2.1) 324 (2.1)
Current occupation, (%)
Manager/Professional 441 (50.6) 448  (59.0)
White collar 221 (25.4) 44 (5.8)
Blue collar 34 (3.9 228  (30.0)
Not in labor force 165 (18.9) 25 (3.3)
Missing 10 (1.2) 14 (1.8)
Marital status, (%)
Married 526 (60.4) 425  (56.0)
Living as married 120 (13.8) 109 (14.4)
Divorced/Separated 36 (4.2) 19 (2.5)
Single 189 (21.7) 206  (27.1)
SF-12 PCS, mean (SD)
Physical Component Summary 54.0 (6.7) 54.1 (6.3)
Missing 29 22
Live births, (%)
none 383 (44.0)
one 159 (18.3)
two 232 (26.6)
three or more 97 (11.1)
BMIC, (%)
Healthy weight (BMI<25) 498 (61.2) 282  (37.1)
Overweight (BMI=25 & <30) 195 (24.0) 355 (46.8)
Obese (BMI=30) 120 (14.8) 122 (16.1)
Physical activity (mins/wk)9, mean (SD) 157 (188) 169 (210)

Abbreviations: BMI, Body Mass Index; CDAH, Childhood Determinants of Adult Health; SD, standard deviation;
SF-12v2, Short-Form Survey (version 2).

aDepressed mood in childhood (Affect Balance Scale).

b Discretionary (leisure) physical activity in past week.

¢ Excludes those currently pregnant (n = 61).

d Leisure physical activity from the International Physical Activity Questionnaire.



Table 2 Relative risks and 95 % confidence intervals for depression by leisure physical activity patterns from childhood to adulthood

Physical activity N

% Cases

RR

95 % ClI

p adjRRP 95 % ClI D adjRR® 95 % ClI p

Females n=7912

Persistently inactive 101 14.9 1.00 Reference 1.00 Reference 1.00 Reference
Decreasing 164 16.5 1.11 (0.62,1.98) 0.73 1.05 (0.59, 1.87) 0.87 1.04 (0.58, 1.85) 0.90
Increasing 182 104 0.70 (0.37,1.32) 0.27 0.75 (0.40,1.42)  0.38 0.73 (0.39,1.38) 0.34
Persistently active 344 9.0 0.61 (0.34,1.08) 0.09 0.62 (0.35,1.12)  0.11 0.62 (0.35,1.11)  0.11
Males n=7312

Persistently inactive 95 9.5 1.00 Reference 1.00 Reference 1.00 Reference
Decreasing 156 4.5 0.47 (0.18,1.23) 0.13 0.40 (0.15, 1.05) 0.06 0.40 (0.15, 1.05) 0.06
Increasing 147 3.4 0.36 (0.12,1.04) 0.06 0.32 (0.11, 0.92) 0.03 0.31 (0.11, 0.92) 0.03
Persistently active 333 3.6 0.38 (0.17,0.88) 0.02 0.35 (0.15, 0.81) 0.01 0.35 (0.15, 0.81) 0.01

Abbreviations: CDAH, Childhood Determinants of Adult Health; ClI, confidence interval; RR, relative risk.
a|ncludes those who completed the physical activity questionnaire in childhood, the International Physical Activity Questionnaire in adulthood and questions about confounding

variables only. Those currently pregnant (n = 61) or with age of onset of depression younger than or equal to age in childhood (6 males, 4 females) excluded.
b Log-binomial models additionally adjusted for self-reported health status and language spoken at home in childhood, and number of live births (females only), current

occupation and age in adulthood.

¢ Additionally adjusted for depressed mood (Affect Balance Scale).
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Table 3 Relative risks and 95 % confidence intervals for depression by historical leisure activity patterns from 15 years to adulthood

Physical activity N % Cases RR 95 % ClI p adjRRP 95 % ClI p adjrRR® 95 % ClI p
Females n =697

Persistently inactive 118 15.3 1.00 Reference 1.00 Reference 1.00 Reference
Decreasing 115 7.4 1.14  (0.64, 2.04) 0.66 1.07 (0.61, 1.87) 0.81 1.07 (0.61, 1.87) 0.81
Increasing 122 8.2 0.54 (0.26,1.12) 0.10 0.50 (0.24, 1.03) 0.06 0.49 (0.24, 1.02) 0.06
Persistently active 342 7.9 0.52  (0.30, 0.90) 0.02 0.49 (0.28, 0.85) 0.01 0.49 (0.28, 0.85) 0.01
Males n = 6552

Persistently inactive 98 4.1 1.00 Reference 1.00 Reference 1.00 Reference
Decreasing 122 4.9 1.20 (0.35,4.15) 0.77 1.21 (0.38, 3.85) 0.75 1.18 (0.36, 3.75) 0.80
Increasing 119 4.2 1.03 (0.28,3.73) 0.97 0.85 (0.26, 2.80) 0.79 0.84 (0.26, 2.79) 0.78
Persistently active 316 25 0.62  (0.19,2.02) 0.43 0.56 (0.19, 1.64) 0.29 0.55 (0.19, 1.61) 0.28

Abbreviations: CDAH, Childhood Determinants of Adult Health; ClI, confidence interval; RR, relative risk.

ancludes participants who additionally completed the Historical Leisure Activity Questionnaire at follow-up and questions about confounding variables only. Those currently
pregnant (n = 58) or with age of onset of depression younger than 15 years (7 males, 10 females) excluded.

b Log-binomial models adjusted for number of live births (females only), SF-12 Physical Component Summary, marital status, current occupation and age in adulthood.

¢ Additionally adjusted for depressed mood (Affect Balance Scale).



