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Abstract

Purpose Few studies have examined the association

between physical activity (PA), measured objectively, and

adolescent depressive symptoms. The aim of this study was

to determine whether there is an association between

objective measures of PA (total PA and time spent in

moderate and vigorous PA (MVPA)) and adolescent

depressive symptoms.

Methods Data on 2,951 adolescents participating in AL-

SPAC were used. Depressive symptoms were measured

using the self-report Mood and Feelings Questionnaire

(MFQ) (short version). Measures of PA were based on

accelerometry. The association between PA and MFQ

scores was modelled using ordinal regression.

Results Adolescents who were more physically active

(total PA or minutes of MVPA) had a reduced odds of

depressive symptoms [ORadj total PA (tertiles): medium

0.82 (95% CI: 0.69, 0.97); high 0.69 (95% CI: 0.57, 0.83)];

ORadj per 15 min MVPA: 0.92 (95% CI: 0.86, 0.98). In a

multivariable model including both total PA and the per-

centage of time spent in MVPA, total PA was associated

with depressive symptoms (ORadj total PA (tertiles):

medium 0.82 (95% CI: 0.70, 0.98); high 0.70 (95% CI:

0.58, 0.85) but the percentage of time spent in MVPA was

not independently associated with depressive symptoms

[ORadj MVPA (tertiles) medium 1.05 (95% CI: 0.88, 1.24),

high 0.91 (95% CI: 0.77, 1.09)].

Conclusions The total amount of PA undertaken was

associated with adolescent depressive symptoms, but the

amount of time spent in MVPA, once total PA was

accounted for, was not. If confirmed in longitudinal studies

and randomised controlled trials, this would have important

implications for public health messages.

Keywords Physical activity � Depressive symptoms �
Adolescence � ALSPAC

Introduction

Depression is ranked amongst the top five contributors to

the global burden of disease [28], and its prevalence is

increasing amongst young people [25]. Adolescence is a

critical period and depression during this time may impact

on educational attainment, and is also associated with an

increased likelihood of recurrence of symptoms later in life

[27]. Potentially modifiable risk factors, such as physical

activity (PA), are therefore of great interest.

Promotion of PA is at the top of the government’s public

health agenda [10], and current recommendations state that

children should accumulate (at least) 1 h of moderate to
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vigorous physical activity (MVPA) every day [6, 10, 54].

However, there is little evidence for health benefits of such

levels of PA [46, 59], particularly in terms of the effects on

mental health [59].

Amongst children, most of the evidence on PA and

mental health is based on cross-sectional studies [1, 3, 14,

17, 19, 24, 32, 39, 41, 44, 53, 56, 57, 60]. Most support an

association between more frequent PA and lower levels of

depression amongst adolescents [3, 14, 17, 19, 24, 32, 39,

41, 44, 53, 57, 60], although there are exceptions [1, 26,

56]. In many, the association between PA and depressive

symptoms is modest (r = -0.14 to -0.18) [32, 39, 41, 44,

57], and it is possible that confounding may account for

these associations. Few studies have adjusted for con-

founders, with those that did mostly limiting this to age,

gender and socioeconomic background [1, 3, 53, 56], and

such adjustment often attenuated the association [1, 19].

Few have adjusted for adolescent substance use [19] or

obesity [3, 19], and only one longitudinal study has

adjusted for the timing of puberty [55]. These three factors

may be important confounders of an association between

PA and adolescent mood.

The main methodological weakness of prior studies has

been the reliance on subjective measures of PA. In addi-

tion, measurement of PA should incorporate the frequency,

duration and intensity of each activity [23]. Whilst most

prior studies record frequency of activities, just over half

make reference to the intensity [1, 15, 32, 39, 41, 45, 53,

56] and/or duration [1, 15, 17, 19, 39, 41, 45, 56] of these

activities. None of these studies examined the importance

of the intensity of the activity in terms of mental health

benefits. Thus, whilst recommendations for PA are framed

in terms of time spent in MVPA, there is little robust

empirical evidence to support this for mental health

outcomes.

In the literature, there is much discussion about the

measurement of PA in children and comparisons of the

relative merits of subjective versus objective measures [8,

18, 51, 62]. The gold standard for measuring total energy

expenditure (the doubly labelled water method) is too costly

for widespread use [62] and, importantly, cannot be used to

estimate PA undertaken at different levels of intensity [51].

Self-report questionnaires are cheap to administer and thus

are intuitively attractive for use in large-scale studies.

However, concerns have been voiced about the ability of

children to accurately recall PA [4, 18, 49]. As such, these

measures may be prone to substantial measurement error

that may obscure or reduce associations.

In light of this, objective measures of PA are increas-

ingly being used [58]. Such measures are not without

problems [18], but they will more accurately reflect

habitual PA. A recent systematic review highlighted the

paucity of evidence regarding objective measurements of

PA and mental health in children and adolescents [20].

This review also highlighted the need for future studies to

examine the effect of different intensities of activity on

different dimensions of health [20]. To date, to the best of

our knowledge, only three studies have examined the

association between an objective measure of PA and

depressive symptoms. One of these used pedometers,

which do not capture the intensity of the PA [42]. Two

others have measured PA using accelerometry [21, 43].

Secondary analysis of baseline data from the Trial of

Activity for Adolescent Girls (TAGG) found no evidence

of an association between PA and depressive symptoms

[21]. Another study of 9- to 10-year-old primary school

children found weak evidence to support an association

between vigorous PA assessed by accelerometry and

depressive symptoms (r = -0.18), with the inverse noted

for very light activities, such that undertaking more light

activities was associated with an increased likelihood of

depressive symptoms (r = 0.35) [43]. Whilst focussing on

the intensity of activity, this study was small (n = 57) and

only adjusted for the potential confounding effect of body

fat.

Therefore, we aimed to investigate the association

between physical activity (in terms of both total PA and

time spent in MVPA), measured objectively, and depres-

sive symptoms in a large UK population-based cohort (the

Avon Longitudinal Study of Parents and Children, AL-

SPAC) using cross-sectional data available at age 14 years.

Methods

The Avon Longitudinal Study of Parents and Children

Full details of the ALSPAC study (www.bristol.ac.uk/

alspac) have been published elsewhere [16]. Briefly, all

women residents in the former region of Avon, UK, with

an expected delivery date between 1st April 1991 and 31st

December 1992 were eligible to take part in ALSPAC and

were enrolled in early pregnancy. Ethical approval for the

study was obtained from the ALSPAC Ethics and Law

Committee and the local research ethics committees.

Within ALSPAC, 12,942 singleton infants were born at

term (C37 completed weeks).

Outcome

The primary outcome was self-report of depressive symp-

toms as measured by the short version of the Mood and

Feelings Questionnaire (MFQ) [2, 34] (http://devepi.mc.

duke.edu/mfq.html). This is a 13-item checklist of symptoms

experienced in the previous 2 weeks. Each item is scored

zero (not true), one (sometimes true) or two (true) giving a
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total MFQ score of 0–26. Each adolescent completed the

MFQ as part of the clinic assessment at age 14 years [Teen

Focus2 clinic: mean age, 13.8 years (SD 0.21)].

Whilst depressive symptoms exist as a continuum in the

population, it was not possible to utilise these as continuous

data due to the highly positively skewed distribution of

scores (even after the data were subjected to various

transformations). Alternative distributions such as the

Poisson or negative binomial are only appropriate for count

data. Therefore, rather than creating a binary outcome

variable (depressed vs. not depressed), to maximise the

efficiency of our analyses, we defined our primary outcome

as an ordinal variable that represented approximate tertiles

of the distribution (MFQ score: 0–2; 3–5; C6).

Exposures

Full details of the measurement of physical activity in the

ALSPAC cohort have been reported previously [29–31]. In

brief, all children who attended the clinic at age 14 years

were asked to wear an Actigraph AM7164 2.2 acceler-

ometer (Actigraph LLC, Fort Walton Beach, FL, USA)

around their waist, at the right hip, for 7 days. The accel-

erometers were to be worn during waking hours except for

when showering, bathing or participating in water sports.

The accelerometers recorded data as counts, which are

averaged over a defined period (in ALSPAC, 1 min).

Physical activity variables were derived from the raw

accelerometer counts using customised software. Data

from children who had worn the accelerometer for at least

10 h a day for at least 3 days were considered valid. These

criteria have previously been shown to achieve the greatest

power and good reliability [31]. Ten or more minutes of

consecutive zeros were regarded as periods in which the

monitor was unworn, and these were deleted from each file.

One measure of total PA that has been validated against

doubly labelled water [13] is the average accelerometer

counts per minute (cpm) over the full period of valid

recording. However, as this measure reflects both the

amount and intensity of PA undertaken, for the present

analyses, the average daily minutes of total PA at light,

moderate or vigorous intensity was calculated based on

cut-points of 200–3,599, 3,600–6,199 and C6,200 cpm,

respectively. These cut-points were based on the results of

a calibration study where a subsample of 246 ALSPAC

participants was asked to perform a series of everyday

activities whilst wearing an actigraph and a portable met-

abolic unit (Cosmed K4bz, Cosmed, http:///www.cosmed.it)

[29]. The cut-point for MVPA corresponded to four times

resting metabolic rate (equivalent to brisk walking).

Examples of MVPA include aerobic activities such as

cycling or swimming that increase the heart rate, whilst

more strenuous activities such as squash or running would

be classified as vigorous activity. Minutes of MVPA was

calculated as the average minutes of such activity per valid

day of measurement.

Potential confounders

Data on a large number of potential confounders were

available at various time points. These included: (1) gender;

(2) age; (3) markers of socioeconomic position (maternal

education recorded on the antenatal questionnaire com-

pleted at 32 weeks (highest qualification: \‘O’ level; ‘O’

level; [‘O’ level, where ‘O’ levels are ordinary-level

qualifications usually completed at age 16 years, the mini-

mum legal age at which pupils in the UK can leave full-time

education); housing tenure recorded on the antenatal ques-

tionnaire completed at 8 weeks [owned (with/without

mortgage); rented; other]; household overcrowding recor-

ded on the antenatal questionnaire completed at 8 weeks

(\1 person per room; 1 person per room; [1 person per

room); access to a car recorded on the antenatal question-

naire completed at 8 weeks (yes/no); highest parental social

class recorded on the antenatal questionnaire completed at

32 weeks (based on Registrar General Occupational Clas-

sification [40]: I; II; IIINM; IIIM/IV/V) where I (senior

managerial/professional) is the highest and V (manual

unskilled) the lowest socioeconomic occupation); (4)

obesity [fat mass was derived using a Lunar Prodigy DXA

scanner (GE Medical Systems Lunar, Madison, WI, USA)]

[47] and height [measured using a Harpenden Stadiometer

(Holtain, Crymych, Pembs, UK) at the clinic held at age 14];

(5) substance use recorded at the clinic held at age 14 years

(binge drinking defined as ever drinking 3 or more alcoholic

drinks in a 24 h period [11] (yes/no); cigarette smoking

(never smoked; has smoked cigarettes, but not in the past

6 months; has smoked cigarettes in the past 6 months); and

whether they had ever tried cannabis (yes/no)].

Dataset

In total, 5,423 children attended the clinic at age 14 years

and were asked to wear an accelerometer for the following

week. Data on physical activity were available for 3,357

children (62% of clinic attenders) who had worn the

accelerometer for at least 10 h per day for at least 3 days

[31]. The majority of these (n = 3,298) had completed the

MFQ in the clinic. Data on potential confounders (listed in

items 1–5 above) were available for 2,951 adolescents.

Statistical analysis

All analyses were conducted using Stata version 10.1 [52].

Preliminary analyses found that there was evidence of a

non-linear association between average daily minutes of
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total PA and depressive symptoms; therefore, total PA was

split by tertiles for further analyses.

Ordinal regression using a proportional odds model was

used to examine the relationship between physical activity

(total PA (tertiles: B270 min; [270–326.6 min; C326.7

min) and MVPA (per 15 min)) and depressive symptoms

(approximate tertiles of MFQ score: 0–2; 3–5; C6). Odds

ratios (OR) and their 95% confidence intervals (95% CI) are

reported. Univariable models were subsequently adjusted

for potential confounders in an incremental manner: (1)

gender; (2) age; (3) markers of socioeconomic position

(SEP); (4) obesity; and (5) substance use. Whilst data on

pubertal stage are recorded as part of ALSPAC, no data on

pubertal stage were collected at the time of the clinic (on

average, such data were collected 8.6 months later).

Therefore, to examine the potential confounding effect of

puberty, analyses were restricted to girls and further

adjusted for the timing of menarche (based primarily on

data from a series of six postal questionnaires that focused

on pubertal development). All models were adjusted for the

time that the accelerometer was worn.

The OR obtained from a proportional odds model is an

estimate of the association between the independent vari-

able (the measure of PA) and all levels of the outcome

(depressive symptoms) and is essentially a summary of the

binary logistic odds ratios for each of the cut-points (0–2

vs. 3–5 and C6; 0–2 and 3–5 vs. C6). The assumption of

homogeneity of effect across cut-points of depressive

symptoms was tested formally using the omodel option in

Stata. There was little evidence to suggest heterogeneity of

effect across cut-points. Thus, the OR can be interpreted as

the effect per category of exposure on having more

depressive compared to less depressive symptoms. An OR

of less than 1.00 indicates that those who are more physi-

cally active have fewer depressive symptoms.

Three prior studies have suggested gender differences

[15, 35, 45], but only one study has formally tested for an

interaction and found no evidence to support a differential

effect [1]. Therefore, within the ALSPAC dataset, an

interaction between gender and the measure of PA was

introduced into the final regression models and the strength

of evidence to support an interaction determined using the

Wald test.

To determine the importance of the amount versus the

intensity of the physical activity, it was necessary to re-

specify the measure of MVPA. Including both total PA

(defined as average daily total of minutes of activity) and

minutes of MVPA in the same regression model means that

it would not have been possible to examine the independent

effect of increasing MVPA whilst holding total PA con-

stant (as increasing MVPA would, by definition, have

increased total PA). Therefore, an additional variable was

created that represented the percentage of total time spent

in MVPA (minutes of MVPA/total minutes of PA at light,

moderate or vigorous intensity 9100). Thus, by including

both total minutes of activity and percentage of time spent

in MVPA in one model, it would be possible to determine

the effect of increasing the percentage of time spent in

MVPA whilst holding the amount of activity (minutes of

total PA) constant. This would then answer the question

of whether it is important to increase the total amount of

activity that adolescents undertake or the intensity at which

they do that activity.

Both total PA (average daily total minutes of activity)

and percentage of time spent in MVPA were split by ter-

tiles to define those with low, medium and high levels of

these two variables for subsequent analyses. Regression

models were then re-run, adjusting for potential con-

founders as outlined earlier, to first model the association

between tertiles of percentage of time spent in MVPA and

adolescent mood to enable comparison with the earlier

analyses. Regression models were then repeated including

both tertiles of total PA (average daily total of minutes of

physical activity) and tertiles of percentage of time spent in

MVPA (\4.87%; 4.87–8.95%; C8.96%) in the same model

to determine the independent effects of these variables and

thus address the question of the importance of the intensity

versus the amount of PA in relation to adolescent mood.

Missing data

Sensitivity analyses were conducted to examine the influ-

ence of missing data on the findings. Missing data were

imputed using the method of multiple imputation by

chained equation (MICE) [61] (Stata ice procedure version

1.9.4 dated 24 March 2011). One imputation model was

generated for each measure of PA. The imputation model

included the measure of physical activity, MFQ score, all

potential confounders plus additional markers of socio-

economic status (housing tenure and access to a car when

the child was aged 8 months; maternal education recorded

when the child was aged 61 months), and childhood adi-

posity (DXA fat mass) and height recorded at the age 12

clinic (Focus@11).

The additional variables included in the imputation

model either represented the first occasion of measure-

ment of a potential confounder, which would provide the

most complete information on this variable, or data from

subsequent time point(s), where available. Variables were

included in the imputation model and declared as con-

tinuous, binary, categorical or ordinal variables as

appropriate. The match procedure was used to handle

non-normally distributed variables, which could not be

successfully transformed (DXA fat mass). In total, 25

datasets were generated and 10 switching procedures were

used.
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Results

Description of cohort

In total, 5,423 adolescents attended the ALSPAC clinic at

age 14 years, with 3,298 adolescents completing the MFQ

during this visit and providing objective data on physical

activity (based on accelerometry). Just over half (53%)

were girls and their mean age at the time of the clinic visit

was 13.8 years (SD 0.2). Data on potential confounders

were available for 89% of this group (n = 2,951; 54% of

clinic attenders).

Depressive symptoms

The median score on the MFQ at age 14 years was 4 [inter-

quartile range (IQR): 2, 7]. Girls scored higher on the MFQ

(median: 4 [IQR: 2, 8] than boys (median: 3 [IQR: 1, 5])

(Kruskal–Wallis: p \ 0.001).

Physical activity

Overall, the adolescents undertook, on average, 21 min of

MVPA per day (median: IQR [12, 33]). Those who were

more active at moderate/vigorous intensity were more

active overall (Spearman’s rho for minutes of MVPA vs.

total PA = 0.52).

Boys were more active than girls in terms of both total

physical activity (average daily minutes at light, moderate or

vigorous intensity—boys: median, 319 [IQR: 278, 364]);

girls: median 281 [IQR: 247, 322]; Kruskal–Wallis

p \ 0.001) and minutes of MVPA (boys: median 25 min

[IQR: 15, 39]; girls: median 17 min [IQR: 10, 27]: Kruskal–

Wallis p \ 0.001). The percentage of time spent in MVPA

was only 6.9% (median: IQR [4.1, 10.4]). The correlation

between percentage of time spent in MVPA and total phys-

ical activity was more modest (Spearman’s rho = 0.28).

There was some evidence that adolescents of lower

socioeconomic position (SEP) (based on indicators such as

maternal education and household overcrowding) were

more active, but this was not consistent across all such

markers (Web Appendix 1). Adolescents who were above

average in terms of their total fat mass at age 14 years (as

measured by DXA) were less active. In addition, those who

binge drank, smoked cigarettes or who had ever tried

cannabis were more active in terms of both total PA and

time in MVPA (Web Appendix 1).

Total physical activity and self-reported depressive

symptoms at age 14 years

In univariable analyses, those adolescents who had higher

levels of total PA (in terms of average daily minutes at

light, moderate or vigorous intensity) had a reduced odds of

depression [OR (tertiles): medium, 0.73 (95% confidence

interval (95% CI): 0.62, 0.86); high, 0.58 (95% CI: 0.49,

0.69)] (Table 1). The magnitude of this association atten-

uated following adjustment for gender (OR (tertiles):

medium 0.80 (95% CI: 0.67, 0.94); high 0.69 (95% CI:

0.58, 0.83)) (Table 1). However, further adjustment for a

number of other potential confounders did not substantially

alter the association (Table 1).

Table 1 Cross-sectional associations between measures of physical activity and depressive symptoms in 14-year-old adolescents

Outcome n Total PA (tertiles of average daily minutes at light,

moderate or vigorous intensity)

MVPA per

15 min

Low Medium High OR* 95% CI

OR OR* 95% CI OR* 95% CI

Unadjusted 2,951 1.00 0.73 0.62, 0.86 0.58 0.49, 0.69 0.87 0.82, 0.93

Adjusted for

Gender 2,951 1.00 0.80 0.67, 0.94 0.69 0.58, 0.83 0.93 0.87, 0.99

?Age 2,951 1.00 0.80 0.67, 0.94 0.69 0.58, 0.83 0.93 0.87, 0.98

?SEP 2,951 1.00 0.81 0.69, 0.96 0.70 0.58, 0.84 0.92 0.87, 0.98

?All confounders** 2,951 1.00 0.82 0.69, 0.97 0.69 0.57, 0.83 0.92 0.86, 0.98

Test of proportional odds assumption p = 0.17 p = 0.16

Interaction: PA by gender p = 0.82 p = 0.059

Fully adjusted estimates using MICE to impute missing data 3,298 1.00 0.82 0.70, 0.96 0.71 0.60, 0.85 0.90 0.85, 0.96

MICE multiple imputation by chained equation

* OR derived from a proportional odds ordinal regression model adjusted for the time the accelerometer was worn

** Gender, age, markers of SEP (maternal education, housing tenure, household overcrowding, access to a car, highest parental social class),

obesity (DXA fat mass adjusted for height) and substance use (binge drinking, cigarette smoking and cannabis use)
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MVPA and self-reported depressive symptoms at age

14 years

In univariable analyses, those who engaged in more MVPA

had a reduced odds of depression (OR per 15 min: 0.87

(95% CI: 0.82, 0.93)) (Table 1). This association attenu-

ated following adjustment for gender, with the 95% con-

fidence interval just excluding the null (OR per 15 min:

0.93 (95% CI: 0.87, 0.99) (Table 1). Adjustment for

additional confounders had little effect.

In the regression models described above, there was no

evidence to suggest that the proportional odds assumption

underpinning the ordinal regression models was not valid

(Table 1). Similarly, there was no evidence for an inter-

action between gender and total PA (Table 1). There was

weak evidence for an interaction between gender and

MVPA (Table 1). Finally, there was no evidence of a non-

linear association between PA and depressive symptoms

(data not shown).

Modelling total PA and percentage of time spent

in MVPA to determine the importance of amount

versus intensity of PA

Analyses were repeated to model the association between

the percentage of time spent in MVPA (defined as tertiles)

and tertiles of MFQ score (Table 2). Total PA (tertiles) and

percentage of time spent in MVPA (tertiles) were then

included in the same regression model to determine the

relevance of the amount versus the intensity of the activity

(Table 2). Increasing the total amount of PA undertaken

was associated with a reduced odds of being depressed.

However, increasing the percentage of time spent in

MVPA was not independently associated with a reduction

in the odds of being depressed. There was no evidence of

collinearity between the two measures of physical activity

(variance inflation factor = 1.4–1.7).

Possible confounding by pubertal stage

Restricting the dataset to girls and adjusting for the timing

of menarche had little effect on the effect estimates

observed (Web Appendix 2). Thus, there was no evidence

to suggest that pubertal stage confounded the observed

association between higher levels of total PA and depres-

sive symptoms amongst adolescent girls.

Missing data

Of the 5,423 clinic attenders, girls and those of higher SEP

(based on maternal education) were more likely to wear the

accelerometer (data not shown). Eighty-nine percent of

those with data on physical activity and depressive

symptoms (n = 3,298) were included in the main dataset

for analysis. The remainder had missing data on one or

more potential confounders. Imputation of missing data

suggested that those adolescents whose data were imputed

were more likely to be of lower SEP (Web Appendix 3).

Analyses including imputed data also found that ado-

lescents who were more active (both in terms of total PA

and minutes of MVPA) had reduced odds of depressive

symptoms (Table 1). Subsequent models included both

total PA and percentage of time in MVPA as tertiles. Effect

estimates for analyses related to the percentage of time

spent in MVPA were slightly attenuated compared to

complete-case analyses. However, results supported the

earlier findings that it was the total amount of PA under-

taken that was associated with reduced odds of adolescent

depression, rather than time spent in MVPA, once both

were mutually adjusted by inclusion in the same model

(Table 2). There was some evidence that those in the

highest tertile of MVPA had a reduced odds of depression

(ORimputed: 0.86 (95% CI: 0.73, 1.01), but the 95% confi-

dence interval just included the null and there was no

evidence of a dose–response effect across tertiles.

Discussion

Summary of findings

In these cross-sectional analyses, adolescents who were

more active had reduced odds of depressive symptoms.

There was no evidence for a differential effect of PA

according to gender. The intensity of the PA (i.e. per-

centage of time spent in MVPA) was not associated with

depression in this cohort once total PA was taken into

account. Thus, our cross-sectional results suggest that it is

the amount of PA undertaken that is inversely associated

with depressive symptoms in adolescents, rather than the

intensity of that PA.

Strengths and limitations

The major strength of the ALSPAC cohort is its large size

and the detailed information that has been collected. This

has enabled adjustment for a wide range of potential con-

founders in the present analyses. The availability of

objective data on PA recorded using accelerometry is a key

feature of this cohort. This has enabled examination of the

importance of the intensity of the PA.

The adolescents reported their mood using the MFQ.

This widely used instrument has high reliability and

validity [2]. Data on self-reported scores were used as it is

known that parents are likely to underreport depressive

symptoms in their child [9].
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Although we have been able to adjust for a wide range

of potential confounders, given the observational nature

of the data, it is not possible to rule out the possibility of

residual confounding. However, with the exception of

gender, adjustment for confounders made little difference

to the magnitude of the association.

Given that the present analyses are based on cross-sec-

tional data, the temporal nature of the association cannot be

elucidated. Thus, it may be that those adolescents who are

depressed are less likely to engage in any activity. More-

over, it may be that participation in activities at higher

intensities is particularly difficult for those who are

depressed. It is also plausible that the association between

PA and depression may be bi-directional. Large longitu-

dinal studies with objective data on PA and repeated

measures of adolescent depression, together with detailed

information on potential confounders are therefore required

to examine the temporal nature of this association.

Whilst the ALSPAC cohort is well characterised, 11%

of those with data on PA and mood were excluded from the

complete-case analyses due to missing data on one or more

confounders. Such missingness not only has the potential to

make effect estimates less precise, but may also introduce

bias. Therefore, we conducted sensitivity analyses to

examine the impact of missing data on our findings. The

imputation model included a comprehensive list of vari-

ables, thus making the missing at random assumption that

underpins the method of MICE more realistic. Comparison

of those with observed and imputed data suggested that

missingness was, primarily, amongst those of lower

socioeconomic position (SEP). Whilst there was weak

evidence that those of lower SEP were more active, con-

clusions drawn from the analyses including imputed data

did not differ substantially from those from the complete-

case analyses suggesting that the missing data had not

biased the findings. In the analyses including imputed data,

there was weak evidence that high levels of percentage of

time in MVPA may be associated with reduced odds of

depressive symptoms, but the 95% confidence spanned

unity and there was no dose–response effect across tertiles

of percentage of time in MVPA.

Comparison with existing literature

Our findings are consistent with the majority of the existing

literature in supporting an association between more fre-

quent (self-report) PA and lower levels of depression

amongst adolescents [3, 14, 17, 19, 24, 32, 39, 41, 44, 53,

57, 60]. Importantly, such an association persisted fol-

lowing adjustment for a wide range of confounders in our

study. Prior studies have been limited in this respect [1, 3,

53, 56, 60]. There was no evidence to support a differential

effect of total PA on depression by gender, and only weak

evidence for a differential effect of MVPA on depression

by gender. The only other study that formally tested for an

interaction found no evidence to support an interaction

(p [ 0.05) [1].

Only three prior studies have measured PA objectively.

One used pedometers [42], which do not measure the

intensity of the PA, and two used accelerometers [21, 43],

as in the current study. Analyses of baseline data from the

TAAG trial [21], which was designed to evaluate the

effectiveness of an intervention to reduce the decline in PA

in adolescent girls (N = 1,397), found no evidence to

support an association between light, moderate or vigorous

PA and depressive symptoms. An earlier small study of 57

primary school children aged 9–10 years found no evi-

dence of association between overall PA and depressive

symptoms (r = -0.014). However, increased vigorous PA

was associated with a reduction in depressive symptoms

(r = -0.18) and, conversely, undertaking more activity at

a very light intensity was associated with an increase in

depressive symptoms (r = 0.35) [43]. In contrast, the

results from the present study undertaken in a large rep-

resentative UK population-based cohort of 14 year olds

suggest that it was the amount of PA undertaken that was

inversely associated with mental health in adolescents

rather than the intensity of that activity.

Earlier analyses of data from the ALSPAC cohort found

that time spent in MVPA was more important than total

activity in terms of reducing obesity [37, 47]. Thus, the

relevance of the intensity of the activity appears to be

dependent on the health outcome examined. Whilst the

cross-sectional nature of our study means that we cannot

exclude the possibility of reverse causality (i.e. those who

are depressed are less likely to be active), the findings

suggest that different dimensions of PA may be important

for different dimensions of health. If this is confirmed in

longitudinal studies and, subsequently, in randomised

controlled trials, this would have important implications for

public health messages.

Mechanisms

Little is known about the potential mechanisms that may

underlie an association between PA and mood. Animal

studies have shown that PA increases levels of brain-

derived neurotrophic factor [63], promotes cell prolifera-

tion [7] and 5-hydroxytryptamine release [33], and others

have shown that PA may reduce cortisol levels [36].

Furthermore, there is evidence that self-esteem [12] and/

or social support [50] may be important mediators.

Alternatively, as others have suggested [22], physical

activity may distract individuals from their negative

thoughts or ruminative style [38, 48], which are key in

depression.
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Given that it was the total amount of PA that was

associated with reduced odds of depressive symptoms

rather than the intensity of the activity, the context in which

this PA is accumulated may be relevant. Adolescents who

engage in activities (of a formal or informal nature) may

increase their social networks, thus increasing their social

support which, in turn, may protect against depression. The

surrounding environment may also be important. Recent

reports suggest that undertaking ‘‘green exercise’’ (activity

in green areas) may also be beneficial [5]. Greater under-

standing of the factors that mediate the association between

PA and health (both in terms of physical and mental health)

will be key in ensuring clarity in public health messages.

Conclusions and directions for further research

In these cross-sectional analyses, adolescents who were

more physically active (based on a measure of total PA)

had reduced odds of depressive symptoms. Time spent in

MVPA was not independently associated with depressive

symptoms in this cohort. This suggests that it is the amount

of PA undertaken that is important rather than the intensity

of that activity for adolescent depressive symptoms. If

confirmed in longitudinal studies, and subsequent ran-

domised controlled trials, this may have important impli-

cations in terms of public health messages. It is important

to promote both physical and mental health, but it may be

that a different message is needed for each outcome.

Research that helps elucidate the mechanism that underlies

such associations will be important in helping to provide

clarity for those promoting public health.
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