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Background. Physical inactivity has been identified as a risk factor for depression and, less often, as a long-term conse-
quence of depression. Underexplored is whether similar bi-directional longitudinal relationships are observed for anxiety
disorders, particularly in relation to three distinct indicators of activity levels – sports participation, general physical
activity and sedentary behavior.

Method. Participants were from the Netherlands Study of Depression and Anxiety (NESDA; N = 2932, 18–65 years old;
57% current anxiety or depressive disorder, 21% remitted disorder, 22% healthy controls). At baseline, 2, 4, and 6 years,
participants completed a diagnostic interview and self-report questionnaires assessing psychopathology symptom sever-
ity, physical activity indicators, and sociodemographic and health covariates.

Results. Consistently across assessment waves, people with anxiety and/or depressive disorders had lower sports par-
ticipation and general physical activity compared to healthy controls. Greater anxiety or depressive symptoms were asso-
ciated with lower activity according to all three indicators. Over time, a diagnosis or greater symptom severity at one
assessment was associated with poorer sports participation and general physical activity 2 years later. In the opposite
direction, only low sports participation was associated with greater symptom severity and increased odds of disorder
onset 2 years later. Stronger effects were observed for chronicity, with lower activity according to all indicators increasing
the odds of disorder chronicity after 2 years.

Conclusions. Over time, there seems to a mutually reinforcing, bidirectional relationship between psychopathology and
lower physical activity, particularly low sports participation. People with anxiety are as adversely affected as those with
depression.
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Introduction

Boosting physical activity and reducing sedentary
behavior are increasingly well-recognized as public
health priorities owing to their impact on both physical
and mental health (Penedo & Dahn, 2005; Warburton
et al. 2006; Ströhle, 2009; WHO, 2009; Lee et al. 2012;
Mammen & Faulkner, 2013; Teychenne et al. 2015).
Physical activity can be conceptualized in different
ways. Physical activity may be intentional or coinci-
dental; participation in sports (exercise) involves struc-
tured leisure activity and is distinct from general
physical activity, which is broader and encompasses
all activity across domestic, occupational and leisure
domains (Salmon, 2001). Sedentary behavior, or time
spent sitting, is a distinct phenotype; even someone

who meets recommended levels of physical activity
may be considered to have a sedentary lifestyle if
they sit for prolonged periods each day (Owen et al.
2010).

In general community samples, low sports participa-
tion, low general physical activity and high sedentary
behavior are cross-sectionally associated with higher
depressive or anxious symptoms (Penedo & Dahn,
2005; Teychenne et al. 2008, 2010, 2015). This associ-
ation is also reflected in psychiatric populations
(Goodwin, 2003; Daumit et al. 2005; Ströhle, 2009;
Everson-Hock et al. 2016). Exercise-based interventions
have been investigated as a possible treatment for
psychopathology. Although high-quality evidence is
somewhat limited to date, meta-analyses suggest
some positive clinical effects for depression (Cooney
et al. 2013; Schuch et al. 2016b), with a few studies
also indicating benefits for anxiety (Opdenacker &
Boen, 2008; Herring et al. 2012).

Although there is strong cross-sectional evidence,
there is less research regarding bi-directional
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relationships between depression or anxiety disorders
and physical activity indicators naturalistically over
time, particularly for sedentary behavior. Prospective
studies published to date have mostly focused on the
effect of physical activity on the onset of depressive
symptoms among the general community, and typic-
ally use a threshold on a self-report questionnaire to
define depression, rather than a clinical interview
that assesses depression against DSM-based symptom,
duration and functional impairment criteria. These
studies indicate that being physically active, even at
low levels, may reduce the risk of depressive symptom
onset over time (Mammen & Faulkner, 2013). Fewer
studies investigate the reverse direction as to whether
baseline depression is associated with physical activity
outcomes into the future, despite this being important
for understanding the long-term health consequences
of psychopathology.

Another major limitation of the extant literature is
that far fewer prospective studies examine relation-
ships between physical activity indicators and anxiety
disorder specifically, and the findings regarding anx-
iety symptoms to date have been mixed (De Moor
et al. 2008; Sanchez-Villegas et al. 2008; Ten Have et al.
2011; Brunes et al. 2014; Kang et al. 2016). Anxiety is a
common and significant mental health problem at
both subclinical and clinical levels. It is also highly
co-morbid with depression. Despite emerging evidence,
we still know little about the naturalistic longitudinal
associations between the presence of anxiety disorders,
both separately from and in conjunction with depressive
disorders, and physical activity indicators.

The current study utilizes four waves of longitudinal
data collected over 6 years from a cohort of people
with anxiety and/or depressive disorders and healthy
controls. It expands knowledge on longitudinal rela-
tionships between psychopathology and levels of
physical activity across three indicators (sports partici-
pation, general physical activity and sedentary behav-
ior), particularly for anxiety disorders, which have
been less frequently examined. Concurrently examin-
ing multiple activity indicators to see whether patterns
across the indicators are consistent is an important
innovation, since indicators are generally considered
separately. Understanding the consistency across indi-
cators may help to shape public health messaging
regarding the link between activity behavior and men-
tal health. We investigated whether lower physical
activity according to multiple indicators was consist-
ently associated with psychopathology diagnosis or
greater psychopathology symptoms during assess-
ments at baseline and after 2, 4, and 6 years. We also
examined whether psychopathology at one assessment
predicted indicators of low activity at the next assess-
ment and vice versa.

Method

Participants and procedures

Participants were from the Netherlands Study of
Depression and Anxiety (NESDA), a prospective
cohort study of 2981 adults with and without anxiety
and depressive disorders (18–65 years old). Detailed
study rationale, design and methods have been pub-
lished elsewhere (Penninx et al. 2008). Briefly, between
September 2004 and February 2007, participants were
recruited from the community, primary care and spe-
cialized mental health care. Exclusion criteria were
lack of fluency in Dutch or a primary diagnosis of
psychosis, obsessive compulsive disorder, bipolar
disorder or severe addiction. Participants completed
self-report questionnaires, a detailed interview and a
physical examination. After 2, 4 and 6 years, partici-
pants were re-assessed for the key measures used in
the current study: psychopathology, physical activity
indicators, and covariates (sociodemographic, health
and lifestyle characteristics). All participants provided
written informed consent and all procedures were
approved by institutional ethical review boards.

Retention of baseline participants was high across
the three follow-up assessments (86.8%, 80.1% and
75.7%, respectively). No or marginal differences were
observed between those who completed all four assess-
ments compared to those who were missing for one or
more assessments with regard to socio-demographic
characteristics, general health characteristics and phys-
ical activity levels. However, people with greater
symptoms or current psychopathology at baseline
were more likely to be missing for at least one
follow-up assessment.

Measures

Psychopathology

Participants completed validated self-report measures
of depression and anxiety symptoms severity: the
30-item Inventory of Depressive Symptomatology
(IDS; Rush et al. 1986, 1996) and the 21-item Beck
Anxiety Inventory (BAI; Beck et al. 1988). Participants
also completed the WHO Composite International
Diagnostic Interview (CIDI, version 2.1) to derive
lifetime and 6-month DSM-IV diagnoses of major
depressive disorder, dysthymia, social phobia, panic
disorder, agoraphobia, and generalized anxiety dis-
order. From these diagnoses, participants were clas-
sified at each wave as having: (a) current anxiety
and/or depressive disorder in the previous 6 months;
(b) remitted anxiety or depressive disorder (disorder
>6 months prior); or (c) no lifetime history of anxiety
or depression.
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Physical activity indicators

Physical activity indicators were defined in three ways:
sports participation, general physical activity and sed-
entary behavior. As part of a social activity scale (Van
Rijsselt, 1994), participants were asked for their fre-
quency of participating in organized sport activity out-
side the home on a 6-point scale (1, ‘almost never’; 2, ‘a
couple of times a year’; 3, ‘every month’; 4, ‘a couple of
times a month’; 5, ‘every week’; 6, ‘a couple of times a
week’). Levels of general physical activity and sedentary
behavior were derived from responses to the short-form
International Physical Activity Questionnaire (IPAQ;
Ainsworth et al. 2000; Craig et al. 2003). The short-form
IPAQ asks participants how much vigorous activity,
moderate activity, walking or sitting they did for
work or recreation in the past 7 days. Responses regard-
ing minutes of vigorous, moderate and walking activity
in the past week were used to calculate an overall level
of general physical activity, weighted by the intensity
of the activity, expressed as metabolic equivalent total
(MET) minutes per week (MET level×minutes of activi-
ty×events per week). Sedentary behavior was derived
from a single question regarding average hours of sit-
ting on a weekday. Weekday, rather than weekend, sit-
ting time is thought to be better representative of overall
sedentary behavior patterns (Craig et al. 2003).

Covariates

Covariates included socio-demographic, lifestyle and
physical health characteristics, namely self-reported
responses regarding age, gender, years of education,
income, smoking status (current smoker or not), alco-
hol use category as derived fromthenumberofalcoholic
drinks per week recorded in the AUDIT (Saunders et al.
1993) [no use (0 drinks per week), moderate use (1–21
for males, 1–14 for females), heavy use (>21 for males,
>14 for females)], and number of physical health condi-
tions (0–12 conditions: heart diseases, arthritis, intestinal
diseases, pulmonary conditions, diabetes, stroke, cancer,
ulcer, liver disease, epilepsy, thyroid disease, other dis-
eases), as well as objectively-measured body mass index
(BMI). These covariates were selected as they have an
established theoretical associationwith psychopathology
andwith physical activity levels, andhave been regularly
usedinsimilar studies.Althoughmanyof theparticipants
were using pharmacological or psychological treatment,
treatment was not entered as a covariate since this is an
indicator of illness severity (confounding by indication)
and so could be considered an overcorrection.

Statistical analysis

To retain maximal sample size, all participants with
data available for at least one outcome were included

in the analyses (N = 9463 observations). Two of the
response categories for sport participation were col-
lapsed due to disproportionately fewer responses com-
pared with the other categories (‘every month’ and
‘multiple times a month’) to form a 5-point ordinal
scale. Z scores (mean = 0, S.D. = 1) of BAI and IDS scores
were calculated and used in all analyses.

For data exploration, descriptive statistics for charac-
teristics across the baseline, 2-, 4- and 6-year assess-
ments and Pearson’s correlations between the three
activity measures at baseline were computed. To assess
the trajectory of the activity indicators and symptoms
over the four assessment waves, time (eithercontinuous
or categorical with baseline as the reference category)
was entered as a predictor of sports participation, general
physical activity, sedentary behavior, IDS or BAI in
generalized estimating equations (GEE) with exchange-
able correlation structure.

GEE analyses with exchangeable correlation struc-
ture were performed to examine the consistency of
associations between psychopathology and activity
indicators across the baseline, 2-, 4- and 6-year assess-
ments. Categorical time (reference category: baseline),
time-varying covariates, and either continuous symp-
tom severity or psychopathology diagnosis category
(reference category: healthy controls) were entered as
main effects, with activity indicator (sports participa-
tion, general physical activity or sedentary behavior)
entered as the outcome. An ordinal logistic model
was used for sports participation since this scale had
a limited number of ordered categories with a uniform
distribution, violating Gaussian assumptions. Gauss-
ian models were used for general physical activity
and sedentary behavior. In addition to the main effects
model, we also tested the interaction between the time
and psychopathology to assess whether the associa-
tions between psychopathology and activity indicators
were consistent over assessments.

Autoregression time-lag GEE models with an inde-
pendence correlation structure were conducted to
examine whether psychopathology at one ‘index’
assessment (t) predicted levels of activity indicators
at the subsequent assessment 2 years later (t + 1),
adjusting for activity indicators and covariates at t,
and time (reference category: baseline to 2-year com-
parison). The reverse direction was also examined in
similar GEE models to see whether activity indicators
at t predicted psychopathology at t + 1, controlling for
psychopathology and covariates at t, and time. Sport
participation was entered as a continuous predictor
since patterns across the five ordinal categories were
consistent with a linear association. In analyses pre-
dicting psychopathology diagnosis at t + 1, psycho-
pathology was coded as a binary variable of disorder
absent (healthy controls or remitted) or present
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(current anxiety, depression or co-morbid disorders) to
retain sample size. Effect modification of activity indi-
cators at t by psychopathology diagnosis status at t
was tested with an interaction term. Analyses stratified
by psychopathology diagnosis at the index assessment
were conducted when appropriate.

Finally, GEE analyses with an independence struc-
ture were conducted to assess whether the change in
psychopathology severity from one assessment to the
next was associated with the change in activity indica-
tors, controlling for covariates and time.

GEE analyses were completed using R statistical lan-
guage with the ‘gee’ package for continuous or binary
outcomes (Carey, 2015) and ‘multgee’ package for
ordinal outcomes (Touloumis, 2015).

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the rele-
vant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

Results

Descriptive characteristics

At baseline, participants were on average 42 years old
with 12 years of education, 34% were male, and they
were generally relatively healthy besides high smoking
rates (Table 1). Of participants, 61.5% were involved in
organized sports activity at least monthly. Mean gen-
eral physical activity was around 4000 MET min/
week and sedentary behavior per day was around
6.5 h.

At baseline, sports participation had a small, statis-
tically significant correlation with general physical
activity (r = 0.14, p < 0.001) and sedentary behavior
(r =−0.06, p < 0.001). There was a larger correlation
between general physical activity and sedentary
behavior (r =−0.33, p < 0.001). However, the associ-
ation was still only moderate in size, indicating that
the three indicators of activity capture unique aspects.

In assessing the patterns in activity indicators over
time, participation in sports remained relatively con-
sistent across the assessments (p > 0.05), whereas gen-
eral physical activity increased over time (trend over
time β = 0.05, robust S.E. = 0.03, p = 0.01) and sedentary
behavior decreased between baseline and the first
follow-up assessment (β =−0.15, robust S.E. = 0.06, p =
0.01). The proportion of participants with current anx-
iety and/or depressive disorders and the severity of
anxiety and depressive symptoms decreased across
assessments, with the greatest decline in symptoms

after the first follow-up assessment (BAI: β =−0.31,
robust S.E. = 0.02, p < 0.001; IDS: β =−0.39, robust S.E. =
0.02, p < 0.001).

Associations between psychopathology and activity
indicators across assessment waves

There were significant associations between physical
activity indicators and psychopathology, with associa-
tions marginally larger for depression than anxiety and
largest for co-morbid anxiety and depression (Table 2).
Lower levels of sport participation and general phys-
ical activity were observed for people with higher or
increasing anxiety and depression severity, as well as
those with current anxiety and/or depression com-
pared with healthy controls. Lower sports participa-
tion was also observed for those with remitted
anxiety or depression. Diagnosis was not significantly
associated with sedentary behavior, although greater
or increasing severity of anxiety or depression symp-
toms was associated with greater sedentary behavior.
These associations between symptom severity and
sedentary behavior remained statistically significant
after additionally controlling for general physical acti-
vity (BAI: B = 0.10, S.E. = 0.04, p = 0.014; IDS: B = 0.16,
S.E. = 0.04, p < 0.001). There were no consistent inter-
actions between psychopathology and assessment
wave, indicating that associations were generally con-
sistent in strength across the four assessments.

Psychopathology at the index assessment and
activity outcomes 2 years later

Table 3 shows the associations between psychopath-
ology at an index assessment and activity indicators
at the next assessment 2 years later, controlling for
levels of activity at the index assessment. There was
a dose-response relationship whereby increased anx-
iety or depression severity at one assessment was asso-
ciated with decreased sports participation at the next
assessment. Additionally, compared with healthy con-
trols, those with current or remitted anxiety and/or
depression at the indexassessment haddecreased sports
participation at thenext assessment. Similar associations
were observed between greater psychopathology symp-
tom severity or diagnosis at the index assessment and
lower general physical activity after 2 years, although
the results for current depressive disorder did not
reach statistical significance at p < 0.05. There was less
evidence that psychopathology indicators at the index
assessment were associated with sedentary behavior at
thenext assessment; however, therewasa strong, signifi-
cant association indicating that people with co-morbid
anxiety and depression, compared with healthy con-
trols, had increased sedentary behavior at the next
assessment. This effect remained statistically significant
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after additionally controlling for general physical activ-
ity at the index assessment (B = 0.32, S.E. = 0.12, p = 0.006).

Activity levels at the index assessment and
psychopathology outcomes 2 years later

Only greater sports participation, but not other activity
indicators, at the index assessment was associated with
lower anxiety and depression severity 2 years later
(Table 4). In predicting diagnosis at t + 1, there was a
significant interaction between diagnosis at t and both
general physical activity and sedentary behavior at t.
This indicates that the association between activity at t
and diagnosis at t + 1 differed depending on the absence
or presence of diagnosis at t, consistent with an inter-
pretation of the two effects as ‘onset’ for those without
a disorder at t and ‘chronicity’ among those with a dis-
order at t. Overall, effects were greater for chronicity
than onset of disorder. Among those without a disorder

at the index assessment, greater sports participation, but
not general physical activity or sedentary behavior, at
one assessment was associated with reduced odds of
having a disorder at the next assessment (p < 0.001;
Fig. 1a). In contrast, among those with a disorder at t,
there was reduced risk of continued disorder at t + 1 for
those with greater sports participation, greater general
physical activity or lower sedentary behavior at t (p <
0.001, p = 0.004, p = 0.002, respectively; Fig. 1b).

Changes in psychopathology severity and change in
activity

Finally, increases in symptom severity between two
assessments were associated with significantly reduced
sports participation, reduced general physical activity
and increased sedentary behavior (Table 5). The asso-
ciation between change in symptom severity and sed-
entary behavior remained statistically significant

Table 1. Descriptive characteristics

Characteristics
Wave 1
(N = 2932)

Wave 2
(N = 2396)

Wave 3
(N = 2141)

Wave 4
(N = 1994)

Sociodemographic and
health characteristics

Age (mean, S.D.) 41.9 (13.1)
Male (%) 33.6
Education (years) (mean, S.D.) 12.2 (3.3) 12.5 (3.3) 12.8 (3.3) 12.9 (3.3)
Income category (median, IQR) 9 (9) 10 (9) 11 (9) 11 (9)
Current smoker (%) 38.4 31.1 29.8 27.4
Alcohol use category
No use (%) 32.3 32.5 32.8 29.0
Moderate use (%) 56.1 57.1 58.8 62.2
High use (%) 11.6 10.4 8.4 8.8

Number of physical health conditions
(median, IQR)

1 (1) 0 (1) 0 (1) 1 (1)

Body mass index (mean, S.D.) 25.6 (5.0) 25.8 (4.9) 26.2 (5.0) 26.2 (5.0)
Activity levels Sport participation category (median, IQR) 3 (3) 3 (3) 3 (2) 3 (2)

1 (almost never) (%) 26.4 24.2 24.0 24.4
2 (several times a year) (%) 12.2 12.8 14.9 13.8
3 (every month/few times a month) (%) 14.1 14.7 14.2 13.7
4 (every week) (%) 22.9 23.1 23.0 23.1
5 (several times a week) (%) 24.5 25.2 24.0 24.9

Total general physical activity
(1000 MET min/week) (mean, S.D.)

3.7 (3.1) 4.1 (3.4) 3.8 (3.3) 3.9 (3.4)

Sedentary behavior (h/day) (mean, S.D.) 6.7 (3.2) 6.5 (3.2) 6.5 (3.1) 6.7 (3.2)
Psychopathology Diagnosis

Healthy controls (%) 22.1 21.2 21.3 21.3
Remitted disorder (%) 21.0 41.9 47.2 50.2
Current anxiety (%) 18.3 13.1 12.5 10.1
Current depression (%) 13.3 10.1 9.0 8.6
Current co-morbid anxiety/depression (%) 25.3 13.7 10.0 9.7

IDS (mean, S.D.) 21.4 (14.1) 15.8 (11.9) 15.5 (12.0) 15.3 (11.9)
BAI (mean, S.D.) 12.1 (10.7) 8.6 (8.6) 8.1 (8.4) 8.5 (8.5)

IQR, Interquartile range; MET, metabolic equivalent total; IDS, Inventory of Depressive Symptomatology; BAI, Beck
Anxiety Inventory.
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after additionally controlling for general physical
activity change (BAI: B = 0.17, S.E. = 0.07, p = 0.009;
IDS: B = 0.21, S.E. = 0.07, p = 0.002).

Discussion

There were bi-directional longitudinal associations
between greater psychopathology and lower physical

activity according to multiple indicators, most promin-
ently low sports participation. Effects were present for
both anxiety and depression. Those with co-morbid
disorders were most adversely affected. People with
a diagnosis or higher symptoms of anxiety or depres-
sion were less likely to engage in sports or general
physical activity. Those with greater symptoms also

Table 2. Associations between psychopathology and physical activity indicators across four assessment waves

Predictor

Outcomes

Sport participation
(categories 1–5)

General physical activity (1000
MET min/week) Sedentary behavior (h/day)

OR 95% CI p B 95% CI p B 95% CI p

BAI 0.81 0.77–0.85 <0.001 −0.23 −0.31 to −0.15 <0.001 0.14 0.06–0.22 <0.001
IDS 0.77 0.73–0.80 <0.001 −0.37 −0.45 to −0.28 <0.001 0.24 0.16–0.32 <0.001
Disorder
Healthy controls Reference Reference Reference
Remitted disorder 0.79 0.69–0.89 <0.001 −0.16 −0.41 to 0.08 0.187 0.00 −0.22 to 0.22 0.971
Current anxiety 0.76 0.65–0.87 <0.001 −0.33 −0.61 to −0.06 0.016 0.18 −0.07 to 0.43 0.157
Current depression 0.64 0.55–0.75 <0.001 −0.40 −0.69 to −0.11 0.006 0.24 −0.03 to 0.51 0.077
Current co-morbid 0.60 0.52–0.69 <0.001 −0.52 −0.79 to −0.24 <0.001 0.24 −0.01 to 0.48 0.064

MET, Metabolic equivalent total; OR, odds ratio; CI, confidence interval; BAI, Beck Anxiety Inventory; IDS, Inventory of
Depressive Symptomatology.
GEE analyses adjusted for time, sex, age, education, income, body mass index, number of diseases, alcohol use and

smoking.
Sport participation is a 5-point ordinal scale from lowest to highest level.
BAI and IDS scores are standardized.

Table 3. Associations between psychopathology predictors at one assessment (t) and activity outcomes at the subsequent assessment 2 years
later (t + 1)

Predictor (t)

Outcomes (t + 1)

Sport participation
(categories 1–5)

General physical activity (1000
MET min/week) Sedentary behaviour (h/day)

OR 95% CI p B 95% CI p B 95% CI p

BAI 0.87 0.82–0.91 <0.001 −0.08 −0.17 to 0.00 0.053 0.02 −0.05 to 0.10 0.561
IDS 0.85 0.81–0.90 <0.001 −0.10 −0.18 to −0.02 0.019 0.07 −0.01 to 0.14 0.073
Diagnosis
Healthy controls Reference Reference Reference
Remitted disorder 0.87 0.77–0.98 0.017 −0.24 −0.44 to −0.04 0.020 0.08 −0.09 to 0.25 0.330
Current anxiety 0.82 0.71–0.95 0.008 −0.26 −0.51 to 0.00 0.047 0.12 −0.09 to 0.33 0.273
Current depression 0.83 0.71–0.98 0.026 −0.25 −0.54 to 0.04 0.097 0.21 −0.04 to 0.46 0.094
Current co-morbid 0.72 0.62–0.84 <0.001 −0.43 −0.68 to −0.18 0.001 0.35 0.13–0.57 0.002

MET, metabolic equivalent total; OR, odds ratio; CI, confidence interval; BAI, Beck Anxiety Inventory; IDS, Inventory of
Depressive Symptomatology.
Autoregression GEE analyses adjusted for time, sex, age, education, income, body mass index, number of diseases, alcohol

use, smoking and activity at t.
Sport participation is a 5-point ordinal scale from lowest to highest level.
IDS and BAI scores are standardized.
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Table 4. Associations between physical activity indicators at one assessment (t) and psychopathology symptom severity at the subsequent
assessment 2 years later (t + 1)

Predictor (t)

Outcome (t + 1)

IDS BAI

B 95% CI p B 95% CI p

Sports participation −0.012 −0.023 to −0.001 0.034 −0.013 −0.024 to −0.001 0.035
General physical activity 0.0002 −0.005 to 0.005 0.948 −0.002 −0.007 to 0.004 0.529
Sedentary behavior −0.002 −0.007 to 0.003 0.504 0.001 −0.004 to 0.006 0.699

IDS, Inventory of Depressive Symptomatology; BAI, Beck Anxiety Inventory; CI, confidence interval.
Autoregression GEE analyses adjusted for time, sex, age, education, income, body mass index, number of diseases, alcohol

use, smoking and psychopathology indicator at t.
Sport participation is a 5-point ordinal scale from lowest to highest level, treated as a continuous variable for these

analyses.
IDS and BAI scores are standardized.

Fig. 1. Odds ratios (95% confidence intervals, CI) for having a disorder compared with not having a disorder after 2 years for
a 1-unit increase in sports participation, general physical activity and sedentary behavior. Analyses are stratified by disorder
status at baseline. (a) Indicates onset of disorder among people without a disorder at baseline; (b) indicates continued disorder
among people with a disorder (‘chronicity’).

Table 5. Associations between the change in psychopathology severity score and the change in activity over 2 years

Predictor

Outcomes

ΔSport participation ΔGeneral physical activity ΔSedentary behavior

B 95% CI p B 95% CI p B 95% CI p

ΔBAI −0.07 −0.12 to −0.02 0.016 −0.14 −0.26 to −0.02 0.047 0.19 0.09–0.29 0.003
ΔIDS −0.10 −0.15 to −0.05 0.001 −0.39 −0.51 to −0.26 <0.001 0.28 0.17–0.39 <0.001

CI, Confidence interval; BAI, Beck Anxiety Inventory; IDS, Inventory of Depressive Symptomatology.
GEE analyses adjusted for time, sex, age, education, income, body mass index, number of diseases, alcohol use, and

smoking.
BAI and IDS scores are standardized.
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had greater levels of sedentary behavior. Over time,
greater symptom severity or diagnosis was associated
with lower sports participation and general physical
activity 2 years later. In the opposite direction, only
low sports participation was associated with greater
symptom severity and increased odds of disorder
onset 2 years later. Stronger effects were observed for
chronicity,with poorer behavior in all activity indicators
increasing the odds of disorder chronicity after 2 years.

We observed relatively consistent evidence that psy-
chopathology at one assessment was associated with
enduring negative effects on activity indicators 2
years later. This direction of the psychopathology-
activity relationship is far less frequently examined
than the opposite direction. Our results align with sev-
eral studies that observed higher baseline anxiety or
depression scores associated with decreasing physical
activity over time (Lindwall et al. 2011; Azevedo
Da Silva et al. 2012; Gudmundsson et al. 2015) or a
shift from active to inactive patterns over time
(Panagiotakos et al. 2008; Patten et al. 2009). We extend
this previous work to show similar patterns for clinic-
ally diagnosed anxiety and depression. These findings
may have substantial implications for the ongoing
health of people after their acute anxiety or depressive
episode resolves. The importance of this conclusion is
further emphasized in the observation that the odds
of anxiety and depression chronicity were increased
among people with low activity according to all indica-
tors. Thus, there may be an ongoing reciprocal cycle
between poor mental health and low activity levels.

Effects were particularly consistent for sports partici-
pation, compared with other physical activity indica-
tors. The systematic review of Teychenne et al. (2008)
implies a similar conclusion, describing stronger evi-
dence for an association between lower depressive
symptoms and greater intensity of activity or leisure-
time physical activity. This differential effect highlights
that the intrinsic psychological factors that differentiate
sports participation from the more heterogeneous indi-
cator of general physical activity may be important
mechanisms underlying the associations between
psychopathology and physical activity levels. Such
factors may include organization skills, social partici-
pation, motivation for initiation and continuation, and
self-efficacy (Wilson et al. 2012; Krämer et al. 2014;
Scarapicchia et al. 2014). General self-efficacy may be a
particularly important factor, since previous studies
show it mediates associations between physical activity
indicators and psychological characteristics (Cairney
et al. 2009; Ebstrup et al. 2013) and it improves with
physical activity intervention (Opdenacker & Boen,
2008). In addition to psychosocial factors, biological
factors such as levels of inflammation, neurotrophin
and neurotransmitters, may also play a role in the

relationship between psychopathology and physical
activity indicators, particularly in higher intensity activ-
ities (Wipfli et al. 2011; Eyre & Baune, 2012; Medina et al.
2015; Schuch et al. 2016a). For instance, exercise may
reduce inflammation andoxidative stress – twomechan-
isms thought to be involved in the pathophysiology
of psychopathology – through various pathways,
including via the regulation of microglia, regulation of
pro-inflammatorymacrophages, upregulation of neuro-
protective factors such as CXCL1, and reduction in
adipocyte-inducing visceral fat (Eyre & Baune, 2012).
Furthermore, rather than a direct causal pathway, the
association between exercise and mental health may be
explained by common underlying factors. Meta-
analyses indicate that low physical activity is associated
with personality traits such as higher neuroticism, and
lower extraversion and conscientiousness (Wilson &
Dishman, 2015; Sutin et al. 2016), which are traits also
associated with anxiety, depression and substance mis-
use (Kotov et al. 2010). There is also twin-study evidence
against a direct causal pathway between lack of exercise
and poor mental health, rather suggesting these traits
derive from a common genetic vulnerability (De Moor
et al. 2008).

Overall, there was a relative lack of significant
findings to indicate longitudinal relationships between
sedentary behavior and anxiety or depression, com-
pared with sports participation and general physical
activity. Previous cross-sectional studies and a limited
number of longitudinal studies also show mixed
findings with regard to sedentary behavior (see
reviews Teychenne et al. 2010, 2015). Furthermore,
cross-sectional studies comparing both activity types
indicate physical activity may more strongly associated
with mental health than sedentary behavior (Van
Uffelen et al. 2013; Liao et al. 2015). One reason for
this may be that psychosocial factors behind engaging
in sedentary behavior could have both positive and
negative implications for mental health. Generally,
weekday sedentary behavior is often highly correlated
with occupational sedentary behavior, and employ-
ment is generally associated with better mental health.
Sedentary behavior is also associated with a lack of
motivation, social disengagement or displacement of
physical activity, which are factors associated with
poor mental health. Alternatively, certain symptoms
that characterize particular anxiety disorders or sub-
types of depression may drive associations with seden-
tary behavior. For instance, cross-sectional research
indicates that people with agoraphobia and panic dis-
order may be particularly prone to higher sedentary
behavior (De Wit et al. 2011). Assessing sedentary
behavior in heterogeneous cohorts, as done in this
study, may mask results that may be observed for
more homogeneous characterizations of the disorders.
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The main limitation of the current study is the
lack of objective measures of physical activity. In
questionnaire-based assessment of physical activity,
participants may over- or under-estimate their activity
levels. This is a particular risk when behaviors are
measured by single items, as was the case for sports
participation and sedentary behavior in this study.
Furthermore, ‘sports’ constitute activities of various
intensities and modalities, which could introduce het-
erogeneity in the outcome. Future studies would
benefit from objective GPS or accelerometry-based
measurement, which can indicate both activity dur-
ation and intensity, or ecological momentary assess-
ment, which can additionally capture characteristics
such as social interaction or mood during the activity.
These methods would allow a more fine-grained
assessment of behavior and capture aspects of activity
including breaking up prolonged periods of sitting
with time standing or moving, which is associated
with improved health parameters and recommended
in several current health guidelines (Healy et al.
2008). These methods are better able to capture
whether particular intensity, regularity or patterns of
activity are needed to effect change in psychopath-
ology. Other limitations include selective drop-out of
people with more severe psychopathology at baseline,
but in fact this may suggest that our results provide
conservative estimates. Residual confounding is also
possible, however, sensitivity analyses excluding
cases of pregnant women (N = 141) or adjusting for
additional possible covariates (having children living
at home, having a current partner, and being currently
employed) did not change the results. Finally, we con-
ducted multiple tests for each hypothesis, which may
have inflated the Type 1 error rate. Nevertheless, our
primary aim was to interpret the overall pattern of
results and not necessarily the outcomes of specific
individual tests. Most effects we did interpret were
consistent and strong (p < 0.001) and remain statistic-
ally significant even after conservative Bonferroni cor-
rection of 0.008 was applied [correcting α = 0.05 for
nine tests (three predictors by three outcomes) with
an average correlation of 0.15 between activity
measures].

The main strength of the current study is that it was
conducted in a large cohort oversampled for people
with anxiety and depressive disorders. This permitted
the investigation of previously underexplored research
questions regarding the differential association of
physical activity indicators with anxiety and depres-
sion diagnoses, independently and co-morbidly, over
time. With four follow-up measurements evenly
spaced over 6 years conducted in this large cohort,
we could well-characterize temporal effects, taking
into account key time-varying covariates. Reporting

three different indicators of physical activity simultan-
eously also helps to better characterize the relation-
ships between physical activity and psychopathology.

The current study highlights the close associations of
anxiety and depressive disorders with indicators of
physical activity, particularly sports participation,
over time. The observation of low physical activity,
in conjunction with other aspects of unhealthy lifestyle
such as poor diet quality, alcohol consumption and
smoking, has been used to explain why people with
psychopathology may be at elevated risk of cardiovas-
cular and other chronic disease, as well as exhibit
many of the underlying physiological risk factors for
disease (Hamer et al. 2009; Duivis et al. 2013; Lopresti
et al. 2013; Moylan et al. 2013; Van Reedt Dortland
et al. 2013; Hiles et al. 2015). Physical activity may
have additional benefits in people with common men-
tal health problems in buffering against associated
negative outcomes, such as health-related quality of
life (Patten et al. 2013), negative life events, or physical
diseases (Harris et al. 2006). We still know little about
whether a certain intensity, regularity or mode of activ-
ity can elicit change in psychopathology, or whether
psychopathology selectively influences certain activity
behaviors. The current study suggests that maximum
benefit for public health may be seen with greater
intensity of physical activity or community-based
and organized interactions. Alternatively, it is likely
there are particular underlying mechanisms that
account for both mental health and activity behavior.
As the temporal associations between physical activity
indicators and diagnosis of anxiety and depression
become better characterized using more detailed meas-
urement techniques, future research will benefit from a
closer examination of the mechanisms behind the rela-
tionship. For instance, assessing relative weight of
physiological and psychosocial factors, informed
partly by the differential effects for sports participation
and general physical activity observed in the current
study. Perhaps it is these mechanisms that can be
exploited for joint improvement of physical and mental
health.
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