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Abstract

Objectives. To examine whether regular exercise is associated with anxiety, depression and personality in a large population-based sample as a
function of gender and age.

Methods. The sample consisted of adolescent and adult twins and their families (N = 19,288) who participated in the study on lifestyle and
health from The Netherlands Twin Registry (1991–2002). Exercise participation, anxiety, depression and personality were assessed with self-
report questionnaires.

Results.The overall prevalence of exercise participation (with a minimum of 60 min weekly at 4 METs (Metabolic Energy Expenditure Index))
in our sample was 51.4%. Exercise participation strongly declined with age from about 70% in young adolescents to 30% in older adults. Among
adolescents, males exercised more, whereas, among older adults, females exercised more. Exercisers were on average less anxious (−0.18 SD),
depressed (−0.29 SD) and neurotic (−0.14 SD), more extraverted (+0.32 SD) and were higher in dimensions of sensation seeking (from +0.25 SD
to +0.47 SD) than non-exercisers. These differences were modest in size, but very consistent across gender and age.

Conclusions. This study corroborates and extends previous findings: regular exercise is cross-sectionally associated with lower neuroticism,
anxiety and depression and higher extraversion and sensation seeking in the population.
© 2006 Elsevier Inc. All rights reserved.
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The relationship between exercise behavior and mental
health has been examined by many researchers (Byrne and
Byrne, 1993; Folkins and Sime, 1981; Gauvin and Spence,
1996; North et al., 1990; Salmon, 2000; Scully et al., 1998).
However, population studies on the association between
exercise and mental health are scarce. To our knowledge,
only two large population studies have examined the cross-
sectional association in both males and females across a
wide age range (Farmer et al., 1988; Weyerer, 1992).
Although the instruments to measure depression have greatly
differed and exercise was based on a single question only,
these two studies converge on the main finding that regular
exercise is associated with less depression in the population.
Both studies only examined the relationship between
exercise and depression. The association of exercise with
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other prominent aspects of mental health, such as anxiety,
remains unexplored in population-based samples, as does the
association with personality traits.

Both anxiety and depression are known to be correlated with
personality, most prominently with neuroticism, but also with
extraversion (Costa and McCrae, 1980; Middeldorp et al.,
2005). Because personality traits can index the risk for anxious
and depressive psychopathology, they could potentially mediate
the co-morbidity between exercise and anxiety and depression.
Personality traits like sensation seeking seem independent of
anxiety and depression but predict lifestyle factors such as
smoking or drinking (Koopmans, 1997; Vink et al., 2003) and
possibly also exercise behavior. The aim of the present paper,
therefore, is to examine the association of exercise with anxiety,
depression and personality in a large population-based sample.
By using data from multiple surveys in the same population, we
obtained a sample size that allowed us to study these
associations as a function of gender and age.
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Materials and methods

Study population

This study was part of an ongoing study on lifestyle and the health of
adolescent and adult twins and their families (i.e., their siblings, parents and
spouses) in The Netherlands (Boomsma et al., 2002; Vink et al., 2004). All
subjects are voluntary participants in The Netherlands Twin Registry (NTR) and
receive surveys on lifestyle and health every 2 years. Questionnaires were
collected in 1991, 1993, 1995, 1997, 2000 and 2002. The procedure by which
subjects were recruited is described in detail elsewhere (Boomsma et al., 2002).

The total number of participants in the study on lifestyle and health was
19,469. We excluded seven subjects from our analyses because they were
younger than 10 years, and 174 subjects because their exercise behavior was
unknown. This resulted in a total sample of 19,288 subjects. There were 7342
subjects (38.1%) who returned a questionnaire on only one wave, 4705 subjects
(24.4%) who participated twice in the study and 7241 subjects (37.5%) who
participated three or more times. Only twins had the opportunity to participate at
all occasions. Parents and siblings could participate on four waves and spouses
only twice. The information of all subjects at all time points was used resulting
in 43,888 observations.

There were 8773 males (45.5%) and 10,515 females (54.5%). The mean age
was 33.0 years (SD = 14.4). Participants were divided into age groups, each with
a range of 5 years. Regarding variables such as socio-economic status, smoking
behavior and religious background, the sample used in this study is fairly
representative of the Dutch population (Boomsma et al., 2002).

Measures

Exercise participation was measured in detail in each survey. First, the
participants were asked whether they exercised regularly (‘Yes’ or ‘No’). If the
participants responded affirmative, further information on type, frequency and
duration of exercisewas gathered to calculate theirMETscores. TheMET is an index
for metabolic energy expenditure. A MET score of 1 equals the rate of energy
expended when at rest (1 kcal/kg/h). Subjects were classified as exerciser if they
exercised at least 60 min per week with a MET score of 4 or more. Since the focus
was on self-initiated exercise, physical education at school by adolescents was not
counted as exercise. More details are given by Stubbe et al. (2005).

Four variables reflecting anxiety or depression and six personality traits were
measured. Table 1 summarizes which variables were measured in each survey in
subjects with complete information on age, gender and exercise participation.

Anxiety and depression were measured with the short version of the Beck's
Depression Inventory (BDI, 13 items, average internal consistency over waves
α = 0.80) (Beck et al., 1961), the anxious depression scale from the Young Adult
Self Report (YASR, 16 items, α = 0.85) (Achenbach, 1990) and the Spielberger
State-Trait Anxiety Inventory trait version (STAI, 20 items, α = 0.91)
(Spielberger et al., 1970). Additionally, the social problems scale from the
YASR was used (8 items, α = 0.54).
Table 1
Measurement of anxiety, depression and personality over waves, Netherlands twin f

Year of measurement

1991 1993 1995

Exercise participation 6366 7852 8120
Depression (BDI) 7745
Anxious depression (YASR) 3315 a 3303 a

Anxiety (STAI) 6284 7759
Social problems (YASR) 3315 a 3303 a

Neuroticism (ABV) 6269 7733
Extraversion (ABV) 6281 7760
Thrill adventure seeking (SSS) 6304 7774
Experience seeking (SSS) 6295 7763
Boredom susceptibility (SSS) 6293 7757
Disinhibition (SSS) 6299 7765
a Only twins filled in the YASR questionnaire on these waves.
Six personality traits were measured: neuroticism, extraversion and the four
dimensions of sensation seeking. Neuroticism and extraversion were measured
with the Amsterdamse Biografische Vragenlijst (Wilde, 1970), a Dutch
questionnaire based on the Eysenck Personality Questionnaire (EPQ) (Eysenck
and Eysenck, 1964). The neuroticism scale consisted of 30 items (α = 0.89) and
the extraversion scale of 21 items (α = 0.84). The four dimensions of sensation
seeking were measured with the Dutch translation of the Sensation Seeking
Scale (SSS) from Zuckerman (Feij and Van Zuilen, 1984; Feij et al., 1997;
Zuckerman, 1971). The dimension ‘Thrill and adventure seeking’ contained 12
items (α = 0.87), ‘Experience seeking’ 14 items (α = 0.69), ‘Boredom
susceptibility’ 13 items (α = 0.66) and ‘Disinhibition’ 12 items (α = 0.79).

Statistical analyses

Linear mixed modeling was used to test for differences in means on
anxiety, depression and personality traits between exercisers and non-
exercisers. Linear mixed models allow for modeling statistical dependencies
among observations by including random effects, such as dependencies due
to nested sampling. In our sample, the data were nested at two levels:
individuals were nested within families and repeated measurements were
nested within individuals.

The effects of exercise participation, gender and categorized age (including
interaction effects) on the anxiety, depression and personality variables were
modeled by including them as fixed effects in the model. The means of the
repeated measurement were modeled by including a constant as a fixed effect for
each measurement occasion. The model included a family effect that varied
randomly over families. Within family, covariances were estimated by the single
variance component associated with this effect. Variances and covariances
among the repeated measurements were estimated by the unrestricted residual
variances and covariances. We used the statistical package S-Plus for the
analyses (S-Plus, 2001). As expected, both the variances of the family effect on
anxiety, depression and personality and the correlations between repeated
measurements over time within the same individual significantly differed from
zero. This indicates that the correction for family structure and repeated
measurements was necessary.

The analyses were performed for all ten dependent variables. The overall
significance level was set to α = 0.01. To correct for multiple testing, we used the
Bonferroni method to obtain the significance level used for every test. With ten
dependent variables and eight different fixed effects, this led to the use of an α of
0.00013 for each fixed effect.
Results

Prevalence of exercise participation

Fig. 1 depicts the prevalences of exercise participation in The
Netherlands across gender and age groups. The overall
amily study on lifestyle and health, 1991–2002

Total
observations

Total
families

1997 2000 2002

4732 6628 10,190 43,888 4923
4705 12,450 2864
4685 6533 9975 27,811 4767
4693 6600 10,089 35,425 4908
4685 6533 17,836 4226
4694 6568 9852 35,116 4898
4694 6573 9857 35,165 4898
4695 6551 9968 35,292 4900
4694 6527 10,063 35,343 4901
4692 6531 10,068 35,341 4902
4691 6533 10,074 35,362 4902



Fig. 1. Prevalence of exercise participation across gender and age, Netherlands
twin family study on lifestyle and health, 1991–2002.
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prevalence of exercise participation (in percentage exercising
subjects) for this sample is 51.4%. The overall prevalence for
men is 52.0% and for women 50.9%. There is a clear decline in
the prevalences over age for both males and females: older
subjects exercise less. In the young age (10 to 25 years), more
men than women exercise, in the older age (45 years and older),
more women exercise than men.

Effects of exercise participation, gender and age on anxiety
and depression

In the upper part of Table 2, the results of the significance
tests of the effects of exercise, gender and age on anxiety and
depression are given, based on approximate F tests. The upper
part of Table 3 contains the observed means for anxiety and
Table 2
Effects of exercise participation, gender and age on anxiety, depression and persona

Main effects

Exercise Gender Age

df 1 1 10
Depression (BDI) F 32.5 ⁎ 49.6 ⁎ 23.1 ⁎

Anxious depression (YASR) F 23.7 ⁎ 740.7 ⁎ 6.9 ⁎

Anxiety (STAI) F 71.0 ⁎ 523.5 ⁎ 11.9 ⁎

Social problems (YASR) F 16.1 ⁎ 5.3 3.3
Neuroticism (EPQ) F 46.4 ⁎ 833.2 ⁎ 40.4 ⁎

Extraversion (EPQ) F 115.9 ⁎ 6.8 93.4 ⁎

Thrill adventure seeking (SSS) F 167.6 ⁎ 2657.8 ⁎ 975.2 ⁎

Experience seeking (SSS) F 9.4 438.0 ⁎ 80.7 ⁎

Boredom susceptibility (SSS) F 4.3 206.5 ⁎ 38.1 ⁎

Disinhibition (SSS) F 14.6 ⁎ 3328.8 ⁎ 390.8 ⁎

⁎ P b 0.00013.
depression as a function of exercise. Fig. 2 shows the observed
means of anxiety and depression for the exercise and gender
groups over age. All main effects are significant, except for the
effects of gender and age on social problems. Exercisers on
average score lower on anxiety, depression and social problems
than non-exercisers. Expressed in pooled standard deviations,
exercisers are 0.29 SD lower in depression, 0.18 SD lower in
anxious depression, 0.19 SD lower in anxiety and 0.15 SD
lower in social problems.

Effects of exercise participation, gender and age on personality

In the lower part of Table 2, the results of the significance
tests of the effects of exercise, gender and age on personality are
shown. The lower part of Table 3 gives the observed means of
the personality traits as a function of exercise. Fig. 3 presents the
observed means of personality for the exercise and gender
groups over age. Main effects of exercise, gender and age on
personality are found for all personality measures, except for an
effect of exercise on experience seeking and boredom
susceptibility and an effect of gender on extraversion.
Exercisers on average score higher on extraversion (+0.32
SD), thrill and adventure seeking (+0.47 SD) and disinhibition
(+0.25 SD) and lower on neuroticism (−0.14 SD).

Discussion

The primary findings from this investigation are that
exercisers are on average less anxious and depressed (effect
sizes from −0.18 to −0.29 SD), less neurotic (effect size
−0.14 SD), more extraverted (effect size +0.32 SD), higher in
thrill and adventure seeking (effect size +0.47) and higher in
disinhibition (effect size +0.25 SD) than non-exercisers.
Although the differences between exercisers and non-
exercisers are small (Cohen, 1969), they are very consistent
across gender and age. Strikingly, the associations with
exercise participation were independent of the well-known
main effect of age on exercise prevalence, that is, all
associations held for 20-year-olds when exercise prevalence
is still 70% but also for 60-year-olds when exercise
prevalence has dropped below 30%.
lity, Netherlands twin family study on lifestyle and health, 1991–2002

2-way interactions 3-way interaction

Ex * Gender Ex * Age Gender * Age Ex * Gender * Age

1 10 10 10
0.0 1.4 1.0 1.0
0.2 0.8 3.2 1.9
0.2 0.9 5.1 ⁎ 0.9
0.5 1.0 2.3 1.0
2.2 1.4 2.0 2.6
0.0 1.2 4.4 ⁎ 0.5
5.8 0.9 20.7 ⁎ 1.4
1.2 2.3 10.1 ⁎ 1.4
0.8 2.1 5.2 ⁎ 1.1
0.1 1.7 10.8 ⁎ 1.2



Table 3
Anxiety, depression and personality as a function of exercise participation,
Netherlands twin family study on lifestyle and health, 1991–2002

Exercise No Yes

N M (SD) N M (SD)

Depression (BDI) 5738 2.3 (3.1) 6712 1.5 (2.4)
Anxious depression (YASR) 12,586 6.0 (5.2) 15,225 5.1 (4.6)
Anxiety (STAI) 17,088 34.2 (9.1) 18,337 32.6 (8.2)
Social problems (YASR) 7186 2.6 (2.1) 10,650 2.3 (2.0)
Neuroticism (EPQ) 16,908 50.5 (25.2) 18,208 47.2 (23.7)
Extraversion (EPQ) 16,945 55.7 (17.2) 18,220 61.1 (16.1)
Thrill adventure seeking (SSS) 16,996 30.2 (11.3) 18,296 35.5 (11.2)
Experience seeking (SSS) 17,032 32.6 (8.3) 18,311 33.5 (7.6)
Boredom susceptibility (SSS) 17,025 35.6 (7.5) 18,316 36.4 (7.3)
Disinhibition (SSS) 17,044 28.9 (8.2) 18,318 30.9 (8.0)
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The association of exercise with anxiety and depression
corroborates previous reports. Lack of exercise was found to be
cross-sectionally associated with depression in population
samples with a broad age range (Farmer et al., 1988; Weyerer,
1992) and in samples consisting of young (Steptoe et al., 1997;
Steptoe and Butler, 1996) or older adults (Kritz-Silverstein et
al., 2001; Strawbridge et al., 2002). In a sample of adolescents,
however, Allison et al. (2005) found that regular exercise was
associated with better social functioning, but not with less
anxiety and depression.
Fig. 2. Anxiety and depression as a function of exercise, gender and age, Netherla
comparison between graphs, values on the y axes range from mean −1 SD to mean
To date, only a few other studies have addressed the relation
between exercise and personality, although none in a large
population-based European sample. Our results are concordant
with these previous reports. In a large Japanese population study
(Arai and Hisamichi, 1998), exercisers scored higher on
extraversion and lower on neuroticism. In a sample of South
African students (Potgieter and Venter, 1995), adherers to
exercise score significantly higher on extraversion and lower on
neuroticism than subjects who drop out from an exercise
program. Two of three small studies examining exercise and
sensation seeking (Jack and Ronan, 1998; Potgieter and
Bisschoff, 1990; Franken et al., 1994) reported higher sensation
seeking in exercisers (Jack and Ronan, 1998; Potgieter and
Bisschoff, 1990).

We classified subjects of all ages as exercisers only when
they met a minimum criterion of 60 min at 4 METs weekly. This
is a rather strict criterion in comparison to previous studies on
exercise and depression (Camacho et al., 1991; Farmer et al.,
1988; Weyerer, 1992). However, the prevalences of exercise
participation in our sample are quite consistent with prevalences
for the Dutch population in 1999 estimated by Statistics
Netherlands (50%; Van der Gils et al., 2002) and the Social and
Cultural Planning Office of The Netherlands (65%; Van der
Meulen, 2003), although in both of these studies a broader
classification of exercise was used. Both studies found the
nds twin family study on lifestyle and health, 1991–2002. Note: to allow for
+1 SD for all variables.



Fig. 3. Personality as a function of exercise, gender and age, Netherlands twin family study on lifestyle and health, 1991–2002. Note: to allow for comparison between
graphs, values on the y axes range from mean −1 SD to mean +1 SD for all variables.
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difference between males and females in main prevalence of
exercise to be negligible, and they observed the same strong
decline with age. The consistency of the pattern of prevalence of
exercise participation in our study with these reports indicates
that our sample is representative for the Dutch population.

Cross-sectional analyses, as presented here, cannot inform
us on the causal structure between exercise, personality,
anxiety and depression. The most direct test of causality is
an experimental design in which exercise behavior is
manipulated, preferably in a combined training/detraining
design (De Geus et al., 1993). Many training studies on
different aspects of mental health have been performed.
Careful meta-analyses and qualitative reviews of these
studies yield an incoherent picture (Craft and Landers,
1998; De Geus et al., 1993; Long and Vanstavel, 1995;
Salmon, 2000). A fundamental problem with training studies
may be that they use selected samples, in which two groups
of subjects are always underrepresented: those who already
exercise vigorously and those who are persistently sedentary
and refuse to participate (or drop out early). This makes the
results of training studies inherently difficult to generalize to
the population because they may fail to fully capture the
source of the association between exercise and mental health
in the population at large.
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An alternative approach to causality, therefore, is the use of
prospective analyses in large population-based samples. A
prospective association between lack of exercise at baseline and
depression or anxiety at follow-up was found in some
population studies (Camacho et al., 1991; Farmer et al., 1988;
Strawbridge et al., 2002) but was absent in other studies
(Allison et al., 2005; Cooper-Patrick et al., 1997; Kritz-
Silverstein et al., 2001; Weyerer, 1992). These studies did not,
unfortunately, examine the reverse causality, where depression
or anxiety at baseline may predict reduced exercise participation
at follow-up. Such reverse causality may be particularly
plausible as an explanation for the association between exercise
behavior and neuroticism and extraversion. These traits show
stable individual differences from an early age onward (Caspi
and Roberts, 2001) that may precede active choices for
voluntary leisure time exercise behavior.

Even if we accept a model where personality influences
exercise behavior, exercise may still have a direct causal effect
on anxiety and depression. Effectively, this would mean that the
risk conveyed by personality on mental health acts through its
influence on exercise behavior. In a different scenario, exercise
may have an indirect causal effect by moderating the “normal”
effects of personality on mental health. Various other scenarios
can be conceived, and none can be ruled out based on the
present data. Finally, all three variables – exercise, personality
and mental health – may derive from “third” underlying factors
such as socio-economic background or pleiotropic genes
affecting the (neuro)biology crucial to these variables
simultaneously.

By showing a small but robust cross-sectional association of
exercise with anxiety, depression and personality that holds in
both genders and across age, this study paves the way for future
investigation of the causal structure of the associations of
exercise with personality and anxiety and depression in
population-based samples.
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