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ABSTRACT

Objective To examine the compositional effects of
physical behaviour on mental health.

Design Cross-sectional study.

Setting A population-representative random sample
(Mitchelstown cohort) was recruited from a large
primary care centre in Mitchelstown, County Cork,
Ireland.

Participants In total 3807 potential participants were
selected from the practice list. Following exclusion of
duplicates, deaths and ineligibles, 3043 were invited to
participate and of these, 2047 (49.2% men) completed
the questionnaire and physical examination components
of the baseline assessment during the study period
(April 2010 and May 2011). Accelerometers were
introduced into the study in January 2011. Of the 745
participants seen between January and May of 2011,
475 (44.6% men) subjects (response rate 64%) agreed
to participate and of these 397 (46.1% men) had valid
accelerometer data.

Primary and secondary outcome

measures Participants wore the wrist GENEActiv
accelerometer for 7 consecutive days. Data were
summarised into 60 s epochs and activity categorised
as sedentary behaviour, light or moderate-to-vigorous
physical activity (MVPA). Levels of depressive and
anxiety symptoms were assessed using the Centre for
Epidemiologic Studies Depression scale and the Hospital
Anxiety and Depression Scale. Well-being was assessed
using the WHO-5 well-being scale.

Results In adjusted isotemporal models, a 30 min
increase in light activity per day was associated with

a significant decrease in levels of anxiety symptoms
(B=—0.34; 95% Cl —0.64 to —0.04) and a significant
increase in levels of well-being (B=0.58; 95% ClI

0.05 to 1.11). No statistically significant associations
were observed between any physical behaviour and
depressive symptoms or when sedentary behaviour was
substituted with MVPA (P>0.05).

Conclusion Although based on a cross-sectional study,
the findings suggest that substituting light activity for
sedentary behaviour may have positive associations with
symptoms of anxiety and reported well-being among
middle-aged adults.

Strengths and limitations of this study

» The use of a valid and reliable activity monitor which
is capable of assessing time spent in sedentary,
light, moderate and vigorous activity categories
represents a significant strength of this study.

» This study had a high participation rate and large
sample size for an accelerometer-based study.

» This study used cross-sectional analysis thus
reverse causation is a potential limitation.

» Physical activity data were collected over a 1-week
period which may not reflect habitual physical
activity levels over a longer time period, that is,
month or year.

» Generalisability of these findings may also be
limited; the Mitchelstown cohort was a random
sample of middle-aged adults, 50-69 years of age,
in an area which was representative of both urban
and rural population in Ireland.

INTRODUCTION

Mental disorders such as depression and
anxiety are major public health concerns.
According to the WHO, the number of people
experiencing depression and/or anxiety
increased by approximately 50% between
1990 and 2013, from 416 to 615 million.! It is
estimated that mental disorders account for
30% of the global non-fatal disease burden.'
The burden of mental disorders extends far
beyond the condition itself, affecting quality
of life, cognitive function, psychosocial health,
and all-cause and suicide mortality risk.” Many
epidemiological studies have documented
associations between physical behaviour and
mental health.”'* Being physically active is a
major contributor to both physical and mental
health."? A comprehensive body of high-
quality evidence has found physical activity to
reduce depression and anxiety in non-clinical
populations.'?
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Although there is a growing body of literature examining
the beneficial effects of light activity and moderate-to-vig-
orous activity (MVPA), the impact of substituting sedentary
behaviour with light activity or MVPA on mental health
outcomes is less known."* Furthermore, the majority of
previous research has used subjective measures of phys-
ical behaviour which are prone to measurement error and
bias.”” Limitations of subjective measures include over-re-
porting of physical activity levels, often due to social desir-
ability bias'®"® and failure of instruments to account for
the least intense or shortest activities.'"** Questionnaires
lack emphasis on light-intensity activities and often do not
take into account the fragmentation of physical behaviour
episodes.” ** Accelerometers overcome these issues as they
allow for the objective measurement of physical behaviour
and thus avoid reporting errors created by translation,
misinterpretation and social desirability bias.”

The daily time we are able to move and participate in phys-
ical behaviour is limited. We can only undertake one type of
behaviour at any time thus a specific behaviour undertaken
at a certain time will have heterogeneous effects on an
outcome depending on the other activities being displaced.
The isotemporal substitution model allows for the study of
these time displacement effects, substituting one physical
behaviour for another. Isotemporal substitution analysis
concurrently models the specific physical behaviour being
performed and the specific behaviour being displaced in
an equal time-exchange manner (ie, 30min). Thus, the
isotemporal model controls for the confounding effect of
other behaviours and the effect of time substitution and
reduces heterogeneity in the associations. The isotemporal
substitution model has been used to investigate the statis-
tical substitution of sedentary behaviour with other phys-
ical activity intensities on various health outcomes.'* > 20
However, only two studies have examined associations with
mental health outcomes.'* ** Mekary et al'* found a signifi-
cant improvement in depression risk when 60 min per day
of television viewing was replaced with an equal amount of
brisk walking. Loprinzi et al*® reported significantly lower
odds of suffering depression with a 60 min increase in light
activity.

Few studies have examined the compositional, inter-
dependent effects of physical behaviour on mental
health outcomes. Understanding the effects of substi-
tuting different physical behaviours on health outcomes
is important for the development of physical behaviour
guidelines, health promotion programmes and inter-
vention studies. The aim of this study was to examine
cross-sectional associations between physical behaviour
patterns and indicators of mental health and well-being
using single and isotemporal substitution analyses.

METHODS
Subjects
A population-representative random sample (Mitch-
elstown Cohort) was recruited from a large primary
care centre in Mitchelstown, County Cork, Ireland.*

Participants were randomly selected from all registered
attending patients in the 50-69year age group. In total
3807 potential participants were selected from the prac-
tice list. Following exclusion of duplicates, deaths and inel-
igibles, 3043 were invited to participate in the study and
of these, 2047 (49.2% men) completed the questionnaire
and physical examination components of the baseline
assessment (response rate 67%) during the study period
(April 2010 and May 2011). Accelerometers were intro-
duced into the study in January 2011. Of the 745 partici-
pants seen between January and May of 2011, 475 (44.6%
men; mean aged 59.6+5.5 years) subjects agreed to partic-
ipate (response rate 64%) and of these, 397 (46.1% men;
mean 59.6+5.5 years) had valid accelerometer data (at
least 10 hours of wear time activity during daytime hours
on all days). The subsample of the Mitchelstown Cohort,
for whom accelerometer data was collected, differed by
gender in that women were more likely to agree to wear
the accelerometer. However, there were no statistically
significant differences in age, education or body mass
index (BMI) between those included and excluded in the
final analysis in both men and women.

Accelerometer protocol

Objective physical behaviour levels were assessed using
a triaxial, GENEActiv accelerometer. The accelerometer
(Activinsights Ltd, Kimbolton, Cambridgeshire, UK)
comprised a triaxial accelerometer with a dynamic range
of +8¢g (1 g=9.81 m/s?), where g represents gravitational
unit, and was attached to the participants’ preferred wrist
with a strap. The technical reliability and validity of this
accelerometer and detailed methods of the accelerom-
eter protocol have been reported elsewhere.” ** For the
current study, acceleration was sampled at 100Hz and
the accelerometer worn for 7 consecutive days. Following
return of the accelerometer to the co-ordination
centre, data were extracted using GENEActiv software
and then collapsed into a specific time interval (epoch),
for example, 60s epoch. Each time interval, from the
daytime wear-time (6-12 am) periods, was categorised
based on validated cutoff points for dominant and
non-dominant wrist wear.”> Wear and non-wear time
was identified by the procedure outlined by Van Hees
et al.” In the Mitchelstown study, physical activity was also
measured subjectively using the International Physical
Activity Questionnaire-Short Form (IPAQ-SF). However,
validation analysis found low levels of agreement between
the two measures (Cohen’s Kappa (k=0.011)).

Outcomes measures

The Centre for Epidemiologic Studies Depression (CESD)
20-item symptom scale was used to assess symptoms of
depression.”* Scores range from 0 to 60, with higher
scores indicative of higher levels of depressive symptoms;
<15 indicate no symptoms, 15-21 and >21 signify mild-
to-moderate and possibility of major depression, respec-
tively. CESD scores with <16 questions answered were
excluded from the analysis.
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Anxiety was assessed using the anxiety section (seven
items) of the Hospital Anxiety and Depression Scale
(HADS).” A score 0-7 signifies no anxiety, 8-10 mild
anxiety, 11-15 moderate anxiety and >15 indicates severe
anxiety. Anxiety scores ranged from 0 to 21 and any case
with more than one question unanswered were excluded
from the analysis. For the purposes of this analysis,
cut-offs of mild-to-moderate symptoms of depression and
moderate symptoms of anxiety were used for descriptive
analysis.

Well-being was assessed using the WHO-5 well-being
index.” ¥ Each of the five items is rated on a 6-point
Likert scale from 0 (not present) to 5 (constantly
present). The raw score ranged between 0 and 25
and was used in regression and descriptive analyses. A
dichotomous variable was created for additional descrip-
tive analysis; a score of <13 indicated poor well-being
and >13 indicated good well-being. Participants were
excluded from analysis if more than two questions were
unanswered.

Potential covariates

Demographic, behavioural and comorbidity character-
istics were measured by a combination of self-reported
(gender, smoking status, alcohol intake, education,
season and marital status) and interviewer assessed (age,
height and weight) measures. BMI was calculated as
(weight (kg)/ (height (m)) 2).

Statistical analysis

Descriptive analyses were used to examine sample
differences by study covariates and patterns of physical
behaviour across intensity categories by depression,
anxiety and well-being measures. Isotemporal substitu-
tion was used to examine associations between statistically
replacing 30 min per day of sedentary behaviour with equal
amounts of light activity and MVPA on levels of depressive
and anxiety symptoms and well-being. Isotemporal anal-
yses examined each activity intensity while adjusting for
time in other physical behaviours and total time. More
specifically, the coefficient from an isotemporal model
represents the estimated effects of substituting a specific
activity intensity for the category dropped while holding
total wear time and other activities constant.*® Therefore,
if we assess the effect of replacing sedentary behaviour
with MVPA we include light activity, MVPA and total wear
time in the model whereas a model examining the effects
of replacing MVPA with sedentary behaviour would
include sedentary behaviour, light activity and total time.
The isotemporal model is a linear regression model. Thus
the coefficients represent the effects for every 30min
increase substitution on a one-unit increase in symp-
toms of depression, anxiety or well-being. These models
are described in greater detail elsewhere.'* ” Data are
reported as median and 25th and 75th percentiles unless
otherwise stated. Analyses were adjusted for gender, age,
season, marital status, smoking status, alcohol consump-
tion, BMI status and education. All statistical analyses

were conducted using Stata (V.12, Stata Corp, College
Station, Texas, USA).

RESULTS

Descriptive characteristics of study sample

Three hundred and ninety-six participants had valid
accelerometer data (men: 46.1%; mean age 59.6+5.5
years). The prevalence of mild-to-major levels of depres-
sive and anxiety symptoms that indicate risk of clinical
diagnoses were 18.2% and 9.5%, respectively, while 35%
of the study population reported poor well-being. Median
levels of depressive, anxiety and well-being symptoms are
presented by study sample demographic characteristics in
table 1.

Statistically significant differences in symptoms of
anxiety were observed across gender and age (P<0.02).
No statistically significant associations were observed
with symptoms of depression (P>0.05) or reported well-
being, with the exception of age (P<0.001). Furthermore,
no statistically significant differences were observed in
symptoms of depression, anxiety or well-being and BMI
status (P>0.05). Physical behaviour characteristics by cate-
gories of depressive, anxiety and well-being indicators
are presented in table 2. Statistically significant differ-
ences were observed for all physical behaviour intensi-
ties with anxiety and well-being categories (P<0.05), with
the exception of MVPA for anxiety categories (P=0.13).
Overall, those with anxiety symptoms and those who
reported poor well-being had higher sedentary behaviour
levels and lower physical activity levels than their counter-
parts. No significant differences were observed between
physical behaviour and depression.

Associations between physical behaviour intensity, depressive
and anxiety symptoms and well-being

The results of isotemporal substitution regression anal-
yses models are presented in tables 3-5. No statistically
significant associations were observed for crude analyses
of associations between physical behaviour and levels
of depressive symptoms, anxiety and well-being for any
physical behaviour model (P>0.05), with the exception
for light activity and well-being. A significant increase in
levels of well-being symptoms was observed when 30 min
of sedentary behaviour was substituted with 30min of
light activity (B=0.48; 95% CI 0.02 to 0.94).

A significant association between light activity and
levels of anxiety symptoms and well-being were found in
adjusted analyses. In adjusted models, a 30 min increase
in light activity per day was associated with a significant
decrease in levels of anxiety symptoms (B=—0.34; 95% CI
-0.64 to -0.04) and a significant increase in well-being
(B=0.58; 95%CI 0.05 to 1.11). No statistically signifi-
cant associations were observed between any physical
behaviour and depressive symptoms, nor when sedentary
behaviour was substituted for MVPA in terms of symptoms
of anxiety or levels of well-being (P>0.05).
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Table 1 Levels of depressive, anxiety and well-being symptoms by demographic characteristics
Depression*! Anxiety*? Well-being*®
(CESD (HADS- (WHO-5 well-
questionnaire) P value modified) P value being index) P value
Sex
Man (n=182; 46.1%) 8(3,13) 4 (3, 6) 18 (13, 20)
Woman (n=214; 53.9%) 9 (4, 13) 0.24 54,7) 0.0009 18 (13, 20) 0.54
Age (years)
50-59 (n=212; 54.4%) 9 (4, 13) 5@4,7) 17 (12, 20)
60-69 (n=178; 45.6%) 8 (3, 13) 0.44 5(3, 6) 0.01 19 (15, 21) 0.0003
Education
Primary (n=101; 26.7%) 8 (4, 14) 5@,7) 18 (13, 20)
Secondary/Tertiary (n=278; 73.3%) 9 (4, 13) 0.77 5@3,7) 0.82 18 (14, 20) 0.64
Season
Winter/Spring (n=278; 70.2%) 8 (4, 13) 5@,7) 18 (13, 20)
Summer (n=118; 29.8%) 9 (4, 13) 0.58 5(3, 6) 0.34 18 (14, 20) 0.44
Alcohol intake
Non-moderate drinker (n=86; 22.7 %) 74,12 5@,7) 18 (15, 20)
Moderate drinker (n=188; 68.6%) 9 (4, 13) 0.89 5@4,7) 0.87 18 (13, 20) 0.37
Smoking status
Never (n=203; 52.6%) 7(3,12) 5(3, 6) 18 (14, 20)
Former (n=126; 32.6%) 8(4,13) 53,7 18 (14, 20)
Current smoker (n=57; 14.8%) 11 (6, 16) 0.09 5@3,7) 0.52 16 (11, 20) 0.24
Marital status
Not married (n=89; 22.7 %) 10 (4, 15) 5 (3, 6) 17 (12, 20)
Married (n=304; 77.3%) 8 (4, 13) 0.17 5@,7) 0.32 18 (14, 20) 0.09
BMI status
Normal weight (n=79; 20.0%) 2(1,3) 1(1,2) 32,93
Overweight (n=189; 47.7%) 2(1,3) 1(1,2) 3(2,3)
Obese (n=128; 32.3%) 2(1,3) 0.43 1(1,2) 0.93 32,3 0.29

Vales are presented as median (25th, 75th percentiles).
*Continuous scores '0-60 range 20-21 range 30-25 range.

BMI, body mass index; CESD, Centre for Epidemiologic Studies Depression; HADS, Hospital Anxiety and Depression Scale.

DISCUSSION
In this study, we have cross-sectionally examined the
compositional effects of physical behaviour on mental
health among a sample of middle-aged adults. Isotem-
poral models identified a significant decrease in levels of
anxiety symptoms and a significant increase in well-being
when 30min of sedentary behaviour was substituted with
light activity. No significant associations were observed
when substituting sedentary behaviour with MVPA or
between any physical behaviour and depressive symptoms.
To our knowledge this is the first study to examine the
compositional effects of physical activity on symptoms of
anxiety and reported well-being. Furthermore, limited
research exists examining the association between the
compositional effects of physical behaviour on mental
health outcomes.'**® Two previous studies have examined
this relationship using isotemporal analysis, both have
concentrated on depressive symptoms. Loprinzi et al*

reported that a 60 min increase in light activity was associ-
ated with significantly lower odds of suffering from depres-
sion, while Mekary et al'* reported a significant reduction
in depression risk when 60 min/day of television viewing
was replaced with an equal amount of brisk walking. The
current study findings are in contrast to these as in this
study we observed no significant association between
any physical behaviour and depressive symptoms. These
contrasting findings may be related to the use of different
measures of physical behaviour in each study. Mekary
et al'* captured physical behaviour levels subjectively using
self-reported surveys which are prone to measurement
error and bias. Mekary and colleagues noted that inten-
sity of activity appears to matter in terms of protecting
against depression, brisk walking but not walking at an
average pace was associated with lower risk of depression
when substituted for 60 min/day of television watching.'®
Thus, the low frequency of MVPA in this sample of
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Table 3 Depressive symptoms: isotemporal substitution
analysis of 30min/day replacement of physical behaviours

Crude Adjusted
Isotemporal Isotemporal
B (95% Cl) B (95% ClI)
Sedentary Replaced Replaced
activity
Light activity -0.55(-1.20t0 0.10) -0.63 (-1.51 to 0.26)
MVPA 0.09 (-0.49t0 0.68) -0.25 (-1.09 to 0.59)

Models are adjusted for age, gender, season, marital status,
smoking status, alcohol consumption, BMI status and education.
No values are significant to P<0.05.

BMI, body mass index; MVPA, moderate-to-vigorous physical
activity.

middle-aged adults may lead to non-significant findings
in terms of associations between MVPA and depressive
symptoms. Loprinzi et al’® used objective measures of
physical behaviour, the ActiGraph. This accelerometer
measures acceleration of the body at the hip while the
GENEACctiv accelerometer measures acceleration at the
wrist. The movement or acceleration of the body differ
significantly at these two positions and thus measurements
may be incomparable. In addition to different measure-
ments positions, both devices use different thresholds to
categories physical behaviour intensities. Thus, differ-
ences in the measurement and categorisation of physical
behaviour affect the comparability of the current findings
to previous research. Unusually, no significant association
was observed in this study between physical behaviour
substitution and depressive symptoms, despite significant
associations being observed with anxiety and well-being.
First, as previously stated, a large body of evidence exists
supporting an association between physical activity and
depression. However, limited research exists examining
the displacement effect of sedentary behaviour with phys-
ical activity on levels of depression while no research exists
examining this substitution relationship using objective
physical behaviour data. Thus, our findings are novel in

Table 4 Anxiety symptoms: isotemporal substitution
analysis of 30min/day replacement of physical behaviours

Crude Adjusted
Isotemporal Isotemporal
B (95% CI) B (95% CI)

Sedentary Replaced
activity

Replaced

Light —0.19 (-0.42 t0 0.04) -0.34 (-0.64 to —0.04)"
activity
MVPA 0.10 (-0.10t0 0.31)  0.08 (-0.21 to 0.36)

Models are adjusted for age, gender, season, marital status,
smoking status, alcohol consumption, BMI status and education.

*P<0.05.

BMI, body mass index; MVPA, moderate-to-vigorous physical

activity.
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Table 5 Levels of well-being: isotemporal substitution
analysis of 30min/day replacement of physical behaviours

Crude Adjusted
Isotemporal Isotemporal
B (95% CI) B (95% ClI)
Sedentary  Replaced Replaced
activity
Light 0.48 (0.02 to 0.94)* 0.58 (0.05 to 1.11)*
activity
MVPA -0.29 (-0.70t0 0.11)  -0.22 (-0.69 to 0.26)

Models are adjusted for age, gender, season, marital status,
smoking status, alcohol consumption, BMI status and education.
*P<0.05.

BMI, body mass index; MVPA, moderate-to-vigorous physical
activity.

this perspective. The lack of consistent findings observed
in this study when examining anxiety, well-being and
depressive symptoms may suggest that anxiety symptoms
and well-being are more sensitive to the effects of physical
activity. In addition, the CESD was created for use in the
general population.”® Our sample was recruited from a
primary care centre and thus may be unwell compared
with the general population. Thus, the CESD scale may
not have been sensitive to depressive symptoms at the
lower end of the scale, resulting in inaccurate statis-
tical observations with physical behaviour displacement
models. Finally, the demographic characteristics of the
samples differed. Mekary et al'* examined the association
between subjective physical behaviour and depressive
symptom in a large female population of nurses aged
46-71 years, while Loprinzi et al*® examined this associa-
tion in both men and women in adults aged >65 years and
older). Overall, women have been found to report lower
intensities and levels of activity than men while physical
activity levels have been found to decrease with older
age.* "' A number of mechanisms of action have been
proposed to explain associations between physical activity
and mental health. Research has reported acute mental
health changes that occur during and following sessions
of physical activity, and many long-standing changes are
linked to consistent physical activity training.** * For
instance, studies have found physical activity to stimu-
late changes in mood-related neurotransmitters such
as serotonin and endorphins.*** In addition, posi-
tive effects of physical activity on stress and coping
strategies have been documented.” * * * Due to the
cross-sectional design of this study and research showing
the bidirectional relationship between physical activity
and mental health outcomes, reverse causality needs to
be considered in interpreting study findings.”' Further-
more, we cannot exclude the possibility of a third under-
lying factor that contributes to both mental health and
physical activity behaviours. Research by De Moor et al™
found non-causal effects of regular exercise on symptoms
of anxiety and depression.

Study strengths and limitations

The use of a valid and reliable activity monitor which is
capable of assessing time spent in sedentary, light, moderate
and vigorous activity categories represents a significant
strength of this study.‘g;l Further strengths include the
24-hour study protocol, the high study participation rate
and large sample size. A novel aspect of this study is the
use of isotemporal substitution analysis which simultane-
ously models the specific activity being performed and the
specific activity being displaced in an equal time-exchange
manner.'* The isotemporal substitution model controls for
the confounding eftect of other activities and also captures
the effect of time substitution. Because of these advantages,
the interpretation of this model will be more relevant to
public health recommendations than models that do not
take account of displaced activities.

Some limitations can be identified. Although
confounding factors were controlled for, the possibility that
unmeasured confounders may also influence the current
observations cannot be overlooked. For example, cognitive
function was not assessed and it has been suggested that
cognitive function is associated with, and mediates, the
relationship between physical activity and dcf:prf:ssion.‘r’S
Physical activity data were collected over a 1-week period
which may not reflect habitual physical activity levels over
a longer time period, that is, month or year. A limitation
of this study is the cross-sectional nature of the analysis.
The cross-sectional associations observed in this study may
reflect reverse causal pathways whereby changes in phys-
ical behaviour patterns may be the consequence, rather
than the cause, of the change in symptoms of anxiety and
well-being. Evidence exists that shows the bi-directional
relationship between physical activity and mental health
outcomes.” It should also be highlighted that the arbitrary
cut-point to classify daytime wear may lead to inaccurate
estimates of sedentary activity. For example, persons who
sleep later than 6 am will have inflated sedentary behaviour
estimates while those who are active before 6 am or after
12-midnight will have deflated activity estimates. General-
isability of these findings may also be limited. The Mitchel-
stown cohort was a random sample of middle-aged adults,
50-69 years of age, in an area which was representative of
both urban and rural population in Ireland. The subsample
for whom accelerometer data were collected differed some-
what by gender, as women were more likely to agree to wear
the accelerometer. However, it should be noted that there
were no statistically significant differences in age, gender,
education or BMI between those included and excluded in
the final analysis. In addition, participants were recruited
from a primary care centre, and therefore could have more
health problems or be more health conscious.

CONCLUSION

Our findings suggest that replacing short daily periods of
sedentary behaviour with light activity may be associated
with reduced anxiety symptoms and greater well-being
among middle-aged adults. Prospective and experimental
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studies are needed to further elucidate the mental health
benefits of replacing sedentary behaviour with other
activities.
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