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Aims. Anxiety is debilitating and associated with numerous mental and physical comorbidities. There is a need to
identify and investigate low-risk prevention and treatment strategies. Therefore, the purpose of this study was to inves-
tigate cross-sectional and longitudinal associations between different volumes of moderate-to-vigorous physical activity
(PA) and anxiety symptoms and status among older adults in Ireland.

Methods. Participants (n = 4175; 56.8% female) aged 550 years completed the International PA Questionnaire (IPAQ)
at baseline, and the anxiety subscale of the Hospital Anxiety and Depression Scale at baseline and follow-up (2009–2013).
Participants were classified according to meeting World Health Organisation PA guidelines, and divided into IPAQ
categories. Respondents without anxiety at baseline (n = 3165) were included in prospective analyses. Data were analysed
in 2017.

Results. Anxiety symptoms were significantly higher among females than males (p < 0.001). Models were adjusted for
age, sex, waist circumference, social class, smoking status and pain. In cross-sectional analyses, meeting PA guidelines
was associated with 9.3% (OR = 0.91, 95% confidence interval 0.78–1.06) lower odds of anxiety. Compared with the
inactive group, the minimally- and very-active groups were associated with 8.4% (OR = 0.92, 0.76–1.10) and 18.8%
(OR = 0.81, 0.67–0.98) lower odds of anxiety, respectively. In prospective analyses, meeting guidelines was associated
with 6.3% (OR = 0.94, 0.63–1.40) reduced odds of anxiety. Compared with the inactive group, the minimally and
very-active groups were associated with 43.5% (OR = 1.44, 0.89–2.32) increased, and 4.3% (OR = 0.96, 0.56–1.63) reduced
odds of anxiety. The presence of pain, included in models as a covariate, was associated with a 108.7% (OR = 2.09, 1.80–
2.42) increase in odds of prevalent anxiety, and a 109.7% (OR = 2.10, 1.41–3.11) increase in odds of incident anxiety.

Conclusion. High volumes of PA are cross-sectionally associated with lower anxiety symptoms and status, with a
potential dose–response apparent. However, significant associations were not observed in prospective analyses. The
low absolute number of incident anxiety cases (n = 109) potentially influenced these findings. Further, as older adults
may tend to experience and/or report more somatic anxiety symptoms, and the HADS focuses primarily on cognitive
symptoms, it is plausible that the HADS was not an optimal measure of anxiety symptoms in the current population.
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Introduction

Anxiety is the sixth leading cause of disability world-
wide (Baxter et al. 2014), affecting 4.2% of people
aged 55+ years globally (Baxter et al. 2013), and
accounting for 325–418 years lived with disability per
100 000 persons aged 50 years and older (Baxter et al.
2014). In Ireland, 13% of older adults have reported
clinically significant anxiety symptoms (Barrett et al.

2011). Anxiety has also been associated with numerous
mental and physical comorbidities (Vancampfort et al.
2017), such as pain, and early mortality (Roest et al.
2012). Further, health services are continually required
to adapt and respond to the increasing absolute num-
ber of older adults with mood disorders requiring
treatment as a result of an ageing population within
the European Union (Rechel et al. 2013).

Although themajorityof thosewho suffer fromanxiety
donot seek treatment (Demyttenaere et al.2004),maladap-
tive anxiety symptoms are costly because of direct psychi-
atric and non-psychiatric treatment costs (Chisholm et al.
2016). Among those who do seek treatment, the first-line
treatment remains pharmacotherapy, such as selective
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serotonin reuptake inhibitors (SSRIs) (Baldwin et al. 2011;
Reinhold et al. 2011). Nonetheless, SSRIs do not work for
about one-third of patients and are associated with the
development or worsening of chronic physical diseases,
obesity, diabetes and cardio-metabolic diseases (Correll
et al. 2015; de Vries et al. 2016; Vancampfort et al. 2016,
2017). Thus, there is a continued need to identify and
investigate alternative prevention and treatment
strategies.

Through improvements in functional status and
wellbeing and social benefits, physical activity (PA)
has been shown to be pivotal to the concept of ‘healthy
ageing’ (Bauman et al. 2016). Additionally, it is easily
accessible and has few negative side effects. As a
result, there has been continued interest in the benefits
of regular PA for psychological status among the eld-
erly. Compared with depression, the association
between PA and anxiety has received significantly
less attention. Recent large-scale cross-sectional evid-
ence demonstrates an inverse association between PA
and anxiety (Stubbs et al. 2017a), supporting previous
longitudinal evidence of the inverse association
between PA and subsequent anxiety among older
adults (Heesch et al. 2011; Pasco et al. 2011).
However, longitudinal associations between PA and
anxiety symptoms in the general population have
been mixed (de Moor et al. 2008; ten Have et al. 2011;
Brunes et al. 2015; Kang et al. 2016). Experimental evid-
ence has supported the anxiolytic effects of exercise
training among non-clinical adult populations (Rebar
et al. 2015), chronically ill patients (Herring et al. 2010)
and individuals with anxiety disorders (Herring et al.
2012; Stubbs et al. 2017b). Additionally, experimentally
increasing sedentary behaviour has been demonstrated
to increase anxiety among active young adults
(Edwards & Loprinzi, 2016).

There is limited evidence regarding a dose–response
relationship between PA and mental health outcomes.
Evidence suggests large variability in the preference
for and tolerance of different exercise intensities, and a
‘one size fits all’ approach may not work, but examining
this dose–response in large populations may help to
best formulate specific PA recommendations for mental
health. Evidence to support a dose–response relation-
ship between PA and anxiety from epidemiological
studies (Dunn et al. 2001; Sanchez-Villegas et al. 2008;
Heesch et al. 2011; ten Have et al. 2011) and randomised
controlled trials (Wipfli et al. 2008; Jayakody et al. 2013)
is mixed. There is evidence to suggest that the dose and
modality of exercise considered efficacious for the treat-
ment of depression is similar to that included in PA
guidelines for the general population (Haskell et al.
2007; Stanton & Reaburn, 2014); however, evidence to
support meeting these recommended guidelines to
improve anxiety is sparse.

Thus, the present study used data from The Irish
Longitudinal Study of Ageing (TILDA) to (1) examine
cross-sectional and longitudinal associations between
meeting PA guidelines and anxiety symptoms and sta-
tus, and (2) characterise the potential cross-sectional
and longitudinal dose–response relationship between
PA and anxiety symptoms and status. Because anxiety
symptoms have higher prevalence among women
(Brunes et al. 2015; Kang et al. 2016) and sex-related dif-
ferences in anxiety symptom response to PA have been
recently reported (Brunes et al. 2015), an exploratory
objective was (3) to examine potential sex-related dif-
ferences in the association between PA and anxiety.

Methods

This study used STROBE recommendations to guide
reporting (Von Elm et al. 2008).

Study population and measures

Data for the first (Barrett et al. 2011) and second (Nolan
et al. 2014) waves of TILDA were gathered between
October 2009 and February 2011 and between April
2012 and January 2013, respectively, and analysed in
2017. TILDA is a nationally representative, equal prob-
ability sample (Whelan, 1979) of community-dwelling
adults aged 550 years, and their partners of any age,
resident in the Republic of Ireland. Participants gave
full informed consent to participate in the study and
ethical approval was obtained from the Trinity
College Dublin Faculty of Health Sciences Research
Ethics Committee. Further study design details are
published elsewhere (Kenny et al. 2010). From 8504
participants who responded to the first wave, PA
and anxiety data at waves 1 and 2 were available for
6094 respondents. Following exclusion of participants
with incomplete covariate data (n = 1917), cross-
sectional analyses in the present study focused on
4175 participants (56.8% female) aged 550 years with
complete data. Respondents who reported anxiety at
baseline (n = 1010) were excluded from longitudinal
analyses, leaving a sample of 3165 anxiety-free older
adults who were included in longitudinal analyses.

Anxiety symptoms were assessed at waves 1 and 2
using the anxiety subscale of the Hospital Anxiety
and Depression Scale (HADS-A) (Zigmond & Snaith,
1983). The scale consists of seven items rated on a four-
point Likert scale from 0 (not at all) to 3 (very often
indeed) with five items reverse scored. The HADS-A
is scored such that higher scores indicate greater anx-
iety symptoms. Probable anxiety was indicated by
scores 58, which has been associated with good sensi-
tivity and specificity (Bjelland et al. 2002). The
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HADS-A has previously been validated in a sample of
elderly subjects selected from the general population
(Spinhoven et al. 1997) and shown to have high
internal consistency in TILDA (Cronbach’s α = 0.84)
(Santini et al. 2015).

PA was measured at wave 1 using the short
International PA Questionnaire (IPAQ) (Craig et al.
2003), for which respondents are asked to report the
number of days and duration of the vigorous, moder-
ate and walking activities they undertook during the
previous 7 days. Data were summed within each activ-
ity category (i.e. vigorous intensity, moderate intensity
and walking) to estimate the total number of minutes
engaged in PA per week. Respondents who reported
walking or moderate-to-vigorous PA (MVPA) greater
than a combined 16 h/day were excluded (n = 7). The
remaining respondents were classified as meeting
MVPA guidelines (i.e. reporting 5150 min weekly of
MVPA, or 575 min weekly of vigorous PA, or 5500
MET.minutes weekly) or not. Three categories,
inactive, minimally active and very active, were deter-
mined as recommended (http://www.ipaq.ki.se). IPAQ
categories were preferred to IPAQ MET continuous
score because of the highly asymmetric distribution
of this continuous score. For the current study, only
wave 1 PA data were used.

Participants also provided information at wave 1
regarding variables that may influence the association
of PA with anxiety. Participant characteristics and
environmental variables included age, sex, waist cir-
cumference, social class and the presence of pain.
Pain was assessed by a single question ‘Are you
often troubled with pain?’ Age was classified using
four categories (i.e. 50–59, 60–69, 70–79 and 80+
years). Waist circumference was classified as low- or
increased-risk according to WHO guidelines (i.e.
males: >94 cm; females >80 cm) (WHO, 2000; Grundy
et al. 2005). Social class was defined according to the
European Socioeconomic Classification (EseC) scheme
(Rose & Harrison, 2007). The ESeC classifies people
according to their positions within labour markets
and with special attention to their employment rela-
tions. In order to improve sample coverage, those
who were not in paid employment were allocated to
a ‘not working’ group (n = 1112). Smoking status was
assessed by self-reported current or never/previous
smoker.

Statistical analysis

Statistical analyses were conducted using SPSS Version
22.0 (Armonk, NY, USA: IBM Corp.). The χ2 tests
examined differences in meeting PA guidelines, anx-
iety, sex, age, waist circumference, social class, smok-
ing and pain categories between those included and

excluded from analyses [i.e. those with complete
IPAQ-SF (wave 1) and HADS-A (waves 1 and 2)
data but missing covariate data]. The χ2 tests examined
differences in pain, sex, age, waist circumference,
social class and smoking categories between meeting
and not meeting MVPA guidelines. For significant χ2

tests, Z tests were calculated for column proportions
for each row in the χ2 contingency table and
Bonferroni-corrected for multiple comparisons
(Sharpe, 2015).

One-way analyses of variance (ANOVAs) and
Fisher’s least significant difference planned contrasts
quantified differences in waves 1 and 2 anxiety symp-
toms between those meeting and not meeting PA
guidelines, IPAQ categories and sexes. Two-way
ANOVAs examined variation in waves 1 and 2 anxiety
symptoms by meeting PA guidelines, sex and their
interaction, and IPAQ categories, sex and their inter-
action. To move beyond null-hypothesis significance
testing in favour of estimation based on effect sizes
and confidence intervals (Cumming, 2013), Hedges’ g
effect sizes and associated 95% confidence intervals
(95% CI) were calculated to quantify the magnitude
of differences in anxiety scores between different
volumes (i.e. PA guidelines and IPAQ categories) of
PA, and between sexes.

Binomial logistic regression quantified associations
[i.e. crude and adjusted odds ratios (ORs)] between
both meeting MVPA guidelines and IPAQ categories
and anxiety status at waves 1 and 2. Covariates in
adjusted models were pain, age, sex, waist circumfer-
ence, social class and smoking status.

Results

Participant characteristics

Compared with the analytic sample, a significantly
greater proportion of excluded respondents were aged
580 years (7.6% v. 5.1%), male (47.2% v. 43.2%), current
smokers (18.5% v. 14.8%) and did not experience pain
(69.0% v. 63.5%; all p < 0.05). There were no significant
differences between excluded and included participants
for meeting PA guidelines, anxiety status or waist cir-
cumference (all p > 0.24). Wave 1 participant characteris-
tics are presented in Table 1. Pain [χ2 (1, N = 4175) =
21.54, p < 0.001], sex [χ2 (1, N = 4175) = 75.50, p < 0.001],
age [χ2 (3, N = 4175) = 67.74, p < 0.001] and social class
[χ2 (7, N = 4175) = 88.98, p < 0.001] significantly differed
according to meeting MVPA guidelines. Waist circum-
ference [χ2 (1, N = 4175) = 1.03, p > 0.31] and smoking
status [χ2 (1, N = 4175) = 0.95, p > 0.32] did not signifi-
cantly differ. Results from follow-up tests are shown
in Table 1. Briefly, a statistically significant greater pro-
portion of respondents who were aged 70–79 or 580
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years, female or experienced pain were not meeting
MVPA guidelines (all p < 0.05). Wave 1 anxiety symp-
toms were significantly higher among females (5.82 ±
3.69) than males (4.76 ± 3.40; F(1,4174) = 90.58, p < 0.001).
The magnitude of difference was small but significant
(g = 0.30; 95% CI 0.24–0.36).

Cross-sectional associations between IPAQ categories
and anxiety

Prevalence of anxiety was 24.2% (n = 1010). Planned
contrasts showed significantly lower anxiety symptoms
for the very active (5.17 ± 3.50) group compared with
the inactive (5.60 ± 3.75, p = 0.002; g = 0.12, 95% CI
0.04–0.20) group, and no significant differences
between the minimally active (5.35 ± 3.58) group and
the very active (p = 0.17; g = 0.05, 95% CI −0.02 to
0.12) or inactive (p = 0.07; g = 0.05, 95% CI −0.02 to
0.12) groups.

There was a significant interaction between IPAQ cat-
egories and sex (F(2,4169) = 4.19, p = 0.02). Among
females, the magnitude of differences between the
inactive and minimally active (g = 0.02, 95% CI −0.08
to 0.11) and very active (g = 0.07, 95% CI −0.03 to
0.17) groups were statistically non-significant and
small. There was a non-significant, small difference
between the minimally active and very active groups
(g = 0.05, 95% CI −0.05 to 0.15). Among males, the mag-
nitude of differences between the inactive and minim-
ally active (g = 0.13, 95% CI 0.01–0.26) group was
non-significant and small. There were also non-
significant, small differences between the very active
and minimally active (g =−0.04, 95% CI −0.15 to 0.06)
and inactive (g = 0.09, 95% CI −0.03 to 0.21) groups.

Table 2 presents crude and adjusted ORs for the
associations between PA tertile and anxiety status.
Fully adjusted ORs are reported here. Minimally active
and very active groups were non-significantly

Table 1. Baseline participant characteristics

Not meeting MVPA
Guidelines (n = 2120) [n (%)]

Meeting MVPA
Guidelines (n = 2055) [n (%)]

MVPA (mins wk−1) [median (IQR)] 0.00 (0.00) 600.00 (900.00)
Anxiety symptoms [mean (S.D.)] 5.51 (3.73) 5.22 (3.50)
Sex
Female 1334 (63.4)a 1029 (50.1)b
Male 776 (36.6)a 1026 (49.9)b

Age category (years)
50–59 784 (37.0)a 892 (43.4)b
60–69 701 (33.1)a 759 (36.9)b
70–79 485 (22.9)a 339 (16.5)b
80+ 150 (7.1)a 65 (3.2)b

Waist circumference
Normal 1020 (48.1) 1021 (49.7)
At risk 1100 (51.9) 1034 (50.3)

Social class
Professional workers 77 (3.6)a 95 (4.6)a
Managerial and technical 528 (24.9)a 548 (26.7)a
Non-manual 349 (16.5)a 294 (14.3)a
Skilled manual 190 (9.0)a, 205 (10.0)a
Semi-skilled 188 (8.9)a 231 (11.2)b
Unskilled 67 (3.2)a 52 (2.5)a
Farmers 69 (3.3)a 170 (8.3)b
Not working 652 (30.8)a 460 (22.4)b

Smoking status
Current 325 (15.3)a 293 (14.3)b
Past/never 1795 (84.7)a 1762 (85.7)b

Pain status
Yes 845 (39.9)a 677 (32.9)b
No 1275 (60.1)a 1378 (67.1)b

mins, minutes; MVPA, moderate-to-vigorous physical activity; wk, week.
Different subscript letters indicate a subset of each category whose column proportions differ statistically significantly at the 0.05
level.
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associated with 8.4% (95% CI −9.8 to 23.6%; p = 0.34)
and significantly associated with 18.8% (95% CI 1.9–
32.9%; p = 0.03) lower odds of anxiety, respectively.

Cross-sectional associations between meeting PA
guidelines and anxiety

Anxiety symptoms were significantly higher among
people not meeting MVPA guidelines (5.51 ± 3.73)
than those meeting PA guidelines (5.22 ± 3.50;
F(1,4173) = 6.23, p = 0.01; g = 0.08, 95% CI 0.02–0.14).

There was no significant interaction between meet-
ing PA guidelines and sex (F(1,4171) = 0.30, p = 0.58).
The magnitude of difference between meeting and
not meeting PA guidelines was statistically non-
significant and small among females (g = 0.05, 95% CI
−0.03 to 0.14) and males (g = 0.02, 95% CI −0.08 to
0.11).

Table 2 presents crude and adjusted ORs for the
associations between meeting PA guidelines and anx-
iety status. Fully adjusted ORs are reported here.
Meeting the guidelines was non-significantly asso-
ciated with 9.3% (95% CI −5.5 to 21.9%; p = 0.21)
lower odds of anxiety.

Longitudinal associations between IPAQ categories
and anxiety

Incidence of anxiety was 3.4% (n = 109). Planned con-
trasts showed non-significantly reduced anxiety symp-
toms for the very active group (2.41 ± 2.36) compared
with the minimally active (2.55 ± 2.51, p = 0.15; g =
0.06, 95% CI −0.02 to 0.14) and inactive (2.48 ± 2.39,
p = 0.53; g = 0.03, 95% CI −0.06 to 0.12) groups, and a
non-significant difference between the inactive and
minimally active (p = 0.48; g =−0.03, 95% CI −0.12 to
0.06) groups.

There was no significant interaction between IPAQ
categories and sex (F(2,3161) = 0.05, p = 0.95). Among
females, there were non-significant differences
between the inactive group and the minimally active
(g =−0.06, 95% CI −0.17 to 0.05) and very active (g
=−0.02, 95% CI −0.14 to 0.10) groups. There was a
small, non-significant difference between the minim-
ally active and very active (g = 0.04, 95% CI −0.08 to
0.16) groups. Among males, the magnitude of differ-
ences between the inactive group and the minimally
active (g =−0.04, 95% CI −0.18 to 0.10) and very active
(g =−0.03, 95% CI −0.16 to 0.11) groups were non-
significant and small. There was a small, non-
significant difference between the minimally active
and very active (g = 0.02, 95% CI −0.10 to 0.13) groups.

Table 3 presents crude and adjusted ORs for the
associations between IPAQ categories and anxiety sta-
tus. Fully adjusted ORs are reported here. The very
active group was non-significantly associated with
4.3% (95% CI −62.7 to 43.6%; p = 0.87) reduced odds
of anxiety. The minimally active group was associated
with 43.5% (95% CI −12.3 to 132.3%; p = 0.14)
increased odds of anxiety.

Longitudinal associations between meeting PA
guidelines and anxiety

Anxiety symptoms did not significantly differ between
people meeting (2.44 ± 3.38) and not meeting (2.52 ±
2.47; F(1,3165) = 0.69, p = 0.41; g = 0.03, 95% CI −0.04 to
0.10) MVPA guidelines.

There was no significant interaction between meet-
ing PA guidelines and sex (F(13163) = 0.31, p = 0.58).
The magnitude of difference between meeting and
not meeting PA guidelines was statistically non-
significant and small among females (g = 0.01, 95% CI

Table 2. Odds ratios (OR) and 95% confidence intervals (CI) derived from binominal logistic regression analyses as indicators of
cross-sectional associations between physical activity (PA) and anxiety

Unadjusted OR (95% CI) Model 1 OR (95% CI) Model 2 OR (95% CI)

Meeting PA guidelines
No REF REF REF
Yes 0.85 (0.74–0.98)a 0.88 (0.76–1.02) 0.91 (0.78–1.06)

IPAQ categories
Inactive REF REF REF
Minimally active 0.85 (0.72–1.01) 0.87 (0.73–1.04) 0.92 (0.76–1.10)
Very active 0.75 (0.63–0.90)b 0.77 (0.64–0.93) 0.81 (0.67–0.98)a

REF, reference category.
ap < 0.05; bp < 0.01.
Model 1 adjusted for age, sex, waist circumference, social class, smoking status.
Model 2 adjusted for age, sex, waist circumference, social class, smoking status, pain.
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−0.09 to 0.10) and males (g =−0.03, 95% CI −0.13 to
0.07).

Table 3 presents crude and adjusted ORs for the
associations between meeting PA guidelines and anx-
iety status. Fully adjusted ORs are reported here.
Meeting PA recommendations was non-significantly
associated with 6.3% (95% CI −39.7 to 37.2%; p =
0.75) reduced odds of anxiety.

Discussion

To the authors’ knowledge, this is the largest cross-
sectional and longitudinal investigation of meeting
PA guidelines and anxiety among older adults. The
present unadjusted cross-sectional and longitudinal
findings appear to support the beneficial effects of
meeting PA guidelines or engaging in high levels of
PA to reduce the likelihood of anxiety symptoms and
status. However, following adjustment only high
volumes of MVPA were significantly associated with
lower prevalence of anxiety, while all prospective asso-
ciations between PA and anxiety were small and no
longer significant, suggesting a potential moderating
effect by one or more covariates.

A dose–response was observed in cross-sectional
analyses; there were no significant findings in pro-
spective analyses. Previous research has reported a
graded relationship between PA and the relative risk
of developing anxiety (Sanchez-Villegas et al. 2008),
and a cross-sectional dose–response relationship
between PA and cognition in older adults (de Souto
Barreto et al. 2016); however, evidence has been
mixed (ten Have et al. 2011).

The crude and adjusted odds of reduced anxiety
observed in the current study are small compared
with previous research. For example, large-scale cross-

sectional evidence (Stubbs et al. 2017a) and longitu-
dinal evidence in older adults (Pasco et al. 2011) has
demonstrated a 23.1 and 45% reduction in odds of anx-
iety, respectively. However, similarly small reductions
in anxiety symptoms to those observed in the present
study have previously been observed in older adults
(Ivanova et al. 2017). Anxiety symptom expression
can differ between age groups (Diefenbach et al.
2001; Wolitzky‐Taylor et al. 2010), and older adults
may tend to experience and/or report more somatic
symptoms (Davies et al. 1993). Indeed, the potential
utility of developing specific instruments to measure
anxiety symptoms among older adults has previously
been noted (Bryant et al. 2008). Thus, it is plausible that
the HADS was a less than optimal measure of anxiety
symptoms and status in the current population given
its focus on cognitive symptoms.

Pain is a well-established comorbidity in anxiety
disorders. There is evidence for a reverse causal link
(Gureje, 2008), shared risk factors (Gureje, 2008) and
overlap among the neuroanatomy thought to be
involved in pain processing and anxiety (LeDoux,
2000; Vogt, 2005; Zhuo, 2008). PA and exercise also
improve pain and anxiety. For example, prolonged
exercise in healthy individuals has improved pain tol-
erance (Jones et al. 2014) and modulation (Ellingson
et al. 2012). Although the present study did not directly
examine the association between pain and anxiety,
pain was included as a covariate in the analyses. The
presence of pain was associated with a 108.7% (95%
CI 79.8–142.3%, p < 0.001) increase in odds of experien-
cing concurrent anxiety, and a 109.7% (95% CI 41.5–
210.8%, p < 0.001) increase in odds of developing
anxiety during 2-year follow-up. Therefore, future
research should examine the potential moderating/
mediating role that pain plays in the PA–anxiety
relationship.

Table 3. Odds ratios (OR) and 95% confidence intervals (CI) derived from binominal logistic regression analyses as indicators of
prospecctive associations between physical activity (PA) and anxiety

Unadjusted OR (95% CI) Model 1 OR (95% CI) Model 2 OR (95% CI)

Meeting PA guidelines
No REF REF REF
Yes 0.81 (0.55–1.18) 0.91 (0.61–1.35) 0.94 (0.63–1.40)

IPAQ categories
Inactive REF REF REF
Minimally active 1.23 (0.77–1.96) 1.35 (0.84–2.18) 1.44 (0.89–2.32)
Very active 0.75 (0.63–0.90)b 0.91 (0.54–1.55) 0.96 (0.56–1.63)

IPAQ, International PA Questionnaire; REF, reference category.
ap < 0.05.
Model 1 adjusted for age, sex, waist circumference, social class, smoking status.
Model 2 adjusted for age, sex, waist circumference, social class, smoking status, pain.
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Anxiety was significantly higher among females,
supporting previous epidemiological evidence that
European females are twice as likely to suffer anxiety
disorders (Alonso et al. 2004) or possible anxiety
(Brunes et al. 2015) than males. Genetic (Feingold,
1994; McLean & Anderson, 2009), neurobiological
(Altemus, 2006; McLean & Anderson, 2009), psycho-
logical (Bekker & van Mens-Verhulst, 2007) and bio-
environmental (McLean & Anderson, 2009) factors
potentially underlie sex-related differences in mental
health. Poorer baseline mood, and subsequently larger
improvements following acute exercise, have also been
observed in females (McDowell et al. 2016); however,
in the present study, although the cross-sectional inter-
action between sex and meeting PA guidelines was
significant, the magnitude of associations were small
among both females and males.

Although not examined in the present study, social
support may play an important role in the PA–anxiety
relationship. Social support has been shown to play a
key role in recovery from affective disorders
(Hallgren et al. 2017), and cross-sectional studies have
demonstrated inverse associations between social sup-
port and mental health in the general population (Grav
et al. 2012) and older adults (Golden et al. 2009; Liu
et al. 2016). Social support is also positively associated
with PA engagement among older adults (Koyanagi
et al. 2017; Smith et al. 2017). It is plausible that social
support plays a moderating/mediating role in the
PA–mental health relationship.

Limitations and strengths

Firstly, questionnaire-based activity measures can be
problematic and susceptible to over-reporting (Manini
et al. 2006); thus, it is plausible that the relationship
between PA and anxiety may have been underesti-
mated. Indeed, in the current study, the overall average
weekly MVPA of 470 min far exceeds recommendations
(PAGAC, 2008). However, there was substantial vari-
ation in reported MVPA, and the overall mean weekly
MVPA is potentially misleading as the median amount
of weekly MVPA was 120 min. Secondly, it is plausible
that the association between PA and anxiety could be
bi-directional, and anxiety symptoms and disorders
cause declines in PA levels (Da Silva et al. 2012). It is
plausible that anxiety symptoms may take longer than
2 years to emerge in a general population survey, and
so the 2-year follow-up may have resulted in a lower
incident anxiety rate; however, as the HADS assesses
anxiety symptoms experienced in the last week, a
2-year follow-up should have been more than sufficient
to observe the development of new anxiety cases.
Additionally, non-measured variables, such as genetic
variation (De Moor et al. 2008), could have influenced

both PA levels and the development of anxiety.
Nonetheless, the present study also has notable
strengths, including the use of a large national sample
of elderly community-dwelling males and females and
direct examination of the importance of meeting recom-
mended PA guidelines.

Future research

Future research should investigate (1) the anxiolytic
effect of sub-guideline levels of PA, which has been
shown to reduce odds of mortality (Hupin et al.
2015), (2) the potential moderating/mediating roles of
pain and/or social support in the PA–anxiety relation-
ship and (3) the potential anxiogenic influence of sed-
entary behaviour independent of PA levels.
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