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Study objective: To assess mental health and sleep disturbances among physically active adults during
the Norwegian lockdown caused by the coronavirus disease 2019 (COVID-19), and to investigate if
change in physical activity (PA) level during the lockdown moderates the association between mental
health and sleep disturbances.
Methods: Members of a Norwegian fitness association were invited to fill out an online questionnaire
including the Hospital Anxiety and Depression Scale (HADS), sleep disturbances and change in PA habits
(decreased, unchanged, increased) during the COVID-19 lockdown from 12 March to 15 June 2020.
Results: A sample of 1281 members aged 19e81 years were included (31% females; mean ± SD age
49 ± 11.5). Prevalence of anxiety and depressive symptoms was 9.0% and 4.4%, respectively. During the
lockdown period, 13.8% reduced, 21.9% increased and 64.3% did not change PA level. In total 21.9% re-
ported sleeping disturbances. Anxiety symptoms and depressive symptoms were statistically signifi-
cantly associated with sleep disturbances. Change in PA did not influence the association between mental
health and sleep.
Conclusion: Compared to studies from the general population during the COVID-19 pandemic levels of
anxiety and depressive symptoms were substantial lower in this Norwegian sample of relatively phys-
ically active adults. Anxiety and depressive symptoms were associated with sleep disturbances, but
change in PA level during the COVID-19 lockdown did not influence the association between mental
health and sleep disturbances.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

TheCOVID-19pandemic isaglobalpublichealthemergencythat is
changing the world. On the 29th of June 2020, six months after the
outbreak, 10 million cases and 500 000 deaths globally have been
reported [1]. The rapid spread and high mortality of COVID-19 seri-
ously threaten people's physical and mental health due to social
isolation, fear of contracting the disease, economic strain, and un-
certainty about the future. Preliminary evidence suggests that
symptoms of anxiety and depression, and self-reported stress are
commonpsychological reactions to theCOVID-19pandemic, andmay
be associated with disturbed sleep [2]. In the US, use of anti-anxiety
medications rose 34.1% from mid-February to mid-March this year,
n).
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and during the same period the number of prescriptions of antide-
pressants and sleep medications increased 18.6% and 14.8%, respec-
tively [3]. In Norway there was a marked increase in use of e-Health
consultations during the lockdown, especially within the mental
health field [4].

A substantial body of evidence suggests that physical activity is
associated with lower levels of depression and anxiety [5], and that
physical activity is associatedwith sleep [6]. Nevertheless, during the
COVID-19 lockdown organized sports activities were to be dis-
continued and several businesses were closed, including stadiums,
gyms and swimming pools. Recent cross-sectional findings of self-
isolating people in Brazil during the pandemics found physical ac-
tivity to be associatedwith lower odds of anxiety and depression [7].
Still, few studies have investigated how change in PA level in physi-
cally active adults during the COVID-19 lockdown is related tomental
health and sleep. Thus, the aims of the present study of physically
active adults are to 1) assess levels of anxiety and depression, 2)
isturbances in physically active adults during the COVID-19 lockdown
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explore the association between mental health and sleep problems,
and 3) assess if self-reported change in physical activity level during
the lockdownmoderates the association betweenmental health and
sleep problems.
2. Methods

2.1. Participants and procedure

In this cross-sectional study members of a Norwegian fitness
association were invited by e-mail to an online survey. A total of
1317 persons (response rate 19.6%) signed informed consent to
participated and 36 (2.7%) were removed from the dataset due to
missing data on sleep disturbances and physical activity. The final
sample thus consisted of 1281 participants (31% female) with a
mean age of 48.9 (SD 11.41, range 18e81). Demographic informa-
tion included gender, age, education, etc. Data were collected be-
tween June 3 to June 15 2020. The study was approved by The
Regional Commitees for Medical and Health Research Ethics and
the Norwegian Centre for Research Data.
2.2. Measures

2.2.1. Sleep disturbances
Three questions (#3e5) from a translated version of the Kar-

olinska Sleep Questionnaire [8], in addition to a question con-
cerning daytime dysfunction due to sleep problems, were used to
assess sleep disturbances. The questions were chosen for compar-
ison with previous Norwegian studies. The presence of sleep dis-
turbances was defined as answering ‘At least 3 times per week’ on
at least one item.
2.2.2. Physical activity
The WHO recommendations for weekly physical activity levels

were applied, ie, at least 150 min of moderate physical activity or
75minofvigorousphysical activityperweek.Participantswereasked
if they had changed the degree of physical activity (decreased, un-
changedor increased)during theCovid-19 lockdown, definedas from
March 12 2020 when Norwegian authorities imposed physical and
social distancing regulations.
2.2.3. Anxiety and depression
The Hospital Anxiety and Depression Scale (HADS) consists of

two 7-item subscales for anxiety (HADS-A) and depression (HADS-
D). Items are scored on 0 (not present) to 3 (considerable) scale. A
cut-off score for each of the subscales at or above 8 indicates the
presence of an anxiety or depressive disorder. HADS performs well
in assessing the symptom severity and caseness of anxiety disor-
ders and depression in both somatic, psychiatric and primary care
patients and in the general population [9].
2.2.4. Statistical analysis
Binary logistic regression was used to measure the association

between mental health and sleep disturbances adjusted for sex,
age, education, lifetime history of mental disorders, current use of
psychotropic drugs, limiting long-term illness (physical or mental),
monthly alcohol intake, and change in PA level. In the model with
depression as the independent variable, adjustment for anxiety
symptoms was conducted, and opposite, depressive symptoms
were adjusted for when anxiety was set as the dependent variable.
The influence of change in PA was assessed by the inclusion of an
interaction term (mental health*change in PA). Statistical analysis
was conducted in IBM SPSS 25.
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3. Results

Descriptive statistics stratified by mental health group are pre-
sented in Table 1. In total 98.8% of the participants met the guide-
lines for weekly PA level. Prevalence of anxiety and depressive
disorder was 9.0% and 4.4%, respectively. A total of 13.8% reduced
and 21.9% increased PA level after the lockdown in Norway, and
64.3% did not change PA level.

In total 21.9% reported sleep disturbances, but only 1.2% of the
participants reported sleep disturbances in accordancewith DSM-5
for insomnia [10]. Distribution of sleep disturbances by anxiety and
depression symptoms is presented in Fig. 1.

In multivariable adjusted analyses (data not shown), anxiety
symptoms and depressive symptoms were statistically significantly
associated with sleep problems, odds ratio (OR); 2.92, 95% Confi-
dence Interval (CI), 1.74e4.91 and OR; 2.16, CI, 1.08e4.32, respec-
tively. Adding change in PA to the fully adjusted model did not
influence these estimates, and test for statistical interaction did not
support that change in PA moderated the association between
mental health and sleep.

4. Discussion

In this sample of physically active adults in Norway prevalence of
anxiety and depressive symptoms was 9.0% and 4.4%, respectively,
and considerably lower compared to adults from the general popu-
lation in Norway measured with HADS in 2008-09 where 14.2% had
anxiety and 9.4% had depressive symptoms [11], and compared to
recent findings from a meta-analysis where prevalences of anxiety
and depression in the general population during the COVID-19
pandemic were 31.9% and 33.7%, respectively [12]. A review of
studies measuring psychiatric symptoms during the COVID-19 found
that participants from the general public had higher scores of anxiety
and depression compared to before the pandemic, but no difference
when comparing these symptoms in the initial phase of the outbreak
to four weeks later [13]. These findings are supported by a recent
study where 13.6% of US adults reported symptoms of serious psy-
chological distress in April 2020, relative to 3.9% in 2018 [14]. As we
did not have information about the study sample prior to the COVID-
19 pandemic it is not possible to conclude if levels of depressive and
anxiety symptoms or sleep disturbances increased during the Nor-
wegian lockdown. Still, only 13.8% of the participants reduced and
64.3% did not change their PA level during the Norwegian lockdown,
which is substantial lower compared to findings from an Australian
study among adults in the general population where 48.9% reported
to reduce PA and 30.5% reported no change in PA during COVID-19
[15]. However, the sample of the present study may not be compa-
rable to the general public due to the high baseline PA level. In addi-
tion, most publications on the consequences of the COVID-19
pandemic represent countries where the numbers of cases infected
and the mortality rates from the COVID-19 virus are considerably
higher than in Norway, thus it is plausible that mental strain and
change in behaviordue to theCOVID-19 pandemic are higher in these
countries.

In total 21% of the total sample reported to have sleep distur-
bances, even if only 16 participants (1.2%) did qualify for a DSM-5
diagnosis of insomnia [10]. Although findings may be biased as a
standardized sleep measure was not used, the prevalence is much
lower than the 7.9% insomnia prevalence estimate measured with
the same instrument in a Norwegian large population-based study
in 2007-09 [16]. Most studies on sleep disturbances during the
COVID-19 pandemic include participants who are or who have been
infected, or health care workers [13], but two studies from the
general population found that 18.2% (China) [17] and 57.1% (Italy)
[18] reported poor sleep quality during the pandemic.
isturbances in physically active adults during the COVID-19 lockdown
e, https://doi.org/10.1016/j.sleep.2020.08.030



Table 1
Background characteristics of the sample (n ¼ 1281). Data are presented as n (%) or mean (standard deviation).

Total HADS-A � 8 HADS-A < 8 HADS-D � 8 HADS-D < 8

Sex
Female 397 (31.0) 50 (3.9) 347 (27) 24 (1.9) 373 (29.0)
Male 884 (69) 65 (5.1) 819 (63.9) 32 (2.5) 852 (66.5)

Age 48.9 (11.4) 44.7 (11.0) 49.3 (11.4) 46.6 (12.0) 49.0 (11.4)
Sleep disturbance
Yes 281 (21.9) 60 (4.7) 221 (17.3) 33 (2.6) 248 (19.4)
No 1000 (78.1) 55 (4.3) 945 (74.0) 23 (1.8) 977 (76.2)

Current weekly physical activity
Less than once a week 5 (0.4) 2 (0.2) 3 (0.2) 1 (0.1) 3 (0.2)
Once a week 9 (0.7) 2 (0.2) 7 (0.5) 1 (0.1) 8 (0.6)
2e3 times a week 317 (24.7) 31 (2.4) 286 (22.3) 18 (1.4) 299 (23.3)
About daily 950 (74.2) 80 (6.2) 870 (67.9) 36 (2.8) 914 (71.3)

Change in physical activity level
Reduced 177 (13.8) 29 (2.3) 148 (11.6) 17 (1.3) 160 (12.5)
Unchanged 824 (64.3) 66 (5.2) 758 (59.2) 32 (2.5) 792 (61.8)
Increased 280 (21.9) 20 (1.6) 260 (20.3) 7 (5.5) 273 (21.3)

HADS anxiety score 3.2 (3.0) 10.5 (2.6) 2.5 (1.9) 9.6 (4.0) 2.9 (2.6)
HADS depression score 2.2 (2.4) 6.0 (3.6) 1.8 (1.8) 9.6 (1.9) 1.8 (1.8)
Education
Primary, secondary, tertiary 200 (15.6) 22 (1.7) 178 (14.0) 13 (1.0) 187 (14.6)
University/college < 4 years 353 (27.6) 24 (1.9) 329 (25.7) 15 (1.2) 338 (26.4)
University/college > 4 years 728 (56.8) 69 (5.4) 659 (51.4) 28 (2.2) 700 (54.6)

Lifetime history of mental disorder
Yes 137 (10.7) 49 (3.8) 88 (6.9) 24 (1.9) 113 (8.8)
No 1144 (89.3) 66 (5.2) 1078 (84.2) 32 (2.5) 1112 (86.8)

Current psychotropic drug
Yes 26 (2.0) 18 (1.4) 8 (0.6) 9 (0.7) 17 (1.3)
No 1255 (98.0) 97 (7.6) 1158 (90.6) 47 (3.7) 1208 (94.0)

Limiting long term illness
Yes 135 (10.5) 35 (30.4) 100 (8.6) 21 (1.6) 114 (8.9)
No 1146 (89.5) 80 (6.2) 1066 (83.2) 35 (2.7) 1111 (90.7)

Fig. 1. Prevalence of sleep disturbance in participants with a HADS score indicative of
an anxiety disorder (HADS-A � 8) or depression (HADS-D � 8).

L. Ernstsen, A. Havnen / Sleep Medicine xxx (xxxx) xxx 3
Nevertheless, the results showed that those with anxiety and
depressive symptoms had a higher odds for reporting sleep dis-
turbances relative to those with lower scores on HADS-A and
HADS-D. A meta-analysis found sleep problems to precede new
onset of mental illness [19], however, due to the cross-sectional
design in the current study we do not know what appeared first;
sleeping disturbances or increased levels of anxiety and depressive
symptoms, or time of onset. Change in PA level after the COVID-19
Please cite this article as: Ernstsen L, Havnen A, Mental health and sleep d
in Norway: does change in physical activity level matter?, Sleep Medicin
lockdown did not influence the association between mental health
and sleep disturbances, which is in line with other studies [20].

5. Conclusion

Compared to studies from the general population during the
COVID-19 pandemic levels of anxiety and depressive symptoms
were substantial lower in this Norwegian sample of physically
active adults. Anxiety and depressive symptoms increased the odds
of sleep disturbances, but change in PA level during the COVID-19
lockdown did not influence the association between mental
health and sleep disturbances in this sample of relatively physically
active adults.
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