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changes in mental health
unrelated to changes in physical
activity, sedentary time, and
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Background: The COVID-19 pandemic has had major impact on the daily lives of
adolescents. This study examined whether mental health outcomes had changed
over the pandemic, and if such changes were related to changes in physical activity
(PA), sedentary time, sleep, screen time, and participation in organized sports.

Materials and methods: In this longitudinal study, data were collected in autumn
2019 with follow-up measurements in spring 2021. In total, 558 schools were
invited and 34 schools around Stockholm with a variation in socioeconomic
background were included. Physical activity and sedentary time were measured
for seven consecutive days by accelerometry (Actigraph). Anxiety, health-related
quality of life (HRQol), psychosomatic health, stress, sleep duration, screen time,
and organized sports participation were self-reported in questionnaires. Linear
models were applied to estimate associations between changes in mental health
outcomes and exposures.

Results: From the baseline sample of 1,139 participants, 585 (55% girls), mean
(SD) age 14.9 (0.3) years, participated in the follow-up. Between 2019 and 2021,
there was a decrease in HRQoL [mean difference —1.7 (—2.3, —1.2), p < 0.001],
increase in psychosomatic health problems [mean difference 1.8 (1.3, 2.3), p <
0.001], and an increase in the number of participants with high stress [from 94
(28%) to 139 (42%), p < 0.001]. Weekly light PA and sleep duration decreased and
weekly sedentary time and screen time increased unrelated to changes in mental
health outcomes. An increase in sleep duration during weekdays was significantly
related to both a decrease in anxiety (B = —0.71, Cl: —1.36, —0.06) and an increase
in HRQoL (B = 1.00, CI: 0.51, 1.49).

Conclusion: During the COVID-19 pandemic, mental health appears to have
been impaired in Swedish adolescents, but unrelated to changes in PA, sedentary
time, screen time, or participation in organized sports. However, increased sleep
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duration on weekdays was related to less anxiety and better HRQoL. The results
may help policy makers and other stakeholders comprehend the differential
effects of the COVID-19 pandemic on mental health outcomes and help guiding
the planning of policy actions.

Trial registration: ISRCTN15689873.
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accelerometer, screen time, organized sports, anxiety, health-related quality of life, stress,

sleep

Introduction

There has been an increase in self-reported mental health and
psychosomatic health problems in recent years among Swedish
adolescents (1, 2). Globally, psychiatric conditions were the single
largest contributor to the overall burden of disease in ages under
20 years in high income countries in 2019 (3). In addition,
mental health problems at young age have been associated with
an increased risk for prolonged and more severe forms of mental
illnesses later in life (4). Importantly, physical activity (PA) has
been found to be associated with better mental health outcomes
(5). However, the majority of adolescents do not meet the PA
recommendation of 60 min of daily PA at moderate to vigorous
intensity (MVPA) (6, 7). In addition, sedentary behavior, in
particular screen time, has been associated with poor mental
health (5).

The COVID-19 pandemic restrictions
an influence on current and future mental health among

may have had

adolescents. It is therefore important to assess the impact of
the pandemic on mental health so relevant interventions can
be developed to mitigate its effects. In Sweden, restrictions
related to the pandemic were minimal compared to those in
many other countries. There was no lockdown but there were
recommendations to keep physical distance, avoid crowding
and large gatherings and non-essential traveling, and to stay
home and avoid close contact with others when ill. Organized
physical activities continued, albeit with adapted forms of
participation, but matches and competitions were not allowed
for adolescents. A large proportion of the physical education
classes were performed outdoors. There were no school closures
for adolescents but most schools had distance learning to
some degree.

Global findings on changes in mental health during the
pandemic are a cause of concern, suggesting an impact on mental
health among adolescents (8, 9). In addition, studies indicate
that PA has decreased and sedentary behavior has increased
during the pandemic (10, 11). Currently, few longitudinal studies
investigating the effects of COVID-19 on adolescents’ mental
health include baseline data from just before the pandemic. In
addition, most previous studies measuring PA have used self-
reported measurements (11). To our knowledge, no longitudinal
studies have yet been published that have data on mental health
outcomes in relation to detailed device-measured PA, sedentary
time, and health behaviors just before and during the pandemic.
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The first phase of this study was performed between September
and December 2019, thus providing unique data from just before
the pandemic started. The data include multiple measures of mental
health outcomes, device-measured PA, sedentary time, and health
behaviors with a mean (SD) follow-up 18.4 (1.0) months later
during the pandemic. The aim of this study was therefore to
examine potential changes in mental health outcomes [anxiety,
health-related quality of life (HRQoL), psychosomatic problems,
and stress] and if such changes were related to changes in PA,
sedentary time, and health behaviors (sleep, screen time, and
participation in organized sports) before and during the COVID-19
pandemic among Swedish boys and girls.

Materials and methods

Study population

This longitudinal study used data from the study “Physical
activity for healthy brain functions in school youth” (12) collected
in September-December 2019 (baseline, n = 1,139) and in a follow-
up in the same sample (n = 585) in April-June 2021.

Schools situated within a 2-to-3-h drive from Stockholm,
Sweden were invited to participate in the study. Schools with
a sports profile (having additional scheduled PA every week),
with fewer than 15 students in each class, or with a student
population that did not speak Swedish, were excluded. In total,
558 schools with students in grade seven (aged 13-14 years)
were invited to participate in the study and 84 schools agreed
to participate at baseline (see flowchart, Figure 1). For feasibility
reasons, the inclusion stopped after 40 schools had been included.
The schools represented a variation in type of municipality (urban
and rural), socioeconomic background (parental education), and
school organization (independent and public schools). One to
four classes participated from each school. All the students in the
participating classes were invited to participate in the study. In total,
1,556 students were invited and 1,139 accepted (73% participation
rate). In total, 12% of the schools were geographically located in
rural areas and 88% in urban areas. The proportion of parents
with high education, on school level, was 60%. Eleven schools
(32%) were independents schools and 23 schools (68%) were public
schools. In Sweden, parents can choose between independent and
public schools without paying any fees. At follow-up, schools were
contacted again and asked to assist in the data collection. Many
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Invited:
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at follow-up n=515 :
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FIGURE 1
Flow-chart of the schools and participants in the study.

schools then had distance education and a high absence due to  were invited to participate by post or e-mail. In total, 39 participants
sickness. A total of 28 schools agreed to participate in the follow-  had moved; 1,100 students were invited, and 585 students agreed to
up measures (82%) and the students in the remaining six schools  participate (51% participation rate).
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TABLE 1 Baseline characteristics of participants and drop-outs.

10.3389/fpubh.2023.1115789

Variables measured at baseline Participants Drop-outs p-Value? ‘

No. (%) with data® 585 (51.4) 554 (48.6) ‘

Gender [No. (%)]

Boys 263 (45.0) 295 (53.2) 0.006

Girls 321 (55.0) 259 (46.8)

Parental education [No. (%)]

Low (<12 years) 389 (68.1) 341 (64.2) 0.17

High (>12 years) 182 (31.9) 190 (35.8)

Participant country of birth [No. (%)]

Sweden 501 (86.1) 466 (85.2) 0.86

Europe 24 (4.1) 22 (4.0)

Outside Europe 57 (9.8) 59 (10.8)

Parental country of birth [No. (%)]

Both parents born in Sweden 357 (62.5) 299 (55.8) 0.008

One born outside Sweden 69 (12.1) 99 (18.5)

Both born outside Sweden 145 (25.4) 138 (25.7)

BMI status [No. (%)]

Underweight and normal weight 467 (80.2) 437 (79.0) 0.61

Overweight and obesity 115 (19.8) 116 (21.0)

Mental health [mean (SD)]

Anxiety (SCAS-S) (Missing n = 66) 13.9 (7.7) 13.4(8.1) 0.23

HRQoL (Kidscreen) (Missing n = 42) 39.6 (5.2) 39.6 (5.6) 0.96

Psychosomatic problems (PSP) (Missing n = 43) 17.3(5.2) 17.3 (5.7) 0.88

Stress [No. (%)]

Not at all 83 (14.4) 123 (23.1) 0.002

Slightly 247 (42.7) 201 (37.7)

Somewhat 131 (22.7) 101 (18.9)

Quite much 88 (15.2) 72 (13.5)

Very much 29 (5.0) 36 (6.8)

Moderate to vigorous physical activity [mean (SD)]

Week (min/day) (Missing n = 236) 52.3 (19.1) 51.6 (18.9) ‘ 0.63

Light physical activity [mean (SD)]

Week (min/day) (Missing n = 236) 140.3 (29.1) 136.7 (31.4) ‘ 0.07

Sedentary [mean (SD)]

Week (min/day) (Missing n = 236) 603.7 (62.5) 600.1 (70.9) ‘ 0.43

Sleep [mean (SD)]

Weekdays (h) (Missing n = 17) 8.6 (0.9) 8.5 (1.0) 0.47

Weekends (h) (Missing n = 17) 9.8 (1.4) 10.0 (1.4) 0.19

Screen time (weekdays) [No. (%)] 0.78

<2h 190 (32.7) 170 (31.2)

3-4h 260 (44.8) 255 (46.8)

>5h 131 (22.5) 120 (22.0)

(Continued)
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TABLE 1 (Continued)

Variables measured at baseline Participants Drop-outs

Screen time (weekends) [No. (%)] 0.44
<2h 84 (14.5) 94 (17.2)

3-4h 213 (36.9) 199 (36.5)

>5h 281 (48.6) 252 (46.2)

HRQoL, health-related quality of life. Results in bold are significant at o < 0.05.
2Chi square test for categorical variables and independent sample ¢-test for continuous variables.

bOne participant was non-binary and was therefore not included in the analyses stratified by gender.

Data collection

At baseline, the measurements were conducted at GIH by
trained researchers. Physical activity and sedentary time were
measured by accelerometry. Anxiety, health-related quality of life
(HRQoL), psychosomatic health, stress, sleep duration, screen
time, and sports participation were self-reported in questionnaires.
Further methodological details can be found elsewhere (12). At
follow-up, accelerometers were sent to schools (n = 982) or by
post to individual students (n = 157). The teacher or student
was asked to report the first accelerometer wear-day and the
participant wore the accelerometer for seven consecutive days. The
accelerometers were sent back in pre-paid envelopes. Information
on how to log in to complete the web-based questionnaire was
distributed by the teachers or by post. The link was also sent to
the e-mail address that the participant had provided at baseline.
The teachers provided information regarding the degree of distance
learning during the accelerometer wear period. Information from
schools that declined to assist in the data collection was provided
by the participating students in the questionnaire or by e-mail.
The participants received a gift card as a compensation (in
total 15€).

At both measurements, the students gave written consent.
The study was conducted in accordance with the Declaration of
Helsinki and the protocol was approved by the Ethical Review
Agency in Stockholm, Sweden (Dnr: 2019-03579 and Dnr: 2021-
01235). Trial registration: ISRCTN15689873.

Outcomes

Mental health

Anxiety was measured using a short version of the Spence
Children’s Anxiety Scale (SCAS-S). The questionnaire includes
19 items and each item is rated on a four-point scale with the
options of “never;” “sometimes,” “often,” and “always.” The scores
are summed with higher values reflecting more symptoms of
anxiety (13).

Health-related quality of life was measured using the
questionnaire Kidscreen-10 (14). The scale includes 10 items about
how the students have felt during the last week (for example, “fit
and well”), and how often. Answers range from “not at all” to
“extremely” or from “never” to “always” on a five-point scale. The
scores are summed with higher values indicating better well-being.

Psychosomatic health was assessed using the questionnaire
Psychosomatic Problems Scale (PSP) (15). The scale includes eight

Frontiersin Public Health

items with questions to the students about how they have felt
during the last week, for example if they have had a “headache”
or “stomach ache.” Each item is rated on a 5-point Likert-scale,

» o«

with the options “never;

» o«

seldom,

» o«

sometimes,” “often,” and
“always.” The scores are summed with higher values indicating
more psychosomatic problems.

Stress was measured with the Single Item Stress Question
(SISQ) (16). Participants responded using a 5-point Likert scale

» <«

with the options “not at all,” “only a little,” “to some extent,” “rather
much,” and “very much.”

Changes in the mental health variables were calculated by
subtracting the baseline values from the follow-up values. Change
in stress was derived by including only those who had low stress at
baseline (not at all, only a little, to some extent) and categorizing
them as continuing to have low stress or changing to having high

stress (rather much, very much).

Exposures

Physical activity and time spent sedentary

Time spent in PA and sedentary was collected during 7 days
using hip-worn accelerometers (model GT3X+, Actigraph, LCC,
Pensacola, FL, USA). The same method for data collection and
data processing was used at baseline and at follow-up described in
more detail elsewhere (12). The program ActiLife, version 6.13.3
was used to process data from the accelerometers. Individual wake
and sleep times from the questionnaire were used to define time
awake. Days with wear-time of at least 500 min were defined as
valid days and at least three valid days, where at least one of those
days was a weekend day, were included in the weekly analyses. The
total wear-time from the monitors was categorized into sedentary
intensity (0-100 counts per min), light PA intensity (101-2,295
counts per min), and MVPA (>2,295 counts per min) (17). The
results are presented as minutes within the respective intensity, as
averages per day over the whole week. Change in PA and sedentary
time was calculated by subtracting the baseline values from the
follow-up values.

Sleep

Sleep duration was calculated using bed-time and time for
getting up reported by the participants in the questionnaire
for weekdays and weekends. The response alternatives were
in 30-min intervals. Change in sleep duration was calculated
in hours.
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TABLE 2 Baseline and follow-up data for mental health outcomes, stratified by gender.

All participants Girls Boys
Baseline  Follow- Baseline Follow- Baseline Follow-
up up up
(2019) (2021) (2019) (2021) (2019) (2021)
Mean Mean Mean p-
difference difference difference value
(95% ClI) (95% ClI) (95% CI)
Anxiety® 457 13.9(7.9) 14.2 (9.6) 0.3 (—0.4,1.0) 0.35 248 16.1 (8.0) 17.8 (9.3) 1.7 (0.6, 2.7) 0.001 208 11.2 (6.9) 9.9 (8.1) —1.2(-2.1, 0.005
Mean (SD) —0.1)
HRQoL® Mean | 438 39.8 (5.2) 38.1(5.2) —1.7 (2.3, <0.001 | 233 38.5 (5.1) 36.6 (5.9) —2.0 (=27, <0.001 204 41.3 (4.9) 39.8 (5.7) —1.5(=2.3, <0.001
(SD) -1.2) -1.2) —0.6)
Psychosomatic | 501 9.3(5.3) 11.1(6.7) 1.8 (1.3,2.3) <0.001 | 277 10.7 (5.3) 13.4 (6.6) 2.7 (2.0,3.4) <0.001 223 7.5 (4.6) 8.2(5.8) 0.7 (0.0, 1.4) 0.049
problems®
Mean (SD)
Stress®
Low stress 333 239 (71.8) 194 (58.3) N/A <0.001 178 101 (56.7) 69 (38.8) N/A <0.001 154 138 (89.6) 125 (81.2) N/A <0.001
[No. (%)]
High stress 94 (28.2) 139 (41.7) N/A 77 (43.3) 109 (61.2) N/A 16 (10.4) 29 (18.8) N/A
[No. (%)]

HRQoL, health-related quality of life. One participant was non-binary and was therefore not included in the analyses stratified by gender. Results in bold are significant at a < 0.05.
2Changes from baseline to follow-up tested with paired ¢-tests.
bChanges from baseline to follow-up tested with McNemar change test.
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TABLE 3 Baseline and follow-up data for physical activity, sedentary time, and health behaviors, stratified by gender.

All participants Girls Boys
Baseline Follow- Baseline Follow- Baseline Follow-
up up up

(2019) (2021) (2019) (2021) (2019) (2021)
MVPA in min?
Week, mean (SD) 264 51.7 (19.0) ‘ 51.2 (23.5) 0.75 166 ‘ 50.0 (18.1) ‘ 49.9 (22.6) 0.97 97 54.8 (20.1) ‘ 53.8 (24.7) ‘ 0.69
Light PA in min?
Week, mean (SD) 264 139.9 (28.4) ‘ 119.9 (31.5) <0.001 166 ‘ 138.5 (27.4) ‘ 120.2 (29.7) <0.001 97 142.5 (30.1) ‘ 119.9 (34.1) ‘ <0.001
Sedentary in min?
Week, mean (SD) 264 611.3 (60.8) ‘ 619.6 (70.7) 0.04 166 ‘ 617.8 (59.3) ‘ 622.4 (69.3) 0.37 97 599.7 (62.0) ‘ 615.6 (73.4) ‘ 0.03
Sleep in h?
Weekdays, mean (SD) 557 8.6 (0.9) 8.1 (1.0) <0.001 310 8.5 (0.9) 8.0 (1.0) <0.001 246 8.6 (0.9) 8.3 (0.9) <0.001
Weekends, mean (SD) 558 9.8 (1.4) 9.5 (1.3) <0.001 311 9.9 (1.3) 9.5(1.3) <0.001 246 9.8 (1.5) 9.5(1.2) 0.02
Screen time during
weekdays® [No. (%)]
<1h per day 556 39 (7.0) 12 (2.2) <0.001 310 19 (6.1) 5(1.6) <0.001 245 20 (8.2) 7(2.9) <0.001
1-2h per day 144 (25.9) 88 (15.8) 77 (24.8) 41(132) 66 (26.9) 47 (19.2)
3-4h per day 245 (44.1) 231 (41.5) 144 (46.5) 132 (42.6) 101 (41.2) 99 (40.4)
5-6h per day 101 (18.2) 177 (31.8) 55 (17.7) 110 (35.5) 46 (18.8) 66 (26.9)
7h or more 27 (4.9) 48 (8.6) 15 (4.8) 22(7.1) 12 (4.9) 26 (10.6)
Screen time during
weekends® [No. (%)]
<1h per day 553 18 (3.3) 10 (1.8) <0.001 310 8(2.6) 6(1.9) <0.001 242 10 (4.1) 4(17) <0.001
1-2h per day 63 (11.4) 29 (5.2) 32(10.3) 14 (4.5) 31(12.8) 15(6.2)
3-4h per day 201 (36.3) 140 (25.3) 123 (39.7) 73 (23.5) 77 (31.8) 66 (27.3)
5-6h per day 174 (31.5) 214 (38.7) 100 (32.3) 127 (41.0) 74 (30.6) 87 (36.0)
7h or more 97 (17.5) 160 (28.9) 47 (15.2) 90 (29.0) 50 (20.7) 70 (28.9)

(Continued)
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Screen time

The amount of screen time outside school hours (not including
schoolwork) on weekdays and weekends was self-reported by the
participants. The response alternatives were: no time atall, <1h, 1-
2h, 3-4h, 5-6h, and 7h or more, and were categorized into <2h,

0.
N/A

3-4h, and >5h. The responses from baseline and follow-up were
coded to reflect either an increase or decrease in screen time or no
change in screen time.

63 (27.8)
164 (72.2)
52 (21.3)
192 (78.7)

Follow-

A
N/A

Organized sports participation
The participants reported in the questionnaire if they were

61 (26.9)
166 (73.1)

o
=
[
wn
©
m

active in any sports organization (yes/no). The answers from
baseline and follow-up were combined to reflect change in

1N =<

o S organized sports: (1) no change, i.e., either participated at both
baseline and follow-up or did not participate at both baseline and
follow-up, (2) dropped out, i.e., participated in organized sports at

© < baseline but not at follow-up, and (3) started, i.e., did not participate

=] Z

in organized sports at baseline but participated at follow-up.

g
=1
\
3
B
g
e
k=
&
=
2
5
: _ _ 3
Sl = s <28 . .
: S S8 Parental education and country of birth
E 8| g 8| g gm Register data on parental education was collected from the
5 Statistics of Sweden and dichotomized into <12 years (low) and
% =l & < >12 years (high) of education. The highest level of education
= ; g . . e
2 v £ TS E attained by either of the parents was used. The participant’s and
0] 5|3 Y P p p
(%) ~ P
G _l g % their parents’ country of birth were reported by the participants
s in the questionnaire. Parents’ country of birth was classified as
g “both born in Sweden,” “one born outside Sweden and one born
S g 3 in Sweden,” and “both parents born outside Sweden.”
=
E
H
& Anthropometry
i § g Baseline data was used on body mass index (BMI).
g Underweight, normal weight, overweight and obesity were
E defined according to the International Obesity Task Force
2 S = s e F recommendations, with different cut-off values depending on age
(%) <+ | 0 = | © | 5
= e S Sk and sex (18)
© —o' 0 I © ) g N
9 g
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c @ = = g 8 . .
8 £ i <l <5 F Distance learning
= z 3| = Z|g & The amount of distance learning was self-reported at follow-up
a X o .. . e . .
m e g = by the participants by asking them “Did you have distance learning
g a,
J during January to April 20212” The response alternatives were “no,
g & 8 ry to Ap P
i é not at all,” “yes partially distance,” and “yes fully distance.” The two
= = % g § last alternatives were combined as very few (n = 27) reported full
a2 distance learning.
< &=
A5 g
2%k
£33
~£3 Statistical analysis
— 5 5 3
= z 73
2 D 22
= oS Q% 3 s Descriptive statistics are presented as percentages or means
5 ERCRER: P p p 8
) (220} S ! . . . .
§ E = £ 2 'go‘;: § B with standard deviations. Differences between girls and boys
£ S 2 233 < for the background variables were tested with chi-square tests
c o Q (":I‘ v 8 8= g q
S E = ® Q g - £ ks and independent t-tests for categorical and continuous variables,
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outcomes, as well as PA, sedentary time, sleep, screen time,
and organized sports were analyzed with McNemars change
test for categorical variables and paired t-tests for continuous
variables. Relationships between the exposure variables and the
continuous outcome variables (change in anxiety, HRQoL, and
psychosomatic health) were analyzed in separate models with
ANCOVAs (analysis of covariance), reported as non-standardized
betas with 95% confidence intervals. The binary outcome (change
in stress) was modeled using multivariable logistic regression
models, reported as odds ratios with 95% confidence intervals. As
the outcome variables showed minimal influence of clusters (0-
1%), all the models were on one level. The independent variables
included in the models were checked for multi-collinearity, but
none was detected. Homoscedasticity assumptions were checked
through plotting of residuals against predicted values and all
residuals were visually checked for normality of distribution. All
models were adjusted for gender, parental education, parental
country of birth as well as the baseline value of the outcome
variable. Wear time was added in the initial analyses and did
not alter the results and was therefore not included in the final
analyses. No imputations for missing data or loss to follow-
up were performed. All statistical tests were two-sided with
a significance threshold of P < 0.05. The data analyses were
performed in IBM SPSS Statistics, version 27 (IBM Corp., Armonk,
N.Y., USA).

Results

Sample characteristics

From the baseline sample of 1,139 participants, 585
(51%)
mean (SD) age was 14.9 (0.3) years and 263 were boys
(45%) and 321 (55%), one did not
reveal gender. There were significant differences between

participated in the follow-up measurements. The

girls participant

the baseline and follow-up in gender composition, the
proportions of parental country of birth, and the proportions
of stress, as shown in Table 1. There were no significant
differences between the baseline and follow-up samples in

the other variables.

Change in mental health outcomes

Between 2019 and 2021, there was a decrease in HRQoL [mean
difference —1.7 (—2.3, —1.2), p < 0.001], increase in psychosomatic
health problems [mean difference 1.8 (1.3, 2.3), p < 0.001], and
an increase in the number of participants with high stress [from
94 (28%) to 139 (42%), p < 0.001], in the total sample and also
among both boys and girls when stratified (see Table 2). There was
no significant change in anxiety in the total sample but among
girls there was a significant increase [mean difference 1.7 (0.6,
2.7), p = 0.001], and among boys a significant decrease [mean
difference —1.2 (—2.1, —0.1), p = 0.005], between baseline and
follow-up measurements.
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Change in physical activity, sedentary time,
and health behaviors

In total, 264 participants had valid accelerometer registrations
for the whole week, both at baseline and follow-up. There were
no significant differences between participants with and without
valid accelerometer registrations in anxiety (p = 0.31), HRQoL
(p =0.11), psychosomatic problems (p = 0.11), and stress (p =
0.44). Accelerometer wear-time at baseline compared to follow-up
was higher for all participants, mean (SD) 803 (56) min/791 (71)
min, p = 0.007 and girls 806 (55) min/793 (77) min, p = 0.02.

Between baseline and follow-up measurements, there was a
significant decrease of an average of 20 min/day in light PA for the
whole sample (p < 0.001), for girls (~18 min, p < 0.001), and for
boys (~23 min, p < 0.001) but there was no significant change in
MVPA, as shown in Table 3. There was a significant increase of an
average of ~8 min in sedentary time for the whole group (p = 0.04)
and for boys (~16 min, p = 0.03).

Sleep duration decreased significantly during weekdays and
weekends for the whole group (~0.5 h/night, p < 0.001)/(~0.3
h/night, p < 0.001), and also significantly among girls and boys
when stratified (see Table 3).

Screen time increased significantly between baseline and
follow-up: for example, the proportion of participants reporting
>5h of screen time during weekdays increased from 23.1% to
40.4% (girls 22.5% to 42.6% and boys 23.7% to 37.5%) and during
weekends from 49% to 67.6% (girls 47.5% to 70% and boys 51.3%
to 64.9%).

There was no significant difference between baseline and
follow-up in organized sports participation.

At follow-up measurements, 433 participants (78.6%) reported
that they had some amount of distance learning during the
spring period.

Relationships between changes in mental
health outcomes and changes in physical
activity, sedentary time, and health
behaviors

Results from the multivariable logistic regression are presented
in Table 4 and showed that an increase in sleep during weekdays
was significantly related to both a decrease in anxiety (B = —0.71,
CI: —1.36, —0.06) and an increase in HRQoL (B = 1.00, CI: 0.51,
1.49). No significant relationships were found between changes in
mental health outcomes and changes in MVPA, light PA, sedentary
time, organized sports participation, and screen time.

Discussion

To the best of our knowledge, this is the first longitudinal study
with data on mental health outcomes in relation to detailed device-
measured PA, sedentary time, and health behaviors, just before and
during the pandemic. Our findings show that self-reported HRQoL,
psychosomatic health, and stress have worsened in adolescents in
Sweden during the COVID-19 pandemic but unrelated to changes
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TABLE 4 Relationships between changes in physical activity, sedentary time, and health behaviors, from baseline to follow-up.

Change in MVPA

Change in
anxiety (SCAS-S)

B (95% Cl)

Change in HRQoL

(Kidscreen)

B (95% CI)

B (95% CI)

Change in psychosomatic
problems (PSP)

p

Change in stress (SISQ)

OR (95% Cl)

p

‘ —0.02 (—0.05, 0.02)

0.99 (0.98, 1.01) ‘

Week (min/day) 0.41 0.01 (—0.02, 0.04) 0.53 —0.00 (—0.03, 0.02) 0.84 0.46
Change in light PA

Week (min/day) ‘ —0.01 (—0.04, 0.02) 0.74 0.02 (—0.00, 0.04) 0.09 0.00 (—0.02, 0.02) 0.98 1.00 (0.99, 1.01) ‘ 0.99
Change in sedentary

Week (min/day) ‘ —0.00 (—0.02, 0.01) 0.58 —0.00 (—0.01, 0.01) 0.53 —0.00 (—0.01, 0.01) 0.68 1.00 (0.99, 1.00) ‘ 0.69
Change in sleep

Weekdays (h) -0.71 (-1.36, -0.06) 0.03 1.00 (0.51, 1.49) <0.001 —0.40 (—0.89, 0.09) 0.10 0.95 (0.74, 1.22) 0.68
Weekends (h) —0.23 (—0.66, 0.21) 0.30 0.26 (—0.06, 0.59) 0.11 —0.24 (—0.55, 0.08) 0.14 0.88 (0.75, 1.03) 0.10
Change in organized

sport participation

No change REF REF REF REF

Dropped out 1.94 (—0.42, 4.30) 0.11 —1.76 (—3.72,0.19) 0.08 1.56 (—0.20, 3.31) 0.08 0.88 (0.37, 2.10) 0.77
Started —0.01 (—2.30, 2.27) 0.99 —0.67 (—2.57,1.23) 0.49 —0.80 (—2.49, 0.89) 0.35 0.96 (0.41, 2.34) 0.93
Change in screen

time during weekdays

No change REF REF REF REF

Increase —0.17 (—1.60, 1.27) 0.82 0.63 (—0.44, 1.70) 0.25 0.03 (—1.03, 1.09) 0.96 1.00 (0.59, 1.68) 0.99
Decrease 0.12 (—1.84, 2.09) 0.90 0.39 (—1.15,1.93) 0.62 0.31 (—1.20, 1.82) 0.68 1.82 (0.90, 3.70) 0.10
Change in screen

time during weekends

No change REF REF REF REF

Increase —0.71 (—2.15,0.73) 0.33 0.67 (—0.44, 1.78) 0.23 —0.72 (—1.80, 0.35) 0.19 0.81 (0.49, 1.36) 0.43
Decrease —0.30 (=2.30, 1.71) 0.77 0.02 (—1.52,1.57) 0.98 —1.32(—2.80,0.17) 0.08 1.19 (0.59, 2.43) 0.63
Distance learning

spring 20212

No REF REF REF REF

Yes —0.71 (—2.31, 0.89) 0.39 0.61 (—0.67, 1.88) 0.35 —0.06 (—1.26, 1.15) 0.93 0.79 (0.45, 1.41) 0.43

MVPA, moderate to vigorous physical activity; PA, physical activity. Results in bold are significant at o < 0.05. All models are adjusted for gender, parental education, parental country of birth, and baseline values of the outcome.

2Measured at follow-up.
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in PA, sedentary time, screen time, or participation in organized
sports. Nonetheless, an increase in sleep duration during weekdays
was related to better mental health.

The change in mental health in this study is in line with
studies in two systematic reviews showing that the COVID-19
pandemic had impacted the mental health of adolescents (8, 9).
Studies from Norway (n = 3,752) (19) and Australia (n = 248)
(20) also found that anxiety and depressive symptoms increased
between baseline and follow-up in adolescents. In contrast, one
Swedish study found no longitudinal changes in mental health,
PA or health behaviors among adolescents (n = 584) (21). Similar
results have also been reported in two studies of adolescents in
China where no deterioration in adolescents’ mental health was
found (22, 23). Studies in England have shown conflicting findings:
some data indicated increased depressive symptoms and other data
indicated no changes in anxiety or wellbeing (24). The overall
variability of the results between studies might relate to different
ages and cultural contexts of participants. In addition, differences
in the scope of pandemic restrictions, different study designs,
outcome measures, heterogeneity in methods, and length of follow-
up periods may have played a role.

The observational design prevented any control group.
Therefore, the mean change in the prevalence of mental health in
this study cannot be fully attributed to the COVID-19 pandemic,
as no comparable data are available. However, the main question
was to investigate if any such changes were related to changes in
PA variables. The main result from these analyses were that only
few such relations were found. To what extent these findings can be
relevant for other situations, i.e., without a pandemic, is difficult to
assess. However, as we identify temporal changes between baseline
and follow-up but only few relations to changes in PA, it can be
hypothesized that smaller changes in mental health (possibly found
in non-pandemic situations) would also be unrelated to changes
in PA.

Several studies have shown that the impact on mental health
outcomes has been worse for females compared to males (8, 20, 23).
In our study sample, the prevalence of mental health problems was
higher in girls than in boys but the decrease in well-being as well as
impaired psychosomatic health and stress was evident in both boys
and girls. However, there was a difference in anxiety where anxiety
levels decreased in boys and increased in girls during the pandemic.

The findings in this study showed no decline in MVPA.
However, there was a decline in light PA and an increase in
sedentary time. In addition, there was an increase in screen time
and no change in participation in organized sports. This might
imply that Swedish adolescents have not stopped participating
in organized activities outside school hours but may be moving
less in their everyday lives since they spent more time at home
due to distance education. Studies from other countries showed
declines in PA levels and increases in sedentary behavior during the
pandemic (10, 11).

This study also showed a decrease in sleep duration during
the pandemic. Furthermore, sleep duration during weekdays was
related to mental health outcomes, suggesting that an increase in
sleep duration during weekdays was related to better HRQoL and
less anxiety. Other studies that have measured sleep before and
during the pandemic showed mixed results, including increased
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sleep duration (11), fewer sleep problems (23), and no changes in
sleep (21) among adolescents.

In a study with Chinese children and adolescents, it was
reported that longer screen time before and during the pandemic
was associated with a higher risk of psychological symptoms (25).
In the present study the results showed no relationships between
changes in mental health and changes in PA, sedentary time, screen
time, or participation in organized sports, which suggest that there
were other factors underlying the negative changes in mental health
outcomes. Physical activity did not decline to the same extent
in Sweden compared to other countries, possibly explained by
Sweden’s milder pandemic restrictions. One Swedish study showed
that during the pandemic both children and adolescents expressed
worries, for example about the disease and death among their
relatives, about the future, or missing out on their youth and
employment (26). Swedish adolescents further reported increased
conflicts with parents, less time spent with peers, and poorer
control over their everyday life (27). Similar data are available from
Australia (20).

The major strength of this study is the longitudinal design
with baseline data collected just before the pandemic in late 2019
and follow-up in the spring of 2021. Another strength is the
detailed device-measured PA in relation to several mental health
outcomes. One limitation was the loss of valid accelerometer
measurements due to insufficient wear time. However, there were
no significant differences between participants with and without
valid accelerometer measurements in mental health outcomes.
Another limitation of the study is that the sample was non-
representative and therefore caution with generalizability should be
taken. In addition, the drop-out rate between baseline and follow-
up might also have impacted the generalizability of the study.
However, the recruitment of schools was based on a variation in
type of municipality and socioeconomic background of parents and
attrition bias may be limited as the results showed few differences in
variables between participants and drop-outs. Another limitation,
as mentioned above, is that the effects on mental health outcomes
might have been confounded by an expected age-related increase in
mental health problems within this group and this could have led to
a slight overestimation of the changes in mental health outcomes.

Conclusion

The results suggest that the COVID-19 pandemic has impaired
the mental health of Swedish adolescents and that the decrease
in mental health was not related to changes in PA, sedentary
time, screen time, or participation in organized sports. However,
increased sleep duration during weekdays was related to positive
changes in anxiety and HRQoL. The results of this study may help
policy makers and other stakeholders comprehend the differential
effects of the COVID-19 pandemic on mental health outcomes and
help guiding the planning of policy actions.
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