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The COVID-19 pandemic has had a huge impact on people’s lives and may influence mental health in the general
population. In a unique representative Danish longitudinal study, we examined mental well-being measured just
before and during the COVID-19 pandemic. The Danish Health and Wellbeing Survey is the Danish contribution
to the European Health Interview Survey. In this study, we included the wave from autumn 2019, which we re-
invited in the autumn 2020. The study population consisted of 4,234 persons. The main outcome was mental
well-being measured by the Short Warwick-Edinburgh Mental Well-Being Scale (SWEMWABS). Linear and logistic
regression models were conducted to evaluate change in SWEMWBS between 2019 and 2020. The SWEMWBS
distribution was similar in 2019 and 2020, although the distribution moved to lower scores in 2020 compared to
2019. Mean SWEMWBS decreased significantly from 25.5 in 2019 to 24.6 in 2020 corresponding to a mean
change of —1.0 (95%CI, —1.1. to —0.8). The proportion with low SWEMWBS increased from 16.5% in 2019 to
20.1% in 2020 (p < 0.001). The mean change was similar for men and women and for different age groups. The
most negative development was observed among persons without depression or long-standing illnesses at
baseline and among persons with higher educational level. Among persons with depression SWEMWBS
increased. As expected, mental well-being significantly decreased in the adult Danish population during the
COVID-19 pandemic. However, somewhat more unexpectedly, the decrease was most pronounced among per-
sons without depression or long-standing illnesses and among higher educated groups.

1. Introduction

demographic factors, such as young age (Every-Palmer et al., 2020;
Pierce et al., 2020), old age (Ferreira et al., 2021), female sex (Ferreira

The COVID-19 pandemic has a pronounced influence on everyday
life and it may have implications for mental health in the general pop-
ulation. The widespread use of quarantine, working and schooling from
home, and the consequently social distancing is assumed to be associ-
ated with negative psychological effects including post-traumatic stress
symptoms, confusion, anger, and infection fears, especially during
longer lasting quarantines (Brooks et al., 2020). Furthermore, the crisis
will influence living conditions for many persons. The economic con-
sequences of the crisis will be substantial in the short and long run, both
on the societal and individual level (Silva et al., 2018).

During 2020, research has increasingly focused on the mental health
consequences of COVID-19 (Holmes et al., 2020). Several factors were
associated with the decreasing mental health, including the severity of
COVID-19 in the individual’s home city (Zhang et al., 2020),
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etal., 2021), and family structure e.g. living with young children (Pierce
et al., 2020), socioeconomic factors including job loss (Every-Palmer
et al., 2020) and, finally, health factors including poor health status and
past diagnosis of mental illness (Every-Palmer et al., 2020).

Previous studies used different measures of life satisfaction, mental
health, and symptoms. In a Swiss study, 41.4% of the participants re-
ported worsened quality of life compared to before the COVID-19
pandemic (Moser et al., 2020) and in a study from New Zealand, 39%
reported low well-being, which was markedly higher than before the
pandemic (Every-Palmer et al., 2020). In the United Kingdom,
increasing prevalence of mental suffering was observed (Pierce et al.,
2020). One study compared well-being during the first months of the
pandemic and lockdown in Denmark with a previous representative
sample showing that the psychological well-being was negatively
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affected by the COVID-19 pandemic and more so for females than for
males (Sgnderskov et al., 2020a). In addition, a multinational study
observed a significant decrease in mental well-being using the Short
Warwick-Edinburgh Mental Well-Being Scale (SWEMWBS) (Ammar
et al., 2020).

The previous studies have shown that mental health decreases during
the pandemic based on cross-sectional surveys (Varma et al., 2020;
Wang et al., 2020; Zhang et al., 2020), including surveys with questions
related to mental health outcomes before the pandemic (Ammar et al.,
2020; Ferreira et al., 2021; Moser et al., 2020), and panel studies with
repeated measures during the pandemic (Clotworthy et al., 2020;
Every-Palmer et al., 2020; Parola et al., 2020; Sgnderskov et al., 2020a,
b).

In a Danish representative longitudinal study with repeated self-
reported data on mental well-being in the general adult population we
examined changes in mental well-being in the period from just before
the COVID-19 pandemic (autumn 2019) to during the pandemic
(autumn 2020). Furthermore, we assessed whether population sub-
groups experience different changes.

2. Material and methods

The Danish Health and Wellbeing Survey is the Danish part of the
European Health Interview Survey (EHIS). In this study, we included the
wave from autumn 2019, which we re-invited in the autumn of 2020.
The design of these surveys is described in detail elsewhere (Rosendahl
Jensen et al., 2021).

Briefly, EHIS covers the following topics: Health status (self-rated
health, chronic conditions, mental health, accidents, etc.), health de-
terminants (smoking, alcohol consumption, body height and weight,
physical activity, dietary habits, etc.), health care utilization (use of
different types of health care services), and social and demographic
characteristics (marital status, labor market participation, children,
household composition, etc.). In the 2019 Danish questionnaire,
SWEMWABS was also included (Koushede et al., 2019).

Residents in Denmark have a personal identification number which
is used throughout administrative registers and stored in the Civil
Registration System (Pedersen, 2011). From the Civil Registration Sys-
tem, 14,000 persons aged 15 years or more were randomly selected and
invited to the survey in 2019. Data were collected via a
self-administered questionnaire and 6,629 persons (47%) completed the
questionnaire.

Since the survey in late 2019 was carried out just before the COVID-
19 pandemic reached Europe and Denmark, there was a unique oppor-
tunity to examine the longitudinal effects on health and health-related
outcomes. We invited all from the 2019 survey, who were still alive
and living in Denmark in mid-August 2020, to participate in the follow-
up survey. We excluded persons with specific reasons for non-response
in 2019 (e.g. ‘hard’ refusers, persons with severe cognitive impair-
ment, and persons not understanding Danish). Thus, 13,474 persons
aged 16 years or older were invited in 2020. All invited persons were
informed of the special nature of the COVID-19 situation, which was
reflected in a range of additional questions. The questionnaire focused
on the impact of the COVID-19 pandemic on three areas: Physical and
mental health, employment and working lives, and health behavior.
However, the questionnaire also included questions on areas such as
healthcare utilization, social relations, and use of social media. In all,
6,712 persons completed the self-administered questionnaire in 2020,
out of which 5,000 had also completed the questionnaire in 2019.

Data in 2019 were collected between 5 September and December 31,
2019. Data in 2020 were collected between 4 September and November
8, 2020. Denmark had a lockdown starting in March 2020 with
restricted travel and closing of schools, shops, working places, and
cultural institutions with an opening starting in April 2020 in some areas
gradually increasing in May and June. In June to August of 2020, only
minor restrictions were still in place, but a general request to work from
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home was never lifted. By August 2020 the number of COVID-19 cases
increased and the use of face masks in public indoor areas became
mandatory. During September and October 2020, restrictions were
reintroduced both regarding travel restrictions and the number of per-
sons that people could engage with.

Regarding economic consequences, the Danish economy decreased
in 2020 resulting in increases in unemployment. The Danish GDP
decreased by 4 percent in 2020. The number of unemployed increased
during the first half of 2020 but regained the previous level in the
autumn 2020.

2.1. Information included

2.1.1. Primary measure

We measured mental well-being, the outcome of this study, using
metric SWEMWBS., where higher scores of SWEMWRBS reflect higher
well-being (range 7-35). We included both SWEMWRBS as a continuous
variable and as a binary variable modelling whether SWEMWBS was low
representing probable or possible depression or anxiety (scores below
21) (Warwick Medical School, 2021).

2.1.2. Explanatory variables

We included several explanatory variables to describe the develop-
ment in SWEMWBS from 2019 to 2020. The questions reflected di-
mensions of demography (sex and age), mental and somatic diseases,
and socio-economic factors. Information on all explanatory variables
were obtained in 2019:

Demographic factors: Sex and age included in four categories (15-44
years, 45-59, 60-74, and 75+ years).

Current depression was assessed by the eight-item Patient Health
Questionnaire depression scale (PHQ-8), which is an established valid
diagnostic depression measure also useful in general population surveys
(Kroenke et al., 2009). We included PHQ-8 as a binary variable (>10
points) representing a clinically relevant depression.

A standard question on longstanding illness or health problem was
also included in the questionnaire: ‘Do you have any longstanding
illness or longstanding health problem (by long-standing we mean ill-
nesses or health problems which have lasted, or are expected to last, for
6 months or more?’). The response categories were ‘yes’ and ‘no’.

Educational level was divided into three categories (elementary
school, upper secondary or vocational education, and higher education).
Information on educational level was based on data from the Education
Register (Jensen and Rasmussen, 2011) where we included highest
attained education. Persons with missing information (n = 29, 0.7%)
were categorized as elementary school.

Occupational status was included in five categories (employed, un-
employed, transfer payment (student compensation or sick leave),
pensioner or other). Information was based on the Employment Classi-
fication Module (Petersson et al., 2011) on the most important place of
employment during 2019.

2.2. Weighting

All analyses were weighted to account for non-response in the survey
waves. When calculating weights, we estimated the probability of
participating and responding to SWEMWBS (n = 4,234) among those
invited in both waves (n = 13,474) by age in five-year categories and
sex. The weights were calibrated to sum to the number of observations
included (4,234) and had a range of 0.53-3.37 with an interquartile
range of 0.67-1.18. Younger persons and males had higher weights and
middle-aged (55-74 years) had lower weights. All analyses were
weighted meaning that the results reflect a population with the same
age- and sex-distribution as the invited population.
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2.3. Statistical analysis

Descriptive statistics were used to describe those invited and those
responding to both SWEMWBS questionnaires in 2019 and 2020. Pro-
portions, means, and medians were calculated. Furthermore, the dis-
tribution of each of the seven items of SWEMWBS was reported.

To examine changes in in SWEMWBS from 2019 to 2020, linear and
logistic repeated measurements regression models were conducted. In
both analyses, the main interest was on whether mean SWEMWBS or
odds of low SWEMWBS were different between 2019 and 2020.
Furthermore, to evaluate whether the development in SWEMWBS was
different between subgroups, the interaction between time and sub-
group was evaluated. All analyses were adjusted for sex and age. Age
was included as a continuous variable, and as second- and third-degree
polynomials. To take account of the correlation due to the repeated
measurements on the same person, we estimated generalized estimation
equations linear and logistic regression models, respectively, assuming
an exchangeable correlation matrix. As sensitivity analyses, the same
models were repeated in the non-weighted sample. Furthermore, to
evaluate the influence of a ceiling and floor effects of the SWEMWBS
scale, we utilized two approaches of the linear regression models. In one,
we excluded persons with extreme SWEMWBS scores in 2019 (scores 7
and 35) and, in the other, we used a censored linear regression model
(the tobit model).

Analyses were carried out using SAS version 9.4 except tobit analyses
performed using R version 4.0.3 package VGAM.

3. Ethical aspects

Participation in the surveys was voluntary which was informed to the
invitees. In Denmark, register and questionnaire studies do not require
approval by committees on biomedical research ethics according to
Danish legislation. The surveys in 2019 and 2020 were approved by SDU
Research & Innovation Organization (RIO). Since 2016, RIO examines
and approves all scientific and statistical projects at the University of
Southern Denmark according to the Danish Data Protection Regulation.

4. Results

Table 1 shows the distribution of the population invited in both 2019
and 2020 (n = 13,474), and the populations with valid SWEMWBS in

Table 1
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2019 (n = 6,047; 45%) and 2020 (n = 6,712; 50%) and, finally, the
analysis population of those with valid SWEMWBS both in 2019 and
2020 (n = 4,234; 31%). Compared to the invited population, the pop-
ulations responding to SWEMWBS in 2019 and 2020 comprise of a
higher proportion of females, middle aged, persons with a higher
educational level and persons who are occupied and pensioners. The
mean and median SWEMWBS are similar in the three groups of
respondents.

Mental well-being shows the same distribution both in 2019 and
2020 although the distribution moved to lower well-being in 2020
compared to 2019 (Fig. 1). The figure shows a decrease in the most
extreme high category (a score of 35).

The linear regression model shows a significant decrease in mean
SWEMWBS from 25.5 in 2019 to 24.6 in 2020 corresponding to a mean
change in the regression model of —1.0 (95%CI, —1.1 to —0.8) (Table 2).

When evaluating subgroup specific changes, both sexes and all age
groups show similar changes with no significant difference between the
subgroups (p-values for interaction of 0.23 and 0.15). In the analyses
including current depression and long-standing illness, different
changes in mean scores in SWEMWBS were observed with strongest
decrease in SWEMWBS among persons without a current depression and
persons not reporting long-standing illnesses in 2019. For persons with
depression in 2019, the mean SWEMWRBS increased from 2019 to 2020
(p for interaction below 0.001).

In the analyses of educational level, the decrease in SWEMWBS was
stronger for persons with highest educational level compared to lower
educational level (p for interaction of 0.042). In terms of occupational
status, the changes in SWEMWBS were strongest for employed and self-
employed persons, but these changes were not significantly different (p
for interaction of 0.15).

The analyses not weighted for non-response are reported in Sup-
plementary Table 1, which showed similar results. When excluding
persons with extreme SWEMWBS scores in 2019 and when performing
tobit regression analyses, we found results similar to those reported in
Table 2 (not shown).

Supplementary Figure 1 shows the development of each of the seven
questions included in SWEMWBS from 2019 to 2020. For all seven
questions, a pattern of smaller proportions for the highest positive
category combined with higher proportions for the middle categories in
2020 compared to 2019 is seen. Question 6 (I've been feeling close to
other people’) shows the strongest change with increase in the

Baseline descriptives of invited population and populations with valid mental well-being scale (SWEMWBS) in 2019 and/or 2020. Number of observations (per-

centages) if nothing else noted. Not weighted by non-response weights.

Invited in both 2019 and 2020

Valid SWEMWBS 2019

Valid SWEMWBS 2020 Valid SWEMWBS in 2019 and 2020

N 13,474
Sex
Male 6,524 (48)
Female 6,950 (52)
Age
15-44 years 5,943 (44)
45-59 years 3,376 (25)
60-74 years 2,809 (21)
75+ years 1,346 (10)
Educational level
Elementary school 3,685 (27)
Upper secondary / vocational education 4,718 (35)
Higher education 4,801 (36)
No information 270 (2)
Occupational status
Employed and self-employed 7,239 (54)
Unemployed 647 (5)
Transfer payment 1,653 (12)
Pensioner 3,516 (26)
Other 419 (3)
SWEMWBS

In 2019, mean/median -
In 2020, mean/median -

6,047 6,712 4,234
2,607 (43) 2,874 (43) 1,765 (42)
3,440 (57) 3,838 (57) 2,469 (58)
1,955 (32) 2,115 (32) 1,136 (27)
1,670 (28) 1,929 (29) 1,253 (30)
1,740 (29) 1,914 (29) 1,416 (33)

682 (11) 754 (11) 429 (10)
1,266 (21) 1,442 (21) 755 (18)
2,270 (38) 2,608 (39) 1,668 (39)
2,448 (40) 2,588 (39) 1,782 (42)

63 (1) 74 (1) 29 (1)

3,234 (53) 3,656 (54) 2,304 (54)
223 (4 244 (4) 145 (3)
569 (9) 579 (9) 298 (7)

1,912 (32) 2,133 (32) 1,423 (34)
109 (2) 100 (1) 64 (2)

25.1/25.0 - 25.5/25.0
- 24.3/24.1 24.6/24.1
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— 2020
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Short Warwick-Edinburgh Mental Well-Being Scale (SWEMWBS)

Fig. 1. Distribution of mental well-being (SWEMWBS) in 2019 and 2020.

categories ‘rarely’ and ‘some of the time’.

The logistic regression model evaluating the odds of low mental well-
being in 2019 and 2020 shows significantly higher odds of low mental
well-being in 2020 compared to 2019 (p < 0.001). The proportion with
low mental well-being is 16.5% in 2019 and 20.1% in 2020 (Table 3).

This change is the same among males and females and among the
four age groups (p-values for interaction of 0.79 and 0.30, respectively).
The changes are significantly different between persons with current
depression and long-standing illness; among persons with current

Table 2
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depression the proportion with low mental well-being decreases be-
tween 2019 and 2020. Regarding occupational status, there is a signif-
icant different development for the five groups (p-value for interaction
of 0.031) with a decreasing proportion among unemployed persons.

The analyses not weighted for non-response are reported in Sup-
plementary Table 2, which showed similar results.

5. Discussion

The aim was to describe the mental well-being in a longitudinal
study with self-reported data measured just before and during the
COVID-19 pandemic. We observed a significant decrease in mental well-
being measured by SWEMWBS. This decrease was similar among both
sexes and in age groups, but, somewhat surprisingly, was strongest
among those without current depression or long-standing illness in
2019. Finally, the decrease was stronger for persons with highest
educational level compared to lower educational groups.

The COVID-19 pandemic has pronounced influence on everyday life
and may influence mental well-being and living conditions in the gen-
eral population (Brooks et al., 2020; Silva et al., 2018). We hypothesized
that mental well-being decreased during the lockdown rather fast, and
that this decrease may be prolonged. The results support this hypothesis
as we find a mean decrease of 1.0 in mean SWEMWBS score and an
increase in the proportion of people with low mental well-being from
16.5% to 20.1% from autumn 2019 to autumn 2020. The mean decrease
corresponds to a minimally important level of change (Warwick Medical
School, 2021).

This decrease is in line with other studies reporting decrease in
mental health and well-being (Ammar et al., 2020; Every-Palmer et al.,
2020; Moser et al., 2020; Pierce et al., 2020). In the only other study
using SWEMWBS, a significant decrease from 27.3 to 24.7 (mean change
of 2.6) was observed based on questions during the pandemic where the
participants were asked to fill out the questionnaire in regards to how
they felt ‘before’ and ‘during’ home confinement (Ammar et al., 2020).

Mental well-being at time 2019 and 2020 and the difference between subgroups among participants with valid SWEMWBS measure in both 2019 and 2020 (n = 4,234).
Linear regression model with repeated statement. Weighted by non-response weights.

Variables measured in 2019 SWEMWABS 2019 SWEMWBS 2020 Estimate (1) p-value (2)
N Mean (95%CI) Mean (95%CI)
All 4,234 25.5 (25.4-25.7) 24.6 (24.4-24.7) -1.0(-1.1--0.8) <0.001
Sex
Male 2,050.1 25.1 (24.9-25.4) 24.4 (24.2-25.6) 0.0 (ref) 0.23
Female 2,183.9 25.1 (24.8-25.6) 24.1 (23.9-24.3) —0.2 (-0.5-0.1)
Age
15-44 years 1,867.5 24.1 (23.9-24.4) 23.4 (23.1-23.6) 0.2 (—0.2-0.5) 0.15
45-59 years 1,060.9 25.0 (24.8-25.3) 24.2 (23.9-24.4) 0.0 (ref)
60-74 years 882.7 27.0 (26.7-27.3) 25.8 (25.5-26.0) —0.3 (-0.7-0.1)
75+ years 423.0 25.7 (25.0-26.3) 25.0 (24.4-25.5) 0.2 (—0.5-0.9)
Current depression
Yes 343.3 18.7 (18.3-19.1) 19.6 (19.2-20.1) 2.0 (1.4-2.5) <0.001
No 3797.6 25.7 (25.6-25.9) 24.7 (24.6-24.8) 0.0 (ref)
Long-standing illness
Yes 1542.8 24.2 (23.9-24.4) 23.6 (23.3-23.8) 0.4 (0.0-0.7) 0.024
No 2666.4 25.6 (25.4-25.8) 24.6 (24.4-24.8) 0.0 (ref)
Educational level
Elementary school 884.8 24.4 (24.0-24.7) 23.8 (23.4-24.1) 0.5 (0.0-1.0) 0.042
Upper secondary/vocational education 1,481.0 25.2 (24.9-25.4) 24.4 (24.2-24.6) 0.3 (0.0-0.7)
Higher education 1,868.2 25.4 (25.2-25.6) 24.3 (24.1-24.5) 0.0 (ref)
Occupational status
Employed and self-employed 2,362.7 25.3 (25.1-25.4) 24.3 (24.1-24.4) 0.0 (ref) 0.15
Unemployed 161.8 20.9 (20.2-21.6) 20.7 (20.0-21.4) 0.8 (0.1-1.5)
Transfer payment 593.5 24.0 (23.5-24.5) 23.4 (22.9-23.9) 0.4 (—0.2-0.9)
Pensioner 1,046.4 26.0 (25.7-26.4) 25.2 (24.9-25.5) 0.2 (-0.2-0.6)
Other 69.6 25.1 (23.7-26.4) 23.9 (22.8-25.1) -0.2 (-1.0-0.7)

(1) Linear regression adjusted for sex and age. The estimate for all is the difference between 2019 and 2020. For the stratifying variables, the estimate is the interaction
estimate, i.e. the additional effect of the stratifying variable in addition to time and the variable.
(2) The p-value for the analysis of all is the influence of time. For the stratifying variables, the p-value is a test of interaction between time (2019 and 2020) and the

stratifying variable.
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Table 3
Low mental well-being at time 2019 and 2020 and the difference between subgroups. Logistic regression model with repeated statements. Weighted by non-response
weights.
Variables Low SWEMWBS
2019 2020
N N (%) N (%) p-value (1)
All 4,234 699.0 (16.5) 849.4 (20.1) <0.001
Sex
Male 2,050.1 333.9 (16.3) 401.4 (19.6) 0.79
Female 2,183.9 365.2 (16.7) 447.9 (20.5)
Age
15-44 years 1,867.5 384.2 (20.6) 479.4 (25.7) 0.30
45-59 years 1,060.9 152.1 (14.3) 182.7 (17.2)
60-74 years 882.7 82.8(9.4) 107.6 (12.2)
75+ years 423.0 79.9 (18.9) 79.7 (18.8)
Current depression
Yes 388.5 244.9 (71.3) 211.2 (61.5) <.0001
No 3,770.7 421.2 (11.1) 604.5 (15.9)
Long-standing illness
Yes 1,542.8 365.8 (23.7) 385.6 (25.0) 0.002
No 2,666.4 329.1 (12.3) 459.6 (17.2)
Educational level
Elementary school 884.8 194.8 (22.0) 232.5 (26.3) 0.91
Upper secondary/vocational education 1,481.0 242.9 (16.4) 289.8 (19.6)
Higher education 1,868.2 261.4 (14.0) 327.1 (17.5)
Occupational status
Employed and self-employed 2,362.7 336.6 (14.3) 417.1 (17.7) 0.031
Unemployed 161.8 85.9 (53.1) 78.6 (48.6)
Transfer payment 593.5 96.5 (16.3) 154.0 (26.0)
Pensioner 1,046.4 165.3 (15.8) 180.8 (17.3)
Other 69.6 14.7 (21.1) 18.8 (27.0)

(1)Logistic regression adjusted for sex and age. The p-value for the analysis of all is the influence of time. For the stratifying variables, the p-value is a test of interaction

between time (2019 and 2020) and the stratifying variable.

This could result in an overestimation due to recall bias, which is sup-
ported by our smaller estimate.

Previous Danish studies also reported negative effects on psycho-
logical well-being during the first months of the pandemic (Sgnderskov
et al., 2020a, b), but afterwards a positive development in the autumn of
2020 (Sgnderskov, 2021). In another Danish study, it was reported that
worries were stable during the lockdown (Clotworthy et al., 2020). The
timing of our survey (4 September to November 8, 2020) seems
important in the interpretation of the results since this was a period with
re-entry of travel restrictions, limitations on the number of persons
people were allowed to engage with, and requirements to use face masks
in public indoor areas. Our findings suggest a rather prolonged effect on
mental well-being in line with another study with data from autumn
2020 (Sgnderskov, 2021). Particularly, our study showed the greatest
decrease in mental well-being for the item “I've been feeling close to
other people”. This would appear to agree with other studies suggesting
that loneliness has intensified during the pandemic (Santini and Koya-
nagi, 2021).

Furthermore, previous studies have reported that some subgroups
may be more affected, e.g. younger (Every-Palmer et al., 2020; Pierce
et al., 2020) and older (Ferreira et al., 2021), females (Ferreira et al.,
2021), persons who experience job loss (Every-Palmer et al., 2020),
persons with poor health status and past diagnosis of mental illness
(Every-Palmer et al., 2020). Our findings do not support different de-
velopments between men and women or different age groups, although
younger persons have lower SWEMWBS scores than middle aged
persons.

Contrary to other studies, SWEMWBS scores decreased stronger
among persons without depression or long-standing illness before
COVID-19, while among those with depression, mental well-being
increased during the pandemic. In an Australian study, poorer mental
health outcomes were reported among those with poor health status or
with a previous diagnosis of mental illness (Every-Palmer et al., 2020)
and in a study from Bangladesh among persons with asthma, diabetes or
cardiovascular diseases, the prevalence of anxiety symptoms and
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depression symptoms during the COVID-19 pandemic was higher
compared to healthy persons (Sayeed et al., 2020). In both studies, no
information on pre-COVID-19 mental health or symptoms was reported.
A similar approach to ours was conducted in a study from the
Netherlands of adults with bipolar disorder, where information on
psychiatric symptoms and loneliness from 2017-18 were compared to
information during the COVID-19 pandemic (Orhan et al., 2021). The
study reported that participants experienced less psychiatric symptoms
during COVID-19 compared to before the pandemic, which seems to be
consistent with our results.

Although the COVID-19 pandemic is generally reported to be asso-
ciated with decreases in mental health, it should not be assumed that
decreases are inevitable. In the current study, we observed a general
decrease in mental well-being among the general adult population, but
an increase among those with depression. Similarly, we observed a
general decrease in mental well-being overall, except for the lowest
SWEMWSBS scores, where there appeared to be an improvement (Fig. 1).
Although this finding may seem counter-intuitive, there are reasons why
people with low mental well-being or depression may fare better during
the pandemic. First, it is possible that the pandemic conditions (social
distancing measures and the risk of infection) have alleviated some so-
cial norms and reduced expectations to socially interact. Contrary to the
general response to increased isolation, it may be that people with
depression are better equipped to cope with isolation, since they are
familiar with social withdrawal. Furthermore, closer contact and more
time spent with immediate family members could have benefitted those
suffering from depression (Bruining et al., 2020). Other research has
documented that other crises have been associated with improved social
functioning (Mancini, 2020), which may be explained by acute stress in
a crisis stimulating affiliate, cooperative and trusting behavior, which
could potentially benefit those with depression (Mancini, 2019).

Our findings indicate a rather prolonged negative effect on mental
well-being in the general population and especially loneliness has
intensified during the pandemic. Further, some subgroups that might
usually be considered vulnerable (i.e individuals with depression at
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baseline) did not experience deteriorating mental health, but rather the
non-clinical population saw a decline. Overall, these findings support
general population-based interventions to reduce the negative mental
health impacts of COVID-19. This may include providing reliable
COVID-19 information to alleviate anxiety and fear and interventions to
increase physical activity and coping skills (Safieh et al., 2021). Recent
meta-analytic research provides guidance into the most effective in-
terventions to promote mental well-being and to prevent low mental
well-being through various universal or targeted approaches including
intersectoral collaborations (Santini et al., 2020; van Agteren et al.,
2021). The results of our study show that it might be beneficial to spe-
cifically focus on interventions that limit loneliness and promotes
alternative forms of social interaction. In times of physical distancing,
quarantine, and restrictions on social contacts, digital interventions may
play an important role in improving public mental health. Digital mental
health interventions can be used to deliver mental health treatment and
preventive services for people with mental health problems or to deliver
health promotion and prevention efforts targeting high-risk individuals,
subpopulations, and entire populations (Rauschenberg et al., 2021).
Whereas most digital interventions focus on prevention and treatment,
there is some evidence supporting mental health promotion, e.g. to in-
crease physical activity and coping skills and reduce alcohol consump-
tion, stress, and loneliness (Ebert et al., 2019; Rauschenberg et al.,
2021).

Our study had several strengths, including a rather large represen-
tative sample with repeated measures of mental well-being. The pro-
spective collection of data is a main strength of our data, which makes it
possible to compare data collected during the COVID-19 pandemic with
data collected just before the outbreak among the same persons. This
comparison provides unique information, which is only available in few
other studies (Kwong et al., 2020; Orhan et al., 2021; Pierce et al., 2020),
while most other studies have used one or more measurements during
the COVID-19 pandemic (Ammar et al., 2020; Clotworthy et al., 2020;
Every-Palmer et al., 2020; Ferreira et al., 2021; Moser et al., 2020;
Parola et al., 2020; Sgnderskov et al., 2020a, b; Varma et al., 2020; Wang
et al., 2020; Zhang et al., 2020). The main advantage is that we can take
account of any pre-COVID-19 suboptimal mental well-being, when
evaluating the effect of the COVID-19 pandemic. This means that we can
separate the effects of each predictor, e.g. how depression is associated
with mental well-being, from the effect of the COVID-19 pandemic, i.e.
comparison of mental well-being before and during the pandemic, and,
finally, evaluate the COVID-19 effect for each predictor level. Further-
more, the data collection was conducted during autumn both years
limiting the influence of seasonal variations in mental health.

Our study may be influenced by selection bias since the response
proportion was rather low (2019: 47%; 2020: 50%), and because we
only included persons who completed the questionnaire in both 2019
and 2020. To limit the influence of selection bias, we weighted the an-
alyses by response weights based on age- and sex-distribution of the
invited sample.

The instrument used to measure mental well-being (SWEMWBS) has
shown satisfactory validity in a Danish setting and is recommended to be
used in epidemiological studies (Koushede et al., 2019). Demographic
and socioeconomic variables were obtained from nationwide registers
with satisfactory validity (Jensen and Rasmussen, 2011; Petersson et al.,
2011). Information on depression was based on PHQ-8, which is a valid
measure of current depression in population-based studies (Kroenke
et al., 2009). The question on long-standing illness is a standard item
used in numerous surveys and is part of the Minimum European Health
Module. For all variables, we only included information obtained before
the COVID-19 pandemic ensuring a clear temporal ordering.

Another element, when including repeated measures, is the influence
of regression towards the mean and ceiling and floor effects. The
regression model used in this paper (repeated measures model focusing
on the interaction between subgroup and time) assumes that the sub-
groups we study, e.g. persons with depression or without depression, do
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reflect distinct populations before the pandemic (Van Breukelen, 2006),
i.e. that the mean SWEMWBS is different in 2019. This assumption
seems reasonable, and we do not think our results are strongly influ-
enced by regression towards the mean. We evaluated the influence of
ceiling and floor effects by performing tobit regression and excluded
persons with extreme SWEMWABS scores in 2019. Both analyses support
the main results.

6. Conclusion

In conclusion, our study reports a significant decrease in mental well-
being during the COVID-19 pandemic in a general population-based
study based on prospectively collected data. This decrease was surpris-
ingly most pronounced among persons without depression or long-
standing illnesses and among higher educated groups. Contrary to ex-
pectations, people with depression appeared to fare better during the
pandemic as compared to prior to the outbreak.
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