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Abstract
The COVID-19 pandemic has a profound effect on societies and citizens worldwide, raising concerns
about potential mental health impacts. We aimed to describe trajectories of depression, anxiety, and
stress symptoms during the COVID-19 outbreak compared to before, and determine if trajectories were
modi�ed by pre-pandemic loneliness, poor sleep quality and mental health problems. We conducted a
cohort study with 1836 Swedish university students entering before the onset of the pandemic, March 13,
2020, with follow-ups within three (FU1) and six months (FU2) of the outbreak. Generalized Estimating
Equations were used to estimate mean differences in symptom levels over time-periods, and to estimate
potential effect modi�cations. We found small differences in mean levels of the Depression, Anxiety and
Stress Scale (DASS-21) over time. Compared to before the pandemic, depression increased by 0.25 points
of 21 (95% CI: 0.04 to 0.45) at FU1 and decreased by -0.75/21 (95% CI: -0.97 to -0.53) at FU2. Anxiety
decreased from baseline to FU1 by -0.09/21 (95% CI: -0.24 to 0.07) and by -0.77/21 (95% CI: -0.93 to
-0.61) to FU2. Stress decreased from baseline to FU1 by -0.30/21 (95% CI: -0.52 to -0.09) and by -1.32/21
(95% CI: -1.55 to -1.09) to FU2. Students with pre-pandemic loneliness, poor sleep quality and pre-
pandemic mental health problems did not show worse trajectories of mean mental health symptoms. In
conclusion, symptom levels were relatively stable during the �rst three months of the pandemic, while
there was a slight decrease during the summer months, probably due to seasonality effects.

Background
The COVID-19 pandemic has had a profound impact on societies and the daily lives of citizens globally.
In a call for action, Holmes et al. (1) raised concern about the potential detrimental effects that the
pandemic might have on mental health and urgently called for research to evaluate the impact of the
pandemic. With repeated reports of high levels of mental health problems among university students
prior to the COVID-19 pandemic (2, 3), it is of utmost importance to describe the impact of the pandemic
on the mental health of university students.

An ongoing “living” systematic review of the current longitudinal studies found that most studies reported
small to negligible increases of mental health symptoms in the general population (4). In contrast,
decreasing levels of depression and anxiety from the beginning of lock-downs was recently reported in a
large UK cohort (5). For university students speci�cally, some studies indicates that depression and
anxiety has increased during COVID-19 (6, 7), while some have found slight decreases (8).

The spread of COVID-19 in Sweden accelerated rapidly from the beginning of March 2020. On March 13th

the Public Health Agency of Sweden declared that the spread of COVID-19 had entered a new more
intense phase (9). Four days later, on March 17th universities cancelled all campus-based education and
switched to online education (10). Sweden has had high COVID-19 mortality, and the government’s
strategy to contain the spread of the virus has received international attention. Like in many other
countries, Sweden’s public health strategy to control the spread of the virus focused on promoting
physical distancing. Unlike in many other countries, no enforced general lockdowns have yet been issued.
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Nevertheless, reductions in social contacts, mobility and travelling were strongly encouraged by
authorities, and daily life of Swedish citizens was highly affected by the pandemic. Population-based
surveys indicate that most of the Swedish population adhered to these recommendations during the
spring of 2020 (11).

Given Sweden’s unique strategy, there is an urgent need to conduct longitudinal evaluations of the mental
health impact of the COVID-19 pandemic. University students, who show high levels of mental health
problems compared to general populations (3), are a potential at-risk group during the COVID-19
pandemic, with students with pre-pandemic loneliness, poor sleep and poor mental health possibly being
at higher risk.

The impact of physical distancing and loneliness on mental health during the COVID-19 pandemic has
been expressed as a key concern (12). Loneliness is a predictor for the development of depression (13),
and it is associated with worse prognosis for depressed individuals (14). Living alone has been reported
as a risk factor for depression and anxiety during the COVID-19 pandemic (15). Similarly, poor sleep
quality is a prevalent and increasing problem among university students (16), and it is associated with
depression, anxiety, and stress during the COVID-19 pandemic in a general population (17).
Physiologically, poor sleep quality impairs emotional regulation and increases affective reactivity (18),
and is associated with increased negative emotions following disruptive events (19). As highlighted by
Yao (20), individuals with pre-existing mental health problems may be at risk of worsening symptoms
during the COVID-19 pandemic. Two cross-sectional studies suggest that increased symptoms of anxiety,
symptoms of eating disorder and other psychiatric symptoms among psychiatric patients during the
COVID-19 pandemic (15). This may be signi�cant also for individuals with minor mental health problems
because they are at risk for developing more severe problems (21, 22).

Our primary objective was to describe the trajectories of depression, anxiety, and stress symptomatology
in university students in Stockholm before and during the �rst six months of the COVID-19 pandemic. Our
secondary aim was to determine if trajectories of depression, anxiety and stress over time were modi�ed
by pre-pandemic loneliness, poor sleep quality and mental health problems. We hypothesized that
symptoms of depression, anxiety, and stress would increase during the COVID-19 pandemic, and that the
trajectories over time would be worse for students with loneliness, poor sleep quality and pre-pandemic
mental health problems.

Method
Design and study population

A cohort study of university students in Stockholm, Sweden before the outbreak and during COVID-19
was conducted. The study is nested within a larger on-going dynamic cohort study of university students:
the Sustainable University Life (SUN-study) (http://clinicaltrials.gov/ ID: NCT04465435).

http://clinicaltrials.gov/
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Participants came from six selected universities in Stockholm, covering medical, economic technical and
sport science educations (Table 1). Full-time undergraduate students with at least one year left to
complete their degree were eligible for inclusion in the study. Data collection in the SUN-study started in
August 2019 and will be ongoing until November 2021. Only participants completing their baseline
questionnaire before March 13, 2020 were included in this study.

Data collection

Students received information about the study through in-class presentations by study staff and were
provided with access links to the study questionnaire via e-mail. Information about the study was also
given in relevant social media channels (e.g., student union social media channels), and at on-campus
information sites. Included students were followed with web surveys every three months over one year.
Participants not responding to the follow-up surveys received reminders by email, phone text-message
and one phone call over the following month. The study was approved by the Swedish Ethical Review
Authority (reference number: 2019-03276, 2020-01449), and informed consent was provided by all
participants electronically.

Follow-up

The collected data was divided into three time-periods: before the pandemic (August 19, 2019 to March
13, 2020), follow-up period 1 (FU1; March 14 to June 15, 2020) and follow-up period 2 (FU2; June 16 to
September 10, 2020) (Figure 1, eFigure 1). The date marking the start of the pandemic, March 13, is the
date that the Public Health Agency of Sweden declared that Sweden entered a new phase in the
pandemic (9). Four days later, March 17, Sweden closed all on-campus education on universities
switching to on-line education. The cut-point for FU2, June 15, was made since most university semesters
had ended by then (eFigure 1).

Outcomes

Symptoms of depression, anxiety, and stress were measured with the short-form Depression, Anxiety and
Stress Scale (DASS-21) (23) at each time-period. DASS-21 consists of 21 items rated on a 4-point scale
ranging from 0 (Did not apply to at all) to 3 (Applied to me very much, or most of the time). Scores for the
depression, anxiety and stress subscales are the sum of the 7 items in each subscale, ranging from 0-21
with higher scores indicating more severe symptoms. DASS-21 has good psychometric properties, with
convergent validity for all subscales, and Cronbach’s α of 0.77-0.92 for the three subscales (24).

Exposures

Pre-pandemic mental health problems was classi�ed as scoring above the cut-offs for moderate
symptom levels on any of the three subscales (≥ 7 on the depression subscale or ≥ 6 on the anxiety
subscale or ≥ 10 on the stress scale) (25) on DASS-21 at baseline. These cut-offs are slightly above the
cut-off point found to separate normal population from an outpatient psychiatric population (26)
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Loneliness before the pandemic was measured using the UCLA Three-Item Loneliness Scale (27),
consisting of three items rated from 1 (Hardly ever) to 3 (Often). The score of the scale is the sum of the
three items. In accordance with previous research, we used a cut-off of ≥ 6/9 to de�ne loneliness (28).
The scale has acceptable internal consistency (Cronbach’s α= 0.72) and high correlation (r=0.82) with the
20 item Revised UCLA Loneliness Scale (27).

Sleep quality before the pandemic was measured using the Pittsburgh Sleep Quality Index (PSQI) (29).
The scale consists of 19 items covering seven components of sleep with scores from 0-3. The global
score is a sum of the components scores, ranging from 0-21. A global score of > 5/21 was used to
classify poor sleep quality. This cut-off has shown a sensitivity of 89.6 % and a speci�city of 86.5 % for
differentiating between good and poor sleepers (30). The PSQI has adequate internal consistency
(Cronbach’s α =0.82) and test-retest reliability (r=0 .82) over one month (30).

Adjustments

The statistical models including the exposures were adjusted for gender and age, which were selected a
priori based on previous literature.

Statistical analyses

We used Generalized Estimating Equations (GEE) to model mental health symptoms during three time
periods. GEE models treat correlation between observations from the same individual as nuisance
parameters and provide estimates of the marginal population mean of the outcome. Our data was not
normally distributed, which was one reason for choosing GEE since the model do not rely on the
assumption of normally distributed outcome measures or the normality of residuals. We built three
separate models, one each for symptoms of depression, anxiety, and stress, to assess overall mean
differences in symptoms over the three time periods. These models included only time-period as the
predictor. Since the models evaluated mean differences between time-periods for the full group, no
covariates were used in these models. All GEE models, including the models described below, were
speci�ed with exchangeable working correlation structures, robust sandwich variance estimators and
gaussian link functions.

Subsequently nine separate models were �tted to assess the differences in the trajectories over time by
exposure levels. We dichotomized our exposures (loneliness, poor sleep quality or pre-pandemic mental
health problems), into exposed and non-exposed groups. An interaction term between exposure and time-
period was included, letting the differences in mean symptom level between exposed and non-exposed
vary over time, giving an estimate of the difference-in-difference between mean symptom levels among
exposed/non-exposed over time. These models were adjusted for age and gender.

Sensitivity analyses were conducted to examine the possible attrition bias by performing complete case-
analyses (using data from participants who provided complete follow-up). We further conducted a
sensitivity analyses in a sample of 496 participants followed before the pandemic, from August-
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September 2019 to November 2019-January 2020. This was done to compare the trajectories of exposed
and unexposed groups during the pandemic to those of an earlier time-period (eFigure 2). Graphs (Figure
3 and eFigure 2) were compared by ocular inspection.

All analyses were performed using RStudio version 1.2.5001, the packages ‘geepack’ and ‘emmeans’ were
used to perform GEE analyses, and to derive estimated marginal means from the models.

Mean imputation by the individual scale means was used to handle missing data on the PSQI that arised
due to initial technical problems with the web survey. Three items of the scale were missing (5b, 5f and
5j) for the �rst 512 included participants. No other variables on any scales had missing values.

Results
We invited 6681 students to participate and 1836 (27 %) consented between August 19 2019 and March
13, 2020. Of those, 74 % (n=1364) provided follow-up data during the �rst follow-up period and 60 %
(n=1095) provided during the second follow-up period (Figure 1, eFigure 1). baseline, the mean age was
26.5 years, 73% were female, and 80% were born in Sweden (Table 1).

Table 1. Participants baseline characteristics for all and for students only participating in period 1 and 2 respectively.
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  All
participants

(n = 1836)

Participants followed at follow-up
period 1 (n = 1364)

Participants followed at follow-up
period 2 (n=1095)

DASS-21 Depression, mean (SD) 4.6 (4.8) 4.6 (4.6) 4.3 (4.5)

DASS-21 Anxiety, mean (SD) 3.2 (3.5) 3.1 (3.5) 3.0 (3.3)

DASS-21 Stress, mean (SD) 6.5 (4.6) 6.5 (4.6) 6.3 (4.6)

Age, mean (SD) 26.5 (6.8) 26.8 (7.0) 27.0 (7.1)

Females, n (%) 1358 (73%) 1033 (76%) 837 (76%)

Type of education, n (%)
   Medical
   Economics
   Technical
   Sports science

 
1596 (87%)

119 (7%)
80 (4%)
41 (2%)

 
1204 (88%)

75 (6%)
54 (4%)
31 (2%) 

 
974 (89%)

51 (5%)
43 (4 %)
27 (2%) 

Lonely, n (%) 696 (37%) 506 (37%) 399 (36%)

Moderate mental health problems,
n (%)

721 (39%) 533 (39%) 406 (37%)

Poor sleep quality, n (%) 1024 (60%) 764 (56%) 586 (54%)

Year of Study, n (%)
   1st 
   2nd

   3rd

   Masters

 
910 (50%)
253 (14%)
306 (16%)
367 (20%)

 
624 (46%)
204 (15 %)
235 (17 %)
301 (22%)

 
490 (45%)
163 (15%)
196 (18%)
246 (23%)

At least one parent with university
education, n (%)

1300 (70%) 970 (71%) 778 (71%)

Country of Origin, n (%)
   Sweden
   Scandinavia
   Europe
   Outside Europe

 
1489 (80%)

91 (5%)
88 (5%)

168 (9%)

 
1133 (83%)

67 (5%)
45 (4%)
84 (8%)

 
908 (83%)

58 (5%)
45 (4%)
84 (8%)

 

We compared the symptom levels during FU1 and FU2 to baseline levels, on the DASS-21 scale, ranging
from 0-21 points for each subscale. Mean depressive symptom levels were 0.25/21(95 % CI: 0.04 to 0.45)
points higher during FU1 and -0.75/21, (95 % CI: - 0.97 to -0.53) points lower during FU2. Mean anxiety
levels were -0.09/21 (95 % CI: -0.24 to 0.07) points lower during FU1, and -0.77/21 (95 % CI: -0.93 to -0.61)
points lower during FU2. Mean stress symptom levels were -0.30/21(95% CI: -0.52 to -0.09) points lower
during FU1 and -1.32/21 (95% CI: -1.55 to -1.09) points lower during FU2, compared to baseline levels
(Table 2, Figure 2). The estimates for differences between time-periods from the complete-case sensitivity
analyses were with-in 0.13 points from the original estimates (eTable 1).

The participants exposed to pre-pandemic loneliness, poor sleep quality and mental health problems all
had higher mean levels of depression, anxiety, and stress at baseline, before the pandemic (Table 2,
Figure 3). At FU1 and FU2, during the COVID-19 pandemic, mean differences between the exposed and
unexposed were all smaller than at baseline, with none of the con�dence intervals spanning zero (Table 2,
Figure 3)
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The difference-in-difference estimates from the complete-case sensitivity analyses were all with-in 0.21
points from the original analyses, all in the same directions as in the main analyses (eTable 1).

Table 2. GEE-model coefficients on mean level depression, anxiety, and stress symptoms over the three time-periods.

  Depression
Coefficient (95% CI)

Anxiety
Coefficient (95% CI,) 

Stress
Coefficient (95% CI)

Model with only time-periods
      Intercept
      FU1
      FU2

 
4.64 (4.42 to 4.85)
0.25 (0.04 to 0.45)

-0.75 (- 0.97 to -0.53)

 
3.15 (2.99 to 3.31)

-0.09 (-0.24 to 0.07)
-0.77 (-0.93 to -0.61)

 
6.51(6.30 to 6.72)

-0.30 (-0.52 to -0.09)
-1.32 (-1.55 to -1.09)

Model with loneliness and time-period 
      Intercept
      Loneliness
      FU1
      FU2
      Loneliness * FU1
      Loneliness * FU2

 
 

3.74 (3.02 to 4.46)
4.22 (3.77 to 4.66)
0.55 (0.32 to 0.79)

-0.29 (-0.54 to -0.04)
-0.79 (-1.23 to -0.34)
-1.23 (-1.71 to -0.74) 

 
 

2.34 (1.79 to 2.89)
2.34 (1.79 to 2.89)

0.16 (-0.03 to 0.33)
-0.43 (-0.61 to -0.26)
-0.65 (-0.98 to -0.31)
-0.90 (-1.27 to -0.54)

 
 

4.59 (3.83 to 5.35)
3.21 (2.80 to 3.63)

-0.02 (-0.28 to 0.23)
-1.14 (-1.41 to -0.87)
-0.76 (-1.22 to - 0.30)

-0.50 (-1.01 to 0.00)
Model with sleep quality and time -period
   Intercept
   Poor sleep quality
      FU1
      FU2
      Poor sleep quality* FU 1
      Poor sleep quality* FU2

 
 

3.31 (2.58 to 4.04)
3.83 (3.45 to 4.21)
0.57 (0.31 to 0.83)

-0.22 (-0.47 to 0.03)
-0.58 (-0.98 to -0.18)
-0.98 (-1.41 to -0.55)

 
 

1.94 (1.39 to 2.49)
2.45 (2.17 to 2.74)

0.20 (-0.00 to 0.39)
-0.34 (-0.53 to -0.15)
-0.51 (-0.81 to -0.21)
-0.75 (-1.07 to -0.44)

 
 

3.85 (3.10 to 4.61)
3.76 (3.39 to 4.61)

0.06 (-0.25 to 0.37)
-0.80 (-1.10 to -0.50)
-0.68 (-1.11 to -0.26)
-0.99 (-1.44 to -0.53)

Model with PPMHP and time-period
      Intercept
      PPMHP
      FU1
      FU2
      PPMHP * FU1
      PPMHP * FU2

 
 

2.12 (1.55 to 2.69)
6.90 (6.52 to 7.27)
1.15 (0.94 to 1.35)
0.32 (0.11 to 0.53)

-2.30 (-2.74 to -1.86)
-2.78 (-3.28 to -2.28)

 
 

1.10 (0.65 to 1.54)
4.58 (4.28 to 4.88)
0.51 (0.36 to 0.66)

0.04 (-0.10 to 0.18)
-1.54 (-1.88 to -1.20)
-2.12 (-2.48 to -1.75)

 
 

2.73 (2.10 to 3.35)
6.59 (6.26 to 6.92)
0.58 (0.34 to 0.81)

-0.32 (-0.55 to -0.08)
-2.28 (-2.73 to -1.82)
-2.63 (-3.14 to -2.12)

All models, except the ones with only time as predictor, were adjusted for gender (female vs male and other) and age (continuous
scale). FU1:  First follow-up period, FU2: Second follow-up period, PPMHP: Pre-Pandemic Mental Health Problems.

Discussion
We investigated differences in symptoms of depression, anxiety, and stress in Swedish university
students from before outbreak of COVID-19, during the �rst months of the pandemic when the virus was
spreading rapidly (March 14 to June 15, 2020) and during the coming three summer months (June 16 to
September 10. 2020) when the spread of the virus had decreased but by no means stopped (eFigure 1).
The results did not support our hypothesis that overall mean levels of depression, anxiety and stress
symptoms would be higher during the COVID-19 pandemic compared to before. During the early phase
(FU1) of the pandemic mean depressive symptoms increased slightly, while small decreases were found
for both mean anxiety and stress levels. For anxiety, the con�dence interval spanned zero making the
direction of this difference uncertain. During FU2 mean levels of depression, anxiety, and stress
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symptoms were all lower compared to baseline levels. Overall, our results showed no substantial
increases in mean levels of depression, anxiety, or stress symptoms in our sample of Swedish university
students during the �rst six months of the COVID-19 pandemic compared to before the pandemic.
Symptom levels were relatively stable during the �rst three months of the pandemic, while there was a
decrease during the summer months. This decrease was probably due the seasonality effects and
change in everyday life brought about by the summer vacations. Nevertheless, these group level changes
are small in relation to what would be considered clinically relevant change on an individual level (26).

We further hypothesized that groups of students who were lonely, had poor sleep quality or pre-pandemic
mental health problems would experience worse trajectories of symptoms of depression, anxiety, and
stress over the �rst months of the pandemic. Our results did not support this hypothesis either. As
expected, the exposed groups had higher mean levels of mental health symptoms at all time-periods.
However, the mean difference in symptoms of depression, anxiety, and stress between exposed and non-
exposed all decreased over the �rst months of the pandemic for all the exposures. None of the con�dence
intervals for these difference-in-differences over time spanned zero. This indicates favorable trajectories
of mental health symptoms for the exposed compared to the non-exposed groups. These patterns of
decreased differences between exposed and non-exposed groups over time is similar to what can be seen
among students followed in this cohort during the fall of 2019, before the pandemic (Figure 3, eFigure 2).
This indicates that the exposed groups trajectories of mental health was not considerably different during
the pandemic compared to during an earlier time-period, before the pandemic. One possible explanation
for these decreasing differences over time is that the exposures to loneliness and poor sleep may not be
constant over time. Some of the participants experiencing loneliness and sleep problems at baseline may
not still have these problems later during follow-up, which could affect the difference in mental health
levels between exposed and unexposed. Mental health symptoms over time dichotomized by pre-
pandemic mental health problems were most likely affected by ‘regression to the mean’. Our
interpretation is that the groups exposed to pre-pandemic loneliness, poor sleep quality and mental health
problems did not show unfavourable mental health trajectories during the �rst months of the COVID-19
pandemic compared to the unexposed groups.

The strengths of this study were �rstly that we were able to conduct a natural experiment by investigating
the differences in mental health symptoms before and after the pandemic reached Sweden in a
longitudinal design, unlike most previous studies with similar aims (15). Secondly, the instruments used
for measurements of all variables have good psychometric properties, limiting the risk of
misclassi�cation. Finally, we included a large sample of university students from six universities.

We recruited 27 % of eligible students. Therefore, there is a possibility that selection bias in�uenced our
results. However, the baseline pre-pandemic levels of mental health symptoms measured in our cohort
were similar to those reported in previous studies of Swedish university students using the same
instrument (DASS-21) (24). This suggests that our sample was representative of the mental health status
of Swedish university students before the pandemic. The follow-up response rate was 74 % during the
�rst follow-up period (March 14 to June 15, 2020) and 60 % during the second follow-up period (June 16
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to September 10, 2020). It is possible that the drop-out from the study may have biased our estimates in
some direction. However, complete-case sensitivity analyses, only using data from participants who
answered during all three time-periods (n=1049), showed results that were very similar to the main
analyses (Table 2, eTable 1), indicating that baseline differences between drop-outs and completers did
not affect the results signi�cantly.

Our results contrast with much of the previous research into the mental health effects of the COVID-19
pandemic that is generally showing increased levels of mental health problems (4, 15). Our results do
however dovetail those of Fancourt, Steptoe & Bu (5) showing decreasing levels of depression and
anxiety during lockdown in a large UK cohort, although this study had no measurements before lockdown
(5). One explanation for the contrast to much of the previous research may be differences in the impact
of COVID-19 in different study populations. It is possible that people in different countries have been
affected differently. One reason might be that the spread of the virus has been more severe in some
places than others. However, our study was performed in Stockholm, which has had high mortality.
Another, more plausible reason may be that different governmental strategies to contain the spread might
have had differing impacts on mental health. Sweden’s strategy, which has been less restrictive than
many other countries, may have had less detrimental effects on mental health. More high-quality
research is needed to compare mental health changes between populations during the COVID-19
pandemic, and to evaluate long-term effects.

Conclusions
Symptom levels of metal health among Swedish university students were relatively stable during the �rst
three months of the pandemic, while there was a decrease during the summer months, probably due to
seasonality effects. Students exposed to pre-pandemic loneliness, poor sleep quality or mental health
problems showed similar trajectories as students overall, although at higher levels. In conclusion,
contrary to our hypothesis, our results do not support a worsening of mental health in Swedish university
students during the �rst months of the COVID-19 pandemic. Nor did not �nd worse trajectories for
students exposed to pre-pandemic loneliness, poor sleep quality or mental health problems.
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Figures

Figure 1

Flow chart of inclusion of participants
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Figure 2

Mean DASS-21 scores over the three time-periods.
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Figure 3

Estimated mean of DASS-21 scores over time strati�ed by exposures. Graphs of estimated means on
DASS-21 from GEE models strati�ed by loneliness, sleep quality and pre-pandemic mental health (MH)
problems. Adjusted for gender and age.
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