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ABSTRACT

Introduction While changes in the prevalence of
depressive symptoms during the COVID-19 pandemic
have been described across populations, few studies have
incorporated multidimensional variables to characterise the
varying effects of the pandemic on the population’s mental
health.

Methods This cohort study included 6423 participants
aged >18 years from the Icelandic COVID-19 National
Resilience Cohort. Data on depressive symptoms and
pandemic-related and non-pandemic-related factors

were obtained during three pandemic assessment periods
(baseline, follow-up wave 1 and follow-up wave 2; April
2020-December 2021), while health outcomes were
obtained during the post-pandemic assessment period
(follow-up wave 3; September 2022—February 2023). We
used latent growth mixture models to identify variation

in depressive symptom trajectories during the pandemic.
We then used XGBoost models with 37 pandemic-related
and non-pandemic-related factors to characterise these
trajectories. Moreover, we performed linear regression to
assess the association between the identified trajectories
and post-pandemic health outcomes.

Results Of the included participants, we identified four
depressive symptom trajectories, including consistently
low (83.7%), consistently high (5.3%), initially high

(5.1%) and late-onset high (5.9%) symptom trajectories.
Individuals who exercised frequently (>3 days/week)

and enjoyed social and family support were more likely

to experience a consistently low symptom trajectory. In
contrast, individuals with a history of psychiatric disorders,
women and young adults (18-39 years) were less likely to
follow the consistently low symptom trajectory. Moreover,
compared with the consistently low symptom trajectory,
the other trajectories were associated with significantly
higher levels of depressive, anxiety and somatic symptoms
and cognitive problems during the post-pandemic period.
Conclusions Our results underscore the long-lasting
impact of the COVID-19 pandemic on population mental
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The COVID-19 pandemic had a huge impact on people’s
daily lives. However, most existing studies have focused
on mental health responses during the early stage of
the pandemic, and few studies have incorporated mul-
tidimensional variables to characterise the depressive
symptom trajectories within the general population or
examined their post-pandemic health outcomes.

health. Interventions focusing on exercise, social support
and family support may mitigate the adverse mental health
effects of future pandemics.

INTRODUCTION

Mental health and well-being of the general
population were severely impacted during
the COVID-19 pandemic.' Indeed, a nation-
ally representative survey among US adults
suggested that the prevalence of depressive
symptoms was more than threefold higher
at the beginning of the pandemic when
compared with the pre-pandemic period.” A
recent meta-regression analysis furthermore
suggested that the prevalence of depression
in the general population may have increased
over time during the pandemic.”

Yet, individuals may have experienced
different mental health responses during
the COVID-19 pandemic and demonstrated
heterogeneous mental health trajectories
over time."® For example, Batterham et al
identified three latent depressive symptom
trajectories among a representative sample
of Australian adults,’ including low or
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WHAT THIS STUDY ADDS

= Leveraging longitudinal data from the Icelandic COVID-19 National
Resilience Cohort, our study identified four distinct depressive
symptom trajectories during the pandemic period, with 83.7% of
persons showing consistently low, 5.3% consistently high, 5.1%
initially high and 5.9% late-onset high depressive symptom burden.

= Individuals who exercised frequently (>3 days/week) and perceived
social and family support were more likely to experience a consis-
tently low symptom trajectory during the pandemic, while those
with a history of psychiatric disorders, women and young adults
(18—39 years) were less likely to follow the consistently low symp-
tom trajectory.

= Compared with the consistently low symptom trajectory, initially
high, late-onset high and consistently high symptom trajectories
were associated with elevated post-pandemic health outcomes
(ie, depressive, anxiety and somatic symptoms and cognitive
problems).

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Our study suggests that the COVID-19 pandemic has had a dispro-
portionate impact on the general population, and strategies target-
ing those most affected (eg, patients with a history of psychiatric
disorders, women and young adults) should be prioritised in future
pandemics.

= ldentified modifiable protective factors, including physical exercise,
family support and social support, may mitigate the impact of the
pandemic on population mental health and should be recommend-
ed at similar times of crisis.

moderate symptom burden throughout the study period
and initially severe followed by declining trajectories. In
another sample representative of the adult UK general
population,” five distinct mental health trajectories
(measured by the 12-item General Health Questionnaire)
were identified during the first 6 months of the pandemic
(April-September 2020), including consistently poor,
deteriorating, recovery, consistently good and consis-
tently very good trajectories. Furthermore, these studies
have suggested that younger age,7 a history of mental
illness” ® and COVID-19-related financial distress’ were
associated with consistently high depressive symptoms
during the pandemic.

However, the findings are inconsistent, and most
studies have focused on mental health responses during
the early stage of the pandemic.5_7 In addition, although
previous studies have examined the role of sociodemo-
graphic factors,®? lifestyle factors,'’ quarantine,'" severity
of COVID-19" and health service disruptions,” few
studies have incorporated multidimensional variables
to investigate and characterise the varying effects of the
pandemic on population mental health. Furthermore,
there is a scarcity of follow-up data to explore the long-
term outcomes of these trajectories in the post-pandemic
period.

To this end, leveraging longitudinal data from the
Icelandic COVID-19 National Resilience (C-19 Resil-
ience) Cohort over a period of almost 3 years (ie, from
April 2020 to February 2023), we aimed to investigate the

variation in depressive symptom trajectories during the
COVID-19 pandemic in Iceland, and to further identify
the determinants of these varying trajectories as well as
the post-pandemic health outcomes associated with each
trajectory.

MATERIALS AND METHODS

Study design and participants

We used data from the C-19 Resilience Cohort, which was
established in April 2020 and was eligible for all Icelandic-
speaking individuals aged >18 years in Iceland.'* The total
population in Iceland aged >18 years on 1 January 2020
was 273 190."” Recruitment of the study sample was mainly
through social media and invitations to participants in
existing nationwide cohort studies, including the Stress-
And-Gene-Analysis cohort,16 the Iceland Screens, Treats
or Prevents Multiple Myeloma study'” and the Health and
Well-Being of Icelanders cohort.' In total, 23960 persons
were enrolled in the baseline assessment between April
2020 and May 2021 (8.8% of the eligible population), and
three waves of follow-up were completed by February 2023
(follow-up wave 1: December 2020-May 2021; follow-up
wave 2: May 2021-December 2021; follow-up wave 3:
September 2022-February 2023) with the attrition rate
ranging from 42.7% to 55.2% (figure 1). As the Icelandic
government lifted all pandemic-related social restrictions
and border prevention measures by February 2022, and
since 79% of Iceland’s total population were fully vacci-
nated by April 2022,”” we defined the baseline and the
first two follow-up waves as the pandemic assessment and
the third follow-up wave as the postpandemic assessment.
More COVID-19 information in Iceland is provided in
online supplemental sFigure 1.

Participants were invited to complete a series of web-
based questionnaires and provide information on demo-
graphics, lifestyle and general health, as well as working
and life conditions at each assessmentwave. In the present
study, we included 6423 persons with four consecutive sets
of data on depressive symptoms in the analysis. Specif-
ically, we used the first three assessments (ie, baseline,
follow-up wave 1 and follow-up wave 2) to explore the
variation in depressive symptom trajectories during the
pandemic and identify determinants of each trajectory.
We then used the latest assessment (ie, follow-up wave 3)
to investigate the long-term health outcomes of the iden-
tified trajectories after the pandemic. Though largely
comparable to participants who were excluded from the
study (ie, lost follow-up (n=17 333) or missed information
on depressive symptom assessment (n=204)), the study
sample was more likely to be older, have a higher level
of education and be without childcare burden (online
supplemental sTable 1).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.
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‘ The Icelandic COVID-19 National Resilience Cohort ’
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Measures

Depressive symptoms

We used a validated self-report instrument, the Patient
Health Questionnaire-9 item (PHQ—9),2] to screen for
depressive symptoms, over the past 2weeks. Response
options in each item range from ‘0’ (not at all) to ‘8’
(nearly every day), and the total score ranges from 0 to
27. A threshold score of 10 or higher is considered as
an indication of high depressive symptom burden.?' For
participants who responded to more than 75% of items
on PHQ-9 at each assessment, we used item-level impu-
tation by predictive mean matching to replace missing
values, and then calculated the total score.

Candidate features

37 features with potential relevance to depressive
symptom trajectories during the pandemic were assessed,
including 7 demographic features® ® * (ie, age, sex,
sexual orientation, residence area, relationship status,
education and childcare burden), 3 lifestyle features®'**
(ie, exercise level at baseline, change in exercise habits
during the pandemic and smoking status), 4 physical and
psychological health features** ™’ (ie, body mass index
(BMI), chronic medical conditions, mobility/hearing/
visual impairment and history of psychiatric disor-
ders), 10 pandemic-related social contact and support
features™™ (ie, in-person contact, change in frequency
of in-person contact, virtual contact, change in frequency
of virtual contact, perceived family support, change in
family support, perceived social support, change in social
support, trust in Icelandic health authorities and change
in trust in the Icelandic health authorities during the
pandemic), 7 quarantine-related and COVID-19-related
features' ¥ *' * (ie, quarantine, COVID-19 testing and
diagnosis, bedridden due to COVID-19, family/friends
diagnosed with COVID-19, family/friends admitted to

Flowchart outlining the selection of the study population and study design. PHQ-9, Patient Health Questionnaire-9.

a hospital, family/friends admitted to the intensive care
unit and vaccination status) and 6 pandemic disruption-
related features'® % (ie, financial difficulties, change in
financial difficulties, difficulty in obtaining necessities,
change in difficulty in obtaining necessities, disruption of
necessary services and change in disruption of necessary
services during the pandemic).

Changes in specific features during the pandemic were
derived by comparing response options from the baseline
to those at follow-up wave 2, categorised as decreasing,
stable or increasing. Moreover, we used K-nearest neigh-
bour imputation (k=10) to replace missing values of
the candidate features (proportions of missing values
0%-2.2%). Online supplemental sTable 2 shows more
details about the measuring and scoring rules of the
candidate features.

Post-pandemic health outcomes

Four validated psychological function instruments
were assessed at follow-up wave 3, including depressive
symptoms (PHQ-9),”" anxiety symptoms (the Gener-
alised Anxiety Disorder 7-item questionnaire, with a
total score ranging from 0 to 21),** somatic symptoms
(Patient Health Questionnaire-15 (PHQ-15), with a
total score ranging from 0 to 30)™ and cognitive prob-
lems (the 8-item Patient-Reported Outcomes Measure-
ment Information System Cognitive Function Scale,
with a total score ranging from 0 to 32).% Item-level
imputation by predictive mean matching was used to
replace missing items in each instrument. Specifically,
considering the PHQ-15 item about menstrual cramps
which only applies to women younger than 60 years, we
directly imputed 0 (ie, ‘Not bothered at all’) for individ-
uals who were men or older than 60 years with a missing
value on this item.
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Statistical analysis

We first examined the demographic features of the study
population. Then, we constructed latent growth mixture
models using the total score of the PHQ-9 to explore
variation in depressive symptom trajectories during the
pandemic. Accounting for varying months in which
each person responded, we added a TSCORES term in
the model to indicate variable time of measurement of
depressive symptoms. We then fitted the model from
one to seven latent classes. Model fit was determined
using the Akaike information criterion (AIC), Bayesian
information criterion (BIC), sample-size-adjusted BIC
(aBIC) and the Lo-Mendel-Rubin-likelihood ratio test
(LMR-LRT).” The model with the lowest AIC, BIC and
aBIC was preferred. Significant LMR-LRT results indicate
that the specific class solution is more favourable than
other classes solutions. In addition to these fit statistics,
whether the number of individuals in each trajectory
group was sufficient (more than 5.0%) was also consid-
ered.”” Moreover, the entropy value was calculated to
assess the model’s performance, with an entropy near 1.0
indicating adequate classification of individuals. Partic-
ipants were categorised into probable groups after the
selection of the optimal model.

Next, we calculated the Spearman’s rank correla-
tion coefficient (r) among pairs of candidate features
and excluded those with very strong correlation with
other features (ie, r>0.8). To identify the most influ-
ential features for each trajectory group, we applied
the extreme gradient boosting (XGBoost) model with
dummy encoding for categorical features and calculated
the mean absolute SHapley Additive exPlanation (SHAP)
values to rank the feature importance. XGBoost model is
an effective tree boosting classifier.”® We defined multiple
treerelated hyperparameters to improve the model
performance and avoid the risk of overfitting, including
ntrees (number of trees), colsample_bytree (subsample
ratio of columns for each tree), max-depth (maximum
depth of a tree), gamma (minimum loss reduction
required), minobspernode (minimum observations
allowed per tree node) and eta (step size shrinkage).38
The SHAP value can quantify the magnitude and direc-
tion (positive or negative) of the feature’s contribution
to a classification. Namely, a high positive SHAP value
indicates a strong positive effect on the classification. To
assess the performance of the model, we split the data
into training (70%) and test (30%) sets. We used the
training set to fit the model and the test set for assess-
ment. Considering the imbalanced group distribution,
optimal Youden index and area under the receiver oper-
ating curve (AUC) were calculated.

Furthermore, we performed linear regression analyses
to explore the associations between depressive symptom
trajectories and their post-pandemic health outcomes.
We adjusted the analyses for age at baseline, sex, educa-
tion, relationship status, smoking status, BMI, chronic
medical conditions and history of psychiatric disorders,

and reported standardised regression coefficients (f3s)
with corresponding 95% Cls.

The latent growth mixture model and XGBoost model
were performed in Mplus V.8.0 and Python V.3.1, respec-
tively. All the other analyses were conducted in R V.4.2
software.

RESULTS

Of the 6423 participants, 68.7% were women and the
mean (SD) age at baseline was 57.0 (13.0) years (online
supplemental sTable 1). In the entire sample, the levels
of depressive symptom did not change significantly from
baseline to follow-up wave 2 (p=0.16; figure 2). After
fitting models with 1-7 latent classes, we identified a
4-class model as the ideal model with adequate classifi-
cation of individuals (ie, significant LMR-LRT results,
sufficient number of participants in each class and near
1.0 entropy; online supplemental sTable 3). From this
model, we categorised participants into four distinct
depressive symptom trajectories.

During a median follow-up of 13.0 months from base-
line to follow-up wave 2, we found that most participants
(83.7%) showed a trajectory with consistently low depres-
sive symptoms, while 5.3% of individuals showed a trajec-
tory with consistently high symptom burden throughout
the study period. In addition, two trajectories with fluc-
tuating depressive symptoms were identified, with 5.1%
showing initially high symptom trajectory (ie, high levels
of depressive symptoms at baseline which then decreased)
and 5.9% showing late-onset high symptom trajectory (ie,
low levels of depressive symptoms at baseline which then
increased).

A strong correlation between each pair of the candi-
date features was not observed (online supplemental
sFigure 2), and the XGBoost model achieved good
performance in distinguishing consistently low symptom
trajectory from other trajectories (figure 3; Youden
index: 0.37-0.55; AUC: 0.72-0.86). Moreover, individuals
who exercised frequently (=3 days/week) and perceived
family support at baseline were more likely to experi-
ence the consistently low symptom trajectory during the
pandemic. By contrast, those with a history of psychiatric
disorders, women and young adults (18-39 years) were
less likely to follow consistently low symptom trajectory.
In addition, individuals in the initially high symptom
trajectory group were characterised by having tested
negative for COVID-19 and higher weight (BMI >30kg/
m®) and single, while people in the late-onset high
symptom trajectory group were characterised by having
childcare burden, having tested negative for COVID-19
and suffering from chronic medical conditions. Further-
more, compared with consistently low symptom trajectory
group, a decrease in the level of social support during the
pandemic was associated with a greater risk of showing
late-onset high symptom trajectory, while an increase in
family support and social support between baseline and
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A Observed mean PHQ-9 score for four distinct depressive symptom trajectories
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Figure 2 Four class-specific depressive symptom trajectories during the COVID-19 pandemic in Iceland. Note: For panel
B, we randomly selected a subset of 100 individuals from each class to enhance the clarity of the trajectory. PHQ-9, Patient

Health Questionnaire-9.

follow-up wave 2 was associated with a greater likelihood
of experiencing the initially high symptom trajectory.

After a further median follow-up of 15.8 months from
follow-up wave 2 to follow-up wave 3, we observed that
individuals who demonstrated initially high, late-onset
high and consistently high symptom trajectories during
the pandemic were more likely to experience a signifi-
cantly higher levels of depressive (Bs 0.78-1.86, figure 4),
anxiety (Bs 0.63-1.55) and somatic symptoms (s 0.56—
1.23), as well as cognitive problems (Bs 0.64-1.37) during
the post-pandemic period, when compared with those in
the consistently low symptom trajectory group.

DISCUSSION

Using a nationwide cohort, we identified four distinct
depressive symptom trajectories during the COVID-19
pandemic in Iceland. Though most persons experi-
enced a consistently low symptom trajectory, a minority
(16.3%) showed trajectories with high symptom burden
at the initial or late pandemic phase, or persistently.
The pandemic impact on population mental health
seems long-lasting as individuals with these trajectories
continued to experience elevated levels of mental illness,
somatic symptoms and cognitive problems during the
post-pandemic period. Expanding on previous findings,
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we found that depressive symptoms during the pandemic
were associated with a history of psychiatric disorder,
being women, being younger (18-39 years) and having
tested negative for COVID-19. Furthermore, we also
identified several modifiable protective factors, including
physical exercise, family support and social support, that
may mitigate the impact of the pandemic on population
mental health.

Though the main symptom trajectory in the study
population was largely constant over time and good, our
study identified three additional depressive symptom
trajectories during the pandemic period. Compared
with the findings of Hemi e al in the Israeli popula-
tion,” which identified two trajectories for depression
(resilient, 87% and chronic, 13%), our study indicates a
varying and complex development of population mental

health in Iceland during the pandemic. However, when
compared with the results of a study by Pierce e alin the
UK population,” we found that a high proportion of the
Icelandic general population experienced consistently
low symptom trajectories during the pandemic. Several
reasons may account for these discrepancies, such as the
difference in assessment points, length of follow-up and
implemented governmental pandemic policies.” Also,
the Icelandic population is small (total population of 400
000)* with close family contacts that may preserve mental
health during pandemic times. Finally, the substantially
longer follow-up in our study is more likely to reflect
the long-term pandemic adaptation trajectories, instead
of only the acute responses at the initial stage of the
pandemic.
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Dep! i y Anxiety symptoms
l '
! '
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i i
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Class2 (Initially high) : 0.78 (0.69-0.87) ! 0.63 (0.53-0.72)
| i
! '
Class3 (Late-onset high) : 1.14 (1.06-1.23) H 0.98 (0.90-1.07)
i i
! '
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Somatic symptoms Cognitive prob
l '
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: i
! '
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' i
! '
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0 1 2 1 2

0
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Figure 4 Multivariable-adjusted standard linear regression analyses of the association between depressive symptom
trajectories and post-pandemic health outcomes (ie, depressive symptoms, anxiety symptoms, somatic symptoms and
cognitive problems measured during follow-up wave 3, from September 2022 to February 2023). Model adjusted for age at
baseline, sex, education level, relationship status, smoking status, BMI, chronic medical conditions and history of psychiatric

disorder. BMI, body mass index.

We identified several vulnerability factors during the
pandemic, including a history of psychiatric disorder,
which, as in other crises*' and situations of uncertainty,*
may contribute to increased depressive symptoms. Also,
reduced access to health services, in particular for
patients with a history of psychiatric disorder, may have
made these individuals more susceptible to the nega-
tive effects of the pandemic.43 Indeed, findings from
our and others’** previous work indicate that individ-
uals with pre-pandemic history of psychiatric disorders
experienced a disruption in health services during the
pandemic. Consistent with existing evidence,” we further
found that women and young adults were more likely to
experience psychological distress during the pandemic.
Potential increase in domestic violence® and greater
burden of domestic work and childcare during social
gathering restriction” may have contributed to increased
depressive symptoms burden among women during the
pandemic. The mental health of young adults may have
been affected by school and workplace closings and less
social contact, as well as economic uncertainties (eg,
job loss).46 In addition, we found that patients with pre-
existing chronic medical conditions faced an elevated
risk of developing late-onset depressive symptom trajec-
tory. A possible explanation for the delayed effects could
be that individuals with chronic conditions tended to self-
isolate in order to reduce their likelihood of contracting
COVID-19 initially, but they may have become more
vulnerable and depressed as time passes in a pandemic.

Moreover, we found that individuals who tested nega-
tive for COVID-19 were more likely to be negatively
affected by the pandemic, during either the initial or late
pandemic phase. Indeed, previous studies carried out by
us'” and others™ have shown that individuals who tested
negative for COVID-19 are associated with an increased

risk of psychological distress, as well as receiving prescrip-
tion for psychotropic medications. Patients who took a
screening test but were not diagnosed with COVID-19
might have been exposed to infected individuals and
therefore fear infection or have experienced severe
influenza symptoms due to other causes which poten-
tially contribute to increased levels of depressive symp-
toms.*®* It is also possible that participants susceptible to
psychiatric disorders or those already suffering from such
disorders were more likely to be tested for COVID-19 and
therefore showed a high symptom burden of depres-
sion.” Thus, a reverse causation cannot be excluded. In
addition, unlike previous ﬁndings,5 %! we did not observe
a link between COVID-19 infection and deterioration
in mental health. The low prevalence of COVID-19 (ie,
213/6423 (3.3%)) as well as better access to healthcare
for COVID-19 patients in the present study popula-
tion'” may be key factors explaining these null results.
Taken together, our findings suggest that the COVID-19
pandemic has had a disproportionate impact on different
groups of the general population, suggesting that strate-
gies targeting those most affected should be prioritised in
future pandemics.

By contrast, we observed that maintaining physical exer-
cise (=3 days/week) was associated with consistently low
depressive symptom trajectories during the pandemic. In
line with our findings, a recent review found that phys-
ical exercise, especially supervised exercise, was effective
in reducing levels of depression during the pandemic,
and that the frequency and intensity of the exercise
were associated with maintenance of psychological well-
being.52 Also, the results of a study among students at the
University of Pittsburgh by Giuntella et al suggested that
the disruption in physical activity was a leading risk factor
of depression during the pandemic.'’ Although barriers
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to increasing activity were likely present, such as the
closure of gym facilities and less opportunity to exercise
with others, maintaining exercise may be most beneficial
in alleviating the population’s psychological distress.””
Meanwhile, the positive association between family and
social support and mental health is well established.**’ In
our study, we indeed observed that an increase in family
and social support during the pandemic was associated
with a decline in depressive symptoms (ie, initially high
symptom trajectory), whereas a decrease in such support
was linked to elevated depressive symptoms (ie, late-onset
high symptom trajectory). The protective effects of these
factors are important for preserving the population’s
mental health and should be recommended at similar
times of crisis.

Strengths and limitations

A major strength of this study is the use of a large nation-
wide cohort to investigate the variation in depressive
symptom trajectories during the COVID-19 pandemic in
Iceland over a 3-year follow-up period. Moreover, lever-
aging the wealth of information collected, we were able
to incorporate multidimensional variables to thoroughly
characterise the risk and protective factors of the identi-
fied trajectories. This study also has several limitations.
First, due to the lack of pre-pandemic data, our study
cannot clearly differentiate between pre-existing depres-
sive symptoms and symptoms that emerged during the
pandemic. For example, it is unclear whether depres-
sive symptoms observed at baseline are a result of the
pandemic or if they were already present before the
pandemic. Second, we allowed within-class variation of
individuals in the latent growth mixture models; as such,
the identified profiles might not represent all individuals
in a specific class. Furthermore, the interpretation of the
profiles is subjective, though we followed the guidelines
for reporting on latent trajectory studies.” Third, mental
health assessments were based on self-report question-
naires rather than clinical diagnostic interviews. In addi-
tion, in the setting of the COVID-19 pandemic, several
items measured as depressive symptoms (eg, feeling
tired, poor appetite, trouble concentrating) in the
PHQ-9 instrument may be attributed to COVID-19 infec-
tion rather than depression itself. However, the low prev-
alence of COVID-19 in our study population may suggest
a limited impact of this concern. Finally, the recruitment
of the study sample was mainly through social media,
and the study population was over-represented by older
persons, those with higher levels of education and those
without childcare burden, which may limit the generalis-
ability of our findings.

CONCLUSIONS

The results of the current study suggest that the vast
majority of the Icelandic population maintained good
mental health during the COVID-19 pandemic. In
addition, our results underscore the role of preexisting

psychiatric disorders as a susceptibility factor for expe-
riencing a high level of psychological distress during
the pandemic. Interventions focusing on maintaining
and enhancing physical exercise and social and family
support can help mitigate the negative effects of future
pandemics.
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