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Trajectories of depression and anxiety symptoms
during the COVID-19 pandemic in a representative

Australian adult cohort

Philip ) Batterham'

, Alison L Calear’, Sonia M McCallum', Alyssa R Morse', Michelle Banfield', Louise M Farrer', Amelia Gulliver,

Nicolas Cherbuin?, Rachael M Rodney Harris®, Yiyun Shou* Amy Dawel*

The known: Public health disasters, such as the COVID-19
pandemic, can have considerable mental health effects because of
direct viral exposure, social isolation, and economic changes.

The new: In our longitudinal and nationally representative study
of mental health, we found that exposure to COVID-19 itself did
not harm mental health, but COVID-19-related financial distress
and social impairment were associated with higher symptom levels
of depression or anxiety throughout the first three months of the
pandemic.

The implications: Clinical and public health strategies to mitigate
the negative impacts of COVID-19 and future public health
disasters on the mental health of Australian adults are needed.

cause considerable mental ill health." The direct risks of the

virus, the social and financial consequences of lockdowns,
isolation and quarantine,” and uncertainty about change’ may
exacerbate symptoms of depression and anxiety."*” However,
most investigations of the mental health effects of COVID-19
have used convenience samples, relied on cross-sectional data,
or collected data after a lockdown had commenced.®” Further,
only one longitudinal study of the prevalence of symptoms of
depression and anxiety in a nationally representative cohort
during an epidemic has been reported, and it was limited to
three waves of data.®

The coronavirus disease 2019 (COVID-19) pandemic may

In this article, we report a longitudinal cohort study that col-
lected data each fortnight from a nationally representative
sample during the initial months of the COVID-19 pandemic
in Australia (late March to mid-June 2020). Public health re-
strictions were implemented nationally in late March, with
public gatherings limited to two people, the international bor-
der closed, and people allowed to leave their homes only for
essential activities.” Restrictions were eased in early May, but
have since been renewed following increases in local numbers
of COVID-19 cases. Our aims were to estimate initial levels of
symptoms of depression and anxiety and their changes during
March to mid-June 2020, to identify factors associated with the
initial levels and changes, to identify trajectories of symptoms
of depression and anxiety, and to identify factors associated
with these trajectories.

Methods

The longitudinal Australian National COVID-19 Mental Health,
Behaviour and Risk Communication (COVID-MHBRC) sur-
vey investigated the impact of the COVID-19 pandemic on a
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Abstract

Objectives: To estimate initial levels of symptoms of depression
and anxiety, and their changes during the early months of the
COVID-19 pandemic in Australia; to identify trajectories of
symptoms of depression and anxiety; to identify factors associated
with these trajectories.

Design, setting, participants: Longitudinal cohort study;
seven fortnightly online surveys of a representative sample of
1296 Australian adults from the beginning of COVID-19-related
restrictions in late March 2020 to mid-June 2020.

Main outcome measures: Symptoms of depression and anxiety,
measured with the Patient Health Questionnaire (PHQ-9)
depression and Generalised Anxiety Disorder (GAD-7) scales;
trajectories of symptom change.

Results: Younger age, being female, greater COVID-19-related work
and social impairment, COVID-19-related financial distress, having
a neurological or mental illness diagnosis, and recent adversity
were each significantly associated with higher baseline depression
and anxiety scores. Growth mixture models identified three latent
trajectories for depression symptoms (low throughout the study,
81% of participants; moderate throughout the study, 10%; initially
severe then declining, 9%) and four for anxiety symptoms (low
throughout the study, 77%; initially moderate then increasing, 10%;
initially moderate then declining, 5%; initially mild then increasing
before again declining, 8%). Factors statistically associated with
not having a low symptom trajectory included mental disorder
diagnoses, COVID-19-related financial distress and social and work
impairment, and bushfire exposure.

Conclusion: Our longitudinal data enabled identification of distinct
symptom trajectories during the first three months of the COVID-19
pandemic in Australia. Early intervention to ensure that vulnerable
people are clinically and socially supported during a pandemic
vhould be a priority.

representative sample of Australian adults (18 years or older)."
A sample representative of the Australian population by age
group, gender, and state/territory was recruited from an online
market research panel using quota sampling. Our target sample
size, with sufficient power to detect small effects in subgroups
and up to six latent symptom trajectories, was 1200 participants.
The full study protocol and survey have been published online."!

We analysed data from seven survey waves, administered on-
line each fortnight by Qualtrics Research Services, commenc-
ing with baseline data collected during 28-31 March 2020 (1296
participants). Baseline participants were invited by email to
complete each subsequent survey, with six-day windows for
completion; up to five reminders for each follow-up survey were
sent as required.
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Outcomes reported in this article are symptoms of depression
and anxiety, measured with the Patient Health Questionnaire
(PHQ-9) depression and Generalised Anxiety Disorder (GAD-
7) scales.'” These measures are closely aligned with diagnostic
criteria for major depressive disorder and generalised anxiety
disorder;'? scores of 10 or more indicate clinically significant
symptoms (10-14, moderate; > 15, severe symptoms), and scores
of 5-9 mild symptoms.

We collected baseline data on risk factors for depression and
anxiety:1’13'1(’

e socio-demographic characteristics: age, gender, education,
having a partner, living alone, living with children;

e COVID-19-related health, social, and employment expo-
sures: exposure to COVID-19 (13 binary indicators related
to direct exposure), job loss, working from home, financial
distress, and impairment in work and social domains (mea-
sured with the Work and Social Adjustment Scale;” range,
0-40 points, eight points each for impairment of ability to
work, home management, social leisure activities, private
leisure activities, and ability to form and maintain close
relationships);

e current diagnoses of physical, mental, or neurological disor-
ders (based on lists of specific conditions); and

e exposure to adversity: affected by fire or by smoke during
2019-20 bushfires, or by any other recent adversity.

Statistical analysis

Intercept (initial level), linear changes, and quadratic changes in
PHQ-9 and GAD-7 scores over the seven surveys were estimated
in quadratic growth models that took into account all data for
each time point.”®

Symptoms of depression and anxiety were also examined in
quadratic growth mixture models. These models include cate-
gorical latent variables derived from the data to identify groups
of individuals (subpopulations or “classes”) on the basis of their
symptom trajectories, and account for within-class variation by
including a random effect.”” Models including one to five trajec-
tory classes were estimated for each symptom type, and the op-
timal number of classes determined with a significant bootstrap
likelihood ratio test for the addition of a class; to ensure the ro-
bustness of estimates, inclusion of at least 5% of the sample was
required for each class.”’ After the latent classes were charac-
terised and extracted, factors associated with class membership
(trajectory) were identified by multinomial logistic regression
analysis.

Summary statistics were derived and multinomial logistic re-
gressions conducted in SPSS 26 (IBM); growth models were esti-
mated in Mplus 74 (http://www.statmodel.com).

Ethics approval

Our study was approved by the Australian National University
Human Research Ethics Committee (protocol, 2020/152). All sur-
vey participants provided written informed consent.

Results

Of the 1296 participants who provided information in the base-
line survey, 969 responded to the second survey (75%), 952 to the

third (73%), 910 to the fourth (70%), 874 to the fifth (67%), 820 to
the sixth (63%), and 762 to the final survey (59%).

The demographic characteristics of the baseline participants
broadly reflected those of the Australian population, except that
rural and regional people were slightly under-represented (21%
[inferred by postcode] v 28% nationally) (Box 1). The prevalence
of clinically significant symptoms of depression at baseline was
20.3% (263 of 1295 participants) and of anxiety 16.4% (212 of 1295
participants); it peaked for depression in mid-April (229 of 969
respondents, 23.6%) and for anxiety in late April (163 of 950 re-
spondents, 17.2%) (Box 2).

Symptoms of depression and anxiety

Across the seven surveys, mean PHQ-9 and GAD-7 scores
for the cohort were at or below levels that correspond to mild
symptoms of depression or anxiety (5-9 points). Linear change
was not statistically significant for either symptom, but quad-
ratic change was statistically significant for symptoms of de-
pression (P = 0.026) but not anxiety (P = 0.55), indicating that
the mean depression score declined to a greater degree in later
weeks than in earlier weeks (online Supporting Information,
figure).

Younger age, being female, greater COVID-19-related work
and social impairment, COVID-19-related financial distress,
having a neurological or mental illness diagnosis, and re-
cent adversity were each significantly associated with higher
baseline depression and anxiety scores. In contrast, few fac-
tors were statistically associated with changes in symptoms
of depression or anxiety over the seven surveys: degree of di-
rect exposure to COVID-19 was associated with less marked
decline of symptoms of depression (quadratic change); being
able to work from home and being female were associated
with greater declines in symptoms of anxiety (linear change)
(Supporting Information, table 1).

Symptom trajectories (growth mixture models)

We identified three distinct trajectories for symptoms of depres-
sion (Box 3):

o low level symptoms throughout the study: 1053 participants
(81.3%);

e moderate symptoms throughout the study: 127 participants
(9.8%); and

o initially severe symptoms, then declining: 116 participants
(9.0%).

We identified four distinct trajectories of symptoms of anxiety
(Box 4):

o low level symptoms throughout the study: 998 (77.0%);

e initially moderate symptoms, then increasing: 129 partici-
pants (10%);

e initially moderate symptoms, then declining: 68 participants
(5.2%); and

e initially mild symptoms, then increasing for four surveys,
then declining: 101 participants (7.8%).

Linear and quadratic changes for the consistently low anxi-
ety and moderate depression symptom classes were not sta-
tistically significant. In contrast, linear and quadratic change

[/

.

2
>
N
=
=
S

Lzozaunf/

463


http://www.statmodel.com

estimates were significant for all other trajectories (Supporting

1 Baseline characteristics of the 1296 survey participants Information, table 2).
Survey Australian Participants with current mental health diagnoses were signifi-
participants: adult v 1 likel h 1 - . h h
Characteristic baseline population? cantly less likely to have low symptom trajectories than other
— trajectories for either depression or anxiety. For symptoms
Number of participants 1296 - of depression, the odds of a severe/declining trajectory were
Age (years), mean (SD) 46.0 (17.3) — greater than for a low trajectory for people who had experienced
COVID-19 impairment (WSAS), mean 156 (9.3) _ COVID-related work or social impairment, and for those with
score (SD)* ' o neurological diagnoses; severe/declining and moderate trajecto-
" ries were each more likely for younger participants, for people
ggxlbt)e:(gsg;? osure factors, mean 08(09) a who had experienced COVID-related financial distress or “other
adversities”, while a moderate trajectory was more likely for
Education (years), mean (SD) 13.8 (2.6) — people working from home (Box 5).
Age group (years) ) .
For symptoms of anxiety, the odds of a moderate/declining
18-24 163 (12.6%) 10.3%

trajectory were greater than for a low trajectory for women
25-34 244 (18.8%) 18.8% and people working from home, and lower for those affected
by bushfire smoke; the odds of a moderate/increasing trajec-

35-44 231(17.8%) 17.6% )
tory were greater for younger people and those with fewer
45-54 223 (17.2%) 173% years of education; and the odds of moderate/increasing and
55-64 195 (15.0%) 15.4% moderate/declining trajectories were each higher for people
65 of more 240 (18.5%) 20.5% with neuro}ogicei.l di;?gnoses, who had experienced COVID-
19-related financial distress, or were affected by “other adver-
State/territory sity”. The odds of each trajectory were greater than for a low
New South Wales 409 (31.6%) 32.2% trajectory with people who had experienced COVID-19-related
Victoria 313 (24.2%) 24.9% impairment (BOX 5)'
Queensland 249 (19.2%) 20.3% In post hoc analyses, multinomial logistic models were re-
Western Australia 144 (111%) 10.4% estimated to examine factors associated with the moderate/in-
couth Australia 96 (7.4%) 73% creasing anxiety and the moderate depression trajectories. For
’ ’ symptoms of anxiety, exposure to bushfire (odds ratio [OR], 5.78;
Tasmania 36 (2.8%) 2.3% 95% confidence interval [CI], 1.25-26.9) or to bushfire smoke
Australian Capital Territory 37 (2.9%) 1.6% (OR, 2.79; 95% CI, 1.44-5.38) were associated with greater odds
) of a moderate/increasing than a moderate/decreasing trajectory,
Northern Territory 12(0.9%) 1.0% as were younger age (per year: OR, 0.97; 95% CI, 0.94-0.99) and
Remoteness COVID-related job loss (OR, 3.16; 95% CI, 1.07-9.35). The odds
Major city 1021 (78.8%) 72% of a moderate/declining trajectory were lower than of a moder-
) ate/increasing trajectory for women (OR, 2.27; 95% CI, 1.17-4.45)
Inner regional 195 (15.0%) 18% and people working from home (OR, 2.57; 95% CI, 1.02-6.48). The
Outer regional 73 (5.6%) 8% only significant association with symptoms of depression was
Remote/very remote 7(0.6%) 2% exposure to bushfire (moderate/increasing v severe/declining
trajectory: OR, 2.95; 95% CI, 1.24-7.04) (Supporting Information,
Gender (female) 649 (50.1%) 50.7% table 3).
Lost job 117 (9.0%) -
Work from home 173 (13.3%) — . .
Discussion
COVID-19-related financial distress 421(32.5%) —
Any physical disease 485 (37.4%) _ We found that mean levels of symptoms of depression and
o anxiety early in the COVID-19 pandemic were higher than
Any neurological disease 163 (12.6%) o estimated by earlier Australian population-based surveys,’
Any mental disorder 310 (23.9%) — but most adults in our study did not experience changes in
Have partner 853 (65.8%) - mental health symptoms during the first three months of the

pandemic. The prevalence of clinical levels of symptoms of de-

5 Live alone 157 (121%) - pression and anxiety were higher than for other population
N Live with children 406 (31.3%) — samples, consistent with the cross-sectional findings we have
c 10 s

= Affected by bushfire smoke 607 (46.8%) _ reported. .However, our quadratic gljowth curve.models sug-
- o gest that distress during the pandemic was transient for most
g Affected by bushfire fire 1M (8.6%) - people, and unlikely to lead to increased incidence of depres-
2 Other adversity 282 (21.8%) — sion or anxiety disorders, consistent with previous research on

. . 1,22,23 . .

< COVID-19 = coronavirus disease 2019; SD = standard deviation; WSAS = Work and Social PUth health disasters. Nevertheless, economic and social
= Adjustment Scale!” * Data missing for seven participants at baseline t Direct COVID-19 Changes can have a delayed impact on mental health. Direct

exposures counte_d here |nclgded: d|agn95|s 0fCQVID—19, ayvaltmgtest result, recelve_d rjegatlve contact with COVID-19 had no significant effect on symptom
result, currently directed toisolate, previously directed to isolate, currently voluntarily isolated,

previously voluntarily isolated, contact with person with COVID-19 diagnosis, family member levels, although greater COVID-19-related work and social
inisolation, family member diagnosed with COVID-19, know someone required to isolate, know impairment was associated with higher PHQ_9 and GAD-7
someone diagnosed with COVID-19, required to work from home. @ . . . .

9 d scores at baseline, as was COVID-19-related financial distress.




2 Depression and anxiety scores for the 1296 survey participants during the seven survey waves

Clinically significant

Respondents* Mean score (SD) symptoms
Depression (PHQ-9)
28-31March (baseline) 1295 5.4 (5.9) 263 (20.3%)
11-16 April 969 5.8(6.3) 229 (23.6%)
25-30 April 949 5.6 (6.) 208 (21.9%)
9-14 May 907 52(5.8) 195 (21.5%)
23-28 May 871 49(5.6) 167 (19.2%)
6-11June 812 47(5.6) 154 (19.0%)
20-25 June 758 4.8(5.7) 139 (18.3%)
Anxiety (GAD-7)
28-31March (baseline) 1295 4.4(52) 212 (16.4%)
11-16 April 969 46(52) 164 (16.9%)
25-30 April 950 4.4 (5) 163 (17.2%)
9-14 May 907 41(4.9) 137 (15.1%)
23-28 May 871 3.8 (4.7) 112 (12.9%)
6-11une 812 37(47) 104 (12.8%)
20-25 June 758 3.8(4.8) 102 (13.5%)

questions. T Scores of 10 points or more. ¢

GAD-7 = Generalized Anxiety Disorder assessment; PHQ-9 = Patient Health Questionnaire; SD = standard deviation. * That is, participants who provided responses to PHQ-9 and GAD-7

standard deviations) from growth mixture models

3 Latent class trajectories for symptoms of depression (PHQ-9): raw means (with standard deviations) and estimated means (with
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Few factors were robustly associated with changes in symp-
tom levels over the seven surveys. In growth mixture mod-
els, however, we identified subgroups of participants with
initially elevated symptoms of depression or anxiety and sig-
nificant changes over time attributable to COVID-19-related
consequences, particularly social and work impairment, and
financial distress. People with mental health diagnoses were
considerably less likely to have low symptom trajectories than

people without such diagnoses. Other factors associated with
trajectories other than low symptom levels included younger
age, neurological diagnoses, and recent experience of adversity.
For about 10% of respondents, symptom levels improved over
time, which may reflect declining uncertainty, the relaxing of
public health restrictions, and reduced anxiety about COVID-19.
However, exposure to the severe Australian bushfires of 2019-
20 was associated with increasing symptom levels, suggesting
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4 Latent class trajectories for symptoms of anxiety (GAD-7): raw means (with standard deviations) and estimated means (with
standard deviations) from growth mixture models

20
16 -
_ -y""”“ —e— Low symptoms (raw)
g . == - e- Low symptoms (modelled)
b N —e— Moderate/increasing (raw)
g — - ® - Moderate/increasing (modelled)
-0
5 —e— Moderate/decreasing (raw)
8 1 - ® - Moderate/decreasing (modelled)
—eo— Mild/increasing (modelled)
4 ) - ® - Mild/decreasing (raw)
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28-31Mar 11-16 Apr  25-30 Apr 9-14 Apr 23-28 May 6-11June 20-25 June

Survey date

5 Multinomial logistic regressions testing predictors of class membership for symptoms of depression (PHQ-9) and anxiety (GAD-7)
trajectories: odds ratios with 95% confidence intervals

PHQ-9 score trajectory class GAD-7 score trajectory class
Severe/declining Moderate Moderate/increasing Moderate/declining Mild/increasing
Characteristic viow viow viow viow viow
Age (per year) 0.98 0.98 0.96 0.99 0.99
(0.96-0.995) (0.96-0.99) (0.94-0.97) (0.97-1.01) (0.97-1.004)
COVID-19-related impairment (WSAS) (per 1.04 1.02 1.05 1.04 1.07
point) (1.02-1.07) (0.996-1.05) (1.02-1.08) (1.01-1.08) (1.04-110)
COVID-19 exposure (per exposure) 1.09 0.80 0.94 0.96 0.86
(0.86-1.38) (0.62-1.04) (0.74-1.21) (0.71-1.30) (0.66-1.13)
Education (per year) 0.96 1.02 0.87 0.96 0.98
(0.85-1.09) (0.90-116) (0.76-0.99) (0.82-113) (0.86-112)
Lost job 1.04 121 1.32 0.42 0.48
(0.56-1.92) (0.64-2.30) (0.72-2.42) (015-1.16) (0.21-1.07)
Work from home 0.94 1.91 1.02 2.63 1.05
(0.46-1.91) (1.04-3.49) (0.49-2.13) (1.32-5.27) (0.53-2.08)
Gender (women) 124 0.93 0.96 218 0.71
(0.80-1.90) (0.61-1.41) (0.62-1.48) (1.22-3.88) (0.45-110)
Any physical disease 0.99 1.04 116 0.63 0.98
(0.59-1.64) (0.63-1.74) (0.69-1.97) (0.32-1.23) (0.58-1.66)
Any neurological disease 1.98 1.07 2.23 2.77 1.36
(1.08-3.61) (0.55-2.08) (119-4.16) (124-6.22) (0.66-2.77)
Any mental disorder 4.95 4.24 5.32 3.44 2.24
(314-7.80) (2.69-6.69) (3.35-8.44) (1.89-6.25) (1.35-3.72)
Have partner 0.88 0.78 115 1.52 0.95
(0.55-1.42) (0.48-1.24) (0.71-1.88) (0.79-2.91) (0.58-1.57)
Live alone 1.60 1.23 1.41 0.82 0.53
(0.81-3.14) (0.61-2.49) (0.68-2.90) (0.28-2.36) (0.22-1.28)
Live with children 0.83 0.97 093 0.95 0.90
(0.52-1.33) (0.61-1.55) (0.58-1.49) (0.53-1.69) (0.56-1.45)
Affected by bushfire smoke 1.02 133 1.22 0.44 0.96
(0.67-1.54) (0.88-2.02) (0.80-1.87) (0.25-0.78) (0.62-1.48)
Affected by bushfire fire 0.51 1.52 1.30 0.22 0.91
(0.23-114) (0.83-2.77) (0.69-2.44) (0.05-1.00) (0.43-1.92)
Affected by other adversity 1.93 2.30 1.89 1.88 1.58
(1.23-3.04) (1.47-3.59) (119-2.99) (1.03-3.42) (0.97-2.59)
COVID-19-related financial distress 3.29 2.06 2.61 3.88 1.52
(2.08-5.20) (1.31-3.24) (1.64-4.14) (218-6.93) (0.94-2.44)

COVID-19 = coronavirus disease 2019; GAD-7 = Generalised Anxiety Disorder-7; PHQ-9 = Patient Health Questionnaire-9; WSAS = Work and Social Adjustment Scale. 4




that the cumulative effects of multiple disasters compound the
risk of mental ill health. Symptom level changes for all trajecto-
ries apart from continuously low (for anxiety or depression) and
moderate/increasing (for anxiety) were clinically meaningful
(PHQ-9: change of at least 5 points; GAD-7: at least 4 points2 )

Our findings highlight the influence on depression and anxiety
symptoms of specific vulnerabilities and the degree of personal
impact during a viral pandemic, consistent with previous re-
ports on other types of disasters."”® Proximity to a catastrophic
event or the degree of personal impact during a natural di-
saster or eg)idemic may also influence mental health after the
event.”””* Identifying and providing additional support for
people at higher risk of poor mental health trajectories may help
mitigate the impact of both the event and of associated public
health measures.

Limitations

We undertook a longitudinal study of the mental health im-
pact of a pandemic in a nationally representative sample.
However, while the PHQ-9 and GAD-7 are robust measures
of depression and anxiety, different outcomes may have been
obtained had clinician-administered diagnostic interviews
been analysed. Second, the consequences of financial dis-
tress or extended quarantine restrictions may have effects
over longer periods than that of our study; we followed up
our cohort in early 2021 to assess longer term impacts, and
will report these results separately. Similarly, the first survey
may not have provided a genuine baseline measure of men-
tal status, as public concerns about COVID-19 were growing
before public health restrictions were imposed. Third, peo-
ple who engage in online market research panels may differ
systematically from the broader population.” Fourth, as the
identified subgroups were derived from statistical models
rather than theoretical groupings of change, further valida-
tion of the symptom trajectories may be required. Further,
our multiple comparisons mean that type I errors for small
effects are possible. Finally, while attrition was relatively low
(41% overall) and the statistical models employed are robust

to differential attrition,”” our sample may have become less
representative of the Australian adult population as the
study progressed.

Conclusion

We found no overall increases in the symptoms of depression
and anxiety related to the COVID-19 pandemic in Australia.
However, about 19% of participants had initially elevated or
subsequently increasing levels of depression, and about 23%
had initially elevated or subsequently increasing levels of
anxiety in the 12 weeks after public health restrictions were
introduced. Several adverse events, such as bushfire, may
have influenced COVID-19-related anxiety and depression
symptom levels. Clinicians should be aware that people with
mental health problems may be at greater risk of poor mental
health during a public health crisis, as are those who experi-
ence financial distress or struggle to adjust to work or social
change caused by the crisis. Our findings indicate the impor-
tance of the need for greater support and practical strategies
for mitigating these risks, as recognising and responding to
distress early may alter harmful trajectories. Population-based
primary and secondary prevention strategies to clinically and
socially support vulnerable groups, including increased on-
line and telephone mental health support, should be priorities
for health and community services and governments during
the COVID-19 pandemic and future crises.
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