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Background: The COVID-19 pandemic has raised serious concerns about the mental
health impact of people directed and indirectly affected by the virus. Because this is a
rapidly evolving situation, our goal was to explore potential risk factors and trends in
feelings of anxiety and depression among the general population in Canada over the first
5 months of the pandemic.

Methods: We completed on-line surveys of 3,127 unique individuals representative of
the Canadian general population at 4 discreet periods every 6 weeks from April 15th
to July 28th 2020. We assessed feelings of anxiety, depression and loss of interest
with the interRAI self-reported mood scale using a multivariable generalized estimating
equation model to examine factors associated with having a 5+ score on the scale
(indicating potentially depressed mood). We also investigated potential longitudinal trends
to examine temporal variation in mood scores.

Results: More than 30% of participants felt highly anxious, depressed, and disinterested
in everyday activities in the first survey (April), but this number decreased to about 20%
over 4 months. Feeling lonely, younger age, feeling overwhelmed by one’s health needs,
having financial concerns, and living outside of Québec were significantly associated with
depressed mood.

Interpretation: The prevalence of depressed mood during the pandemic was between
2 and 3 times the pre-pandemic rate (especially among young people), but it can change
rapidly in response to social changes. Thus, monitoring of psychological distress among
vulnerable groups that may benefit from additional supports should be a priority.

Keywords: mental health care, depression mood, anxiety, general population, coronavirus-COVID-19

INTRODUCTION

There has been a growing concern that, without focused mitigation efforts, the COVID-19
pandemic has the potential to increase mental health problems worldwide (1-12). In addition to
fear of contracting COVID-19, lock-downs, uncertainty, self-isolation and social distancing are
disrupting everyday lives, creating personal, social and economic challenges with potential negative
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psychological effects (10, 11) despite the fact that public health
guidelines, such as face mask use, can have positive effects
on stress and anxiety (3). Quarantine has been reported to
cause post-traumatic stress symptoms, confusion, and anger with
potentially long lasting effects (4) and depression and anxiety
were estimated to be higher among quarantined individuals
during the initial stages of COVID-19 in China (10). In addition,
risk factors for mental health problems during COVID-19 are
reported to include female gender, younger age, presence of
chronic and psychiatric illnesses, unemployment, student status,
and frequent exposure to social media or news concerning
the pandemic (5-10). This means that the general population
can also be adversely affected by mental health consequences
of pandemics and mental health considerations should be
taken into account in addition to the physical effects of the
virus (4, 10, 13).

Although these studies provide good evidence of the
importance of understanding the mental health impact of
COVID-19 on the general population, it is still not clear
how these negative effects might change with the dynamics of
COVID-19 and the changes in the public health policies aiming
to contain its spread. This is important because most of these
studies were conducted as cross-sectional snapshots at varying
time periods of the pandemic, making comparison among studies
difficult (10). The objective of this study is to examine the mental
health impacts of COVID-19 as well as longitudinal changes in
the general Canadian population.

METHODS
Web-Based Survey

We conducted longitudinal web-based interviews with the
general adult population in Canada from April to July in four
discrete surveys, 4-6 weeks apart from each other (Table 1).
We used a professional polling company to obtain a sample
that was representative of the Canadian population (Table 1)
when applying survey weights. Participants were recruited
via phone (60%), invitation (25%), social media (5%), offline
recruitment (5%), partnerships and campaigns (5%). Among
the 3,127 participants, ~80% were present in two or more
surveys and 1,510 (66%) were present in all surveys (Table 1).
Mental health status was assessed with three questions from
the interRAI self-reported mood scale, which assesses levels of
anxiety, depression, and loss of interest (14). The questions
were: “In the last 3 days, how often have you felt: (a) anxious,
restless, or uneasy, (b) sad, depressed, or hopeless and (c) little
interest or pleasure in things you normally enjoy.” Each item
has scores ranging from 0 (not present) to 3 (daily), and scores
for the three items are summed to create a scale with a value
between 0 and 9. Higher scores representing more frequent
and varied mood symptoms (Cronbach’s alpha = 0.81). We set
a threshold for having substantially depressed mood at 5 or
more based on previous analyses that indicate this threshold
to be associated with suicide-related ideation in community
mental health populations (results available on request). Socio-
demographic variables and main concerns before and during the

pandemic (e.g., financial concerns, food insecurity levels, and
loneliness) were also assessed during the interviews (Tables 1, 2).

Statistical Analysis

To understand the risk factors associated with the mental
health impact of COVID-19, we used a bivariate regression
with the percentage of respondents with a 5+ score in the self-
reported mood scale as response variable and socio-demographic
factors as explanatory variables (Tables 1, 2). This threshold
has been shown to be associated with clinical depression and
self-harm ideation in community mental health populations
(results available on request). We compared Quebéc with the
rest of Canada because of known differences in mental health
state of populations of these two geographic regions (15, 16),
which may be a result of cultural differences (i.e., Québec is
mainly francophone while the rest of Canada is predominantly
anglophone). For simplicity, we only used data from survey 1
for an initial logistic regression model given that the levels of
depression, anxiety and loss of interest were stronger at this stage
(Figure 1). We then examined a longitudinal interaction between
age and survey in a generalized estimating equation model to
investigate potential temporal trends in the mental health impact
among different age groups. We focused on age because of the
great physical health burden that COVID-19 has on older adults
(10, 17). We did not find a significant interaction between age and
survey wave. Therefore, we presented the model with main effects
only. We weighted all analysis using the survey weights to match
the sample to population distributions in the latest Statistics
Canada census according to gender, age, region, education,
mother tongue, living arrangements, and presence of children
in the household. We used data from a general population
survey done in the Waterloo Region in 2011 (data available upon
request) to compare our results with a base level of the same
indicators for the general population before the beginning of the
COVID-19 pandemic. The baseline level of scores of 5+ on the
self-reported mood scale in those surveys ranged between 6.5%
in 2011, which is comparable to anxiety (6.3-50.9%, including
mild to severe levels) and depression levels (3.6-7.2%) reported
in other studies conducted before the pandemic (18). To provide
contextual information, daily COVID-19 cases (Figure 1) were
obtained from Berry et al. (19) and figures were produced with
the ggplot2 package in R (20).

RESULTS

We found that up to 44.3% of the participants had substantial
level of depressed mood based on indicators of anxiety,
depression and loss of interest in the April survey. Only
education and ethnicity were not significant risk factors in
the bivariate analysis (Table 2). The final multivariable model
indicated that age [F(4 2216y = 7.26, P < 0.001], province
[F(1, 22199 = 6.14, P = 0.013], feeling overwhelmed by one’s
health needs [F(;, 2219) = 29.56, P = 0.001], loneliness [F(j, 2217)
= 52.37, P < 0.0001], and financial concerns [F(j, 2218 = 7.13,
P < 0.001] were significantly associated with depressed mood
[F(11, 2209) = 56.74, P < 0.001; c-statistics = 0.836]. The odds
of having a depressed mood were 2.62 times higher in young
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TABLE 1 | Profile of the participants in each survey.

Survey 1 Survey 2 Survey 3 Survey 4
April 15-20th May 6-13th June 3rd—9th July 22-28th

N* 2,200 2,264 (314) 2,280 (352) 2,201 (241)
Recontacts in previous survey na 86% 84% 87%
Gender
Male 48% 48% 49% 49%
Female 52% 52% 51% 51%
Age

18-34 27% 27% 26% 24%
35-54 34% 34% 36% 37%
55-64 17% 17% 17% 17%
65-74 12% 12% 12% 12%
75+ 9% 9% 9% 9%
Province

British Columbia 14% 14% 14% 14%
Alberta 1% 1% 1% 1%
Manitoba/Saskatchewan 6% 6% 7% 7%
Ontario 38% 38% 38% 38%
Quebec 23% 23% 23% 23%
Atlantic 7% 7% 7% 7%
Region

Quebec 23% 23% 23% 23%
Rest of Canada 77% 77% 77% 77%
Area type

Urban 88% 89% 90% 90%
Rural 12% 1% 10% 10%
Mother tongue

French 21% 20% 20% 20%
English 67% 66% 66% 65%
Other languages 12% 13% 14% 14%
Ethnic origin

Caucasian (White) 83% 81% 81% 80%
Aboriginal/First nations 1% 1% 1% 1%
Black 2% 2% 2% 2%
Chinese 3% 5% 5% 5%
Other 9% 10% 10% 10%
Children in the household

Yes 28% 28% 28% 28%
No 72% 72% 72% 72%
Living situation

Alone 20% 20% 21% 21%
With spouse (partner only) 32% 31% 32% 32%
With spouse/partner and other(s) 27% 27% 26% 26%
With child(ren) (no spouse/partner) 5% 5% 6% 6%
With parent(s) or guardian(s) 9% 11% 10% 10%
With sibling(s) 1% 1% 1% 1%
With other relative(s) 2% 2% 2% 2%
With nonrelative(s) 3% 3% 3% 3%
Vulnerable senior

Yes na 2% 2% 2%
No na 98% 98% 98%

(Continued)
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TABLE 1 | Continued

Survey 1 Survey 2 Survey 3 Survey 4
April 15-20th May 6-13th June 3rd—9th July 22-28th

Education

Elementary/High school 33% 31% 32% 30%
College 40% 41% 41% 43%
University 27% 27% 27% 27%
Occupation

Office/services/sales na 23% 22% 23%
Manual worker 1% 10% 10% 9%
Professional 19% 19% 20% 20%
Homemaker 3% 4% 4% 4%
Student 7% 7% 7% 6%
Retired 27% 27% 28% 28%
Unemployed 5% 5% 5% 4%

*Number of participants added to each survey: 314, 352, and 241 in surveys 2, 3, and 4, respectively.

(18-24) than older adults [65+; 95% confidence interval (CI)
1.58-4.32, P < 0.001], 1.64 times higher in people from other
provinces compared to Québec (95% CI 1.11-2.43, P = 0.013),
3.92 times higher in people who felt overwhelmed by their health
needs (95% CI 2.39-6.41, P < 0.001), 16.65 times higher in
people who felt lonely daily compared to those that did not feel
lonely (95% CI 10.49-26.42, P < 0.0001) and 1.93 times higher in
people that had financial concerns before and after the pandemic
than people without financial concerns (95% CI 1.35-2.77, P <
0.001; Figure 1 and Table 2). We found a significant temporal
trend in the generalized estimating equation model, suggesting
a decrease in the odds of depressed mood over time compared
with the initial stage of the survey done in April 2020 (Figure 1
and Table 3).

DISCUSSION

Interpretation

Our study provided a longitudinal view of the mental health
impact of COVID-19 on about 3,000 participants followed
over a 4-month period. The impact was most pronounced
on the mental health of younger Canadians and those who
reported feeling lonely. In addition, the odds of serious mood
disturbance were strongest at the beginning of the pandemic
(April), with a rapid decrease from April to July. However,
the absolute levels in July were still 2 times higher compared
to the pre-pandemic levels. Although there appears to be
potential for resilience and fast recovery in part of the
population, the absence of complete recovery could result in even
higher levels of anxiety and depression during new waves of
the pandemic.

Our results are in line with other studies on the mental health
effects of COVID-19, both in the strength of the association
and key risk factors (7, 10, 21-23). A meta-analysis found that
during the pandemic, prevalence of depression symptoms was
33.7% (95% confidence interval 27.5-40.6) and 31.9% for anxiety
[95% CI 27.5-36.7; (10)]. As in our study, these levels were, in

average, higher than the pre-pandemic levels we noted in earlier
studies based on our measure (between 6.5 and 9.7%) as well
as comparable rates reported by others (10). Other longitudinal
studies have reported a mix of results, with small increases in
feelings of depression and decreased anxiety (24) or no trend
overall (25). We showed roughly a 30% decrease in the odds
of disturbed mood spanned a 4-month period, whereas other
longitudinal studies investigated trends over a much shorter
time period (24, 25). Some of the discrepancies reported in
the published literature could be explained by the phase of the
pandemic when the study was conducted.

We also observed that young respondents were among
the most affected groups, even after controlling for potential
confounding factors such as employment status, gender, health,
and economic status. This may reflect a true age-group difference
in the COVID-19 experience, but it may also reflect generational
differences in comfort related to reporting mental health
symptoms. Student status and gender have been identified as risk
factors in other studies (10, 26), but these were only significant
in our bivariate model. Although student status was strongly
associated with age, which may explain it not persisting as a
predictor of mood disturbance in the multivariable model, it is
less clear why gender was not a significant risk factor when we
controlled for other sociodemographic variables.

Although the levels of anxiety and depression reported here
are in line with the published literature (10, 17), COVID-
19 happened during a time of changing public sentiment
about global political, economic, and climate stability with
increased focus on natural disasters like wild fires (e.g., bushfires
in Australia and California), flooding (e.g., Fort McMurray,
Canada), and an increase in public protest related to racial
equality. These events might be local and sometimes outside of
Canada, but the coverage was widespread and persistent in the
media at the time they occurred, which may have negatively
affected mental health of Canadians (27). Thus, it is unclear
from our results whether the pandemic was the primary driver
of changes in mood that we observed or it was only one of the
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TABLE 2 | The association between score of 5+ on self-reported mood scale and a number of risk factors.

Bivariate analysis
unadjusted OR

Multivariable analysis

adjusted OR

OR 95% CI P-value OR 95% CI P-value
Age (years) < 0.001 < 0.001
18-24 vs. > 65 5.61 3.43-9.17 < 0.001 2.62 1.68-4.32 < 0.001
25-34 vs. > 65 3.62 2.37-56.22 < 0.001 1.96 1.21-3.17 0.006
35-44 vs. > 65 3.39 2.28-5.03 < 0.001 2.67 1.73-4.14 < 0.001
45-64 vs. > 65 2.31 1.69-3.15 < 0.001 1.88 1.30-2.72 < 0.001
Gender 0.004
Female vs. Male 1.49 1.13-1.95 0.004
Province < 0.001 0.01
Others vs. Quebec 21 1.49-2.94 1.64 1.11-2.43
Language < 0.001
English vs. French 1.89 1.33-2.69 < 0.001
Bilingual vs. French 3.21 1.69-6.47 0.001
Others vs. French 1.90 1.08-3.35 0.03
Education 0.70
College vs. Elementary/High school 0.94 0.66-1.33 0.73
University vs. Elementary/High school 1.07 0.77-1.47 0.69
Living with < 0.001
Spouse/partner vs. Alone 0.75 0.52-1.08 0.12
Parent/guardian vs. Alone 1.99 1.16-3.40 0.01
Other relatives vs. Alone 1.23 0.86-1.76 0.25
Non-relatives vs. Alone 2.16 0.98-4.77 0.06
Occupation < 0.001
Homemade vs. Manual worker 0.94 0.41-2.12 0.88
No answer vs. Manual worker 5.33 1.46-19.49 0.01
Retired vs. Manual worker 0.43 0.32-0.57 <0.001
Student vs. Manual worker 1.78 1.04-3.04 0.04
Unemployed vs. Manual worker 1.31 0.69-2.49 0.42
Ethnicity 0.07
Caucasian vs. Other 1.01 0.69-1.48 0.94
No answer vs. Other 3.49 1.17-10.43 0.03
Health before Covid19 < 0.001
Fair vs. Excellent/good 1.93 1.35-2.80 0.003
Poor vs. Excellent/good 3.81 1.57-9.26 < 0.001
Health in the past month < 0.001
Fair vs. Excellent/good 2.73 1.98-7.36 < 0.001
Poor vs. Excellent/good 6.15 3.01-12.562 < 0.001
Family overwhelmed by one’s health < 0.001
needs
Yes vs. No 4.87 3.13-7.56 < 0.001 3.92 2.39-6.41
Feel lonely < 0.001 < 0.001
Only in specific situations/I do not feel 2.84 1.75-4.62 < 0.001 2.20 1.31-3.70 0.003
lonely
Occasionally/| do not feel lonely 4.74 3.1-7.22 < 0.001 3.80 2.45-5.91 < 0.001
Daily/I do not feel lonely 21.31 13.66-33.26 < 0.001 16.65 10.49-26.42 < 0.001
Financial status-difficulty making ends < 0.001
meet
Before and after COVID-19 vs. None 3.37 2.45-4.64 < 0.001 1.93 1.36-2.77 0.003
Before or after COVID-19 vs. None 2.39 1.70-3.37 < 0.001 1.69 1.11-2.58 0.02
Have a way-get food and medication < 0.001
Yes vs. No 2.77 1.65-4.66 < 0.001
(Continued)
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TABLE 2 | Continued

Bivariate analysis Multivariable analysis

unadjusted OR

adjusted OR

OR 95% CI P-value OR 95% CI P-value

Feel safe and comfortable in home < 0.001

Sometimes vs. Never 0.56 0.20-1.56 0.27

Always vs. Never 0.12 0.05-0.32 < 0.001
Have people-count on < 0.001

Sometimes vs. Never 0.54 0.31-0.96 0.04

Always vs. Never 0.27 0.16-0.44 < 0.001
Can get help if needed < 0.001

Sometimes vs. Never 0.53 0.32-0.87 0.01

Always vs. Never 0.23 0.15-0.36 < 0.001

Odds ratio were calculated with a bivariate (unadjusted) and multivariable (adjusted) analysis in survey 1 (April 10-15th).

Bold values represent significant values at @ = 0.05.
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FIGURE 1 | Longitudinal trends in percentage of participants with 54 score on the self-reported mood scale by study survey.

many contributors, potentially acting as an amplifier of these
other source of stress (28).

The negative effects of COVID-19 on the mental health
we observed are in agreement with studies conducted in
other countries. However, the pandemic also brought some

opportunities to improve mental health services via virtual care.
For example, a recent meta-analysis strongly suggest that digital
cognitive behavioral therapy for insomnia is highly effective
(29) and telemedicine and virtual software can help to stop the
spread of COVID-19, decrease the use of hospital resources while
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TABLE 3 | The association between the self-report mood scale score of 5+ and a number of risk factors over four study waves.

Parameter Estimate 95% ClI z P-value Adjusted OR 95% ClI
Intercept —2.761 —3.126 —2.398 —14.87 <0.001

Age group (ref = 18-24)

25-34 0.12 —0.20 0.45 0.74 0.45 1.138 0.82 1.56
35-44 -0.23 —0.58 0.12 -1.28 0.20 0.79 0.56 1.13
45-64 —0.25 —0.54 0.08 —-1.73 0.08 0.78 0.58 1.03
65+ —0.79 —-1.07 —0.51 —5.56 <0.001 0.45 0.34 0.60
Province (ref = Quebec)

Others 0.26 0.05 0.46 2.46 0.01 1.30 1.05 1.59
Health status (ref = no concerns)

Overwhelmed by one’s health needs 1.33 1.05 1.62 9.16 <0.001 3.80 2.85 5.05
Loneliness (ref = not lonely)

Lonely only in specific situations 0.74 0.45 1.08 4.94 <0.001 2.09 1.56 2.80
Lonely occasionally 1.39 1.14 1.64 10.83 <0.001 4.02 3.13 5.17
Lonely daily 2.96 2.69 3.22 22.11 <0.001 19.29 14.84 25.07
Financial status (ref = no worries)

Financial worry before and after COVID-19 0.69 0.48 0.89 6.56 <0.001 2.00 1.62 2.45
Financial worry before or after COVID-19 0.62 0.38 0.86 5.09 <0.001 1.86 1.46 2.35
Study wave (ref = Survey 1)

Survey 2 —0.23 —0.46 0.01 —1.89 0.06 0.80 0.63 1.01
Survey 3 -0.27 —0.52 —0.03 —2.20 0.03 0.76 0.60 0.97
Survey 4 -0.32 —0.57 -0.07 —2.52 0.01 0.72 0.56 0.93

Od(ds ratio were calculated with a longitudinal multivariable generalized estimating equation model.

treating patients (30). Therefore, virtual care could improve the
accessibility of treatments even during lockdowns and potentially
increase the use of these services after the pandemic.

We observed clear trends on mental health indicators on a
period of 4 months, but we still do not know what the long-
term consequences of COVID-19 will be nor what policies will
successfully mitigate its mental health impacts. Information on
the long-term impact of past pandemics, such as the Spanish Flu,
is scarce. However, some studies reported that people developed
psychiatric disorders several years after the 2003 SARS-CoV-1
pandemic (31). Moreover, studies on natural disasters, such as
hurricane, fires and earthquake also point to long-term effects
where lifetime post-traumatic stress disorder rates can be up to
40% higher in disaster survivors compared to controls (32, 33).
Finally, studies have shown that the pandemic have exacerbated
racial, social, and economic disparities (34, 35), which could also
persist for many years after the pandemic. Given the substantially
elevated levels of distressed mood compared with pre-COVID-
19 levels, it is important to monitor whether long-term mental
health effects persist in the general population.

Limitations

Our overall response rate was in the 35% range and the
assembled sample was representative of Canadians. In addition,
by repeatedly sampling more than 80% of the same individuals
over time, we are confident that temporal trends were accurately
measured. Despite this, vulnerable groups may not have been
well represented. For instance, older socially isolated adults,
persons in facility-based settings (e.g., long-term care), and

marginalized groups may not have internet access or may
not be able to participate because of other barriers (36—
38). In addition, depressive symptoms tend to decrease with
age (39, 40). Thus, the absolute values of our mental health
indicators might be biased, specifically among older adults
(65+), despite the fact that socio-demographic factors were
weighted in the statistical analysis. Fortunately, non-response
to surveys does not substantially harm the ability to estimate
associations among variables including to investigate temporal
trends (36). Another limitation in our web-survey approach
is the small subsample sizes of minority groups who may be
deferentially affected by mental health concerns. Future efforts
to examine the impact of COVID-19 on race and ethnicity
should over-sample minority groups to allow for adequate
subsample sizes.

CONCLUSIONS

In our survey, we showed that the pandemic increased feelings
of anxiety, depression, and loss of interest symptoms 2-3-
fold, especially in young people. We also documented that
these changes can rapidly decrease in a short period of time.
One potential explanation for these changes is the influence
that external social trends can have on mental health, such
as implementation of broad social policies related to epidemic
control (2, 3), communications from media (27), health experts,
and political leadership. Future studies should focus not only on
the description of the mental health consequences, but also in
establishing evidence of possible causal relationships between the
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dynamic of the disease, public health policies and mental health
indicators. For example, it would be important to tease apart
the effects of fear of disease, subjective and objective aspects of
social isolation, economic uncertainty, and other challenges to
mental health.
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