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Abstract

Background: Mental health problems and substance use co-morbidities during and after the COVID-19 pandemic
are a public health priority. Identifying individuals at high-risk of developing mental health problems and potential
sequela can inform mitigating strategies. We aimed to identify distinct groups of individuals (i.e, latent classes) based
on patterns of self-reported mental health symptoms and investigate their associations with alcohol and cannabis
use.

Methods: We used data from six successive waves of a web-based cross-sectional survey of adults aged 18 years and
older living in Canada (6,021 participants). We applied latent class analysis to three domains of self-reported mental
health most likely linked to effects of the pandemic: anxiety, depression, and loneliness. Logistic regression was used
to characterize latent class membership, estimate the association of class membership with alcohol and cannabis use,
and perform sex-based analyses.

Results: We identified two distinct classes: (1) individuals with low scores on all three mental health indicators (no/
low-symptoms) and (2) those reporting high scores across the three measures (high-symptoms). Between 73.9 and
77.1% of participants were in the no/low-symptoms class and 22.9-26.1% of participants were in the high-symp-
tom class. We consistently found across all six waves that individuals at greater risk of being in the high-symptom
class were more likely to report worrying about getting COVID-19 with adjusted odds ratios (@ORs) between 1.72
(959%Cl:1.17-2.51) and 3.51 (95%Cl:2.20-5.60). Those aged 60 + were less likely to be in this group with aORs (95%Cl)
between 0.26 (0.15-0.44) and 0.48 (0.29-0.77) across waves. We also found some factors associated with class mem-
bership varied at different time points. Individuals in the high-symptom class were more likely to use cannabis at least
once a week (@OR=2.28, 95%Cl:1.92-2.70), drink alcohol heavily (aQOR=1.71, 95%Cl:1.49-1.96); and increase the use
of cannabis (aOR=3.50, 95%(Cl:2.80-4.37) and alcohol (aOR=2.37, 95%Cl:2.06-2.74) during the pandemic. Women in
the high-symptom class had lower odds of drinking more alcohol during the pandemic than men.
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Conclusions: We identified the determinants of experiencing high anxiety, depression, and loneliness symptoms
and found a significant association with alcohol and cannabis consumption. This suggests that initiatives and sup-
ports are needed to address mental health and substance use multi-morbidities.
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Introduction

In Canada, depression and anxiety disorders are among
the most common mental health disorders and have been
shown to have a major impact on the daily lives of those
affected [1, 2]. Three million Canadians (11.6%) aged
18 years or older reported having a depression and/or
anxiety disorder in 2013 [3]. Evidence indicates that the
COVID-19 pandemic and related public health direc-
tives (e.g., lockdowns) have led to elevated mental health
symptoms, including depression, anxiety and loneliness
among individuals worldwide [4—10]. As such, a better
understanding of the effect of the pandemic on people’s
mental health as well as associated substance use (i.e.,
alcohol drinking and cannabis use) is needed to inform
public health interventions.

The first case of COVID-19 in Canada was reported
in Ontario on January 25, 2020 [11]. As of December
2021, there had been about 1.8 million positive COVID-
19 cases and over 29,000 deaths reported in Canada
[12]. Public health measures were implemented across
Canada at the provincial level with different timing and
intensity, including stay-at-home orders, bans on large
public gatherings, physical distancing, self-isolation, and
quarantines. Although these measures were successful in
slowing the spread of the virus in jurisdictions across the
country, evidence suggests they had negative effects on
people’s mental health and well-being [13, 14].

During the pandemic, about 19% of adult Canadians
screened positive for either symptoms of anxiety and/
or depression [15]. By comparison, only 8.9% of Cana-
dians reported mental health symptoms prior to the
pandemic (i.e., from October to December, 2019) [16].
A similar increase in mental health problems has been
found among adults in the US [17]. Similarly, although
some studies in the UK and Italy have shown that peo-
ple have developed psychological resilience during the
pandemic [18-22], numerous studies indicate that the
pandemic and related public health directives have
increased mental health symptoms among individuals
worldwide [4-10]. In a review of 19 studies of the gen-
eral population, higher scores of anxiety and depres-
sion were found compared to before the pandemic
[23]. Additionally, several studies have shown that
stay-at-home orders, lockdowns and physical distanc-
ing have increased loneliness [24—26], which in turn is
linked to both depression and anxiety [27-30]. Though

important for reporting prevalence rates, these studies
lack data on patterns across mental health conditions.
With the rise in depression and anxiety and their fre-
quent co-occurrence [31-33], as well as their link with
loneliness [27-30], it is important to simultaneously
examine these three mental health indicators to unveil
patterns in their co-occurrence.

Elevated depression, anxiety and loneliness during
the pandemic may be linked to adverse health behav-
iors, including substance use [34]. Thus, it is impor-
tant to investigate whether patterns in co-occurring
mental health symptoms are associated with sub-
stance use during the pandemic. Recent research has
shown that individuals are consuming more alcohol
[35-38] and more cannabis [35, 39, 40] than they did
before the pandemic. Such patterns in substance use
may result in acute and chronic harms, such as injury,
substance use dependence, and death [41-44]. People
may be using more alcohol and cannabis to cope with
anxiety, depression and loneliness experienced during
the pandemic [45-47]. Moreover, people experiencing
co-occurring mental health symptoms (e.g., anxiety,
depression and loneliness) may be especially likely to
use substances during the pandemic [48, 49].

Sex-differences in psychological distress have been
shown in the literature before the pandemic [50-52].
Studies during the pandemic have found that, compared
to men, women reported more problems regarding men-
tal health issues (e.g., depression and anxiety) [38, 53—
55]. In Canada, prior to the pandemic, women were more
likely than men to report fair/poor mental health (8.6%
vs. 6.7%) [56], with the pandemic these proportions have
increased to 25.5% for women and 21.2% for men [56].
Additionally, some research suggests that women (com-
pared to men) are more likely to drink alcohol to cope
with psychological distress [57, 58], while other studies
reported significant associations between increased emo-
tional distress and increased alcohol and cannabis use
during the pandemic for both men and women [59, 60],
and only among men [61]. Thus, it is important to inves-
tigate sex-differences in this study.

The present study aims to identify distinct groups
of individuals (i.e., latent classes) based on patterns
of self-reported mental health symptoms and exam-
ine their associations with substance use. The specific
objectives are to:
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1) Identify different latent classes of mental health
symptoms and examine factors associated with class
membership, including socio-demographics and
worry about contracting COVID-19, and whether
these associations differ by sex or change over time;

2) Assess the associations between the mental health
latent classes and individuals’ alcohol and cannabis
use during the pandemic, and whether associations
differ by sex and over time.

These objectives are achieved using repeat cross-
sectional surveys conducted in Canada and latent class
analysis (LCA), a statistical method that creates groups
of individuals with similar patterns of characteristics
referred to as latent classes [62]. LCA is recognized as a
useful tool for studying and classifying mental health dis-
orders at the population level [63]. Since positive asso-
ciations have been found among depression, anxiety, and
loneliness, we expect to find a distinct class of individuals
with a high probability of reporting co-occurring mental
health symptoms (i.e., depression, anxiety, and loneli-
ness). Understanding such patterns is important because
mental health multi-morbidities are associated with
reduced quality of life [64, 65], are more difficult to treat
and may be differentially associated with substance use
challenges [66, 67]. Moreover, the identification of groups
of individuals with mental health multi-morbidities has
important implications for public health policy, including
resource allocation, raising awareness, and appropriate
screening. In addition, it may inform the design of inter-
ventions or tailoring of existing interventions to meet
the needs of people with multi-morbidities, particularly
when they are at risk of elevated substance use.

Methods

Study design and participants

This study used data from six successive waves of web-
based cross-sectional Canada-wide surveys of adults aged
18 years and older. The surveys were conducted in Eng-
lish by the firm Delvinia. The sample was derived from
a web-based survey panel, and quota sampling was used
to approximate the distribution of the English-speaking
Canadian population by age, sex, and region [68]. Elec-
tronic informed consent was obtained before initiating
the survey. The study received ethics approval from the
Centre for Addiction and Mental Health. The surveys
were conducted in six waves in 2020 as follows: May
8-12 (Wave 1, n=1,005, response rate (RR)=15.9%),
May 29-June 1 (Wave 2, n=1,002, RR=17.2%), June
19-23 (Wave 3, n=1,005, RR=16.4%), July 10-14 (Wave
4, n=1,003, RR=13.7%), September 18-22 (Wave 5,
n=1,003, RR=17.6%), and November 27-December 1
(Wave 6, n=1,003, RR=16.2%). The details of the survey
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interviews information and RR calculations are in Table
A.1 of the Additional file 2. A pooled sample of 6,021 par-
ticipants (Waves 1-6) was analyzed in this study. These
data were collected at different points to permit an exam-
ination of variation in the impact of COVID-19-related
stressors on participants over time.

Measures

Mental health indicators

We identified anxiety among participants using the
7-item generalized anxiety disorder, using the GAD-7
scale based on 4-point Likert-scale questions. These
items measure the frequency of anxiety symptoms over
the past two weeks and are scored from 0 (not at all) to 3
(nearly every day). The summary score ranged from 0 to
21 [69]. A score >10 suggests moderate or severe anxiety
to consider treatment [70] which has clinical relevance.
The literature that has studied GAD-7 scale has also vali-
dated the cut-off of 10 [70-72]. We then constructed a
binary variable for anxiety to identify participants with
moderate or severe anxiety symptoms [73].

Participants who felt depressed were identified using
a question from the Center for Epidemiologic Stud-
ies Depression Scale (CES-D) [74]: “In the past 7 days,
how often have you felt depressed?” Response options
included: “rarely or none of the time (less than 1 day)’
“some or a little of the time (1-2 days)’, “occasionally or
a moderate amount of the time (3—-4 days)’, and “most
or all of the time (5-7 days)” Participants who reported
feeling depressed 3—4 or more days in the previous week
were classified as experiencing depressive symptoms [74].
Similarly, loneliness was measured with a single item
from the CES-D [74] with the same response options: “In
the past 7 days, how often have you felt lonely?” Partici-
pants were considered to be lonely if they reported feel-
ing lonely for 3—4 or more days in the previous week [74].

Although LCA is a data-driven method, extra steps are
needed to ensure that identified classes are interpretable
and not simply statistical artefacts [75]. We described the
classes and determined the factors that are associated
with the classes.

Alcohol and cannabis use variables

Four variables related to alcohol and cannabis use were
assessed. For alcohol, a binary variable identifying heavy
episodic drinkers was derived based on the responses to
the question: “On how many of the past seven days did
you drink four (if a woman) or five (if a man) or more
drinks on one occasion?” Men who consumed five (four
for women) or more drinks per occasion at least four
days per week were coded as heavy episodic drinkers.
Note that a drink was defined as a 12 oz. bottle of beer
or cider/cooler (5% alcohol content), a 5 oz. glass of wine
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(12% alcohol content), or a straight or mixed drink with
1.5 oz. of liquor (40% alcohol content). The second alco-
hol use question examined whether people’s drinking
increased due to the pandemic. Participants were asked:
“In the past seven days, did you drink more alcohol,
about the same or less alcohol overall than you did before
the COVID-19 pandemic started?” This measure was
coded to reflect an increase in alcohol use as: 0 (much
less, slightly less, or same), and 1 (slightly more or much
more).

For cannabis use, participants were asked: “During the
past seven days, on how many days did you use canna-
bis?” A binary measure was created to reflect any can-
nabis use (use on one or more days) versus no cannabis
use in the past week. Increase in cannabis use was also
measured with the question: “In the past 7 days, did you
use cannabis more often, about the same, or less often
overall than you did before the COVID-19 pandemic
started?” This was coded to reflect an increase in can-
nabis use as follows: 0 (much less, slightly less, or same),
and 1 (slightly more or much more).

Covariates

We included several individual and household covariates:
sex, age (18-39, 40-59 and 60 years or more), marital
status (married/living with a partner, separated/divorced/
widowed and single), educational status (high school or
less, some post-secondary, college degree/diploma and
university degree/diploma), racial group (White and non-
White, i.e., Asian, Black/Indigenous/Arab/Latinos and
other ethnicities), residential environment (urban, sub-
urban and rural), household income (less than $40,000,
$40,000-$79,999, $80,000-$119,999, $120,000 or more,
and ‘prefer not to answer’), having children under 18 in
the household and household composition (living alone
or living with others). We also included a variable indi-
cating the extent of worry experienced regarding con-
tracting COVID-19, based on responses to the question:
“How worried are you that you or someone close to you
will get ill from COVID-19?", with possible responses
provided on a 4-point Likert scale of: “very worried,
“somewhat worried,” “not very worried,” and “not at all
worried” We derived a binary variable to compare those
classified as worried (i.e., very or somewhat worried) ver-
sus those not worried (i.e., not very or not at all worried).
We accounted for time effects by adding a binary variable
for each wave.

Statistical analyses

We used LCA to identify classes of participants with
similar patterns of reported mental health symptoms
during the pandemic. We used the three mental health
indicators (anxiety, depression, loneliness) to divide
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participants into mutually exclusive and exhaustive latent
classes. Using LCA, we estimated the probability for
each participant of being in a particular class based on
their responses to all three indicator items. We used the
gsem command in Stata and specified logit to fit logistic
regression models for all three indicators. We estimated
intercept-only models for each indicator by selecting
the number of latent classes. To determine the optimal
number of latent classes, we estimated latent class mod-
els using different class numbers, and we used Akaike’s
(AIC) and the Bayesian information criterion (BIC) to
select the model with the better fit [76]. We used logis-
tic regression to determine risk factors associated with
latent classes membership.

To assess the associations of latent class memberships
with alcohol and cannabis use, we used multivariate
logistic regression. We adjusted for individual participant
confounders (sex, age, education, marital status, ethnic-
ity, residential environment), household confounders
(income, presence of children, presence of other per-
sons in the home), worrying about getting COVID-19,
and survey wave indicator variables. We tested for sex
differences by including latent class by sex interactions.
We also included latent class by wave interaction terms
to assess whether and how the association of class mem-
bership with alcohol and cannabis use changed over time.
We then calculated the F-test for the joint significance of
interaction terms to detect time/wave effects.

We presented descriptive statistics of the cohort,
including percentages and number of observations. We
also reported adjusted odds ratios (aORs) with 95% con-
fidence intervals (ClIs), and presented results by sex. We
used Stata (version 16.0) for all analyses. The full estima-
tion tables are in the Additional file 2 (Table A.2-3).

Results

A total of 6,021 participants completed the survey across
the six waves, with at least 1,000 participants per wave.
In Table 1, we report the number and the percentage of
participants for each self-reported measure of mental
health symptom, alcohol and cannabis use, participants’
characteristics within each wave, and for the total sam-
ple (all six waves). Overall, the percentage of participants
who reported severe/moderate anxiety, depression, and
loneliness were quite similar across the waves and in the
entire sample (ranging between 19 and 25%, 18—22%, and
20-24%, respectively). Between 12 and 16% of partici-
pants reported using cannabis at least once a week, and
24-27% reported engaging in heavy episodic drinking.
Regarding change in cannabis and alcohol use, a total of
401 (7%) and 1,295 (22%) participants reported having
increased their use of cannabis and alcohol.
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Table 1 Descriptive statistics: Mental health indicators, substance use, and sociodemographic characteristics
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 All waves
Variables n % n % n % n % n % n % n %
Mental health indicators
Moderate/severe anxiety 256 255% 215 215% 196  195% 193 192% 212 21.1% 244 243% 1319 21.9%
Felt depressed 205 204% 212 212% 185 184% 188 187% 213 212% 218 21.7% 1222 20.3%
Felt lonely 233 232% 237 237% 211 21.0% 231 230% 202 20.1% 234 233% 1349 224%
Alcohol and cannabis use
Cannabis use past week 115 115% 130 13.0% 124 124% 131 131% 119 11.9% 160 16.0% 781 13.0%
Heavy Episodic Drinking 238 237% 247 247% 267 266% 271 272% 255 255% 257 257% 1537 256%
Increase in cannabis use 64 64% 70 70% 59 59% 62 6.2% 53 53% 93 93% 401 67%
Increase in alcohol use 253 252% 244 244% 216 21.5% 209 208% 168 16.7% 208 20.7% 1295 21.5%
Covariates
Men 504 50.1% 492 49.1% 501 499% 502 500% 497 496% 492 49.1% 2986 49.6%
Women 498  496% 497 496% 499 497% 492 49.1% 498 49.7% 503 50.1% 2986 49.6%
Living with others 797  795% 788 789% 787 787% 799 799% 797 79.6% 796 79.8% 4763 79.4%
Living alone 205  20.5% 211 21.0% 213 213% 201 20.1% 204 204% 201 202% 1236 20.6%
Presence of children 229 228% 236  236% 237 236% 242 241% 234 233% 216  215% 1397 232%
No children 776 772% 766 764% 768 764% 761 759% 769 767% 787 785% 4624 76.8%
Household income less than $40K 128 127% 121 121% 136 135% 118 118% 116 116% 110 11.0% 729 121%
Household income in $40,000-$79,999 268  267% 236 23.6% 238 237% 235 234% 247 246% 236 235% 1457 242%
Household income in $80,000-$119,999 226 225% 229 229% 220 219% 213 212% 237 236% 241 240% 1367 227%
Household income $120,000+ 217 216% 259 258% 247 246% 252  251% 228 227% 251  250% 1451 241%
Household income missing 166 165% 157 157% 164 163% 185 184% 175 174% 165 165% 1012 16.8%
College 190 189% 211 21.1% 189 188% 204 203% 183 182% 221 220% 1198 19.9%
High school 111 11.0% 104 104% 129 128% 122 122% 119 11.9% 99 99% 686 114%
Post-secondary 159  158% 165 165% 148 147% 162 162% 147 147% 150 150% 933 155%
University 538 535% 516  51.5% 531 528% 502 500% 548 546% 521 51.9% 3155 524%
Non-White 287 286% 271 2710% 294 293% 280 279% 278 27.7% 288 287% 1698 28.2%
White 698 695% 702 701% 691 688% 697 695% 699 69.7% 691 689% 4179 694%
Urban 465  463% 459 458% 485 483% 467 466% 463 462% 474  473% 2812 46.7%
Suburban 382 380% 379 378% 369 367% 365 364% 376 375% 365 364% 2234 37.1%
Rural 158 157% 164 164% 151 15.0% 171 170% 164 164% 164 164% 969 16.1%
Separated 128 127% 132 132% 119 118% 122 122% 113 113% 118 118% 735 122%
Married 613  610% 605 604% 622 619% 634 632% 638 63.6% 653 651% 3763 62.5%
Single 251 25.0% 251  250% 253 252% 233 232% 239 238% 216 21.5% 1445 24.0%
Age 18-39 394 392% 389 388% 394 392% 388 387% 390 389% 392 39.1% 2348 39.0%
Age 40-59 306 304% 312 31.1% 307 30.5% 309 308% 305 304% 305 304% 1842 30.6%
Age 60+ 305 303% 301 300% 304 302% 306 305% 308 30.7% 306 305% 1830 304%
Total respondents 1005 100% 1002 100% 1005 100% 1003 100% 1003 100% 1003 100% 6021 100%

Latent class modeling and identification of classes

Models with one to four latent classes for each wave
and pooled waves were estimated and compared using
the information criteria (see Table A.4 in the Additional
file 2). All three criteria (Log-likelihood, AIC, and BIC)
indicated that the two-class models fit better than other
models. However, we also characterized the three-class
model and estimated the association between the three-
latent class variable and substance use to assess the

sensitivity of the results to the number of classes (results
for the three-class model are in Table A.5-6 in Addi-
tional file 2).

Figure 1 presents the trajectories of the estimated
probabilities for the mental health indicators of the
latent class model across the waves. Panel A of Fig. 1
shows results for the total sample, while panels B and
C show the trajectories for women and men subsample
(the corresponding table is Table A.7 in the Additional



Somé et al. BVIC Psychiatry (2022) 22:306

Page 6 of 13

A: Total sample
90 -y
- -
80 toe=""" s S e S S e
= - i R - o= PR e R )
. . ——— . - . o—
£ P g i S T = —
€ 60
3
S s0
g
8
240
s
§ 30
5 20
g
g 10
& !L";'u";'w'su"a'wum:-uu";'u"’_'"-'"::—’"'_'"_'~~a--.~._'...........-.n..v‘
0
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
4= Class 1: Felt depressed (%) «+ -+ Class 1: Felt lonely (%) = o= Class 1: Felt anxious (%)
== Class 2: Felt depressed (%) a—mm Class 2: Felt lonely (%) —=@= Class 2:Felt anxious (%)
B: Women sample
90 -
———————— ~-
280 e e —h -
52 o Sheccccccccgenme==="" g |
£70 — "-;;_ : - R
T - = —— - - -
Te0 T —
§
250
‘540
2
230
5
320
&
T Beevrerinn
Boreaseaarease e T TP T Y 1
0
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
g Class 1: Felt depressed (%) <+« Class 1: Felt lonely (%) == o= (Class 1: Felt anxious (%)
=@ = Class 2: Felt depressed (%) g Class 2: Felt lonely (%) = o= Class 2:Felt anxious (%)
C: Mensample
90 -4 .o
_ - < - =
80 =T e T ST P
~ ~ ] g - - - - - -
2.0 R SYSAER -
3 . S
S 60 —
g
g 50
S 40
5
< 30
5
220
& 10
oS I A T vt * e vt + e e 4 B B T i e - A S L L+ 7o v«
o]
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6
g Class 1: Felt depressed (%) ««d@++ Class 1: Felt lonely (%) == 9= Class 1: Felt anxious (%)
== Class2: Felt depressed (%)  ==m== Class 2: Felt lonely (%) —=@= Class 2:Felt anxious (%)
Fig. 1 Trajectory plots for depression, anxiety, and loneliness by latent classes across waves for the total sample and by sex

file 2). The largest proportion of participants is found
in Class 1 (73.9-77.1%), with around 22.9-26.1% in
Class 2. Each class corresponds to an underlying sub-
group of participants characterized by a particular
pattern of mental health indicators during the COVID-
19 pandemic. In particular, Class 2 appears to repre-
sent participants with high scores on all three mental
health indicators (anxiety, feeling depressed, and feel-
ing lonely). In this class, participants are more likely
to be depressed, lonely, and anxious, with probabilities
between 0.7 and 0.9, 0.6—-0.7, and 0.7-0.8, respectively.
As such, we will refer to Class 2 as the “high-symptom
class” In contrast, Class 1 contains participants with
low scores on all three mental health indicators, who
have a low probability of moderate to severe anxiety,
feeling depressed, and feeling lonely (probabilities of
0.01-0.03, 0.05-0.09 and 0.04-0.07, respectively). We
refer to Class 1 as the “no/low-symptoms class” The

characteristics of these two classes are consistent across
the six waves. Table A. 5 displays three classes’ results:
no/low-symptoms (68.9% of participants), moderate-
symptoms (14%), and high-symptoms (17.1%).
Sex-specific LCA analyses were conducted to deter-
mine whether the latent classes were different for men
and women. The results reported in panels B and C of
Fig. 1 show that patterns for men and women are simi-
lar to those found for the entire sample, with a “no/low-
symptoms” class and a “high-symptoms” class.

Factors associated with high-symptom class membership

We used logistic regression to identify factors associated
with class membership in the total sample and within
each wave’s data (see Table 2). We regressed the binary
variable that indicated whether individuals were in the
high-symptom class based on individual and household
characteristics. The adjusted odds ratios are reported in
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Table 2. In all six waves, individuals who worried about
contracting COVID-19 were consistently at greater odds
of being in the high-symptom class with aORs (95%CI)
ranging between 1.72 (1.17-2.51) and 3.51 (2.20-5.60).
Additionally, those aged 60+ were consistently less likely
to be in this group relative to people aged less than 40
years, with aORs (95%CI) ranging between 0.26 (0.15—
0.44) and 0.48 (0.29-0.77).

We used the pooled sample to test whether the risk
factors for reporting a high-symptoms level of mental
health varied at different time points by adding inter-
action terms between waves and the explanatory vari-
ables. The results are reported in the Table A.8 in the
Additional file 2. From the pooled sample, we found
that individuals who reported being worried about
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contracting COVID-19 were at greater odds of being
in the high symptoms class (aOR=2.00, 95%CI: 1.32—
3.03). People aged 60+ (aOR=0.35, 95%CI:0.22—-0.56)
and with a household income higher than CAD$80,000:
between $80,000-$119,000 (aOR=0.57, 95%CI:0.33—
0.98) and $120,000+ (aOR=0.37, 95%CI:0.21-0.67)
were less likely than people aged less than 40 years,
and people with a household income less than $40,000,
to be in the high-symptoms class. Across waves the
results also show some heterogeneity, suggesting that
factors associated with class membership varied at
different time points. In Wave 5 (relatively to Wave
6), people with children under 18 in their household
(aOR=2.20, 95%CI:1.22-3.95) and people who lived
in urban area (aOR=2.79, 95%CI:1.43-5.44) were at

Table 2 Factors associated with high-symptoms class membership (Adjusted Odds Ratios)

Wave 1 Wave 2

Wave 3

Wave 4 Wave5 Wave 6

1.58%%% (1.16-2.15)
3.51%%%(2.20-5.60)

1.21(0.88-1.67)
242*%*(1.63-3.60)

Women

Worry about contracting
COVID-19

Living with others 1.07 (0.65-1.78) 0.95 (0.57-1.58)
1.17(0.79-1.73) 1.16(0.79-1.72)

Household income less than - - -
$40,000 (ref)
Household income of
$40,000-$79,999
Household income of
$80,000-5119,999

Household income
$120,000+

Presence of children

0.73 (044-1.22) 0.72(044-1.19)

0.86 (0.50-1.46) 0.40***(0.23-0.71)

0.61(0.35-1.08) 0.23%%%(0.13-041)

1.47**(1.07-2.02)
1.72%%%(1.17-2.51)

1.55 (0.96-2.52)
0.74 (0.48-1.14)

0.69(0.42-1.13)

0.51%%(0.30-0.87)

1.18 (0.86-1.61)
2.50%** (1.66-3.75)

1.63***(1.14-2.32)
3.09%* (1.87-5.09)

1.17 (0.86-1.58)
2.00%**(1.32-3.03)

0.83(0.51-1.35)
1.27 (0.85-1.91)

0.74 (0.44-1.24)
1.96%** (1.26-3.05)

1.15(0.71-1.87)
0.87 (0.58-1.30)

0.97 (0.59-1.62) 0.55**(0.31-0.98)  0.64(0.39-1.07)

0.73 (0.42-1.26) 0.41%%%(0.23-0.75) 0.57**(0.33-0.98)

Household income missing

College diploma (ref)
High school
Post-secondary

University 0.79 (0.53-1.19) 0.98 (0.64-1.49) 0.92 (0.59-1.42)
White (ref.)

Non-White 1.08 (0.77-1.52) 087 (0.61-1.24) 1.17 (0.82-1.68)
Rural (ref)

Urban 1.42 (0.88-2.30) 1.06 (0.65-1.71) 1.21(0.73-1.99)
Suburban 1.23 (0.75-2.02) 1.02 (0.62-1.68) 0.93 (0.55-1.56)
Single (ref)

Separated/ divorced/ 1.30 (0.73-2.29) 1.54 (0.88-2.71) 1.91%* (1.07-341)
widowed

Married 0.90 (0.57-1.41) 1.06 (0.68-1.66) 0.73 (046-1.16)
Age 18-39 (ref)

Age 40-59 0.80 (0.55-1.14) 092 (0.63-1.33) 1.03(0.70-1.51)
Age 60+ 0.39*** (0.25-0.63) 0.26*** (0.15-0.44) 0.36*** (0.22-0.60)
Constant 0.13***(0.05-0.31) 0.39**(0.18-0.84)  0.28*** (0.12-0.61)
Observations 1,002 999 1,000

Pseudo R-squared 0.0752 0.0972 0.0855

0.62(0.35-1.11)

1.11(0.63-1.97)
1.14 (0.69-1.88)

0.39%%%(0.21-0.71)

0.73 (0.39-1.36)
142 (0.85-2.36)

0.29%**(0.16-0.53) 0.87 (0.50-1.51) 0.54** (0.29-0.99)  0.37***(0.21-0.67)
0.47**(0.26-0.84) 0.73 (0.41-1.28) 0.41***(0.22-0.78) 0.57 (0.32-1.03)
0.86 (0.49-1.52) 1.03 (0.58-1.84) 1.81(0.96-3.42) 0.83 (0.46-1.49)

1.09 (0.64-1.86)

0.93 (0.55-1.58)
1.08 (0.72-1.62)

1.18 (0.83-1.68)

0.77 (0.49-1.21)
0.76 (048-1.22)

0.90 (0.51-1.57)

0.54** (0.34-0.87)

0.75(0.51-1.10)

0.48***(0.29-0.77)

0.36%* (0.16-0.80)
1,000
0.0661

1.95%* (1.07-3.58)
1.12(0.70-1.80)

1.04 (0.70-1.53)

1.68 (0.99-2.84)
0.94 (0.54-1.64)

0.64 (0.32-1.27)

0.47%%%(0.29-0.76)

0.96 (0.65-1.42)
0.27***(0.15-0.51)
0.20%** (0.08-0.49)
1,001

0.148

1.21(0.74-1.98)
1.16 (0.79-1.72)

0.92 (0.65-1.30)

0.72 (046-1.11)
0.83 (0.53-1.30)

1.15 (0.65-2.04)

0.78 (0.50-1.24)

0.93 (0.65-1.33)
0.35%**(0.22-0.56)
0.51(0.23-1.12)
997

0.0561

Legend: 95% confidence level in parentheses. Significance level *** p<0.01, ** p <0.05
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greater odds of being in the high symptom class than
those without a child under 18 and those living in rural
area respectively.

Individuals with a household income above $120,000
in Wave 4 were at greater odds of being in the high
symptom class than those with a household income
lower than $40,000 (aOR=2.32, 95%CI:1.04-5.18).
However, these individuals were less likely to experi-
ence a high level of mental health symptoms in the
other waves than individuals in low-income house-
holds — as the other interaction coefficients were not
significant. The aOR for the interaction urban*Wave 1
was 2.79 ( 95%CI:1.43-5.44) suggesting that living in
urban area (relatively to rural area) were associated
with a higher odds of being in the high symptoms class
in Wave 1 compared to Wave 6.

Associations of class membership with alcohol

and cannabis use

The first panel of Table 3 displays associations of class
membership with alcohol and cannabis use in the total
sample and by sex, controlling for socio-demographic
variables and worry about getting COVID-19, as well
as survey wave indicator variables. Individuals in the
high-symptom class had greater odds of using can-
nabis at least once a week and frequently engaging in
heavy episodic drinking (aOR=2.28, 95%CI:1.92-2.70;
aOR =1.71, 95%CI:1.49-1.96) relative to those in the no/
low-symptoms class. Regarding changes in cannabis and
alcohol consumption, results indicated that being in the
high-symptom class was associated with greater odds of
increasing cannabis and alcohol use during the pandemic
(aOR=3.50, 95%CI:2.80-4.37; aOR=2.37, 95%CI:2.06—
2.74). To assess whether the associations of class mem-
bership with alcohol and cannabis use are different for
men and women, the second panel of Table 3 reports
aORs for the interactions of class membership by sex. A
significant interaction was found between class member-
ship and sex for increase in alcohol use; the adjusted odds
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ratio of 0.72 (95%CI 0.54-0.95) suggests that women with
high-symptoms for mental health were at lower odds of
increasing the use of alcohol during the pandemic com-
pared to men in the same class.

Finally, we investigated whether the associations
between class membership and cannabis and alcohol con-
sumption varied across the survey waves or changed over
time. F-tests for all coefficients of interaction terms (class
membership*wave) were performed. Table 4 reports
the results of these tests for the total sample, men and
women. All the F-test results have p-values greater than
5%, except for increase in alcohol use (p-value<0.05 in
the total sample and among men). Overall, this suggests
that the association between class membership and alco-
hol and cannabis use did not vary by survey wave (except
for increase in alcohol drinking). This was true regardless
of which wave was used as the reference (see Table A.9 in
the Additional file 2). For increase in alcohol use, a signif-
icant interaction effect was found between survey waves
and class membership. Compared to Wave 6, individu-
als in the high-symptom class were less likely to increase
alcohol drinking in Wave 1 and 5. Using Wave 1 (Wave
5) as reference, confirmed that the odds of increasing
alcohol drinking in people with high symptoms of mental
health were greater in Wave 6 (aOR=1.64, 95%CI:1.03—
2.61 (aOR =2.30, 95%CI: 1.39-3.79)) (see Table A. 9).

Discussion

We applied latent class analysis to a multi-wave survey to
identify classes of individuals with distinct mental health
symptoms during the COVID-19 pandemic using three
self-reported mental health indicators: anxiety, depres-
sion, and loneliness. We found two classes of individuals:
those with high scores on all three mental health indica-
tors and those with no/low symptoms. The two classes
were consistently identified across survey waves, which
suggested that the classification was robust. Individu-
als in the no/low symptoms class represented between
73.9 and 77.1% of participants, suggesting that a large

Table 3 Associations of class membership with alcohol and cannabis use (Adjusted odds ratios)

Cannabis use

Heavy episodic drinking

Increase in cannabis use Increase in alcohol use

Main model

High-symptom class 2.28***(1.92-2.70) 1.71%%%(1.49-1.96) 3.50%** (2.80-4.37) 2.37%**(2.06-2.74)
Testing associations by sex

High-symptom class 2.54%%%(2.02-3.20) 1.76%%% (1.45-2.14) 4.04%** (3.02-541) 2.83%%% (2.30-3.48)
Women 0.71*%%(0.58-0.87) 0.71%%%(0.62-0.82) 0.73**(0.54-0.99) 1.06 (0.90-1.23)
High-symptom class*women 0.79 (0.57-1.10) 0.94 (0.72-1.23) 0.71 (046-1.10) 0.72** (0.54-0.95)

Odds ratios adjusted for sex, age, marital status, education, ethnicity, living area, household income, the presence of children, and other people in the household (see
the Additional file 2 for the full estimation table). High-symptom class*women represents the interaction term variable between high-symptom class and women

indicator variables

Legend: 95% confidence level in parentheses. Significance level *** p <0.01, ** p <0.05
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Table 4 Adjusted odds ratios from the model with time and latent class membership interaction
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Cannabis use past week

Heavy Episodic Drinking

Increase in cannabis use

Increase in alcohol use

Total sample
High-symptom class

High-symptom class*wave 1 0.95 (0.55-1.65) 1.13(0.72-1.77) 0.61(0.30-1.22) 0.61** (0.38-0.97)
High-symptom class*wave 2 0.82 (0.47-1.42) 0.75(0.48-1.19) 1.03 (0.51-2.04) 0.78(0.49-1.25)
High-symptom class*wave 3 0.93(0.53-1.61) 0.78 (0.49-1.23) 0.75(0.37-1.53) 0.66 (0.41-1.06)
High-symptom class*wave 4~ 0.95 (0.55-1.65) 0.83(0.53-1.31) 0.89 (0.44-1.81) 0.78 (0.48-1.26)
High-symptom class*wave 5 1.24(0.71-2.15) 0.66 (0.42-1.05) 1.29 (0.61-2.74) 0.44*** (0.26-0.72)
F-test chi2 statistics 211 6.96 4.48 12.19

F-test p_value 0.833 0.223 0.483 0.0323

2.34%%%(1.62-3.38)

2.01%%* (1.46-2.76)

3.88%% (2.45-6.16)

3.39%%% (2.42-4.75)

Odds ratios are adjusted for sex, age, marital status, education, ethnicity, living area, household income, the presence of children, and other people in the household

(see the Additional file 2 for the full estimation table and the model specification)

Legend: 95% confidence level in parentheses. Significance level *** p <0.01, ** p <0.05

proportion of participants reported low level of mental
health symptoms. Similar class of participants was found
by applying latent class growth analysis and unstructured
growth mixture models on waves of an internet-based
UK survey data [18, 19]. The high-symptom class was
our class of interest, and it contained around 23-26% of
the participants with a high probability of being anxious,
feeling depressed, and feeling lonely.

The repeated cross-sectional surveys was relevant for
understanding how the set of risk factors for reporting
elevated mental health symptoms changes over time. For
example, we found that living in urban areas increases
the risk of experiencing high level of mental health symp-
toms in Wave 1 (May 2020) relatively to Wave 6 (Novem-
ber-December 2020). This may be due to the fact that
the early outbreaks of COVID-19 have mostly occurred
in urban areas [77], and the existence of a strong corre-
lation between population density and COVID-19 infec-
tions [78, 79]. In addition, we identified two risk factors
that was associated with Wave 5 (compared to Wave 6)
of the survey — living in urban areas and having children
under 18 in the household. Waves 5 and 6 (September
to December 2020) were conducted during the second
wave of COVID-19, with an increasing trend in the num-
ber of new infections and death by COVID-19. The fact
that the provinces reopened schools for in-person learn-
ing in September 2020 (during Wave 5) may explain that
living in urban areas, and having children under 18 at
home were important risk factors for elevated mental
health symptoms at that time. Between November and
December, the number of new cases in Canada was still
increasing to limit the spread of the virus some prov-
inces reintroduced remote learning for children (e.g.,
Alberta, Manitoba in November 2020, Prince Edward
Island in December 2020). Others like Nova Scotia
started implementing their safe back-to-school plan [80].

British Columbia, Ontario, and Quebec provided schools
with resources and the flexibility to offer in-person and
remote learning options well before September 2020 [81].
These interventions to promote remote learning for stu-
dents may explain that having children under 18 years at
home was not a factor increasing the odds of being in the
high-symptom class in Wave 6. However, we acknowl-
edged that this analysis is exploratory, and evaluating the
impact of government interventions is beyond the scope
of this paper.

We also consistently found across the survey waves
(and with the pooled sample) that individuals worried
about getting COVID-19 were more likely to belong to
the high-symptom class, while those aged 60+ were less
likely (compared to younger adults aged less than 40) to
be in this group. The latter result may be due to the nega-
tive psychological impacts of school closures on students
and young parents [82, 83].

Additionally, we showed that high-symptom class
membership was associated with increased odds of using
cannabis and heavy episodic drinking relative to the no/
low-symptoms class. Increases in cannabis as well as
alcohol use were also associated with class membership.
These associations did not change over time, except for
increase in alcohol use.

Our first finding identifies a group of individuals who
experienced high-level mental health symptoms and
suggests that the well-established co-morbidity of anxi-
ety and depression might also coexist with feelings of
loneliness during the COVID-19 pandemic. This find-
ing is consistent with previous studies demonstrating an
association between loneliness, depression, anxiety and
their co-morbidity [29, 30, 84]. The second main find-
ing reveals that worrying about contracting COVID-19
(and/or fear of someone close getting COVID-19) was
the only risk factor for experiencing high-level mental
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health symptoms that was consistent across waves and
pooled data. This result reveals that as the pandemic
unfolded, the fear of contracting COVID-19 was consist-
ently associated with reporting multiple mental health
symptoms, suggesting that the negative impact of the
pandemic on mental health could be reduced by reduc-
ing the fear of COVID-19 within the population. Effec-
tive communication strategies employed during the
pandemic from governments or public health authori-
ties might help enhance people’s long-term psychologi-
cal well-being and mitigate the fear of contracting the
COVID-19 virus [85-87].

The third main finding reveals that people at high-
symptoms level (compared to no/low-symptoms) were
more likely to increase the use of cannabis and alcohol
during the pandemic, suggesting that people with a high-
symptoms level may be turning to substances to help
alleviate negative symptoms. Compared to men, women
with high symptoms levels were less likely to use alco-
hol and cannabis or increase the use of those substances
during the pandemic. However, using alcohol and canna-
bis to deal with symptoms of anxiety and depression or
with life challenges can increase the risk of developing
alcohol or cannabis use disorder, or both [88]. Moreover,
in the longer term, substance misuse can worsen these
emotional disorder symptoms [89-91]. This implies that
treatment programs are needed to better address the co-
morbid disorders in response to the mental health effects
of the pandemic.

The fourth main finding shows that people with high
symptoms of mental health disorders were more likely to
increase their alcohol drinking between November and
December 2020 (Wave 6) compared to May 2020 (Wave
1) and September 2020 (Wave 5), respectively. This may
be explained by the increase in daily COVID-19 cases
has heightened Canadians’ fear of contracting COVID-
19-45.1% and 43.3% of Canadians concerned about
contracting COVID-19 in the workplace in November
and December, respectively [92]. In addition, between
November and December, several provinces have rein-
troduced stronger public health restrictions (e.g., remote
learning for children, restaurants/bars closed and retail
capacity limited, non-essential businesses closed, sports
and recreational programming suspended, etc.) with
Alberta and Ontario implemented lockdown in Decem-
ber [80]. This situation may have exacerbated loneliness,
depression, and anxiety among adult Canadians who may
use more alcohol to cope with these mental health symp-
toms [45-47].

Our findings confirm that mental health and associ-
ated substance use during the pandemic need atten-
tion. They suggest that initiatives (e.g., screening, virtual
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consultation) to improve population mental health and
substance use problems during the pandemic should
be adapted to account for sex and age while prioritizing
men and younger adults. These initiatives should also
integrate effective communication strategies to reduce
people’s fear of contracting the virus and encourage
behaviors that reduce the spread of COVID-19.

These findings should be considered in the context
of several limitations. First, although quota sampling is
the non-probability sampling method that is the clos-
est in representativeness to probability sampling [93],
its non-randomness may lead to potential selection bias
[94]. However, comparing quota and probability sam-
pling, Cumming (1990) [95] found that quota sampling
with age and sex quota controls may be an acceptable
alternative to probability sampling. Second, our results
may not be generalizable to the general population
because the surveys were performed in English only.
Therefore the quota sampling was designed to be rep-
resentative of English-speaking Canadians. As a result,
the French-speaking population of Quebec is underrep-
resented in the study since the majority of the popula-
tion (i.e., 85.4%) only speak French [96]. Additionally,
the sampling method was not designed to provide pro-
vincial-level results, preventing us from analyzing how
inter-provincial variation in alcohol and cannabis policy
and regulations [97-99] and public health restrictions
[80] may affect people’s use of cannabis and alcohol.
Finally, cross-sectional data were collected; therefore,
conclusions regarding causal relationships could not be
made. Nevertheless, the study offers valuable insights
into understanding mental health and substance use co-
morbidities and multi-morbidities during the COVID-19
pandemic.

Conclusions

We identified two important groups of Canadian adults
during the COVID-19 pandemic: the first group with
no/low levels of anxiety, depression, and loneliness, and
the second with high levels of anxiety, depression, and
loneliness during the COVID-19 pandemic who tended
to drink more alcohol and use more cannabis compared
to the first group. This finding suggests that initiatives
and supports are needed to address mental health and
substance use multi-morbidities, particularly during the
COVID-19 pandemic.
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