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Abstract 

Background With the advent of the COVID-19 pandemic, in-person social interactions and opportunities for access-
ing resources that sustain health and well-being have drastically reduced. We therefore designed the pan-Canadian 
prospective COVID-19: HEalth and Social Inequities across Neighbourhoods (COHESION) cohort to provide a deeper 
understanding of how the COVID-19 pandemic context affects mental health and well-being, key determinants 
of health, and health inequities.

Methods This paper presents the design of the two-phase COHESION Study, and descriptive results from the first 
phase conducted between May 2020 and September 2021. During that period, the COHESION research platform 
collected monthly data linked to COVID-19 such as infection and vaccination status, perceptions and attitudes 
regarding pandemic-related measures, and information on participants’ physical and mental health, well-being, sleep, 
loneliness, resilience, substances use, living conditions, social interactions, activities, and mobility.

Results The 1,268 people enrolled in the Phase 1 COHESION Study are for the most part from Ontario (47%) and Que-
bec (33%), aged 48 ± 16 years [mean ± standard deviation (SD)], and mainly women (78%), White (85%), with a uni-
versity degree (63%), and living in large urban centers (70%). According to the 298 ± 68 (mean ± SD) prospective 
questionnaires completed each month on average, the first year of follow-up reveals significant temporal variations 
in standardized indexes of well-being, loneliness, anxiety, depression, and psychological distress.

Conclusions The COHESION Study will allow identifying trajectories of mental health and well-being while investi-
gating their determinants and how these may vary by subgroup, over time, and across different provinces in Canada, 
in varying context including the pandemic recovery period. Our findings will contribute valuable insights to the urban 
health field and inform future public health interventions.
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Background
On January 10, 2020, World Health Organization 
announced the identification of a new strain of corona-
virus, the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), causing a mild to severe respiratory ill-
ness – which may progress to pneumonia and respiratory 
failure – named coronavirus disease 2019 (COVID-19) 
[1]. The first positive case of COVID-19 in Canada was 
reported on January 25, 2020 and a state of health emer-
gency was declared across the country between March 
13 and March 22, 2020, depending on the province [2, 3]. 
Mid-August 2021, there were just over 1.4 million cases 
in Canada and more than 26,700 deaths [2].

Public health measures to control transmission have 
brought vast sectors of economic activity to a halt, lead-
ing to massive unemployment and reductions in income, 
while reducing people’s daily movements and opportuni-
ties for in-person social interactions [4]. This has affected 
people’s opportunities and access to resources that 
sustain mental health and well-being. The COVID-19 
conditions reinforce the role of various social and envi-
ronmental health determinants, with differential impacts 
on the mental health and well-being of populations, 
depending on age [5], gender [6], housing conditions [7], 
education [8], job type [9], income [10], or ethnic back-
ground [11–13] and, more generally, social and environ-
mental contexts [14, 15].

COVID-19 conditions including lockdown, curfew 
and physical distancing measures reduce social con-
tacts, increase social isolation and feelings of loneliness, 
and decrease levels of social support; these dimensions 
directly influence well-being and mental health [16, 17]. 
Canadian data shows pandemic-related increases in 
social isolation, domestic violence and anxiety [18], with 
certain groups such as teens, older adults, women and 
racialized communities particularly at-risk [19]. Daily 
mobility and related physical activity are reduced through 
confinement measures and reduced activity spaces have 
been linked to depressive symptoms [20, 21] and sleep 
troubles [22]. Walkable environments and access to 
green space are key environmental conditions linked to 
positive health outcomes including physical activity and 
well-being [23]. With shrinking activity spaces and policy 
constraints curbing daily mobility, the role of residential 
living conditions is further amplified.

Marginalized populations often bear the burden of 
poor social and environmental living conditions and 
have been shown to be disproportionately affected by 
the socio-economic impacts COVID-19 [24, 25]. Over-
crowding or living in inadequate dwellings are important 
determinants of mental health and well-being; moreover, 
prolonged exposure to home environments during lock-
down conditions further exacerbate these impacts [26, 

27]. Economic hardship, which is linked to income reduc-
tion and job instability, has heavily contributed to the 
mental health burden of Canadians, and is also related to 
housing instability and food insecurity [28, 29]. In turn, 
detrimental health behavior such as alcohol or other sub-
stance use are increasing and are linked to poorer mental 
health outcomes [30].

In total, there is an urgent need to better understand, in 
particular, how the unintended long-term consequences 
of COVID-19 pandemic and mitigation measures, con-
textual conditions (e.g., housing conditions, neighbor-
hood characteristics), and behavior (e.g., mobility, social 
interaction, sleep) are linked to mental health and well-
being trajectories. Furthermore, impacts are likely to vary 
between population groups (for instance, according to 
gender, age, racialized communities, or deprivation level).

We developed the pan-Canadian COVID-19: HEalth 
and Social Inequities across Neighbourhoods (COHE-
SION) Study to better understand how the COVID-19 
pandemic affects health, key determinants of health, 
and health inequities, with a focus on mental health and 
well-being. This study will provide longitudinal evidence 
of how these change over time and across different prov-
inces in Canada.

COHESION adopts a built environment and health 
framework (Fig. 1) recently published by its team mem-
bers [31]. This framework positions mental health at the 
intersection of individual level attributes, health behav-
iours, and contextual factors. Contextual, or neighbour-
hood factors include physical (e.g. accessibility to green 
space, transportation infrastructure, and other health-
promoting resources), and social characteristics (e.g. 
social deprivation, social cohesion). These factors directly 
influence mental health, but their primary impact is indi-
rect, mediated through behavioural pathways. Figure  1 
highlights the critical disruption points triggered by the 
COVID-19 pandemic.

In the context of the COVID-19 pandemic, the COHE-
SION Study aims:

• evaluating the direct impact of physical and social 
neighborhood characteristics on mental health and 
well-being trajectories, while controlling for individ-
ual-level health behaviors and socio-demographics;

• evaluating if and how physical and social neighbor-
hood characteristics may modify the associations 
between individual-level predictors and mental 
health and well-being trajectories.

The current paper has two main objectives: (i) to pre-
sent the design and methods used in the two phases of 
the COHESION study, and (ii) to present descriptive sta-
tistics from the longitudinal follow-up of the study’s first 
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phase, as a basis to discuss cohort characteristics and 
methodological issues.

Methods
Study design and recruitment
The two-phase COHESION Study is a pan-Canadian 
prospective cohort study. COHESION Phase 1 was con-
ducted between May 2020 and September 2021. COHE-
SION Phase 2 will be launched in May 2022. All Phase 1 
participants will be invited to participate in Phase 2, and 
additional recruitments (n = 10,000) will be done.

After consenting to participate to the study, partici-
pants are invited to fill a short eligibility questionnaire. 
Inclusion criteria are being aged 15 years or above, cur-
rently residing in Canada, and reading or speaking Eng-
lish or French. Eligible participants are then invited to 
complete a baseline questionnaire.

The recruitment for COHESION Phase 1 was launched 
on May 11 2020. We used a combination of methods 
that have proven successful from previous experience 
in recruiting population-based research project samples 
[33], including media communication (e.g., newspaper 
articles, radio interviews), social media promotion (e.g., 
Facebook, Twitter, Instagram, and LinkedIn), and out-
reach through partners’ local networks (e.g., local health 
authorities that relayed the study on their website or 
through their newsletters).

For COHESION Phase 2, we will further use quota 
sampling at the health region level, based on 2016’s Cen-
sus data (i.e., age composition, gender, income, educa-
tional attainment, and ethnic background). We engaged 
Potloc Inc., a tech-enabled consumer research com-
pany that conducts survey sampling through social net-
works (Facebook, Twitter, Instagram, LinkedIn), for 

Fig. 1 Conceptual model of the COHESION Study. Adapted from Wasfi & Kestens (2021) [32]
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geo-targeting of respondents based on the sampling quo-
tas. Potloc Inc.’s algorithm will push sociodemographic 
and geographically targeted online ads to our study until 
local quotas are attained (targets are monitored daily) 
and that 10,000 participants have thereby been enrolled. 
Furthermore, a geographical oversampling (n = 1,000) 
will be conducted in Nord-de-l’Île-de-Montréal (NIM) 
territory (Quebec), in partnership with the NIM’s inte-
grated health and social services center (CIUSSS-NIM).

Enrollment and participation in the two-phase COHE-
SION Study are voluntary, and a raffle of three prizes 
($100 gift cards) is drawn every month for active partici-
pants for the duration of the study.

Data collection
In the subsequent paragraphs, we will explicitly indicate 
whether the information discussed pertains to Phase 1, 
Phase 2, or both phases to provide clarity for the reader.

Involvement options
For both study’s phases, two levels of involvement are 
proposed. Participants can opt for: (i) participating in 
the online self-administered questionnaires only (base-
line + invitation to follow up questionnaires); or (ii) 
participating in the questionnaires and downloading a 
mobile phone application to provide additional active 
and passive data (cf. 3.2.5).

Baseline questionnaires
Through the COHESION Study Phase 1 baseline ques-
tionnaire (35–45  min), participants report on: their 
sociodemographic characteristics (e.g., gender, ethnic or 
cultural background, education level, employment sta-
tus, income, relationship status, and household composi-
tion); housing condition (e.g., house tenure, dwelling type 
and size, outdoor space) and satisfaction; physical (e.g., 
chronic disease diagnosis) and mental health conditions 
(e.g., anxiety and depression), and substance use (alco-
hol, tobacco, vape, and cannabis); COVID-19 infection 
status, vulnerability towards COVID-19, perception of- 
and compliance with COVID-19 mitigation measures, 
and pre-pandemic employment, income, substances use, 
loneliness, resilience, and social interactions. Addition-
ally, a map-based questionnaire collects data on activity 
locations and social contacts (cf.   Fig.  2). For parents, a 
supplementary module on mental health and perceptions 
of COVID-19 mitigation measures concerning adoles-
cents and children who live in the household is adminis-
tered (participants answer on behalf of children in their 
household).

The COHESION Study Phase 2 baseline question-
naire will consist in one core (10 min) and two optional 
complementary Sect.  (15  min each). The core baseline 

questionnaire includes: sociodemographic characteristics 
and key housing conditions; COVID-19 vaccination sta-
tus, perceptions of COVID-19 pandemic and related mit-
igation measures; standardized modules assessing general 
health (first item of the 12-item Short-Form Health Sur-
vey) [34], well-being (5-item World Health Organiza-
tion Well-Being Index, WHO-5 Index) [35], sleep credit 
(Pittsburgh Sleep Quality Index, PSQI, 4 items only) 
[36], and psychological distress (Psychological Distress 
Scale, Kessler-6) [37]; and an outdoor mobility and social 
interactions module. Optional complementary baseline 
sections include the map-based questionnaire on activ-
ity locations and social contacts (cf. 3.2.4) and addi-
tional in-depth questions on relevant themes: additional 
items retrieved from the Phase 1 baseline questionnaire 
(it means all items not already included in the Phase 2 
core baseline questionnaire); standardized modules on 
loneliness (University of California Los Angeles, UCLA, 
3-item loneliness score) [38], anxiety symptoms (7-item 
Generalized Anxiety Disorder, GAD-7) [39], depression 
symptoms (9-item Patient Health Questionnaire, PHQ-9) 
[40], resilience (6-item Brief Resilience Scale) [41], sense 
of belonging (Canada Community Health Survey, CCHS) 
[42], and physical activity (Godin Leisure-Time Exercise) 
[43]; items for assessing conspiracy beliefs.

Slightly shorten versions of the Phase 2 baseline ques-
tionnaires (i.e., excluding questions about birth, cultural 
background, etc.) have been provided for participants 
coming from Phase 1 and wishing going on Phase 2.

Follow‑up questionnaires
Follow-up questionnaires of the COHESION Study are 
short questionnaires (15  min). For Phase 1, they were 
first offered biweekly until August 2020, then monthly. 
COVID-19-related topics cover infection and/or vacci-
nation status, perceived vulnerability, perception of and 
compliance with mitigation measures, position regard-
ing vaccination, and conspiracy beliefs. Health-related 
questions focus on general health (SF-12, first item) [34], 
well-being (WHO-5 Index) [35], sleep credit (PSQI, 4 
items only) [36], loneliness (UCLA 3-item loneliness 
score) [38], anxiety symptoms (GAD-7) [39], depres-
sion symptoms (PHQ-9) [40], psychological distress 
(Kessler-6) [37], and sense of belonging (CCHS) [42] 
(Table  1). Employment status, household income, and 
substance use are also documented. Additionally, partici-
pants are asked at each follow-up about any changes con-
cerning their place of residence and housing conditions. 
Supplementary module on mental health and percep-
tion of COVID-19 mitigation measures concerning chil-
dren or adolescents living at home is administered when 
applicable.
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For Phase 2, follow-up questionnaires will be split in 
a core (‘light’) and an optional complementary (‘com-
plete’) sections, and will be offered every two months. 
It will include the same questions as for Phase 1, adding 
a standardized module for assessing physical activity 
(Godin Leisure-Time Exercise Questionnaire) [43].

Questions can vary between follow-ups, depending 
on the situation and priorities raised by the research 
team and our public health partners. Thus, these addi-
tional themes can focus on health insecurity (i.e., access 
to health care, prescriptions and medicine) [44], sleep 
troubles (PSQI) [36], food insecurity (10-item Health 
Canada Household Food Security Module) [45], and 
children’s difficulties (if any) [45].

For Phase 1, follow-up questionnaire waves are named 
according to their week and year of release (for instance, 
“20/26” for the follow-up questionnaire proposed to par-
ticipants in the 26th week of 2020).

Use of VERITAS‑Social to collect daily mobility and social 
interaction data
One of the specificities of COHESION is that it inte-
grates, in baseline and follow-up questionnaires of the 
two phases, the Visualization and Evaluation of Route 
Itineraries, Travel destinations, Activity spaces and 
Social interactions (VERITAS-Social) questionnaire. 
For COHESION, it was adapted to locate a possible list 
of up to 20 activities carried out during the past seven 

Fig. 2 Collecting data on living and activity places with VERITAS-Social. Screenshot from the VERITAS application (map-based survey tool – 
permission given from Polygon Inc.) for a fictional participant; the house icon locates the participant’s residential address and the pin icons 
symbolize the visited places located by the participant
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days (Fig. 2). As previously described, VERITAS-Social 
is an interactive map-based questionnaire that jointly 
collects an individual’s social network and activity loca-
tions [46]; it is an adaptation of the VERITAS tool, an 
interactive questionnaire for geo-locating places, and 
related information of interest (e.g., frequency of visit, 
transportation modes used) [47]. It uses a Google Map 
module to facilitate the location of activity places. The 
social module asks if an activity location is generally 
visited alone or with someone else; participants can 
identify one or more individuals, or a group of people 
(see S1a-b Figs). In other words, it is a name genera-
tor that identifies network members based on their co-
presence at reported destinations [48]. Data on network 
members include age, gender, type of relationship (e.g., 
friend, acquaintance), frequency of interactions, and 
duration of the relationship; for groups, data includes 
the number of people in the group, and the duration of 
the relationship.

Once all activities, corresponding locations, and all 
people with whom these activities are carried out have 
been reported, participants are asked to identify mem-
bers of their social network from whom they receive 
support or with whom they enjoy spending time with, 
including members who may not have been reported 
among the people seen at usual activity venues. Finally, 
participants were able to indicate interpersonal rela-
tionships between network members (i.e., who knows 
whom), and whether some specific individuals belonged 
to documented groups.

In Phase 1, the VERITAS-Social questionnaire was 
mandatory for all participants. To optimize the repre-
sentativeness of our sample, we adapted our approach in 
Phase 2 by making this questionnaire optional.

Optional mobile application
Participants enrolling in the mobile phone arm of the 
study were invited to download Ethica Data mobile appli-
cation (cf. 3.2.1), used successfully in previous research 
projects [49]. Once installed and launched, the applica-
tion passively monitors location and mobility (e.g., sta-
tionary, in vehicle, walking, or biking) using GPS data 
(1  min of data collected every 5  min), physical activity 
(step counter), and social contacts (other smartphones), 
derived from listings of other Bluetooth discoverable 
devices in the participant’s surroundings (for more details 
see [50]). The app further prompts participants to com-
plete Ecological Momentary Assessment (EMA) ques-
tionnaires three times a day for one week every month. 
EMA questionnaires include short self-reports (< 1 min) 
on well-being, sleep, mood (Short Mood Scale, 6 items) 
[51], and social interactions (see S2 Fig).

Environmental data
Because some of the data collected is spatial (e.g. place 
of residence, VERITAS-Social locations, mobile app 
GPS data), we are able to add area-level environmental 
data to our dataset. This allows to explore links between 
individual-level measures and social and environmen-
tal contextual conditions. Numerous environmen-
tal datasets covering Canada are available through the 
Canadian Urban Environmental Health Research Con-
sortium (CANUE), which can be linked to our dataset 
using the 6-position postal code – a key identifier for all 
participants.

Contextual variables of interest include measures of 
neighborhood deprivation, such as the Material and 
Social Deprivation Indices (MSDI; data 2016) available 
at the Canadian Census dissemination area level (i.e., the 
smallest Canadian standard geographic area, with a pop-
ulation of 400 to 700 persons) [52]. These two composite 
indexes combine Census data on educational attainment, 
employment ratio, average income, and household 
composition.

The urbanization degree is measured using Statis-
tics Canada classification (at the four-digit code area 
level; data 2016), based on the number of inhabitants in 
population centers [53]. “Small”, “medium” and “large” 
urban population centers correspond to areas embracing 
between 1,000 and 29,999, between 30,000 and 99,999, 
and 100,000 and more inhabitants, respectively, while 
“rural area” is a residual value gathering all areas located 
outside population centers.

Greenness is evaluated using the growing season Nor-
malized Difference Vegetation Index (NDVI) (at the 
six-digit code area level; data 2019), based on Landsat 8 
satellite data [54, 55].

Area-level walkability is measured using the Canadian 
Active Living Environments (CAN-ALE) database [56].

Additional localized and temporalized data on COVID-
19 pandemic conditions, including lockdowns, curfews, 
vaccination plan, number of cases, and emergence of var-
iants is also available through the Canadian Institute for 
Health Information (CIHI) compilation [57].

Ethics and data management plan
Before completing the eligibility questionnaire, poten-
tial participants are first invited to read the consent form 
and provide an electronic written consent to participate 
in the study. Informed consent was then obtained from 
all subjects and/or their legal guardian(s). In Phase 2, a 
second consent will be required from participant wish-
ing to register for the prospective follow-ups after having 
completed baseline questionnaire. Phase 1 COHESION 
was approved by the ethics board of the Centre de 
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Recherche du Centre Hospitalier de l’Université de Mon-
tréal (CRCHUM; MP-02-2021-8924) and by the Public 
Health Agency of Canada (PHAC) ethical review board 
(REB 2020-016P). Phase 2 COHESION was approved by 
both the ethics board of the Centre Intégré Universitaire 
de Santé et de Services Sociaux du Nord-de-l’Île-de-Mon-
tréal (CIUSSS-NIM ; 2022–2327) and PHAC (REB 2020-
016P). All methods used in the project were carried out 
in accordance with relevant guidelines and regulations.

For data security and privacy proposal, all data are 
hosted on Compute Canada servers with secondary 
backups on hospital-grade internal servers. All data has 
been stripped from any personally identifying informa-
tion, with only the principal investigator being able to 
track the records back to one participant. Researchers 
can access anonymized individual level records by con-
necting directly through a Secure Shell (SSH) to the data-
base hosted on Compute Canada (a SSH allows remote 
machines accessing data in a secure way since the con-
nection is encrypted). They can also access aggregated 
data for analysis through a secure online platform hosted 
by Tableau [58]. A document listing all the data manage-
ment policies governing data access and storage has been 
submitted to the ethic board for approval.

Results
Recruitment and participants
Among the 2,557 people who completed the COHESION 
Phase 1 eligibility questionnaire, 2,346 (92%) met the 
selection criteria (Fig. 3). Among these ones, 1,268 (54%) 
completed the baseline questionnaire and have been 
enrolled in the COHESION Study, and among the lat-
ter, 557 (44%) opted for the Ethica mobile application in 
addition to the online self-administered questionnaires. 
Although recruitment was continuously open during the 
Phase 1 timespan, the major part of participants joined 
the study during the first months following the study 
launch: 832 (66%) recruitments after three months of fol-
low-up, 1,136 (90%) after six months (Fig. 4).

COHESION Phase 1 participants are distributed all 
across Canada; they live mainly in Ontario (597, 47%) 
and Quebec (417, 33%) (Fig. 5), and 910 (72%) declared 
English as their first language. They are in average 48 ± 16 
years (mean ± standard deviation, SD) and are mainly 
women (78% [vs. 50% in the total Canadian population]), 
White (85% [vs. 72%]), born in Canada (85% [vs. 78%]), 
with university or post-graduate level degree (63% [vs. 
28.5%]), and in a relationship (67% [vs. 58%]) (Table  2). 
The majority of participants are homeowners (62%) and 

Fig. 3 Flow chart of participants’ recruitment to the COHESION Study Phase 1 (June 2020 to July 2021)
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reside in a house (66%), living with their partner or family 
(74%). Most do not have children living at home (72%), 
have access to private outside space (97%), and own pets 
(56%), and are located in large urban centers (i.e., areas 
with over 100,000 inhabitants). However,ugh participants 
exhibit considerable contrasts in the greenness of their 
home surroundings and the level of material and social 
deprivation in their neighborhoods (Table 3). In descend-
ing order, participants employed (58%), retired (19%), 
unemployed (14%), on leave or disabled (5%), or students 
(2%). The majority are satisfied with their household 
annual income (77%) (Table  2). Regarding their health, 
44% have been affected by at least one physical chronic 
disease (i.e., heart disease, lung disease, cancer, high 
blood pressure, diabetes, severe obesity, and/or autoim-
mune disease), and 35% have been affected by at least 
one mental chronic disease (i.e., depressive disorder and/
or anxiety disorder). A monthly consumption of alcohol, 
cigarettes and/or vape, and cannabis was reported by 
72%, 14%, and 18% of participants at baseline, respec-
tively. Lastly, they are 27% and 38% considering their 
selves and/or someone in their household at a high risk 
of being infected by- or of complications of COVID-19, 
respectively.

Prospective follow-up and attrition
Throughout the first year of follow-up, i.e., from May 
2020 to July 2021, up to 17 follow-up questionnaires were 
administered to participants (Fig. 4), and 758 (60%) par-
ticipants completed at least one (Fig.  3). Depending on 
their date of recruitment, participants were contacted 
between one and seventeen times as part of the prospec-
tive follow-up waves (Fig. 4), and they filled out in average 
29% ± 36% (mean ± SD) of the follow-up questionnaires 
they received. Among the first year of follow-up, in aver-
age 298 ± 68 participants completed the follow-up ques-
tionnaire by wave (Fig. 6, see S1 Table).

Attrition rate throughout the Phase 1 follow-up 
appeared statistically distinct in some specific groups 
(Table  4). The older the participants were and the 
higher the education level was, the less the attrition was 
(p < 0.001 and p = 0.069, respectively); average age was 
50 ± 16 years and 45 ± 16 years (mean ± SD) in people par-
ticipating or not in the longitudinal follow-up, respec-
tively (p < 0.001). Attrition appeared higher in employed 
people and lower in retired ones (p < 0.001) (Table  4), 
and also higher in people living in family (p = 0.005), 
with children (p = 0.013), with pets (p = 0.001), in a house 
(p = 0.001), and not owner (p = 0.001) (see S2a Table). 

Fig. 4 Timeline of recruitment of the COHESION Study Phase 1 participants (N = 1,268). Follow-up questionnaire waves are named according 
to their week and year of release (for instance, “20/26” for the follow-up questionnaire proposed to participants in the  26th week of 2020)
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Table 2 Description of COHESION Study Phase 1 participants, at 
recruitment (N = 1,268)

Characteristics N Percent

Demographics
 Age category
  15-24 103 8.1 %

  25-34 231 18.2 %

  35-44 227 17.9 %

  45-54 230 18.1 %

  55-64 282 22.2 %

  ≥65 195 15.4 %

 Gender
  Woman 985 77.7 %

  Man 243 19.2 %

  Other identity 40 3.2 %

 Ethnic or cultural group
  White 1,080 85.2 %

  Other group 188 14.8 %

 Born in Canada
  Yes 1,073 84.6 %

  No 195 15.4 %

 Education level
  School degree 179 14.1 %

  College degree 278 21.9 %

  University degree 408 32.2 %

  Post-graduate degree 393 31.0 %

  Unknown / Not answered 10 0.8 %

 Employment
  Employed, full-time 545 43.0 %

  Employed, part-time 148 11.7 %

  Self-employed 36 2.8 %

  Unemployed 183 14.4 %

  Retired 245 19.3 %

  On leave / Disabled 59 4.7 %

  Student 24 1.9 %

  Other 28 2.2 %

 Relationship
  In a relationship / Married 847 66.8 %

  Single 282 22.2 %

  Separated / Divorced / Widowed 135 10.6 %

  Other 4 0.3 %

Household characteristics
 Household composition
  Alone 274 21.6 %

  With my family 482 38.0 %

  With my partner 451 35.6 %

  Other 61 4.8 %

 Children (living at home)
  0 918 72.4 %

  1 155 12.2 %

  2 137 10.8 %

  ≥3 58 4.6 %

Table 2 (continued)

Characteristics N Percent

 Household annual income
  <$21,000 153 12.1 %

  $21,000-$36,000 173 13.6 %

  $36,000-$48,000 141 11.1 %

  $48,000-$96,000 337 26.6 %

  ≥$96,000 279 22.0 %

  Unknown / Not answered 185 14.6 %

Characteristics N Percent
Satisfaction regarding income/needs
 Very well 453 35.7 %

 Well 522 41.2 %

 Not well 271 21.4 %

 Unknown / Not answered 22 1.7 %

Pet ownership
 Yes 693 56.4 %

 No 536 43.6 %

Housing
 House tenure
  Owner 786 62.0 %

  Renter 382 30.1 %

  Other 69 5.4 %

  Unknown / Not answered 31 2.4 %

 Dwelling type
  House 833 65.7 %

  Apartment / Condo 419 33.0 %

  Other 12 0.9 %

  Unknown / Not answered 4 0.3 %

 Private outside space
  Yard or nature 963 78.4 %

  Balcony or terrace 225 18.3 %

  No 41 3.3 %

General health
 Chronic physical disease
  Yes 557 43.9 %

  No 688 54.3 %

  Unknown / Not answered 23 1.8 %

 Chronic mental disease
  Yes 441 34.8 %

  No 794 62.6 %

  Unknown / Not answered 33 2.6 %

Substance use
 Alcohola

  No 352 27.8 %

  At least once a month 245 19.3 %

  At least once a week 465 36.7 %

  At least once a day 206 16.2 %

 Cigarettes and/or vapea

  No 1,095 86.4 %

  At least once a month 16 1.3 %
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Lastly, people with a chronic physical disease (p = 0.039) 
or at a high risk of being infected by the COVID-19 
(p = 0.001) were less prone to participate to the follow-
up. No contrast was noticed according to substance use 
or residential social and environmental components (see 
S2a-b Tables).

Well-being and mental health
From June 2020 to July 2021, we administered to partici-
pants well-being, sleep credit, loneliness, anxiety, depres-
sion and psychological distress -related standardized 
modules 5, 9, 13, 8, 8, and 11 times, respectively (Table 1). 
During this period, each thematic module was completed 
at least once by 481 (38%), 630 (50%), 658 (52%), 612 
(48%), 612 (48%), and 692 (55%) Phase 1 participants, 
respectively (see S3a-b Tables).

 The median of the 5-WHO well-being Index ranged 
from 44% (interval interquartile, IQR: 24–65; wave 21/27) 
to 52% (IQR: 32–72; wave 20/52) depending on the wave. 
Well-being appeared decreasing waves after waves, the 
median index value from the last two administered waves 
(21/23 and 21/27, corresponding to June and July 2021), 
being significantly lower than those from the initial three 
waves (20/52, 21/15, and 21/19, corresponding to Decem-
ber 2020, April, and May 2021, respectively) (Fig. 7a; see 
S4a Table). Sleep duration remained stable throughout 
the first year of the Phase 1 follow-up (mean ± SD: from 
7.9 ± 1.3 to 8.0 ± 1.4  h; waves 21/23 and 20/30, respec-
tively), with no statistically changes observed. During the 
prospective follow-up, the median of the UCLA 3-item 
loneliness score oscillated between 5 (IQR: 3–6; wave 
21/27) and 6 (IQR: 4–7; wave 21/15). These variations 

were statistically significant, with heightened feeling of 
loneliness occurring from October 2020 (wave 20/44) to 
April 2021 (wave 21/15), except for wave 20/52, which 
coincided with the holiday season. Moreover, all UCLA 
3-item loneliness scores during the follow-up were signif-
icantly higher than the retrospectively assessed median 
score for the pre-pandemic period (4; IQR: 3–6).

Concerning mental health, the first year of Phase 1 fol-
low-up showed statistically significant changes between 
questionnaire waves in reporting of anxiety symp-
toms, depression symptoms, and psychological distress 
(Fig. 7b; see S4b Table). The GAD-7 median score ranged 
from 4 (IQR: 1–7; wave 21/27) to 5 (IQR: 2–10; wave 
21/15), while the PHQ-9 median score varied between 4 
(IQR: 1–7; wave 21/27) and 6 (IQR: 3-9.3; wave 20/30). 
For both composite indexes, the lowest median value 
was observed in wave 21/27 (2021, July), with some 

Table 2 (continued)

Characteristics N Percent

  At least once a week 11 0.9 %

  At least once a day 146 11.5 %

 Cannabisa

  No 1,036 81.7 %

  At least once a month 88 6.9 %

  At least once a week 57 4.5 %

  At least once a day 87 6.9 %

COVID-19b

 At a high risk of being infected
  Yes 327 26.6 %

  No 902 73.4 %

At a high risk of complications
  Yes 465 37.8 %

  No 764 62.2 %
a During the month before completing baseline questionnaire.
b Participant and/or someone in his/her household.

Table 3 Residential social and environmental measures (N = 
1,268)

a According to Statistics Canada classification, “small”, “medium” and “large” 
centers correspond to areas including between 1,000 and 29,999, between 
30,000 and 99,999, and 100,000 and more inhabitants, respectively, while “rural 
area” is a residual value gathering all areas located outside population centers (at 
the four-digit code area level; data 2016) [52].
b Quintiles of the growing season Normalized Difference Vegetation Index 
(NDVI) in the COHESION Study cohort (at the six-digit code area level; data 2019) 
[53, 54].
c Quintiles of the distribution over the whole Canadian territory (at the Canadian 
Census dissemination area level; data 2016) [51].

Indexes N Percent

Urbanization degree=a

 Large center 891 70.4 %

 Medium center 102 8.1 %

 Small center 138 10.9 %

 Rural 135 10.7 %

Surrounding greenness (NDVI)b

 <0.28 254 20.1 %

 0.28-0.36 259 20.5 %

 0.36-0.43 266 21.0 %

 0.43-0.51 233 18.4 %

 ≥0.51 253 20.0 %

Material deprivation indexc

 Quintile 1 295 24.5 %

 Quintile 2 279 23.2 %

 Quintile 3 257 21.4 %

 Quintile 4 203 16.9 %

 Quintile 5 169 14.0 %

Social deprivation indexc

 Quintile 1 162 13.5 %

 Quintile 2 162 13.5 %

 Quintile 3 199 16.5 %

 Quintile 4 251 20.9 %

 Quintile 5 429 35.7 %
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Fig. 5 Geographical distribution of COHESION Study Phase 1 participants across Canada (N = 1,268). Figure obtained from “maps” R package

Fig. 6 Participation in Phase 1 of the COHESION Study, baseline and follow-ups (June 2020 to July 2021; N = 1,268). Follow-up questionnaire waves 
are named according to their week and year of release (for instance, “20/26” for the follow-up questionnaire proposed to participants in the  26th 
week of 2020). Green flow shows participants responding for the first time to a follow-up questionnaire, blue flow shows participants responding 
again to a follow-up questionnaire, and grey flow shows participants not responding to follow-ups
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statistically significant differences noted among the 
waves. Lastly, the Kessler-6 psychological distress median 
score oscillated between 4 (IQR: 1–9; wave 20/52) and 5 
(IQR: 2–10; wave 20/44); numerous comparisons of the 

psychological distress median scores from wave 20/52 
(2020, December) to other waves showed statistically sig-
nificant contrasts.

Discussion
Overview of findings
More than 1,200 people enrolled in the Phase 1 of the 
pan-Canadian COHESION cohort, and about 60% of 
them participated in the prospective follow-up. The 
COHESION Study overrepresents women, White and 
graduated people. The first year of follow-up reveals sig-
nificant temporal variations in standardized indices of 
well-being, loneliness, anxiety, depression, and psycho-
logical distress.

Challenges. Lessons learned from phase 1, and proposed 
adaptations for phase 2
Addressing attrition
Loss to follow-up is an issue in any longitudinal study. 
In Phase 1, attrition was related to age, education level, 
employment, housing conditions, and some health con-
ditions, similar to other longitudinal studies [59, 60]. To 
try to reduce attrition in Phase 2 and better retain those 
that are at greatest risk of loss to follow-up, we have 
devised the following strategies: (1) Reminders: Our 
questionnaire platform provides automated reminders 
for online follow-up survey completion including for 
EMA; (2) Flexibility: Phase 2 will offer easier participa-
tion options, relying on a multi-stage on-boarding pro-
cess, which includes a short initial 10-min questionnaire 
and easy-to-sign-up longitudinal follow-ups, with possi-
ble ‘light’ or ‘complete’ choices. To increase accessibility, 
participation and retention (notably with younger partic-
ipants), we have also optimized the online questionnaire 
for ease of use through smartphones. (3) Gifts: While 
enrollment and participation to the COHESION Study 
are free and voluntary, a lottery of 3 monthly prizes ($100 
gift cards) is organized for active participants. In Phase 
2, participants who choose the full participation (by 
completing the optional follow-up questionnaire mod-
ules) will be entered twice in the raffle to increase their 
chance of winning. (4) Improved feedback: In Decem-
ber 2020, an opinion survey was sent to participants to 
gather feedback on the experience of COHESION Study 
Phase 1, including on perceived complexity, length, and 
usability of the questionnaires, interest in surveyed top-
ics, interactions with the mobile application. Sugges-
tions for improvement included better messaging on the 
purpose of the study, including through regular updates 
and better recognition of their contribution, and shar-
ing stories to increase the sense of belonging. These ele-
ments were considered when re-designing the study for 
Phase 2, in collaboration with the Center of Excellence 

Table 4 Attrition in the COHESION Study Phase 1, and 
comparison of participants enrolling or not in the prospective 
follow-up according to demographics (N = 1,268)

a Chi-square test (or Fisher exact test for low numbers).

Participating 
in follow-ups 
(N = 758)

Participated 
in baseline 
only (N = 
510)

Characteristics N Percent N Percent p-valuea

Age category <0.001

 15-24 47 6.2 % 56 11.0 %

 25-34 120 15.8 % 111 21.8 %

 35-44 134 17.7 % 93 18.2 %

 45-54 131 17.3 % 99 19.4 %

 55-64 183 24.1 % 99 19.4 %

 ≥65 143 18.9 % 52 10.2 %

Gender 0.63

 Woman 591 78.0 % 394 77.3 %

 Man 146 19.3 % 97 19.0 %

 Other identity 21 2.8 % 19 3.7 %

Ethnic or cultural group 0.64

 White 649 85.6 % 431 84.5 %

 Other group 109 14.4 % 79 15.5 %

Born in Canada 0.12

 Yes 631 83.2 % 442 86.7 %

 No 127 16.8 % 68 13.3 %

Education level 0.069

 School degree 94 12.4 % 85 16.7 %

 College degree 169 22.3 % 109 21.4 %

 University degree 235 31.0 % 173 33.9 %

 Post-graduate degree 254 33.5 % 139 27.3 %

 Unknown / Not answered 6 0.8 % 4 0.8 %

Employment <0.001

 Employed, full-time 300 39.6 % 245 48.0 %

 Employed, part-time 85 11.2 % 63 12.4 %

 Self-employed 23 3.0 % 13 2.5 %

 Unemployed 99 13.1 % 84 16.5 %

 Retired 192 25.3 % 53 10.4 %

 On leave / Disabled 29 3.8 % 30 5.9 %

 Student 13 1.7 % 11 2.2 %

 Other 17 2.2 % 11 2.2 %

Relationship 0.59

 In a relationship / Married 511 67.4 % 336 65.9 %

 Single 160 21.1 % 122 23.9 %

 Separated / Divorced / 
Widowed

85 11.2 % 50 9.8 %

 Other 2 0.3 % 2 0.4 %
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Fig. 7 a (A) Well-being (WHO-5 Index) level, (B) sleep duration, and (C) feeling of loneliness (UCLA 3-item loneliness score) throughout the first 
year of prospective follow-up of the COHESION Study Phase 1. Significance of comparison tests, after Bonferroni correction: * <0.05, ** <0.01, *** 
<0.001. Green: baseline questionnaire; blue: follow-up questionnaire. Follow-up questionnaire waves are named according to their week and year 
of release (for instance, “20/26” for the follow-up questionnaire proposed to participants in the  26th week of 2020). b. Symptoms of (A) anxiety 
(7-item Generalized Anxiety Disorder, GAD-7, score), (B) depression (9-item Patient Health Questionnaire, PHQ-9, score), and (C) psychological 
distress (6-item Kessler Psychological Distress Scale) throughout the first year of prospective follow-up of the COHESION Study Phase 1. Significance 
of comparison tests, after Bonferroni correction: * <0.05, ** <0.01, ***<0.001. Follow-up questionnaire waves are named according to their week 
and year of release (for instance, “20/26” for the follow-up questionnaire proposed to participants in the  26th week of 2020
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on Partnership with Patients and the Public [61]. As sug-
gested by Fumagalli et  al. (2013), promising approaches 
based on persona principles as those used in marketing 
strategies might help. Thus, we plan to tailor the con-
tent of newsletters, to strengthen the sense of belonging 
of those most at risk of dropping out, a strategy that has 
proved effective for re-engaging young and busy people 
[62]. Despite all these methodological efforts to minimize 
it, the risk of attrition can hardly be eliminated. One way 
to account for the potential effect of residual attrition bias 
is through various analytical strategies, including the use 
of inverse probability weights for trajectory analyses (e.g., 
growth curve models) on mental health and well-being. 
Beyond these measures, to further understand and adjust 
for any potential biases in our results, we have planned 
analyses stratified by age, gender, and specific individual 
socio-demographic characteristics.

Inclusion of marginalized populations
It is important to include marginalized populations bet-
ter. We have worked in collaboration with public health 
partners to identify best recruitment strategies, includ-
ing by building connections with local partners (e.g., 
Médecins du Monde, Red Cross, Food banks) that are 
working directly with various priority groups and have 
established trust with these individuals and communi-
ties [63]. The use of high-precision targeted social media 
campaigns, provided by partnering consumer research 
company Potloc Inc., along with continuous monitor-
ing of stratified targets by region, age and gender, should 
also contribute to optimize sample representation. Now, 
because the survey uses online technologies that may be 
a barrier for participation in remote communities and for 
more marginalized groups, we will also offer computer-
assisted phone interviews (CAPI) during working hours 
through our study helpline. CAPI refers to a data collec-
tion method in which an interviewer conducts a struc-
tured survey over the phone while using a computer or 
digital device to guide the interview process and record 
responses [32].

Addressing the lack of pre‑pandemic baseline
One critical issue with our cohort that was launched in 
mid-spring 2020 is the lack of a true pre-pandemic base-
line. This can partly be circumvented with retrospective 
questions, but as time goes by, the recall bias increases, 
particularly for subjective mental health measures [64]. 
In response to this, starting in fall 2020, we employed a 
two-fold strategy to reduce cognitive effort and bias. First 
we asked broader questions about psychological changes 
since the pandemic’s onset (improvement, deterioration, 
no change). Second, we incorporated more factual ques-
tions with a lower likelihood of recall bias, such as the use 

of mental health services and substance use in the pre-
pandemic year, which will be factored into our trajectory 
analyses. Despite these adaptations, the risk of recall bias 
remains, meaning that interpretation about change from 
pre-pandemic measures should be done with caution.

Adapting surveys and advantages of prospective cohort 
design
An advantage of a prospective cohort design is the 
potential for adapting surveys to new or unforeseen 
circumstances, including evolving priorities of public 
health authorities. As months passed by and the situa-
tion evolved, we developed and administered new mod-
ules to address such needs, including on substance use, 
a priority identified by our partner the Public Health 
Agency of Canada, or on parent-related stress during 
the back-to-school periods. Repeated surveys also pro-
vide the opportunity for timely dissemination of findings. 
To facilitate dissemination and use of data by our public 
health partners, we developed an online dashboard for 
real-time monitoring of key indicators (www. cohes ionst 
udy. ca/ dashb oard). Throughout phase 2 of COHESION, 
we will continue adapting our survey content with timely 
themes, helping uncovering key pathways linking indi-
vidual trajectories, environmental contexts, and health 
and equity outcomes.

Local adaptations and contributions to public health 
policies
An important contribution of this project is to offer both 
a pan-Canadian portrait while allowing local oversam-
pling and providing very contextualized information. An 
example of local adaptation is planned for public health 
territory of CIUSSS Nord-de-l’Île-de-Montréal (NIM) in 
Québec [65], with a target local sample of 1,000 partici-
pants. Data will be used to support the co-construction 
of tailored local intersectoral interventions towards men-
tal health and more broadly to support activities towards 
health equity as part of a longer-term pandemic recov-
ery strategy. While COHESION Study Phase 1 aimed 
to understand the mechanisms linking residential living 
conditions (built environment, surrounding greenness, 
neighborhood deprivation) to differential trajectories of 
mental health and well-being since the outbreak of the 
pandemic, Phase 2 is designed to offer decision support 
for public health authorities across Canada in varying 
context, including the pandemic recovery period. This 
period presents a valuable opportunity to apply the les-
sons learned from the peak of the pandemic and to exam-
ine how the social and physical environments continue 
to influence mental health in a post-pandemic context. 
By conducting our study across two distinct phases, we 
aim to capture a comprehensive understanding of these 

https://www.cohesionstudy.ca/dashboard
https://www.cohesionstudy.ca/dashboard


Page 17 of 20Gabet et al. BMC Public Health         (2023) 23:2401  

relationships in different pandemic contexts. This contex-
tualized information on a potential representative sample 
of general population would be particularly important for 
policy makers as they address health inequities related to 
income, housing, daily mobility and social interactions, 
intimate partner violence, childhood, access to food and 
health care, and racism that have been exacerbated over 
the past two years. Ultimately, our findings will contrib-
ute valuable insights to the urban health field and inform 
future public health interventions.

Limitations
Regarding limitations, our recruitment methods and 
sample characteristics might compromise generaliz-
ability, even though Phase 2 intensified efforts to bolster 
representativeness. In this phase, we employed quota 
sampling across Canadian provinces and territories, 
anchoring our selection to demographics such as age, 
gender, and education. This aimed to align our results 
more closely with the national population’s makeup. 
Moreover, using elements from standardized tools, while 
tailored to ease participant burden and refine assess-
ments, may bring potential uncertainties. However, we 
commit to thoroughly assessing the reliability and validity 
of these measures during our data analysis phase, striving 
for robust conclusions. Furthermore, our method of col-
lecting pre-pandemic mental health data, while providing 
essential comparative value, might not fully portray our 
participants’ pre-pandemic mental health scenarios.

Transitioning from these lessons, Phase 2 includes 
refined strategies in response to our Phase 1 experiences, 
particularly the challenges posed by the mandatory VER-
ITAS-Social data collection. In COHESION 2.0, we have 
adapted by making VERITAS optional. This adaptation 
enables us to strike a balance. While numerous studies 
predominantly zero in on residential determinants, we 
envisage a broader canvas – capturing the intricacies of 
individual activities and the wider environmental influ-
ences. This approach, naturally, poses its representative-
ness challenges, but we remain vigilant and proactive in 
addressing them.

Conclusions
Recognizing the interconnected nature of various fac-
tors impacting mental health, real-time monitoring and 
evaluation of the unintended consequences on mental 
health and health inequities of the pandemic is essential 
for shaping and adapting effective public health policies 
and programs targeting contextual living conditions 
(e.g., pedestrianization of streets, securing access to 
parks, housing renovation programs, permanent sup-
portive housing programs, neighborhood greening 
program) [32, 66]. We will benefit from the support 

of the Uni-Cité Collaboratory [67] which specializes 
in science-to-policy approaches – to equip research 
teams and cities with tools for better incorporation of 
scientific findings into urban public policy. Our study 
aims to provide valuable insights into the key pathways 
of the COVID-19 impacts on mental health and well-
being across Canada while acknowledging potential 
limitations. Our flexible infrastructure ensures adapt-
ability to local needs and the evolving situation as we 
transition from the pandemic to the post-pandemic 
recovery period, ultimately contributing to informed 
public health interventions.
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