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While census-defined measures of gentrification are often used in research on gentrification and health, surveys
can be used to better understand how residents perceive neighborhood change, and the implications for mental
health. Whether or not gentrification affects mental health may depend on the extent to which an individual
perceives changes in their neighborhood. Using health and map-based survey data, collected from 2020 to 2021,
from the Interventions, Research, and Action in Cities Team, we examined links between perceptions of
neighborhood change, census-defined neighborhood gentrification at participant residential addresses, and
mental health among 505 adults living in Montréal. After adjusting for age, gender, race, education, and duration
at current residence, greater perceived affordability and more positive feelings about neighborhood changes
were associated with better mental health, as measured by the mental health component of the short-form health
survey. Residents who perceived more change to the social environment had lower mental health scores, after
adjusting individual covariates. Census-defined gentrification was not significantly associated with mental
health, and perceptions of neighborhood change did not significantly modify the effect of gentrification on
mental health. Utilizing survey tools can help researchers understand the role that perceptions of neighborhood
change play in the understanding how neighborhood change impacts mental health.

1. Introduction 2007). These negative consequences of gentrification are magnified for

people facing housing instability, racialized communities, and people

Gentrified neighborhoods, marked by physical, social, and economic
environmental changes (C. L. Firth, Fuller, et al., 2020; Mehdipanah
et al., 2018) can have both positive and negative consequences on health
and well-being. Positive impacts may include increased transportation
infrastructure, sidewalks, amenities, and jobs for college-educated
workers (Freeman, 2005; Hwang & Lin, 2016; Zuk et al., 2018). Nega-
tive effects of gentrification can include increased tensions between new
and long-term residents, reduced levels of social cohesion, a loss of
cultural establishments and small businesses, and an increase in cost of
living and housing (Anguelovski, 2015; Curran, 2004; Fullilove &
Wallace, 2011; Iyanda & Lu, 2021a; Oscilowicz et al., 2020; Sullivan,

* Corresponding author.
E-mail address: mwinters@sfu.ca (M. Winters).

https://doi.org/10.1016/j.ssmph.2023.101406

whose voices have been historically absent in urban planning processes
(Cole et al., 2017; Fullilove & Wallace, 2011; Gibbons, 2019; Tran et al.,
2020). The impacts of gentrification may be felt differently by different
residents. For example, in a gentrifying neighborhood that is tran-
sitioning from majority low-income to majority middle-income, the
middle-income residents may benefit more from an increased access to
resources, such as groceries and restaurants, while such benefits may be
overshadowed by an increasing economic pressure for lower income
residents as the cost-of-living increases. These differing experiences of
gentrification are evident in the current body of research on gentrifi-
cation which has shown mixed effects of gentrification on mental health
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(Oscilowicz et al., 2020; Schnake-Mahl et al., 2020; Smith et al., 2020;
Steinmetz-Wood et al., 2017).

Susceptibility to and experience of gentrification is dependent on a
complex interplay of factors at the individual, intersocial, environ-
mental, and political levels (Rigolon & Németh, 2019), making it chal-
lenging to assess the impacts of gentrification on population health
(Firth, Fuller, et al., 2020). Gentrification can also contribute to
displacement, as people are forced to move due to eviction or rising cost
of living or chose to move due to a loss of sense of belonging (Fullilove &
Wallace, 2011; Jelks et al., 2021). Health outcomes of displaced resi-
dents are often not captured in gentrification research, due to the use of
cross-sectional study design and the challenge of following residents as
they move. In addition, quantitative studies typically limit measures of
gentrification to area-level changes in neighborhood socio-demographic
and housing shifts, such as rising property values and increases in
household income and educational attainment (Firth, Fuller, et al.,
2020). Census-based gentrification measures rely on administrative
boundaries to define neighborhoods and assume area-level gentrifica-
tion aligns with such boundaries. Yet, these do not always align with
what residents consider as their neighborhood boundaries. A
resident-based assessment might include only a small portion of a census
tract or may contain multiple census tracts. Thus, using census tract
boundaries to measure neighborhoods may not align with the lived ex-
periences of residents, which in turn, makes it difficult to identify the
effects of gentrification on individuals and communities, leaving a
continued gap in our understanding of how and why gentrification af-
fects population health (Bhavsar et al., 2020; Coulton et al., 2001).
Cross-sectional measures fail to capture the duration of exposure (i.e.,
how long someone has lived in the neighborhood) to different neigh-
borhood contexts, which has important implications for health (Wodtke
et al,, 2011). Few studies have examined duration of exposure (or
dosage) to gentrification-specific neighborhood factors on health
(Agbai, 2021; Izenberg et al., 2018).

Neighborhood environments are also perceived differently by groups
of residents, and such perceptions of neighborhood environments may
impact health differently or independently of objective measures of
neighborhood environment (Curran, 2004; Fullilove & Wallace, 2011;
Glass, 1964; Orstad et al., 2017; Zhang et al., 2019). The effect of the
neighborhood environment on mental health may depend on the
perceived, or subjective neighborhood environment more than the
objective neighborhood environment (Zhang et al., 2019). While com-
parisons of subjective versus objective neighborhood environment’s
influence on health have been examined in topic areas such as walk-
ability or safety, such comparisons have not been made in the context of
gentrification (Weden et al., 2008; Zhang et al., 2019). Whether or not
gentrification affects mental health may depend on the extent to which
an individual perceives changes in their neighborhood. Using measures
of perceived neighborhood change and perceived gentrification may
better capture individuals’ experiences of gentrification, and thus help
explain how gentrification influences mental health. New survey tools
on perceptions and feelings about neighborhood change in the context of
gentrification have recently been developed, yet population health re-
searchers have been slow to capitalize and apply these tools or to
compare the influence of census-defined measures of gentrification to
survey-based measures of gentrification-related change in studies on
mental health (Hirsch et al., 2021; Iyanda & Lu, 2021a; Shmool et al.,
2015). To address this gap, this paper explores the role of perceived
changes to the neighborhood as an effect modifier of the relationships
between census-defined gentrification and mental health.

Gentrification extends throughout the Global North and in much of
the Global South, as urban revitalization efforts risk the unintended
result of displacing lower-income residents in urban areas in many cities
in Asia, Australia, Europe, and South America (Atkinson & Bridge, 2004;
Guan & Cao, 2020; Lopez-Morales, 2015). Most of the gentrification
research in North America focuses on the U.S. context. Gentrification has
profoundly impacted many Canadian cities—up to 17% of Canadians
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lived in gentrified neighborhoods in 2016 (Firth, Fuller, et al., 2020)-yet
research on the impact of gentrification on health in Canadian cities is
much more sparse. The process of gentrification is influenced strongly
by the social, historical, political, and geographic context. Given the
historical and political differences in land use, specific place-based
research in Canadian settings can help broaden our understanding of
the complex process of gentrification (C. L. Firth, Fuller, et al., 2020;
Maloutas, 2012). A handful of studies have linked gentrification in Ca-
nadian cities to increases in positive outcomes like more active trans-
portation infrastructure and green spaces (Anguelovski et al., 2022;
Flanagan et al., 2016; Grube-Cavers & Patterson, 2015) at the cost of
displacing social spaces, such as small grocery stores, increasing tensions
between long-term and newer residents in shared public spaces, such as
parks, and displacing lower-income residents (Bélanger, 2012; Koma-
kech & Jackson, 2016). Studies on the negative effects of gentrification
in Canadian cities have also found a reduction in access to health care
services, particularly for vulnerable populations (Goldenberg et al.,
2020).

Canadian public health leaders are interested in improving neigh-
borhoods to promote health, while preventing potential negative effects
of increased housing costs and displacement (The Chief Public Health
Officer’s Report on the State of Public Health in Canada, 2017: Designing
Healthy Living, 2017). A multifaceted approach to untangle the complex
relationships between neighborhood change, gentrification, and mental
health in Canadian cities is needed to inform public health policy and
prevent unintended negative effects of neighborhood revitalization ef-
forts. Using both empirical census-defined measures and survey data to
capture resident experiences and perceptions of gentrification, this
study provides an exploratory analysis to assess and compare how
objective measures of gentrification and measures of perceived neigh-
borhood change are linked to poor mental health among adults living in
Canada’s second largest city, Montréal. Specifically, the objectives of
this study were.

(1) Assess how subjective, survey-based perceptions of neighborhood
change vary across census-defined neighborhood gentrification
status.

(2) Examine the relationship between perceived neighborhood
change and adult mental health.

(3) Examine the relationship between census-defined gentrification,
and adult mental health, and whether duration of living in, or
close to, a gentrified neighborhood is important for mental
health.

(4) Assess the role of perceived neighborhood change in modifying
the association between census-defined gentrification and mental
health.

2. Methods

This research is embedded within the INTErventions, Research, and
Action in Cities Team (INTERACT) study, a pan-Canadian research
program assessing the health and equity impacts of built environment
interventions across Canadian cities (Fuller et al., 2021; Kestens et al.,
2019). We used survey data collected September 2020 to February 2021
from INTERACT participants, adults living in Montréal who completed
both an online health survey and provided residential address histories
back to 2006, collected through a map-based survey tool VERITAS
(Chaix et al., 2012; Naud et al., 2020).

The city of Montréal is located in the province of Québec, Canada
with a metropolitan area population of 4.3 million people as of 2021,
making it the second most populous city in Canada. The metropolitan
area of Montréal has a median age of 40.8 years and a household median
income of $63,600 (CAD; Government of Canada, 2022). The majority of
residents live in an apartment or flat (60%) and nearly half are renters
(46%). In 2006 in Montreal, 42% of residents lived in census tracts that
were considered gentrifiable (i.e., having the capacity to gentrify), and
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as of 2016, 18% of the metro area population lived in a census tracts that
gentrified between 2006 and 2016 (Firth et al., 2021).

Gentrification discourse in Montreal has largely focused on specific
neighborhoods where public and private investments in historically
working-class neighborhoods have exacerbated gentrification processes.
Reinvestment projects, such as the revitalization of the Lachine Canal in
the 1990s, has had profound impacts on housing costs in the Sud-Ouest
and nearby Parc-Ex neighborhoods (Maltais & Bélanger, 2021). Quebec,
Montréal’s province, has had historically lower homeowner rates than
elsewhere in Canada. The province has strong renter protection policies,
such as rent control, which governs the amount landlords can increase
rents (Government of Canada S.C, 2022b , September 21). Yet, renters
face increasing rental housing shortages. In 2022, Montreal’s vacancy
rate fell to 2.3% (Press, 2023), due in part to a return of international
students and a slower transition to homeownership linked to a strong
increase in house prices during the pandemic (Rental Market Report,
2023). More recently, gentrification has been in part driven by the
relocation of international organizations to Montréal through incentiv-
ization of international investments, and a strong governmental support
of the tech and start-up ecosystem (Moser et al., 2019), among other
reasons.

Participant recruitment for the INTERACT study primarily included
social media campaigns and communication through partner organiza-
tions. Surveys were completed online, with an option to complete them
over the phone or through a video chat. All participants were at least 18
years old at the time of data collection, lived in Montréal, and were able
to read and write in French or English. The majority of the surveys (84%)
were completed in French, with the remaining 16% completed in En-
glish. The Montréal cohort of the INTErventions study was not repre-
sentative of the general population. Participants tended to be higher
income and female, and underrepresented people of color. Additional
details on participant recruitment and inclusion has previously been
published (Fuller et al., 2021).

2.1. Gentrification exposure measures

2.1.1. Perceptions of gentrification

We adapted the Perceptions about change in environments and res-
idents (PACER) tool for INTERACT (Hirsch et al., 2021). The PACER tool
focuses on perceptions of change in one’s neighborhood and the degree
to which change has been happening over the past three to five years, or
the way it is currently changing; a PACER tool validation study was
completed in Philadelphia, Pennsylvania (Hirsch et al., 2021). The tool
contains questions on the types of neighborhood change (response op-
tions: not happening, happening a little, happening a lot, I don’t know)
and feelings about change (response options: 5-point Likert scale from
strongly agree to strongly disagree) which have been collapsed into four
composite measures: (1) changes to the built environment (new busi-
nesses, turnover in businesses, expensive grocery stores, new buildings,
new or improved resources), (2) changes to the social environment
(neighborhood personality, new residents, flipping properties, neigh-
borhood conflict), (3) changes in affordability (afford to move, fear of
being pushed out of the neighborhood, cost of housing increased), and
(4) feelings about the changes in the neighborhood (feel welcome, trust
new residents, feel good about changes, support changes). Higher scores
in changes to the built and social environment measures corresponded
with greater perceived change, higher values for affordability corre-
sponded with greater perceived affordability of one’s neighborhood,
and a higher value for feelings about changes indicated more positive
feelings. In addition to the four composite measures, we included three
measures from the PACER tool that ask residents about the degree to
which they believe their neighborhood has gentrified, the amount of
change that has occurred in the past 3-5 years, and the speed at which
changes have occurred (scale of 1-10).

For comparison purposes, we transformed the seven PACER mea-
sures into quartiles for multivariable analysis so each measure was on
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the same scale and model coefficients could be interpreted as the effect
of a one-quartile difference on the outcome. Internal consistency and
dimensionality of the PACER composite measures was verified using
Cronbach’s alpha and correlation coefficients and compared to those
derived in the Philadelphia-based validation analysis by Hirsch et al.
(Hirsch et al., 2021); see Supplemental Table A1). In multivariable
analysis, each of the seven PACER measures were separately analyzed to
assess their association with mental health (Objective 2). PACER mea-
sures were collapsed into two categories (below median, at or above
median), and each was assessed as an effect modifier of gentrification on
mental health (Objective 4).

2.1.2. Census-defined gentrification

We calculated neighborhood gentrification based on changes in
census characteristics (referred to as “census-defined gentrification”
throughout this manuscript) and amount of time living in or near
(within 250-m) a gentrified neighborhood for each participant using
Statistics Canada census data. Census tracts (CT) are areas that represent
on average where 2500 to 7500 people live (Government of Canada S. C,
2017) and were used to approximate neighborhoods. Neighborhood
gentrification measure relied on the Gentrification, Urban Interventions,
and Equity (GENUINE) tool, an open access mapping tool that measures
CT-level gentrification across Canadian cities using 2006, 2011, and
2016 Canadian census (C. L. Firth et al., 2021; see Supplemental Fig-
ures). Neighborhood gentrification was determined from a two-step
process and measured in 5-year increments to align with the Canadian
census. First, a CT was a candidate for gentrification, or gentrifiable, if
the median household income for the first census year (2006 or 2011)
was lower than that of the census metropolitan area (CMA). Second, a
CT was determined to have gentrified by the next census if the increases
in residents with at least a bachelor’s degree and home value or rent was
greater than the increases for the CMA. Areas that did not gentrify
included CTs with a median household income equivalent to or higher
than the CMA during 2006 and 2011 as well as CTs that were gentrifi-
able but did not see an increase in residents with at least a bachelor’s
degree and a home value or rent increase that was greater than the in-
crease for the CMA. Each CT could be classified as having (1) not
gentrified between 2006 and 2016, (2) less recent gentrification, be-
tween 2006 and 2011, (3) more recent gentrification, between 2011 and
2016, or (4) sustained gentrification, gentrification that occurred from
2006 to 2016.

For each participant, we geocoded their residential addresses and
spatially joined to CTs to calculate gentrification status of their current
neighborhood and distance to nearest gentrified neighborhood, by
calculating Euclidean distances between CT centroids, to determine the
duration of time (in months) each participant spent living in gentrified
neighborhoods since 2006 and the duration of time (in months) living in
a neighborhood that was within 250 m of a gentrified neighborhood.
Prior survey-based gentrification studies have rarely included complete
residential histories within their survey instruments. Often, a dichoto-
mized measure simply distinguishes long-term from newer residents
(Hyra et al., 2019). Our residential history data allows us to derive more
specific measures of cumulative exposure to gentrification in order to
examine whether longer duration of exposure to gentrification is asso-
ciated with mental health, similar to a recent approach used by Agbai
(2021). We chose to scale the duration measures into four categories:
0 months and three groups based on tertiles (duration in gentrified
neighborhood tertiles: 1-59 months, 60-95 months, 96 or more months;
duration in 250-m buffer tertiles: 1-34 months, 35-60 months, and 61 or
more months). Duration in a gentrified neighborhood and duration near
a gentrified neighborhood were separately analyzed to assess their as-
sociation with mental health.

2.2. Mental health outcome measures

We used the short-form 12 (sf-12) health survey to measure mental
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health. The mental health component of the sf-12 encompasses domains
of Vitality (energy and fatigue), Social Functioning (limitations in social
activities because of physical or emotional problems), Role-Emotional
(limitations in usual role activities because of emotional problems),
and Mental Health (psychological distress and wellbeing; Ware et al.,
2002). We calculated an overall mental health score for each partici-
pant, using previously validated weights (Ware et al., 1995). A higher
score on the sf-12 mental health component indicates better mental
health, with potential scores ranging from 0 to 100. We used the overall
mental health composite score as our primary outcome.

2.3. Covariates

We included participant demographic characteristics that may
confound the associations between neighborhood changes and mental
health as covariates in our models. Prior research has shown that age,
gender, race/ethnicity, and education level may influence perceptions of
neighborhood change and that there exists differences in mental health
levels based on these characteristics (Bassett & Moore, 2013; Cole et al.,
2019; Pun et al., 2018; Smith et al., 2020; Stafford et al., 2005). As such,
we adjusted for each of these confounding characteristics in our multi-
variable analysis. We used age group (<30 years old, 30-49 years old,
50-64 years old, and 65 years and older); gender (woman, man, or
non-binary/trans); and due to the small proportion of respondents who
were people of color (5.1% Multiracial, 3.2% Asian, 1.2% Hispani-
c¢/Latino, 1.2% Middle Eastern, 1% Black, and 1.4% Other), we
dichotomized race (white people, people of color). In addition, we
adjusted for duration of residency, or the number of months participant
had lived in their current home at the time of data collection.

2.4. Statistical analysis

We described our participant sample and conducted descriptive an-
alyses, comparing participant demographics by census-defined gentri-
fication categories (no gentrification 2006-2016, less recent
gentrification 2006-2011, recent gentrification 2011-2016, and sus-
tained gentrification 2006-2016). We used one-way ANOVA tests to
examine patterns of perceived neighborhood change across census-
defined measures, and to better understand and to assess whether the
degree of perceived change varies with the timing of gentrification
(recently, less recently, or sustained).

To assess whether perceptions of neighborhood change are predic-
tive of mental health on their own, we conducted a series of multivari-
able linear regression models to examine the association between each
PACER measure and mental health, conducting a separate linear model
for each of the seven measures of perceived neighborhood change: built
environment change, social environment change, perceived afford-
ability, feelings about change, perceived gentrification, speed of
neighborhood change, and amount of neighborhood change. The first
series of models did not adjust for participant characteristics (Series 1:
Unadjusted Models) and in the second series, we adjusted for education,
gender, age, race/ethnicity, and duration at current residence in each
model (Series 2: Adjusted Models).

We also examined whether living in a census-defined gentrified
neighborhood was associated with mental health. We examined census-
defined gentrification measures and their relationship with mental
health, including the categorical measure of gentrification timing (no
gentrification [reference], less recent, recent, sustained), quantiles of
the number of months living in a gentrified neighborhood, and quantiles
of number of months living within 250 m of a gentrified neighborhood.
We again repeated our two series of models—Series 1: Unadjusted
models and Series 2: Adjusted models.

In our final series of models (Series 3), we examined whether PACER
measures modified the association between census-defined gentrifica-
tion and mental health. In these models, we coded each PACER measure
for the effect modification analysis as a two-level categorical variable (0:
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less than or equal to the median value, 1: above the median value). We
assessed whether perceptions of social and built environment change
(more versus less perceived change), perceived affordability (more
versus less perceived affordability), feelings about change (more posi-
tive versus less positive), perceived gentrification (More versus less
perceived gentrification), speed of change (faster versus slower change)
or amount of change (more versus less perceived change) modified the
association between living in a census-defined gentrified neighborhood
and mental health. We conducted separate models for each PACER
measure of perceived change and examined the interaction of perceived
change with census-defined categorical measure of gentrification (no
gentrification [reference], less recent gentrification, recent gentrifica-
tion, sustained gentrification). In each of these models, we adjusted for
all participant covariates. All analyses were conducted using R Studio
(RStudio Team, 2020).

3. Results

Of the 601 adults living in Montréal who completed health surveys
between September 2020 to February 2021, 6 were missing covariate
data and 90 did not provide residential address histories, leaving a final
analytic sample of 505 respondents. Most respondents were women
(64%), white (86%), had at least a bachelor’s degree (80%), and 42%
had an annual household income of $100,000 (CAD) or more (Table 1).
There was minimal clustering of survey respondents within census
tracts, as our sample included individuals across 300 census tracts
within Montréal, with at most 6 participants living within the same
tract.

Comparing participants by their census-defined neighborhood
gentrification category, proportionally, more men and non-binary adults
lived in gentrified neighborhoods than women (Table 1). Residents of
neighborhoods with less recent gentrification had lower incomes, lower
education levels, and were more likely to be people of color, compared
with residents who lived in neighborhoods with more recent gentrifi-
cation or neighborhoods that did not gentrify between 2006 and 2016.
Additionally, residents in gentrified neighborhoods of any type were
more likely to be under the age of 50 and had lived in their neighbor-
hood, on average, almost 4 years less than residents of neighborhoods
that did not gentrify (Table 1).

Patterns emerged when comparing perception-based measures to
census-defined gentrification categories (Table 2). Residents living in
neighborhoods with sustained gentrification (from 2006 to 2016) re-
ported more neighborhood change, at a faster pace, and perceived more
gentrification in their neighborhood than participants living in neigh-
borhoods with less exposure to gentrification. Perceptions of change in
the built and social environment were also significantly different across
the census-defined levels of gentrification, with the highest levels of
change perceived among those living in neighborhoods with sustained
gentrification, and the lowest level of change perceived by those
residing in neighborhoods that had not gentrified. Feelings about
neighborhood changes and perceived affordability did not vary signifi-
cantly by neighborhood gentrification category, although residents in
neighborhoods with sustained gentrification and recent gentrification
appeared to report somewhat lower levels of perceived affordability
compared to residents in neighborhoods with no gentrification.

3.1. Gentrification and mental health

From multivariable models examining perceived change, we found
that neighborhood affordability and positive feelings about neighbor-
hood change were each associated with higher mental health, after
controlling for education, gender, age, race, and months at current
residence (see Table 3). Perceived change to the social environment and
perceived gentrification were negatively associated with mental health,
although the association between perceived gentrification and mental
health was not significant after adjusting for covariates. Perceived built
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Table 1

Participant demographics by census-defined neighborhood gentrification categories.
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Census-defined neighborhood gentrification categories

Characteristic Overall, N = 505" No Gentrification, Less Recent 2006-2011, Recent 2011-2016, Sustained 2006-2016,
n=171 n=109 n=_84 n=141

Gender

man 169 (33%) 58 (34%) 35 (32%) 24 (29%) 52 (37%)

woman 324 (64%) 111 (65%) 71 (65%) 58 (69%) 84 (60%)

non-binary/trans/other 12 (2.4%) 2 (1.2%) 3 (2.8%) 2 (2.4%) 5 (3.5%)

Age

<30 years 62 (12%) 24 (14%) 16 (15%) 9 (11%) 13 (9.2%)

30-49 years 205 (41%) 52 (30%) 41 (38%) 43 (51%) 69 (49%)

50-64 years 152 (30%) 55 (32%) 35 (32%) 15 (18%) 47 (33%)

65+ years 86 (17%) 40 (23%) 17 (16%) 17 (20%) 12 (8.5%)

White 434 (86%) 150 (88%) 88 (81%) 73 (87%) 123 (87%)

Education level

Bachelors or higher 406 (80%) 136 (80%) 81 (74%) 75 (89%) 114 (81%)

Less than Bachelors 99 (20%) 35 (20%) 28 (26%) 9 (11%) 27 (19%)

Annual household income

<$100,000 266 (58%) 88 (59%) 64 (65%) 47 (59%) 67 (52%)

$100,000 or more 190 (42%) 61 (41%) 34 (35%) 33 (41%) 62 (48%)

Missing 49 22 11 4 12

Total months living in current residence

Mean (SD) 112 (120) 142 (130) 97 (113) 97 (107) 97 (114)

Mental health

Mean (SD) 46 (11) 46 (12) 47 (11) 46 (11) 45(11)

2 n (%); “Mean (SD)”.

Table 2

Measures of perceived neighborhood change by census-defined gentrification categories among adults living in Montréal.

Perceived neighborhood change Overall, N = No Gentrification, n = Less Recent 2006-2011, n Recent 2011-2016, n Sustained 2006-2016, n p-
measure’ 505" 171 =109 =84 =141 value”
Amount of change 6.03 (2.08) 5.39 (2.18) 5.90 (2.11) 5.92 (1.75) 6.96 (1.80) <0.001
Speed of change 5.82 (2.13) 5.16 (2.17) 5.93 (2.36) 5.85 (1.95) 6.53 (1.75) <0.001
Perceived gentrification 6.21 (2.84) 4.98 (2.88) 6.22 (2.81) 6.27 (2.75) 7.65 (2.08) <0.001
Change in social environment 0.21 (0.60) 0.08 (0.55) 0.20 (0.64) 0.25 (0.58) 0.34 (0.60) 0.002
Change in built environment 0.68 (0.63) 0.49 (0.64) 0.59 (0.59) 0.66 (0.65) 0.98 (0.52) <0.001
Feelings towards changes 0.68 (0.68) 0.64 (0.60) 0.70 (0.68) 0.66 (0.71) 0.71 (0.76) 0.8
Affordability 0.11 (0.81) 0.21 (0.74) 0.12 (0.91) 0.04 (0.76) 0.02 (0.85) 0.2

a "Mean (SD)".

b One-way ANOVA test.

¢ Amount of Change, speed of change, and perceived gentrification were assessed on a 1 to 10 scale, and the four remaining measures (Change in social environment,
change in built environment, feelings towards change, and affordability) are composite scores with a range in values from —2 to 2.

Table 3

Linear Regression Analyses: Mental health as a function of perceived neighborhood change.

Series 1 - Unadjusted model

Series 2 - Adjusted models®

Model Perceived Change Models — main predictor [} 95% CI p-value B 95% CI p-value
Model 1 Built environment change —0.38 -1.30 0.54 0.42 —0.24 -1.12 0.64 0.59
Model 2 Social environment change -1.07 —2.00 —0.14 0.02* —0.96 —1.86 —0.07 0.04**
Model 3 More affordable 1.45 0.59 2.30 0.001* 1.28 0.47 2.10 0.002**
Model 4 Positive feelings about change 0.66 —0.26 1.58 0.16 1.54 0.64 2.44 0.001***
Model 5 Perceived gentrification —1.42 —2.29 —0.54 0.002* —0.78 —1.64 0.09 0.08*
Model 6 Amount of change —0.37 -1.18 0.45 0.37 —0.17 —0.95 0.61 0.67
Model 7 Pace of change —0.26 -1.15 0.62 0.56 —0.08 —0.93 0.76 0.85

Note: B is beta coefficients and each p indicates a separate regression model.
*p < 0.10, **p < 0.05, ***p < 0.001.

@ Covariates include age (reference = < 30 years old), gender (reference = man), race (ref = white), education level (reference = bachelor’s and higher), and months

at current residence (continuous).

environment change, amount of change and pace of change were not
associated with mental health.

We ran similar models using census-defined measures of gentrifica-
tion, rather than perceptions (Table 4). Living in a neighborhood with
any level of census-defined gentrification was not significantly associ-
ated with mental health. Number of months living in or near (within
250-m) a gentrified neighborhood was not significantly associated with

mental health.

3.2. Interaction of perceived and census-defined measures of
neighborhood change

Table 5 shows the results from the final series of linear regression
models, in which we assessed whether the impact of gentrification on
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Table 4
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Linear Regression Analyses: Mental health as a function of census-defined gentrification.

Series 1 - Unadjusted models

Series 2 - Adjusted models”

Model Objective Change Models — main predictor B 95% CI p-value B 95% CI p-value
Model 8 Gentrified
Less recent 2006-2011 0.99 -1.69 3.67 0.47 2.16 —-0.13 4.96 0.10*
Recent 2011-2016 0.02 —2.90 2.93 0.99 1.30 —-1.40 4.14 0.36
Sustained 2006-2016 —-0.93 -3.41 1.56 0.47 0.29 —2.06 2.71 0.81
Model 9 Duration living in gentrified neighborhood” —0.64 -1.50 0.23 0.15 —0.57 —1.42 0.29 0.19
Model 10 Duration living near gentrified neighborhood” —0.35 -1.21 0.52 0.43 —0.56 -1.39 0.28 0.19

Note: B is beta coefficients and each p indicates a separate regression model.
*p < 0.10 level.

# Covariates include age (reference = < 30 years old), gender (reference = man), race (ref = white), education level (reference = bachelor’s and higher), and months

at current residence (continuous).
b Number of months (in quartiles) living in a gentrified neighborhood.

¢ Number of months (in quartiles) living within 250-m of gentrified neighborhood.

mental health varied by perceived level of neighborhood change. There
were some categories of census-defined gentrification that had a stron-
ger effect on mental health depending on the level of perceived neigh-
borhood change. For example, the mean mental health score for
residents in neighborhoods with sustained gentrification who had more
positive feelings about change was 5.5 points higher than residents
living in neighborhoods with no gentrification and less positive feelings
towards change. However, based on a likelihood ratio test of the in-
teractions, none of the PACER measures significantly modified the as-
sociation between census-defined gentrification and mental health.

A full summary of the results and implications of the results are
shown in Table 6.

4. Discussion

According to prior research, as many as 17% of Canadians lived in
census-defined gentrified neighborhoods in 2016 (Firth, Fuller, et al.,
2020). Given these levels of exposure to gentrification along with the
continued investment in neighborhood infrastructure that may lead to
more gentrification in coming decades, it is vital to build a better un-
derstanding of how neighborhood gentrification can impact mental
health. Gentrification is a complex interplay of social, political, and built
environment factors, that are perceived and experienced differently by
different groups of residents (Bhavsar et al., 2020; Sullivan, 2007; Tulier
et al.,, 2019). Our study considers the multiple aspects of perceived
neighborhood change alongside census-defined measures of gentrifica-
tion and examines the impact each of these aspects have on mental
health.

Perceived affordability and feelings about neighborhood changes
were associated with mental health in our sample but did not signifi-
cantly modify the association between gentrification and mental health.
Residents in gentrifying neighborhoods, particularly lower-income res-
idents, may experience increasing levels of economic stress as higher
housing costs creates a strain on their budget and pressure to relocate
(Shmool et al., 2015). However, this effect of housing affordability on
mental health extends beyond the context of gentrification (Baker et al.,
2020; Bentley et al., 2011), which may be why we did not observe a
significant  interaction between perceived affordability and
census-defined gentrification in this sample. Furthermore, our sample
had higher incomes than the general population of Montréal (42% of our
sample, compared to 8.3% of Montréal residents had incomes greater
than $100,000 in 2020; Government of Canada S.C, 2022a). Therefore,
our study likely did not fully capture the perceptions of unaffordability
among residents with lower incomes who may be more affected by
housing costs. While increasing housing costs create a risk of physical
displacement, gentrification can also lead to changing norms and feel of
a neighborhood, which can result in cultural displacement (Iyanda & Lu,
2021b; Shaw & Hagemans, 2015). Residents experiencing cultural
displacement due to gentrification are more likely to have less positive

feelings about changes in their neighborhood as their sense of belonging
erodes, leading to increased levels of stress and anxiety (Shaw &
Hagemans, 2015; Sullivan, 2007; Versey et al., 2019). This study pro-
vides evidence of an association of perceived affordability and feelings
about change on mental health, both of which are important factors in
gentrifying neighborhoods.

Perceived change to the social environment was also significantly
associated with mental health, with more perceived change to the social
environment associated with worse mental health. This association is
supported by prior research showing a negative effect of gentrification
on mental health through the loss of community and through an increase
in social tensions with neighbors (Iyanda & Lu, 2021a, 2021b; Shmool
et al., 2015). This tension can increase psychosocial stress among resi-
dents and result in a decline in mental health, particularly for
longer-term residents and residents of color (Betancur, 2011; Mehdi-
panah et al., 2018). While greater perceived social environment change
was reported by residents of neighborhoods that had sustained gentri-
fication compared to residents of neighborhoods with no gentrification,
perceived social environment change did not significantly modify the
association of census-defined gentrification and mental health.

Looking at the independent effects of census-defined measures of
gentrification, we found no correlation between living in a gentrified
neighborhood and overall mental health. When stratified by level of
perceived change, the relationship between census-defined gentrifica-
tion and mental health did not significantly vary, thus we failed to find a
significant modifying effect of perceived neighborhood change on the
relationship between census-defined gentrification and mental health.
Our finding contrasts prior research that has shown detrimental effects
of gentrification on mental health (Betancur, 2011; Gibbons, 2019;
Mehdipanah et al., 2018; Tran et al., 2020). Other studies have found
null or even positive associations between gentrification and mental
health, particularly for higher income residents (Mair et al., 2015;
McCartney et al., 2017; Steinmetz-Wood et al., 2017). Our sample was
predominantly white, higher-income residents, and we lacked the power
to assess the potential modifying effects of income or race in this study.

In addition, we examined the influence of duration living in a
gentrified neighborhood, as measures of duration of exposure, often
called dosage, are very common in epidemiology studies and in studies
on neighborhood context and health. While prior research has shown
some evidence that health is associated with duration of exposure to
gentrification (Agbai, 2021), we did not find evidence of a dosage effect
of exposure to gentrification in this study. Residential history data also
allowed us to look specifically at the duration of exposure to areas
adjacent to gentrified census tracts where gentrification effects may
cross census tract boundaries. Prior research has shown that tracts
adjacent to gentrifying tracts may also experience increasing housing
costs (Wilhelmsson et al., 2021) and increased income inequality
(Christafore & Leguizamon, 2019). In our sample, the duration of time
living within 250-m of a gentrified neighborhood was not significantly
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Table 5

Results of multivariable linear regression coefficients models that assess whether
perceptions of neighborhood change modified the links between census-defined
gentrification and adult mental health.

Series 3 — Effect Modification Models

Effect modification models and primary B 95% CI LRT p-
predictors value”

Social Factor Interaction Model® 0.22
Gentrification: Less recent*Social -2.85 -8.11 2.41
Environment (Ref = less change * no
gentrification)
Gentrification: Recent*Social Environment ~ 2.72 —-298 841
(Ref = less change * no gentrification)
Gentrification: Sustained*Social -256 -7.41 230
Environment (Ref = less change * no
gentrification)
Built Environment Interaction Model® 0.26
Gentrification: Less recent*Built 0.74 —4.56  6.03
Environment (Ref = less change * no
gentrification)
Gentrification: Recent*Built Environment 5.91 0.14 11.69
(Ref = less change * no gentrification)
Gentrification: Sustained*Built 3.56 -1.37 848
Environment (Ref = less change * no
gentrification)
Affordability Interaction Model® 0.75
Gentrification: Less recent*Affordability 0.34 -3.10 3.78
(Ref = less affordable * no
gentrification)
Gentrification: Recent*Affordability (Ref —0.44 —-3.40 2.51
= less affordable * no gentrification)
Gentrification: Sustained*Affordability 2.19 -2.75 7.12
(Ref = less affordable * no
gentrification)
Feelings Interaction Model” 0.14
Gentrification: Less recent*Feelings about 1.44 -3.76  6.63
change (Ref = less positive feelings * no
gentrification)
Gentrification: Recent*Feelings about 3.19 —-2.47 885
change (Ref = less positive feelings * no
gentrification)
Gentrification: Sustained*Feelings about 5.46 0.69 10.24
change (Ref = less positive feelings * no
gentrification)
Perceived Gentrification Interaction 0.14
Model”
Gentrification: Less recent*Perceived 1.61 -3.99 7.22
gentrification (Ref = less gentrification *
no gentrification)
Gentrification: Recent*Perceived 6.90 0.77 13.02
Gentrification (Ref = less gentrification
* no gentrification)
Gentrification: Sustained*Perceived 1.10 —4.18 6.37
Gentrification (Ref = less gentrification
* no gentrification)
Amount of Change Interaction Model® 0.53
Gentrification: Less recent*Amount of 1.52 -3.79 6.84
change (Ref = less change * no
gentrification)
Gentrification: Recent*Amount of change 4.04 -1.74 9.82
(Ref = less change * no gentrification)
Gentrification: Sustained*Amount of 2.64 -2.37 7.66
change (Ref = less change * no
gentrification)
Speed of change Interaction Model” 0.17
Gentrification: Less recent*Speed of 0.74 —4.56  6.03
change (Ref = slower change * no
gentrification)
Gentrification: Recent*Speed of change 5.91 0.14 11.69
(Ref = slower change * no
gentrification)
Gentrification: Sustained*Speed of change  3.56 -1.37 848
(Ref = slower change * no
gentrification)

*p < 0.10; **p < 0.5.
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@ Covariates include age (reference = < 30 years old), gender (reference =
man), race (ref = white), education level (reference = bachelor’s and higher),
and months at current residence (continuous).

b Likelihood Ratio Test of the interaction effect.

associated with mental health.

5. Strengths, Limitations, and Opportunities

Our research had several important strengths, including the use of
categorical census-defined measures of gentrification, and the use of
both survey-based and census-defined measures of gentrification to
provide a more complete picture of the association of gentrification and
mental health. The majority of research on gentrification and health
often utilizes census-defined measures of gentrification (Firth, Fuller,
et al., 2020) and dichotomous categories of gentrification (Smith et al.,
2020). These measures do not account for varying paces and categories
of gentrification (Ding et al., 2016), which can significantly affect
displacement stress (Freeman & Braconi, 2004) and ultimately influence
mental health outcomes associated with gentrification. Using 4 levels of
gentrification (no gentrification [reference], less recent gentrification,
recent gentrification, and sustained gentrification) allowed us to assess
how perceptions of gentrification and mental health vary by category of
gentrification, providing a more nuanced examination of resident ex-
periences of gentrification, and demonstrating the differing levels of
perceived change associated with the different categories of
gentrification.

Survey-based measures of neighborhood change also play an
important role in understanding how neighborhoods and gentrification
influence health (Hirsch et al., 2021; Weden et al., 2008), and is
particularly important in the context of mental health, which may more
affected by subjective measures of the neighborhood environment
(Zhang et al., 2019). In our models looking across the categories of
census-defined gentrification and resident perceptions of neighborhood
change, there were strong correlations between perceptions of neigh-
borhood change and the category of gentrification. For example, resi-
dents in areas with sustained gentrification and presumably more
neighborhood changes also perceived the most changes. Residents of
gentrified neighborhoods were more likely to report higher levels of
perceived gentrification, change to the social environment, change to
the built environment, faster paced change and more overall change.
The survey-based measures also captured both (1) individuals who live
within gentrified neighborhoods, but did not notice significant changes,
and (2) individuals who live outside of gentrified neighborhoods but
noticed changes in their environments. These subjective measures of
neighborhood change play an important role in understanding how
neighborhoods and gentrification influence health (Hirsch et al., 2021;
Weden et al., 2008), and may be particularly important in the context of
mental health, which may be more affected by subjective measures of
the neighborhood environment (Zhang et al., 2019).

Our study has limitations because of its design, including a non-
representative study population and timing of data collection. The
experience of gentrification differs based on race and income (Cole et al.,
2017; Fullilove & Wallace, 2011; Gibbons, 2019; Tran et al., 2020),
however, the INTERACT cohort underrepresents people of color, and is
more likely to have higher incomes and be more educated, as compared
to demographic data for Montréal (Fuller et al., 2021). In addition,
housing tenure (i.e., whether a person owns or rents their home) may
have population health effects, particularly given the decline in afford-
able rental units that often accompanies gentrification processes (Walks
et al., 2021). Additionally, renters may be more vulnerable to increased
financial strain due to the rising housing costs, and may experience
worse mental health due to financial strain as compared to homeowners
(Mason et al., 2013; Tran et al., 2020). With a larger and more repre-
sentative sample, researchers can examine the modifying effect of race,
income, and homeowner status on the relationship between
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Table 6

Summary of main findings on the links between census-defined gentrification,
perceptions of neighborhood change, and mental health among adults in
Montréal.

Study findings Discussion and Implications

Residents living in census tracts that Survey-based measures of perceived

gentrified—and particularly those in
tracts with sustained gentrification over
a 10-year period—perceived more
neighborhood change to the built and
social environment, at a faster pace than
residents living in neighborhoods that
did not gentrify during 2006-2016.

Residents who perceived their
neighborhood as more affordable and
had more positive feelings about
neighborhood changes were more likely
to report better mental health than
residents who had a more negative
outlook on their neighborhood and
believed it to be less affordable,
regardless of neighborhood
gentrification status.

Perceived social environment changes
were associated with worse mental
health, regardless of neighborhood
gentrification status.

We did not observe any correlations
between census-defined gentrification
and adult mental health. We considered
adults who lived in gentrified
neighborhoods, the among of time they
lived in the neighborhood, and adults
who lived within 250-m of a gentrified
neighborhood.

Residents who perceived that more
gentrification had occurred in their
neighborhood reported somewhat worse
mental health.

Perceived gentrification was correlated
with worse mental health for residents,
regardless of the census-defined
gentrification category that their
neighborhood was in.

neighborhood change can (1) help us
understand who perceives changes in
their surrounding neighborhoods and
who does not and (2) identify how
differing perceptions of change, rather
than classifying exposure based on the
neighborhood they live in, can
influence health.

A decrease in neighborhood
affordability, whether due to
gentrification or not, can negatively
impact mental health. Ensuring buy-in
for neighborhood revitalization efforts
can help create more positive outlook
on neighborhood changes and promote
mental health.

Change to the social environment,
such as displacement of neighbors and
friends, which may or may not be due
to gentrification-related change, can
influence one’s sense of belonging in
their neighborhood and negatively
affect mental health. Future studies
should examine the causes of
displacement and who is more likely to
be displaced, and promote anti-
displacement strategies, particularly in
the context of neighborhood
revitalization efforts to promote strong
ongoing social support in
communities.

In this study, living in or near a census-
defined gentrified neighborhood did
not significantly affect mental health,
however, duration of time in a
neighborhood may matter more for
longer-term residents who lived in the
neighborhood prior to gentrification.
Given that neighborhood residential
history only goes back to 2006 in this
study, it was not possible to
differentiate between long-term
residents and newer residents, nor
were we able to include former
residents who no longer lived in
Montréal at the time of data collection.
Residents who perceived more
gentrification also reported worse
mental health. Though residents who
reported a greater amount of change in
general did not report worse mental
health. Thus, perceiving gentrification-
specific change may be tied to negative
associations, such as increases in the
costs of living and/or displacement
pressure, which may negatively
contribute to adult mental health.
Living in a census-defined gentrified
neighborhood did not change the
association between perceiving
gentrification and worse mental
health. Future observational studies
should further examine this
interaction.
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gentrification and mental health. Data collection also occurred during
the COVID pandemic, a time when people were staying home more, and
a time when mental health was particularly affected by social isolation
(Kumar & Nayar, 2021).

Gentrification can cause displacement, which can negatively affect
health through loss of social support and loss of access to health care
(Fullilove & Wallace, 2011; Jelks et al., 2021). Complimentary longi-
tudinal analyses, either leveraging the retrospective residential histories
or exploring prospective residential histories through regular follow-ups
could help explore how exposure to gentrification may have led to
displacement, or, inversely, how residential mobility may be linked to
participants’ contributions to the gentrification of neighborhoods.
Additionally, qualitative assessments would be needed to understand
how gentrification and displacement might have occurred, and their
combined effects on health (e.g., exploring change in cost of living, sense
of belonging, social cohesion, etc.).

Future studies should utilize PACER or other survey-based measures
of gentrification to capture perceptions of gentrification at multiple
points in time to measure how perceptions of neighborhood change vary
with objective measures of neighborhood change. This would further
validate the use of the PACER tool in capturing resident experiences of
change and establish the temporal relationships between perceived
neighborhood change and mental health. Survey-based tools such as
PACER can help us understand the different experiences of neighbor-
hood change for different groups of residents, elucidate both why people
perceive gentrification differently, and built our understanding of how
these differing perspectives influence mental health.

Community empowerment is an important component of neighbor-
hood revitalization efforts that is not always considered in neighborhood
revitalization efforts, although it is a key ingredient that can help
transform the power dynamics between government and citizens, create
buy-in for neighborhood change and revitalization efforts, and promote
more positive feelings about ongoing changes (Wallerstein, 2006, p. 37).
Revitalization and neighborhood change that centers community
empowerment can thus improve mental health for residents in neigh-
borhoods undergoing revitalization (Baba et al., 2017). Additionally,
revitalization efforts that include anti-displacement strategies to pre-
serve and produce affordable housing, such as a required allotment of
affordable housing with new developments, creating housing trust funds
to use federal funding to promote long-term affordability, or inclu-
sionary zoning policies, can help mediate rising housing costs that often
accompany revitalization efforts and local policies promoting tech and
start-up ecosystems. Reducing feelings of unaffordability by protecting
existing renters through rent stabilization policies and increased avail-
ability of emergency rental assistance, and creating ownership oppor-
tunities for long-term renters in the neighborhood through community
land trusts and housing cooperatives can additionally buffer against the
negative effect of economic strain that many lower-income residents
experience in gentrifying neighborhoods (Been, 2017; De Barbieri,
2017; Herrine et al., 2016; Marcuse, 1984; Rose, n.d.; Schten, 2021, p.
103).

6. Conclusion

This study provided evidence of the effect that perceptions of
gentrification may have on mental health, with greater perceived
affordability and more positive feelings about neighborhood change
associated with better mental health, and greater change to social
environment associated with worse mental health. Efforts to improve
and revitalize neighborhood environments should be implemented
alongside policies to protect existing residents from rising cost of living
and with accompanying initiatives to promote social cohesion. These
efforts can help promote mental health and protect against the negative
impact of neighborhood change on mental health.
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