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ABSTRACT
Introduction  Impoverished neighbourhoods and 
communities of colour often bear the brunt of unintended 
transit-oriented development (TOD) impacts. These 
impacts have been known to come in the form of transit-
induced gentrification (TIG), a socioeconomic by-product 
of TOD defined as a phenomenon that occurs when 
the provision of transit service, particularly light rail 
transit (LRT), ‘up-scales’ nearby neighbourhood(s) and 
displaces existing residents. Consequently, TIG or even the 
perception of TIG can impact health outcomes (eg, anxiety) 
and social determinants of health (SDOH) (eg, crime).
Methods/Analysis  In 2022, the purple line (PL), a 
16.2 mile LRT line, is opening in Prince George’s County, 
Maryland, a suburb of Washington, DC, comprised of over 
80% African American and Hispanic residents. By taking 
advantage of this natural experiment, we are proposing 
the GENTS (Gauging Effects of Neighborhood Trends and 
Sickness: Examining the Perceptions of Transit-Induced 
Gentrification in Prince George’s County) Study in order 
to evaluate perceived TIG and associated health outcome 
and SDOH changes, at two points in time, among Prince 
George’s County adults in a prospective case-comparison 
design during the pre-PL LRT period. Descriptive analysis 
and latent growth curve modelling will be used to examine 
these changes over time.
Ethics and Dissemination  Ethics approval has been 
granted by the University of Maryland Institutional Review 
Board. The GENTS Study will identify temporal changes 
in perceived TIG, health outcomes and SDOH among case 
and comparison residents before the completion and 
operation of the PL LRT, an under researched period of 
TOD. The dissemination of GENTS Study findings will be 
able to address research questions and policy issues that 
are specifically tailored to PG County while also providing 
more effective procedural solutions for other regions 
undergoing TOD and TIG risks.

INTRODUCTION
Transit-oriented development in the USA
Although environmental justice is a movement 
addressing economic and health impacts of 

environmental inequality and racism, it also 
serves as a foundation for understanding why 
poor neighbourhoods and communities of 
colour often encounter transit inequities and 
bear the brunt of unintended transit-oriented 
development (TOD) impacts.1 TOD was 
introduced by city planners and designers as 
a solution to a variety of urban problems such 
as energy dependence, urban poverty, land 
consumption, traffic congestion and public 
health challenges. TOD initiatives serve as 
powerful tools for improving the quality of 
life by reducing automobile dependence 
and increasing accessibility to employment 
and other transit destinations. Emerging as 
a popular and influential planning concept, 
TOD includes a mix of commercial, residen-
tial and entertainment properties centred 
around or located near a transit station.2 In 
an effort to create walkable, dense, mixed-use 
and connected communities, TOD is an 
integration strategy for public transporta-
tion investments and land-use practices.3 

Strengths and limitations of this study

►► This study is the first to prospectively investigate the 
relationship between gentrification perception and 
health using a longitudinal research framework at 
the neighbourhood level.

►► This natural experiment is one of only a few to in-
vestigate the relationship between perceived gentri-
fication, health outcomes and social determinants of 
health in a community of colour.

►► This study does not have a follow-up period. We 
intend to perform that examination in the coming 
years.

►► In light of the COVID-19 pandemic, this study will 
primarily rely on the online environment for the re-
cruitment of participants.
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Therefore, TOD projects have increased in number over 
the past few decades with the rapid expansion of rail 
transit, particularly light rail transit (LRT) systems, in 
cities throughout the USA, such as Atlanta, GA; Detroit, 
MI; Milwaukee, WI; Charlotte, NC and Salk Lake City, 
UT.3 4

As a function of TOD growth, LRT use increased in 
passenger miles by 280% from 1990 to 2010 in the USA.5 6 
LRT is characterised by electric trains running along fixed 
routes with dedicated track corridors and passenger 
boarding stations.7 With smaller cars than commuter 
trains and traffic signal priority to ease efficiency, LRT 
has greater utility for implementation in densely popu-
lated metropolitan areas.8 9 For many reasons (eg, mass 
transit expansion, urbanisation), LRT and overall public 
transit use increased among Americans and tend to be 
higher among African Americans, Hispanics or immi-
grants.10 11 For example, 34% of African American and 
27% of Hispanic urban residents reported a daily or 
weekly use of public transit compared with only 14% of 
white residents.12 Also, foreign-born versus American-
born (38% vs 18%) urban residents have been found 
to use public transportation at a higher rate.12 Possible 
reasons for higher transit use among these populations 
have included (1) a higher likelihood of living in large 
metropolitan areas where there tend to be more public 
transit options, (2) a higher likelihood of commuting to 
work, (3) a higher likelihood of living further away from 
jobs and (4) a lower likelihood to automobile access.12

Economic and social impacts of TOD
TOD creates conditions for private investments, newly 
built developments and higher accessibility. Several studies 
characterised TOD outcomes as promoting economic 
development, elevating property values and enhancing 
livable environments.13–17 For example, research exam-
ining the housing premium associated with TOD in San 
Diego, CA found that a condo in a pedestrian-oriented 
environment and near a TOD, specifically a LRT station, 
had a significantly higher value than a condo in a similar 
neighbourhood and not near a LRT station.15 In an effort 
to rationalise wide-ranging results of empirical estimates, 
a meta-analysis using data drawn from 23 studies found 
that the price of properties near LRT increased by 8% 
and reached an upper limit range of 40%.18 Another study 
also found that proximity to Phoenix, AZ LRT stations 
had a significant impact on housing values even before 
the actual LRT operations.19 Furthermore, some health 
and well-being benefits are positively associated with TOD 
and namely LRT use. This has included reduced traffic 
crashes and air pollution emissions, increased physical 
activity through active transportation and improved 
access to medical care and healthy food options.17 20 21 
Along with these positive benefits, the negative impacts of 
TODs are also recognised.

TODs can ignite a ‘back-to-the-city’ influx of high-
income households due to the mixed land use, walkability 
and increased transit accessibility that results from these 

developments.13 22 In the USA, particularly since the surge 
of suburbanisation in the 1950s, the ideologies, practices 
and policies of racially and economically based residential 
segregation have catalysed a cyclical oscillation of ‘White 
Flight’ from urban to suburban or suburban to urban 
areas. Although the social trend of ‘White Flight’ may not 
be as prominent today as it was in the 1950s, there still has 
been an avoidance of racially or ethnically diverse neigh-
bourhoods among many White Americans in their resi-
dential relocation decisions.23 Research demonstrates that 
these migration decisions are based on the ‘race-based 
neighbourhood stereotyping hypothesis’, which asserts 
that the avoidance of neighbourhoods with communities 
of colour is due to perceptions of poverty, crime, disorder 
and ineffective schools.23 24 While these assertions are 
often cloaked in prejudicial inaccuracies, historically, 
people of colour have lived in economically disinvested, 
disadvantaged and impoverished areas. Unlike previous 
generations, however, the migration behaviours for 
generation Y or millennials may now be steeped in both 
a neighbourhood ethnoracial composition preference as 
well as an inclination to live in urban centres. A recent 
study found that this generation has been the driving 
force of urban resurgence within the past two decades due 
to their desire to live in central urban neighbourhoods.25 
Just as ‘urban renewal’ resulted in the gentrification of 
older metropolitan neighbourhoods and displacement of 
residents, ‘urban resurgence’ has operated in the same 
manner.26 The places designated for urban renewal or 
urban resurgence, which are most often neighbourhoods 
with large communities of colour consisting of low-
income or middle-income residents, have been shown to 
experience a disproportionate increase in the number of 
white, young, well-educated and middle-income or high-
income professionals.27–29 Likewise, neighbourhood and 
equity advocates have expressed concern that new TOD 
projects will lure wealthier and less diverse residents, 
which will lead to the displacement of existing popula-
tions, a phenomenon known as transit-induced gentrifi-
cation (TIG).30 TIG, a TOD socioeconomic by-product, 
is defined as a phenomenon, whereby the provision of 
transit service, particularly LRT, and associated area of 
development, change in the direction of neighbourhood 
‘upscaling’.31

The role of LRT investments in triggering gentrifica-
tion and displacement of low-income households has 
been examined in several cities throughout the USA, 
such as Portland, OR and Denver, CO.32 33 For instance, 
the median household income increased by 10% in 
Denver, CO neighbourhoods near LRT stations and from 
1990 to 2000 the housing values increased approximately 
25% for those located within a mile from a LRT station.32 
During this same time period of 1990–2000, the negative 
impacts of TOD, primarily with the introduction of LRT 
stations, in 42 neighbourhoods within 12 metropolitan 
areas that were first served by rail were observed through 
analysis.34 While there was no fundamental change in 
neighbourhood racial composition, rapid rises in rent 
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and owner-occupied units were found, which resulted 
in more expensive housing stock, wealthier residents 
and increased vehicular ownership.34 With rising prop-
erty values and loss of affordable housing, displacement, 
social loss (eg, disruption of neighbourhood social 
networks) and segregation have been documented as 
unfavourable TIG externalities, particularly in transit 
station neighbourhoods, which can impact current resi-
dents of the TOD.13 31 32 35–41 Even when positive neigh-
bourhood features, namely, increased transit accessibility, 
are considered, many White Americans still prefer living 
among fewer persons of colour and when they do relo-
cate to these neighbourhoods subtle mechanisms (eg, 
park renaming; cultural displacement) that encourage 
pre-existing residents of colour to move may ensue.23 42 43 
As such, social polarisation, or rather the splintering of 
a group into distinct sub-groups that are positioned on 
different ends of a spectrum (eg, rich vs poor), can 
emerge as a by-product of real-estate fluctuations and 
displacement.35

Consequences of perceived TIG
Physical health consequences
In many low-income areas and communities of colour, 
new transit investments are met with mixed reactions 
among current versus new residents or among residents 
who stay versus those who leave. In addition to the afore-
mentioned negative impacts, TIG can engender health 
consequences when built, and social environments are 
rapidly transformed (figure 1).30 Studies have found that 
populations displaced by gentrification, as compared with 
those who remained, typically have a shorter life expec-
tancy, higher cancer rates, more birth defects, greater 
infant mortality and higher incidence of asthma, diabetes 
and cardiovascular disease (CVD).36 44–54 In one study, 
hypertension, one of the strongest risk factors for CVD, 
was inversely associated with neighbourhood affluence/
gentrification (OR 0.7; 95% CI 0.6 to 0.9).53 55 However, 
in another study, the risk of displacement was positively 
associated with hypertension (PR=1.25; 95% CI: 1.08 to 
1.46) and hypercholesterolemia, another risk factor for 
CVD, (PR=1.12; 95% CI: 1.01 to 1.24) among a population 

of Hispanic renters in Chicago, IL; Miami, FL; New York 
City, NY and San Diego, CA.56 It was also found that the 
perception of neighbourhood problems and changes were 
strongly associated with adverse health behaviours, such 
as increased smoking, as well as hypertension in another 
cross-sectional study.57 These findings on displacement 
risk and neighbourhood perception shed light on the 
potential significance of perceived TIG, the perception 
of adverse neighbourhood changes among residents, and 
its impact on the health behaviours and health of current 
residents regardless of whether they stay or leave their 
neighbourhood. Changing variables, such as proximity to 
transit stops, housing type, education levels, population 
density, as well as cultural phenomena, can all be indi-
cators of TIG progress. To further recognise the latter, 
cultural displacement, another aspect of gentrification 
that is often subtle and underappreciated, refers to class-
based and race-based changes in amenity types, such as 
local establishments. Chain stores and restaurants often 
instigate a loss of cultural identity and sense of the place 
in neighbourhoods populated predominantly by people 
of colour. In Portland, OR, long-term African American 
residents experienced a profound change and alienation 
from new retail spaces on a gentrifying commercial main 
street.58 Unlike other social and economic processes, TIG 
often takes on specific dimensions locally or regionally, 
and therefore a universal measurement of TIG is highly 
improbable.59 Perceived TIG, such as through the obser-
vation of increasingly more affluent residents moving 
into the neighbourhood or through the presence of more 
police surveillance, can impart negative health outcomes 
primarily due to the unknown of ‘if’ and ‘when’ ‘it’ (eg, 
rent increase leading to a forced eviction/move) will 
happen.

Mental health consequences
Mental health outcomes, including an increased risk 
of psychological stress levels, anxiety and depression, 
have also been demonstrated among displaced popula-
tions.36 44 46 The mental health impact related to social 
loss or the disruption of long-time residential ties and 
the sense of community diminishment could deterio-
rate a neighbourhood’s resilience by weakening social 
networks.41 60 61 Fear of displacement can heighten 
anxiety and result in increased mortality.46 62 High resi-
dential turnover and disruptive impacts of resettlement 
have been found to be negatively related to lower self-
rated health due to the loss of gathering spaces and insti-
tutions. Also, displaced residents have reported higher 
levels of anxiety due to changes in neighbourhood char-
acter, feeling unwelcomed and social isolation, all likely 
due to a loss of community.29 63–65 Specifically, sense of 
community, a social psychology concept, is defined as a 
sense of belonging both on a geographical (eg, neigh-
bourhoods) and a relational (eg, human relationships) 
scale.66 67 This concept, which leads residents to perceive 
and associate a strong identity with a particular setting, 
has been found to be an integral contributor to one’s 

Figure 1  Perceived Gentrification and Health Outcome 
Model.
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neighbourhood commitment, involvement and satisfac-
tion.66 68 Leveraging findings from psychology of place 
research, it can be theorised that when the four basic 
sense of community elements ((1) membership, (2) influ-
ence, (3) integration and needs fulfilment and (4) shared 
emotional connection) are threatened by displacement, 
anxiety and depression may ensue.40 66 For example, in 
a cross-sectional study examining the impact of residen-
tial displacement on mental health within gentrifying 
and non-gentrifying neighbourhoods from 2010 to 2014, 
displaced residents were more likely to be diagnosed with 
mental health-related conditions (37% vs 18%) compared 
with residents who were not displaced.46 Another study 
showed that the stress of displacement among incum-
bent residents resulted in poor mental health, including 
anxiety and depression for 84% of men and 91% of 
women in a gentrified neighbourhood.69 Likewise, a 
repeated cross-sectional study determined that worsening 
neighbourhood perceptions were associated with small 
increases in depression.70 Again, perceptions were found 
to impart a negative health outcome. Yet, given all the 
research, it still is not well known if these mental health 
outcomes, or even increased CVD risk, are more likely to 
occur among current residents with poor or good health.

Social determinants of health consequences
The relationship between TIG perception and social 
determinants of health (SDOH), or rather, factors that 
contribute to health, including the conditions of birth, 
growth, living, learning, working, playing and ageing, 
have been less understood.71 Research has shown that the 
availability of affordable housing and increase of walkable 
streets, as well as a reduction in crime, are SDOH related 
to gentrification and, more specifically, TIG.44 46 Although 
the presence of walkable streets during the construction 
period of TOD may be limited, the use of LRT after 
construction has been found to be associated with an 
increased likelihood of walking.72 A cross-sectional anal-
yses reported that both men and women who reported 
a positive neighbourhood change inconvenience were 
twice as likely to increase their walking afterwards.73 In 
regards to rates of crime and gentrification, this relation-
ship has yielded inconclusive findings over the past several 
decades. A time-series analysis of crime rates between 1970 
and 1984 in 14 gentrified neighbourhoods throughout 
Boston, MA; New York, NY; San Francisco, CA; Seattle, 
WA and Washington, DC indicated some eventual reduc-
tion in personal crime rates, but that there was no signif-
icant effect on property crime rates.74 Despite the crime 
type, the direct relationship between fear or perception 
of neighbourhood crime and community composition 
change have affirmed the characteristics of gentrifica-
tion.75 76 Furthermore, when areas have gentrified and 
changed economically, police surveillance has increased 
and ‘created conditions’ for more ‘behaviour miscon-
duct’ or behaviours that were previously considered 
normal, but that are now viewed as miscreant or suspi-
cious among the newcomers.77 Although the relationship 

with TIG perception and SDOH may have varying direc-
tions of association, it is hypothesised that perceived TIG 
among current residents will be significantly related to 
walkability changes and to changes in crime within the 
neighbourhoods.

Gauging effects of neighbourhood trends and sickness
The GENTS study
While some health outcome and SDOH changes have been 
found to be associated with gentrification and specifically 
displacement, there is a paucity of data examining the 
health impacts related to TIG perception. Furthermore, 
prior research used existing data and examined health 
outcome relationships retrospectively. The GENTS Study 
(Gauging Effects of Neighborhood Trends and Sickness: 
Examining the Perceptions of Transit-Induced Gentrifica-
tion in Prince George’s County) will address these limita-
tions by using a longitudinal research framework at the 
neighbourhood level in order to examine health impacts 
related to TIG perception. Grounded in the previously 
discussed research and adapted from a study examining 
gentrification in the San Francisco, CA area, the GENTS 
Study conceptual model of perceived gentrification and 
health theorises that TOD, such as a new light rail line, 
can lead to both TIG and perceived TIG (figure 1).78 Insti-
gated by any actual or perceived changes in the economic 
(eg, increased taxes), social (eg, perceived crime 
increase), built (eg, new sidewalks) or natural (eg, new 
parks) environments, as a result of the TOD, perceived 
TIG, by way of TIG or not, may be capable of influencing 
positive (eg, walking) or negative (eg, smoking) health 
behaviours. Ultimately, these health behaviours can bring 
about positive or negative health outcomes (figure  1—
orange arrows). Furthermore, it is theorised that perceive 
TIG can directly impact health outcomes. For example, if 
an individual observes an inflation of new neighbours, s/
he may perceive a social environment change, which may 
bring about a level of anxiety (negative health outcome) 
or initiate smoking (health behaviour), which may result 
in hypertension (negative health outcome). Conversely, if 
an individual’s neighbourhood has undergone construc-
tion for new sidewalks leading to the TOD, s/he may 
begin walking (health behaviour), which may reduce 
hypertension (positive health outcome).

Leveraging an expansion of the Washington DC Metro-
politan Area Transit Authority System as a natural exper-
iment, the GENTS Study will add novel and unexplored 
evidence on the neighbourhood, health and TIG effects 
of a TOD within Prince George’s (PG) County, Maryland 
during the construction period and before operation 
of the purple line (PL) LRT. In Spring 2022, the PL, a 
16.2 mile LRT line, will begin operation in PG County, a 
suburban area of Washington, DC, comprised of over 80% 
African American and Hispanic residents.79 The GENTS 
Study will take advantage of this natural experiment and 
evaluate PL LRT-related neighbourhood changes and 
associated health impacts of perceived TIG among PG 
County adults in a quasi-experimental case-comparison 



5Roberts JD, et al. BMJ Open 2020;10:e039733. doi:10.1136/bmjopen-2020-039733

Open access

group design involving cases living close to the PL LRT 
versus controls living father from the PL LRT, but who 
are similar demographically and in the initial built envi-
ronment with two points of data collection (eg, wave 1 
and wave 2). Although ‘case-comparison’ contrasts to the 
‘case’ and ‘control’ definitions in traditional epidemi-
ology, here case-comparison is defined as a study which 
compares a group receiving a built environment change 
or intervention (eg, PL LRT) to a comparison group that 
is not directly receiving the built environment change 
because of proximity or distance.80 Overall, the research 
question presented with this GENTS Study is whether or 
not neighbourhood perceptions, in the form of perceived 
TIG, can have deleterious effects on anxiety and CVD risk 
despite the initial health status of the current residents.

Quasi-experimental design
Approximately 20 pre–post natural experiment studies of a 
built environment change exploring longitudinal impacts 
have been conducted in the USA.81–83 Among these, only 
a few studies examined the impact of a new LRT, and the 
participant samples of all but one study consisted of over 
70% white and non-Hispanic adults.72 83–87 The one study 
was composed of 45% African Americans, but there were 
over 90% non-Hispanic adults.88 Since it has been estab-
lished that impoverished neighbourhoods and communi-
ties of colour often bear the brunt of unintended TOD 
impacts, there is an urgent need to establish the effects 
of a built environment modification and specifically a 
major transportation infrastructure change on perceived 
TIG and associated health outcome and SDOH changes 
among this population. Natural experiment studies are 
more generally susceptible to bias due to their quasi-
experimental design, however, the GENTS Study pres-
ents a unique opportunity to examine unintended TOD 
impacts before the operation of a new LRT and among a 
predominate community of colour. When these natural 
experiments are designed appropriately, it is achiev-
able to preserve and maintain the level of internal and 
external validity. Pre-existing neighbourhood preference, 
choice and residence and the lack of randomisation for 
the intervention (PL LRT) could pose some degree of 
individual-level bias via confounding (internal validity). 
Yet, the amount of bias associated with confounding will 
be minimised by using a quasi-experimental interrupted 
time series with comparison group design (figure  2). 
While the initial and unique focus of the GENTS Study 
occurs before the ‘interruption’ or PL LRT intervention 
through the collection of case and comparison group 

data at two time points, this study will ultimately collect 
data after the interruption. Also matching intervention 
and control groups can be challenging in a natural exper-
iment, but for this study, the comparison and control 
participants will be as similar as possible through the use 
of analytical methods at baseline (see Data Analysis).

GENTS study aim I: compare perceived TIG with health outcome 
changes
For this first aim, the GENTS Study will assess the asso-
ciation of perceived TIG with measured health outcome 
changes ((1) anxiety, (2) CVD risk) among PG County 
adults while also comparing these associations between 
case and comparison participants. At two pre-PL LRT 
data collection points, perceived TIG and both health 
outcomes measures will be examined. Perceived 
TIG, anxiety and CVD risk will be assessed in order to 
examine changes in perceived TIG with changes in 
health outcomes. The objective of this aim is to deter-
mine whether the impact of perceived TIG (eg, negative 
neighbourhood changes) will have an impact on health 
outcomes and if these impacts vary between case and 
comparison residents.

GENTS study aim II: compare perceived TIG with SDOH changes
The GENTS Study will assess the association of perceived 
TIG with SDOH changes, including measured ((1) 
walkability, (2) crime) and perceived ((3) walkability; 
(4) crime) and compare these associations in case and 
comparison participants at two pre-PL LRT data collec-
tion points. This aim is not suggesting that perceived TIG 
will lead to changes in walkability or crime. However, if 
there are changes in measured or perceived walkability or 
crime, which are often byproducts of TIG, then it would 
be expected that changes in perceived TIG would be 
observed.

METHODS AND ANALYSIS
Purple line light rail line
Under the Maryland Transit Administration (MTA) lead-
ership, the 16.2 mile PL LRT is anticipated to open for 
operation in late 2022.89 However, it was announced late 
2019, that the line would open in two phases. The first 
segment carrying passengers in PG County will open 
in late 2022 and the remainder of the line will open in 
2023. The PL LRT, which began construction in 2016, 
will extend east from Bethesda (Montgomery County) 
to New Carrolton (PG County) and connect to existing 
Red, Green, and Orange Metrorail lines of the Metro 
System (figure  3).90 Within PG County, there will be a 
total of 11 stops/stations, including five stops that will 
be located directly on or adjacent to the University of 
Maryland (UMD) campus. PL LRT will operate mainly in 
dedicated lanes and will also connect to MARC, Amtrak 
and local bus services. It will consist of quietly operated 
modern streetcars powered by overhead wires with neigh-
bourhood stations convenient for pedestrians.89 The PG 

Figure 2  Gauging Effects of Neighbourhood Trends and 
Sickness (GENTS) Study Design.
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County portion of the PL LRT will be bookended by 
the Takoma Langley Transit Center and New Carrolton 
Metrorail stop. The entire PL LRT will connect PG County 
with Montgomery County, one of the most affluent areas 
in the USA, and an attraction for employment and enter-
tainment. Areas around the new PL LRT stations/stops in 
PG County will experience infrastructure changes, new 
housing, retail development and the construction of a 
bike path through the UMD Campus.89

Study design and setting
As a supplement to the existing Purple Line Impacts on 
Neighborhood, Health and Transit (PLIGHT) Study, 
which is focusing on changes in physical activity, active 
transportation, obesity and obesity related-CVD, the 
GENTS Study will examine the TIG perception and its 
relationship to health outcome and SDOH changes in 
the pre-PL LRT period.91 The GENTS Study will use a 
quasi-experimental case-comparison design to evaluate 
PL LRT-related neighbourhood changes and associated 
health impacts of perceived TIG among PG County adults 
by collecting data at two points of time. The intervention 
site will consist of case residents within a 1 mile network 
buffer around the PL LRT stations/stops in PG County. 
The 1 mile network buffer was chosen because it includes 
a comfortable walking distance and supports research 
indicating that individuals are willing to walk to reach 
transit beyond the frequently cited 0.25-to-0.50-mile 
demarcation.92–99 Comparison residents will consist of 
individuals living greater than 1 mile but less than 5 miles 
from the PL LTR stations/stops (figure 4).

Patient and public involvement
Participants or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

Participant recruitment and study population
A rolling recruitment and enrolment strategy will be 
used with three questionnaire deployment pathways over 
a 12 month wave (Wave 1—August 2020 to July 2021) in 
order to achieve a baseline sample. Once achieved, the 
second data collection point will occur during a second 
12 month wave (Wave 2—August 2021 to July 2022). Ques-
tionnaire deployment pathways ((A) Snowball Sampling; 

(B) On-Site Sampling; (C) Email Blast Sampling) will cast 
the initial recruitment net from the PL LRT catchment 
area. Eligible participants must be an adult (18 years and 
older) and a PG County resident. Individuals will not be 
eligible to participate if they (a) have a physical impair-
ment, disability or medical condition that prevents them 
from engaging in normal daily activities; or (b) are plan-
ning to relocate away from the study area and/or PG 
County within 36 months from the study baseline. There-
fore, UMD students will be excluded. For each of the two 
waves of data collection, participants will be offered a $25 
USD gift card.

To determine the required number of participants, 
four assumptions for the sample size calculation were 
used: (1) the attrition from wave 1 to wave 2 data collec-
tion is 9%; (2) equal sample sizes between case and 
comparison groups at baseline (wave 1); (3) power of 0.9; 
(4) correlation between multiple measurements within 
a participant is between 0.5 and 0.8 and (5) minimum 
detectable effect size of 0.3 SD units of PL LRT use at the 
second data collection. Therefore, a total of 800 partici-
pants at baseline based on these assumptions is required. 
Each participant’s home address will determine if s/
he is a case or comparison participant. During recruit-
ment, the demographics of the participant sample will 
be continually evaluated to maintain its representation. 
If required, additional targeted recruitment will be initi-
ated to ensure demographic consistency and adequate 
case and comparison representation. Also, as data are 
collected, researcher-to-participant contact will be main-
tained with birthday messages, reminders, study newslet-
ters and update emails of the GENTS Study.

GENTS study questionnaire
Questionnaire deployment
​Qualtrics.​com will host the online GENTS Study question-
naire in English and Spanish (see online supplemental 
material 1). Forward and backward translation valida-
tion will occur for the Spanish language questionnaire. 

Figure 4  Gauging Effects of Neighbourhood Trends and 
Sickness Study Area.

Figure 3  Maryland Transit Administration Purple Line Map. 
Source: Maryland Transit Administration.

https://dx.doi.org/10.1136/bmjopen-2020-039733
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Three questionnaire deployment pathways will be used 
on a rolling basis. The first deployment pathway will 
occur through snowball sampling with community part-
nerships, referrals from participants, and mining commu-
nity email databases (eg, PG County Department of Parks 
and Recreation). Community outreach efforts, such as 
distributing informational quarter cards to recreational 
community centres and publishing announcements in 
local circulars with the GENTS Study website and ques-
tionnaire link, will be employed to recruit a representa-
tive sample and target underrepresented populations. 
The second deployment pathway will occur through 
on-site sampling. GENTS Study researchers will attend 
community events (eg, farmer’s markets), equipped with 
iPads for participants to begin questionnaires in person, 
and show how individuals can complete the questionnaire 
on their smartphones since ​Qualtric.​com provides a very 
user-friendly smartphone platform. According to Pew 
Research Center, nearly all Americans (96%) now own a 
cellphone.100 For individuals who are unable to complete 
the questionnaire on-site, and in light of the COVID-19 
pandemic and social distancing guidelines (see the 
Discussion section), GENTS Study informational quarter 
cards will be distributed with the website and question-
naire link. Finally, the third deployment pathway will 
occur through email blast sampling with the Alesco Data 
Group, a direct marketing services company that draws 
from a consumer database of over 149 million addresses 
in the USA.101 This third pathway will begin with the 
purchase of 10 000 PG County household email addresses 
matched with resident name and postal address within the 
GENTS Study catchment area for the recruitment of case 
and control participants. Invitational questionnaire links 
will be emailed to all 10 000 addresses. While recruitment 
will occur through three questionnaire deployment path-
ways as previously described, for the third deployment 
pathway, we anticipate an 5% response rate, resulting in 
a sample of approximately 500 (250 cases; 250 compari-
sons), based on prior research within this regional popu-
lation.102 103 Predictions about the sample size generated 
from the other pathways cannot be estimated at this time, 
however, as mentioned previously a total of 800 partici-
pants at baseline is required.

Questionnaire measurement
TIG is a phenomenon that may occur rapidly at times, and 
the GENTS Study will examine TIG perception during 
the pre-PL LRT period. It is essential to capture infor-
mation on individual perceptions and examine how or 
why those perceptions may or may not change. Perceived 
TIG will be assessed through the questionnaire. Findings 
from previous TIG research identifying gentrification 
indicators, as well as the qualitative data collected for 
the PLIGHT Study, will inform the development of these 
questionnaire items.91 Specifically, the Neighborhood 
Change and Gentrification Scale (NCGS), a 10-item scale 
using a five-point Likert response rating of agreement, 
created and developed by researchers in the social service 

field will be used to assess perceived TIG.104 Four of the 
NCGS items were developed based on prior research 
using census-based measures of neighbourhood gentrifi-
cation (eg, ‘I have seen an increased influx of affluent 
and nonminority residents moving into the neighbour-
hood.’). The other six items were drawn from qualitative 
and quantitative self-reported research experiences on 
gentrification (eg, ‘I have feared being ‘pushed out’ of 
my neighbourhood.’ In addition, demographic informa-
tion (eg, race, ethnicity, age) and other relevant infor-
mation, such as housing tenure, homeownership, transit, 
commuting patterns and physical activity behaviours will 
also be collected as these data may influence TIG percep-
tion (see online supplemental material 1).

Sense of community, as well as anxiety, will be assessed 
using the Sense of Community Index Version Two (SCI-2) 
and Kessler Psychological Distress Scale (K10), respec-
tively. SCI-2, an instrument bridging the public health, 
environmental psychology, engineering, and design fields, 
demonstrates high reliability with strong validity.105 106 
Furthermore, K10 is a reliable and valid 10-item ques-
tionnaire providing a global measure of distress based on 
questions about anxiety and depressive symptoms experi-
enced in the most recent month.107

Even though CVD generally includes heart conditions 
involving diseased vessels, structural problems and blood 
clots, capturing each and every type of stage of CVD is not 
only impractical, but it also would not necessarily iden-
tify early disease stage individuals. Therefore, changes in 
hypertension, one of the strongest risk factors for almost 
all different types of CVD, will be used as the primary 
metric for CVD risk.55 Questionnaire items assessing 
hypertension and CVD prevalence will be adopted from 
the National Health and Nutrition Examination Survey. 
Additionally, questions from the Framingham Heart 
Study will be used to ask about key traditional CVD risk 
factors.

Changes in actual walkability will be examined in two 
ways. First, components of walkability, including street 
connectivity, infrastructure for walking, neighbourhood 
aesthetics, traffic and crime safety, will be assessed with 
the Neighborhood Environment Walkability Survey—Ab-
breviated (NEWS-A).108 Second, WalkScore, a large-scale, 
publicly available index that assigns a numerical walk-
ability score to any address in the USA, will also assess 
changes in walkability through PG County neighbour-
hoods.109 Perceived walkability will be assessed through 
items previously used in validated instruments.110

Finally, changes in personal and property crime rates 
will be examined. Data on assaults, burglaries, homi-
cides, robberies, sex offences, stolen vehicles, thefts and 
vandalism will be obtained from the PG County Police 
Department data. These data will be geographically 
mapped so that spatial and temporal changes in crime 
can be assessed. With PG County Police Department 
being the fourth largest law enforcement agency in the 
State of Maryland and within a demographically and 
geographically diverse area, enforcement patterns will 

https://dx.doi.org/10.1136/bmjopen-2020-039733
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also be examined as these patterns can influence crime 
distribution throughout the county. Trends in offence 
type by age, race, ethnicity, gender and geography will 
be considered based on the availability of data.111 Finally, 
perceived crime will be assessed through questionnaire 
items previously used in validated instruments.110

Data management and analyses
Throughout the course of the GENTS Study, data will 
be downloaded from ​Qualtrics.​com and managed on 
a secure and password protected UMD sever. All non-
electronic data will be stored in a locked file cabinet that 
is located in the swipe card and key accessed PHOEBE 
Lab of the Principal Investigator (Roberts). Visualisations 
and descriptive statistics will examine data distributions, 
identify category thresholds, outliers, and missing values, 
and audit data for any problems with the planned statis-
tical methods. Variables may be transformed or analogous 
non-parametric tests used if statistical assumptions are 
severely violated. The population representativeness of 
the sample and comparability between case and compar-
ison groups will be evaluated. As missing data problems 
arise, sensitivity analyses will evaluate statistical tests for 
robustness.

Between group analysis (eg, cases vs comparisons) will 
be performed to address sources of bias and strengthen 
the causal inferences from this natural experiment. To 
help adjust for any potential variation in the charac-
teristics of the case versus comparison groups at base-
line various analytical methods (eg, propensity score 
matching) will be used. Initially, t-tests among cases and 
comparisons and longitudinally will be conducted. Paired 
t-tests will be used to compare health outcome and SDOH 
changes within the two pre-PL LRT periods. Plus, latent 
growth curve (LGC) modelling will assess health outcome 
and SDOH changes.112 This technique can model linear 
and curvilinear relationships and incorporate other statis-
tics to determine if the hypothesised models adequately 
fit the observed data.5 112 LGC can be structured as a 
piecewise model, such that discrete periods of time can 
have markedly different slopes.113 LCG can accommodate 
latent or unobserved factors and can handle both time-
variant (eg, neighbourhood perceptions) and invariant 
(eg, race/ethnicity) variables.114 There is no require-
ment that there be more than two measurements or that 
the measurement times be equally spaced.115 Also, indi-
vidual times of observation are allowed to vary. Potential 
confounders will be identified and measured as well as 
contextual variable threats (eg, sociodemographic vari-
ables) to external validity (generalisability) and then 
adjusted for these modelling approaches.

For aim I, LGC modelling will first construct uncon-
ditional LGC measurement models, in which perceived 
TIG and psychological stress are each modelled only as a 
function of time.112 116 117 If a linear model is not satisfac-
tory, alternative curvilinear models can be specified and 
tested. Since this aim seeks to determine wave 1 versus 
wave 2 PL LRT effects, a piecewise growth model may 

also be specified.113 This approach may be appropriate 
if a sharp initial increase in perceived TIG and anxiety in 
the months closer to the PL LRT opening are observed. 
Second, if substantial individual variance around the 
mean growth curve is observed in the unconditional 
model, the growth factors (the latent slope(s) and inter-
cept) will be regressed on exogenous explanatory vari-
ables in a conditional LGC model.116 117 For aim I, the 
primary explanatory variable is whether or not a partici-
pant resides in the PL LRT intervention (case vs compar-
ison area). This takes the general form of ηi = π + γXi + βiTi 
+ εi, where ηi is a J × 1 vector of latent growth factors, π is 
a J × 1 vector of regression intercepts, Xi is a K × 1 vector 
of covariate variables, γ is a J × K matrix of regression coef-
ficients, Ti is the intervention indicator variable, βi is the 
coefficient for the treatment indicator variable and εi is a 
J × 1 vector of residuals, which has a multivariate normal 
distribution accounting for the within-subject correlation. 
If the change over time in perceived TIG and anxiety is 
different in the case participants exposed to the new PL 
LRT line compared with the comparison participants 
not exposed, an understanding of this phenomenon can 
be achieved by regressing the growth factors on the PL 
LRT case versus comparison condition (located in the 
x vector). The x vector contains covariates, such as sex, 
race, age, and propensity scores. This modelling appli-
cation will be repeated to model CVD risk, specifically 
hypertension. Furthermore, this modelling approach will 
be repeated for aim II in order to model the association 
of walkability and crime with perceived TIG while also 
comparing these associations between case and compar-
ison participants.

DISCUSSION
This natural experiment is one of only a few to investigate 
the relationship between perceived TIG, health outcomes 
and SDOH in a predominant community of colour. The 
diversity of the PG County Study population is a unique 
feature of this research especially considering the fact 
that the African American proportion of similar studies 
performed in Philadelphia and California was only 22% 
and 5.6%, respectively.62 118 119 The inclusion of these 
underrepresented populations is crucial to the validity of 
the study results, but more importantly adequate repre-
sentation of the GENTS Study is essential to address the 
research questions and policy issues that are specifically 
tailored to PG County.

This research will add to the growing body of literature 
and urgency suggesting that plans to invest in transpor-
tation infrastructure can impact the health of the resi-
dents even before the infrastructure is in place. There 
has been very little research on whether different phases 
of LRT construction, independent of public investments 
and regulations, have any effect on the gentrification 
process and/or the health of residents. One approach to 
exam this issue is to observe and evaluate how residents 
and other community stakeholders respond to TOD 
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plan announcements. As an example, one of the main 
questions posed by Knaap, Ding, and Hopkins was ‘Do 
Plans Matter?’. It was found that plans do indeed matter 
when the plans for LRT investments increased the land 
value in proposed station areas.120 Most recently National 
Public Radio published an article entitled ‘How To 
Limit Gentrification Along The Purple Line, According 
To Housing Advocates’ where is was stated that ‘Apart-
ment dwellers in Langley Park, Maryland, are at risk of 
rent hikes as the Purple Line spurs development in the 
area’.121 A plan from the Purple Line Corridor Coali-
tion, a group of nonprofit leaders, planners, developers 
and others convened by UMD’s National Center for 
Smart Growth to advise local leaders and organisations, 
recommends actions to preserve affordable housing 
and reduce displacement along the path of the PL LRT, 
which is expected to transform economically distressed 
neighbourhoods.121 Since gentrification is a dynamic 
process, it is necessary to compare regional changes over 
time and space. The GENTS Study will identify changes 
over time in perceived TIG, health outcomes and SDOH 
among case and comparison residents before the comple-
tion and operation of the PL LRT, an under researched 
period of TOD. Furthermore, this research will be able 
to capture evidence as to the effectiveness of the Purple 
Line Corridor Coalition plan.

While strengths of this study lie in the diversity of the 
study population as well as the timing of the natural 
study, it is important to recognise possible challenges. 
It is expected that recruitment efforts may take a longer 
period of time considering that recruitment will occur 
within in a predominately African American and Hispanic 
population who may have a strong hesitancy and an over-
arching sense of distrust with research participation.122–124 
Maryland has a large immigrant population (15.2%) 
and over 27% are undocumented and are centred in 
PG County.125 126 As such, time is needed for community 
engagement in order to demonstrate trustworthiness and 
commitment. Additionally, retention efforts will need 
to be robust through consistent participant communi-
cation and community visibility of the GENTS Study. 
Furthermore, that launch of the GENTS Study is occur-
ring during an exceptionally remarkable period of time. 
Since the early part of this year, the COVID-19 pandemic 
has significantly devastated communities worldwide. In 
order to adapt to the new challenges of social distancing 
and living through a disease outbreak, the questionnaire 
deployment pathways will physical human interaction 
(eg, on-site sampling) may need to be temporarily modi-
fied. Also, COVID-19 risk perception questions will be 
added to the questionnaire. These questions will examine 
COVID-19 risk perceptions in general and as related to 
public transit. While the online questionnaire will gener-
ally ask respondents about outcomes, perceptions, atti-
tudes and behaviours within the past months (see online 
supplemental material 1), the COVID-19 risk perception 
of transmission, disease and death may have a sustaining 
impact for years to come. Moreover, the focus of the 

GENTS Study is related to public transit and the forth-
coming PL LRT. Public transit has been scrutinised as an 
optimal source and environment for COVID-19 transmis-
sion and as such ridership has dwindled in many cities.127 
A recent study found that public transportation users 
perceived a greater COVID-19 risk exposure compared 
with personal vehicle users and those who walked.128 
Despite these limitations and unexpected events, it is 
anticipated that the GENTS Study will contribute signifi-
cantly to the research field and fill gaps in the literature 
on the health and well-being impacts of TIG. More-
over, findings from this research will be able to address 
research questions and policy issues that are specifically 
tailored to PG County while also providing more effective 
procedural solutions for other regions undergoing TOD 
and TIG risk.

ETHICS AND DISSEMINATION
Ethics approval and consent to articipate
The Institutional Review Board at The University of Mary-
land at College Park has approved this study protocol 
(see online supplemental material 2). Information about 
the GENTS Study will be provided at the beginning of 
the questionnaire. This information will be written at a 
reading level that is easily understood by all, indicating 
that participation is voluntary, that he/she is free to with-
draw participation any time without penalty, a description 
of measures that will be taken to ensure privacy, and how 
the results will be used. Adult participants will be required 
to click a button to acknowledge that they have read the 
study information and then informed consent will be 
obtained on questionnaire completion. The informed 
consent form will be returned electronically with the 
questionnaire. Participants will be instructed to print or 
email a copy for their records.
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