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have a more generalizable population than traditional 
approaches. We quantified associations between gen-
trification and health and healthcare utilization by 
linking longitudinal socioeconomic data from the 
American Community Survey with EHR data across 
two health systems accessed by long-term residents 
of Durham County, NC, from 2007 to 2017. Census 
block group-level neighborhoods were eligible to be 
gentrified if they had low socioeconomic status rela-
tive to the county average. Gentrification was defined 
using socioeconomic data from 2006 to 2010 and 
2011–2015, with the Steinmetz-Wood definition. 

Abstract  There is tremendous interest in under-
standing how neighborhoods impact health by link-
ing extant social and environmental drivers of health 
(SDOH) data with electronic health record (EHR) 
data. Studies quantifying such associations often 
use static neighborhood measures. Little research 
examines the impact of gentrification—a measure of 
neighborhood change—on the health of long-term 
neighborhood residents using EHR data, which may 
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Association between Gentrification and Health and Healthcare Utilization

Multivariable logistic and Poisson regression mod-
els estimated associations between gentrification 
and development of health indicators (cardiovascu-
lar disease, hypertension, diabetes, obesity, asthma, 
depression) or healthcare encounters (emergency 
department [ED], inpatient, or outpatient). Sensitiv-
ity analyses examined two alternative gentrification 
measures. Of the 99 block groups within the city 
of Durham, 28 were eligible (N = 10,807; median 
age = 42; 83% Black; 55% female) and 5 gentrified. 
Individuals in gentrifying neighborhoods had lower 
odds of obesity (odds ratio [OR] = 0.89; 95% confi-
dence interval [CI]: 0.81–0.99), higher odds of an 
ED encounter (OR = 1.10; 95% CI: 1.01–1.20), and 
lower risk for outpatient encounters (incidence rate 
ratio = 0.93; 95% CI: 0.87–1.00) compared with non-
gentrifying neighborhoods. The association between 
gentrification and health and healthcare utilization 
was sensitive to gentrification definition.

Keywords  Gentrification · Social determinants of 
health · Neighborhoods · Electronic health record 
(EHR) data

Background

The social and environmental drivers of health 
(SDOH)—the conditions where people live, work, 
and play—within a person’s neighborhood profoundly 
impact health [1–3]. Identifying this information in 
the electronic health record (EHR) can be challenging 
as neighborhood-level SDOH data are not recorded as 
frequently as health data. Linking neighborhood-level 
SDOH data with EHR data can provide an alternative 
way to understand the impact of SDOH on health. 
However, studies that link SDOH and EHR data often 
use time-invariant, static neighborhood measures.

Gentrification, a neighborhood change process, 
is a neighborhood level exposure that may act as a 
SDOH that is often related to the influx of younger, 
healthier, and wealthier individuals into a neighbor-
hood [4]. This in-migration can lead to the displace-
ment of residents who are less financially resourced 
yet healthy enough to move, leaving behind fewer 
healthy long-term residents, who may simultane-
ously experience an erosion of health-promoting 
factors such as social cohesion [5]. Alternatively, 
gentrification and shifts in the population may lead 

to potentially health-promoting new businesses or 
amenities [6]. Prior work has shown that gentri-
fication may impact self-reported health, health 
behaviors, mental health, and healthcare utilization 
[5, 7–12]. There has been relatively little research, 
however, on the impact of gentrification on the 
health of long-term neighborhood residents [10]. 
Further, prior studies have not leveraged large-scale 
EHR data with a potentially more generalizable 
population than traditional cohort studies while also 
considering multiple definitions of gentrification.

To understand the impact that these dynamic 
processes may have on the health of communities, 
population level EHR data—drawn from multi-
ple sources, including health systems and feder-
ally qualified health centers—are needed that can 
capture the presence of important indicators of 
health and healthcare utilization across a diverse 
and representative population. With the ubiq-
uity of EHR, new opportunities are emerging to 
investigate how health and healthcare utilization 
change as gentrification occurs among individu-
als living in geographic regions served by health-
care organizations. Neighborhood-level analyses 
exploring the health of individuals served by 
healthcare organizations could provide insight 
into how healthcare utilization and health out-
comes might differ by neighborhoods that did and 
did not experience gentrification.

Using EHR data to describe the health of residents 
within neighborhoods, we examined the association 
between gentrification and chronic health conditions. 
We hypothesized that long-term residents living in 
gentrifying neighborhoods would have increased risk 
for health outcomes as compared to long-term resi-
dents of neighborhoods that were eligible (i.e., low 
socioeconomic status), but did not gentrify.

Methods

Overview

We conducted a retrospective cohort study of adult 
residents of Durham County, NC, living in neighbor-
hoods that did and did not experience gentrification 
to quantify the association between gentrification and 
risk for health outcomes and healthcare utilization.
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Data Sources

Electronic Health Records

Data on health outcomes and healthcare utilization 
were obtained from the EHR of the Duke Univer-
sity Health System (DUHS) and Lincoln Community 
Health Center (LCHC) from 2007 to 2017. DUHS is 
the predominant healthcare provider for insured Dur-
ham County residents as 85% of Durham County 
residents have a primary or specialty encounter in the 
DUHS [13]. It includes an academic medical center 
and two community hospitals linked with a network 
of outpatient clinics. LCHC is a federally qualified 
health center in Durham, NC, that serves the uninsured, 
underinsured, and undocumented residents of the city. 
As of 2016, 63% of the LCHC population self-identi-
fied as Black/African American race, 47% identified 
as having Hispanic/Latinx ethnicity, and nearly 89% 
were at or below the 200% level of the federal poverty 
line. The EHR systems of DUHS and LCHC are linked 
through a common EHR vendor and are organized in 
a shared datamart modeled to the PCORnet Common 
Data Model. Approximately 80% of Durham residents 
receive their care at DUHS and/or LCHC [14].

Study Population

The source population for this study included adult resi-
dents from Durham County, NC, age 19 years or older 
who had EHR evidence of at least one encounter within 
the DUHS or LCHC during the baseline (2008–2010) 
and follow-up time periods (2014–2016). We excluded 
women who were pregnant at either baseline or follow-up 
(i.e., 2008–2010 and 2014–2016, respectively) as they are 
at increased risk for the outcomes of interest as compared 
to non-pregnant women [15–18]. We restricted our analy-
sis to individuals who were long-term residents of the city 
of Durham, defined as residents with EHR evidence of 
having lived at the same address in the same block group 
during both the baseline and the follow-up study periods.

Gentrification

American Community Survey

The socioeconomic variables used to define the 
explanatory variable of interest, gentrification, 
were obtained from the American Community 

Survey (ACS). The ACS is a national survey that 
collects information on 3.5 million households 
related to demographic, social, economic, and 
housing-related characteristics of a sample of resi-
dents within the USA. For this study, 5-year esti-
mates of the ACS from 2006 to 2010 were used 
to define baseline eligibility to gentrify, and esti-
mates from 2011 to 2015 were used to define gen-
trification at follow-up.

Defining Gentrification

The primary unit of analysis was the census block 
group (i.e., neighborhood). A census block group 
is a geographical unit used by the Census Bureau 
and is composed of 600–3,000 people. We com-
pared neighborhoods that experienced gentrifi-
cation between 2006–2010 and 2011–2015 with 
census block groups that did not experience gen-
trification. We limited our main analysis to the 99 
(of 153 total) block groups within Durham County 
that were completely within Durham City limits, 
as there are notable differences in socioeconomic 
indicators and health in block groups in more 
urban areas within the city and less urban areas 
outside of city limits. We considered block groups 
eligible to be gentrified if they had low socioeco-
nomic status (broadly defined as below the county-
level mean in income, rent, and education and 
above county-level mean in poverty), with differ-
ing criteria based on the definition of gentrifica-
tion used. Ineligible block groups were excluded 
from analyses [19]. After this exclusion, 28 block 
groups (N = 10,807) were eligible to be gentrified 
and included in the analyses.

In our primary analyses, we defined gentri-
fication using mean household income values 
from 2006–2010 and 2011–2015, mean gross rent 
price, percent of the population with a bachelor’s 
degree, and the percent living below the poverty 
level, as described by Steinmetz-Wood [19]. We 
considered eligible block groups to have gen-
trified if they saw an increase in at last three of 
the four variables (household income, gross rent 
price, or proportion with a bachelor’s degree; or a 
reduction in the proportion living below the pov-
erty level) between the baseline (2006–2010) and 
follow up (2011–2015) time periods.
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Health Indicators and Healthcare Utilization 
Outcomes

The presence or absence of health conditions was 
ascertained using the EHR during the baseline 
and follow-up periods and included type 2 diabe-
tes, hypertension, obesity, CVD, depression, and 
asthma. Diabetes was defined using a published 
phenotype (i.e., Durham Diabetes Coalition) which 
included ICD-9 and ICD-10 codes recorded in the 
inpatient (DUHS), outpatient (DUHS, LCHC), 
or emergency department (DUHS) (Supplement 
1), use of medications to treat diabetes, or hemo-
globin A1c ≥ 6.5% [20]. Hypertension was defined 
according to ICD-9 or ICD-10 diagnosis codes, 
the average of two consecutive systolic blood pres-
sure measures in 365 days ≥ 140 mmHg or diastolic 
blood pressure ≥ 90  mmHg, or use of anti-hyper-
tensive medication. Only blood pressure measure-
ments obtained through outpatient encounters were 
used as prior work suggests that blood pressure 
measured in the emergency department (ED) may 
be systematically biased [21]. Obesity was defined 
as a body mass index ≥ 30 kg/m2. CVD was defined 
as a diagnosis of myocardial infarction, stroke, or 
congestive heart failure (CHF). Depression and 
asthma were identified through ICD-9 and ICD-
10 diagnosis codes. CVD, depression, and asthma 
diagnoses were ascertained through inpatient, out-
patient, or emergency department diagnoses. Three 
healthcare utilization outcomes examined during 
baseline and follow-up periods included the num-
ber of ED visits, inpatient admissions, and outpa-
tient encounters.

Statistical Analyses

We conducted descriptive analyses to compare 
baseline characteristics of the study population 
stratified by the gentrification status of the neigh-
borhood within which they lived. We used longi-
tudinal models to quantify the association between 
gentrification and indicators of change in health 
(i.e., incident CVD, hypertension, diabetes, obe-
sity, asthma, and depression) and healthcare utiliza-
tion (number of ED and inpatient visits) from the 
baseline to follow-up time periods. We estimated 
the difference in the change of health indicators and 
inpatient and emergency department encounters 

between gentrified and non-gentrified block groups 
using generalized estimating equations (GEE) with 
a logit link function. Another outcome was outpa-
tient visits, which was a count variable and thus 
estimated by a Poisson model using GEE with a 
log link and an offset for length of follow-up. GEE 
was used due to the longitudinal nature of the 
study, where each individual had one observation 
at baseline and another observation at follow-up. 
The within-subject correlation was then accounted 
for by assuming a compound symmetry covariance 
structure in GEE. With this study design, one can 
directly estimate the change in risk of having the 
outcome from baseline to follow-up for individuals 
within a block group that did or did not gentrify and 
the difference in the changes comparing gentrified 
and non-gentrified block groups. The basic para-
metrization is provided in Supplement 2. Our model 
controlled for age, race, the Index of Concentration 
at the Extremes (ICE) for race [22] (a measure of 
neighborhood level racial segregation), sex, insur-
ance status, and individual-level clustering effect.

Sensitivity Analyses for Different Methods of Defining 
Gentrification

We conducted sensitivity analyses using two other 
measures of gentrification (Supplement 3). Ding 
and colleagues defined gentrification using median 
home value, median gross rent price, percent with 
bachelor’s degree, and median household income 
[23]. Hirsch and colleagues defined gentrification 
[24] using percent with bachelor’s degree, median 
contract rent price, and median home value. Hirsch 
defines gentrification at two levels: gentrification 
and intense gentrification. Neighborhoods were 
considered to have experienced gentrification if 
the increase in proportion of residents with college 
education was above the median and the increase 
in gross rent was in the 50–75th percentile or the 
increase in home value was in the 50–75th percen-
tile. Neighborhoods were considered to have under-
gone intense gentrification if the increase in propor-
tion of residents with college education was above 
the median increase and the increase in gross rent 
was in the 75th percentile or higher or the increase 
in home value was in the 75th percentile or higher. 
We conducted additional sensitivity analyses to 
examine the associations of interest by age/race/sex 
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subgroups. Analyses were conducted in R (R Foun-
dation for Statistical Computing; Vienna, Austria). 
This study was approved by the Duke University 
School of Medicine institutional review board.

Results

Baseline Characteristics of Participants

The source population included 43,274 individuals 
living in 99 block groups within the city of Durham 
(Fig. 1). After excluding individuals living in neighbor-
hoods not eligible to experience gentrification, 10,807 
individuals living in 28 block groups were included in 
the main analysis. The study population was major-
ity Black residents (83%) and relatively young with 
a median age of 42  years (interquartile range [IQR]: 
28–54); 10% of the population was over the age of 
65  years. Overall, 48% received health insurance 
through a public provider. The block group-level mean 
household income was $24,887 (SD: $9702), mean 
monthly rent was $674 (SD: $141), 14% had at least a 
bachelor’s degree (SD: 10%), and 41% lived below the 
poverty level (SD: 15%).

Characteristics of Neighborhoods by Gentrification 
Status

Among the 28 eligible block groups, 5 block groups 
(n = 1826) experienced gentrification, and 23 
(n = 8981) did not experience gentrification. At base-
line, neighborhoods that experienced gentrification 
had a slightly lower proportion of long-term residents 
who were women (53% vs. 55%; p = 0.04) and White 
(6% vs. 10%; p < 0.001) than non-gentrified neighbor-
hoods. Gentrified neighborhoods had lower mean rent 
($581 vs. $695; p = 0.03) and appeared to have lower 
median household income ($19,562 vs. $26,045), 
higher proportion of individuals living below the pov-
erty level (48% vs. 40%), while having a higher pro-
portion of individuals with bachelor’s degree (16% 
vs. 14%) as compared to neighborhoods that did not 
gentrify (Table  1). However, these differences were 
not statistically significant (p > 0.05).

From baseline to follow-up, mean household 
income increased by $11,091 in neighborhoods that 
gentrified but decreased by $498 in those that did not 
gentrify (p = 0.02). The mean rent price increased by 
$159 in gentrified neighborhoods, but it decreased by 
$14 in non-gentrifying neighborhoods (p < 0.01). The 

Ineligible: 
BG (n=71), Pa�ents (n=32467)
Above county average in:
Mean household income
Mean gross rent price
Percent with bachelor’s degree
Below county average in: 
Percent living below poverty level

Block Groups (N=153)

Block Groups (N=99)
Pa�ents (N=43274)

Block Group Outside of or Intersec�ng City (n=54)

gniD*zteM-doownietS Hirsch

Eligible: BG (n=28), Pa�ents (n=10807)
Did Not Gentrify: BG (n=23), Pa�ents (n=8981)
Gentrify: BG (n=5), Pa�ents (n=1826)

Eligible: BG (n=49), Pa�ents (n=18155)
Did Not Gentrify: BG (n=39), Pa�ents (n=14852)
Gentrify: BG (n=10), Pa�ents (n=3303)

Ineligible: 
BG(n=50), Pa�ents (n=25119)
Above county average in:
Median household income

Ineligible: 
BG (n=13), Pa�ents (n=6839)
< 50 people 
Top quar�le of Median 
household income

Eligible: BG (n=86), Pa�ents (n=36435)
Did Not Gentrify: BG (n=57), Pa�ents (n=23752)
Gentrifica�on: BG (n=13), Pa�ents (n=5878)
Intense Gentrifica�on: BG (n=16), Pa�ents 
(n=6805)*Defini�on used in main analysis; BG = block group

Fig. 1   Study population and gentrification measure for main and sensitivity analyses
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proportion of the population living below the poverty 
level decreased by 21% in gentrified neighborhoods 
and decreased by 2% in non-gentrified neighbor-
hoods (p value for difference-in-difference = 0.02). 
There was no appreciable difference in the change 
in proportion of individuals with bachelor’s degrees 
between neighborhoods that did and did not gentrify 
(p = 0.35) (Table 2).

Health Outcomes

The overall baseline age-adjusted prevalence of dia-
betes was 20%; 44% had hypertension; 26% were 
obese; and 5% had cardiovascular disease (CVD) 
(Table  3) at baseline and increased significantly 
between 2006–2010 and 2011–2015 (diabetes to 

32%, hypertension to 61%, obesity to 56%, and 
CVD to 11%). The age-adjusted prevalence of these 
conditions at baseline was similar among neigh-
borhoods that did and did not experience gentrifi-
cation. At follow-up, the prevalence of all health 
conditions, with the exception of hypertension and 
obesity, was similar between individuals living 
in neighborhoods that did and did not experience 
gentrification. Individuals living in neighborhoods 
that gentrified, as compared to individuals living 
in neighborhoods that did not gentrify, had a lower 
odds of obesity (OR = 0.89; 95% CI: 0.81–0.99) 
(Table  4). Adjusted analyses showed similar 
changes in CVD, diabetes, hypertension, depres-
sion, and asthma between neighborhoods that did 
and did not gentrify.

Table 1   Baseline characteristics of the study population

*p < 0.05 comparing neighborhoods that did and did not gentrify
SD, standard deviation

Eligible Not eligible Eligible + ineligible

Did not gentrify Gentrified Total Total Total

(N = 8981) (N = 1826) (N = 10807) (N = 32467) (N = 43274)
Block groups 23 5 28 71 99
Demographics
Female (%) 4964 (55.3%) 960 (52.6%) * 5924 (54.8%) 18,561 (57.2%) 24485 (56.6%)
Age (yrs) (Median, 25th-75th) 41.4 (27.5–53.8) 42.8, (29.1–54.1) 41.7, (27.8–53.9) 45.4 (32.0–57.8) 44.5 (30.8–56.9)

  Percent ≥ 65 years 940 (10.5%) 173 (9.5%) 1113 (10.3%) 4611 (14.2%) 5724 (13.2%)
Race

  Black 7302 (81.3%) 1620 (88.7%) 8922 (82.6%) 13,710 (42.2%) 22632 (52.3%)
  White 897 (10.0%) 113 (6.2%)* 1010 (9.3%) 16,135 (49.7%) 17145 (39.6%)
  Others 782 (8.7%) 93 (5.1%) 875 (8.1%) 2622 (8.1%) 3497 (8.1%)

Ethnicity
  Hispanic
  Non-Hispanic
  Others
Payor

  Private 2545 (34.8%) 499 (33.5%) 3044 (34.5%) 17294 (63.6%) 20338 (47.0%)
  Public 3528 (48.3%) 711 (47.7%) 4239 (48.2%) 8009 (29.4%) 12248 (28.3%)
  Self-pay 1230 (16.8%) 280 (18.8%) 1510 (17.2%) 1902 (7.0%) 3412 (7.9%)

Variables defining gentrification
Median household income (mean 

(SD))
26045 (9572) 19562 (9396) 24887 (9702) 58114 (28,540) 48716 (28878)

Percent bachelor’s degree (mean 
(SD))

13.9 (10.5) 16.1 (6.8) 14.3 (9.8) 46.9 (21.9) 37.6 (24.2)

Average rent (mean (SD)) 695 (136) 581 (135)* 674 (141) 937 (272) 859 (268)
Percent below poverty (mean (SD)) 39.5 (15.2) 48.4 (13.6) 41.1 (15) 14 (16) 21 (20)
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Healthcare Utilization

At baseline, individuals had on average 2.8 outpa-
tient encounters, 0.7 ED visits, and 0.1 inpatient 
admissions per year (Table  3) and increased sig-
nificantly between 2006–2010 and 2011–2015 
(outpatient encounters per year: 3.9; ED visits 
per year: 0.98; inpatient encounters per year: 0.2). 
Individuals living in neighborhoods that gentri-
fied, as compared to individuals living in neigh-
borhoods that did not gentrify, had a higher odds 
of an emergency room encounter (OR = 1.10; 
95% CI: 1.01–1.20) and lower risk of outpa-
tient encounters (IRR: 0.93; 95% CI: 0.87–1.00) 
(Table 4). Adjusted analyses no difference in inpa-
tient encounters between people living neighbor-
hoods that did and did not gentrify (OR = 1.09; 
95% CI: 0.97–1.23).

Sensitivity Analysis

In sensitivity analyses, we compared baseline 
and health outcome characteristics of people who 
did and did not move. A relatively small portion 
(n = 453) of the source population (N = 11,260) 
moved. Individuals who moved, as compared to 
those that did not move, were slightly more likely 
to be female, older, white, and have public health 
insurance (Supplemental Table 1a). Among movers, 
59% lived in neighborhoods that ended up gentrify-
ing. Movers who lived in neighborhoods that gen-
trified, as compared to movers that lived in neigh-
borhoods that did not gentrify, were more likely 
to be female, older, white, and have private insur-
ance (Supplemental Table 1b). At baseline, movers 

overall and those that lived in neighborhoods that 
gentrified had a slightly higher prevalence of dia-
betes and CVD, lower prevalence of obesity and 
hypertension, and lower rates of outpatient and ED 
encounters (Supplemental Tables  2a  and  2b). Resi-
dents living in block groups that will gentrify had 
lower odds of moving as compared to residents liv-
ing in block groups that will not gentrify (OR: 0.60, 
95% CI: 0.44, 0.81; results not shown).

We explored the sensitivity of our findings to 
two additional measures of gentrification (Sup-
plement 3). In analyses employing both the Ding 
and Hirsch measures, a greater number of neigh-
borhoods were eligible to be gentrified (40, 87, 
respectively) and more neighborhoods did gentrify 
(7, 29, respectively) than in the main analysis (28 
eligible, 5 gentrified) (Supplement 4). When using 
the Ding and Hirsch measures, as compared to the 
Steinmetz-Wood definition, neighborhoods experi-
enced gentrification included a greater proportion 
of White residents, greater proportion of residents 
on private insurance, and improved values on met-
rics that defined gentrification.

Similar to our primary analysis, in models that 
used the Ding definition of gentrification, gentrifica-
tion was associated with greater odds of asthma and 
ED encounters (Supplement 5a). All other associa-
tions remained null. In models that defined gentrifi-
cation at two levels (i.e., Hirsch measure), similar to 
the main analysis, individuals living in less intensely 
gentrified neighborhoods, as compared to individu-
als living in neighborhoods that did not gentrify, 
had lower odds of obesity and higher odds of an 
ED encounter (Supplement 5b). All other associa-
tions between less intense gentrification and health 

Table 2   Change from baseline to follow-up of variables used to define gentrification

*p < 0.05 comparing neighborhoods that did and did not gentrify
SD, standard deviation

Eligible Not eligible Eligible + ineligible

Did not gentrify Gentrified Total Total Total

(N = 8981) (N = 1826) (N = 10807) (N = 32467) (N = 43274)

Block groups 23 5 28 71 99
Household income (mean (SD))  − 498 (9629) 11091 (4549)* 1731 (9959)  − 3972 (16209)  − 2428 (14947)
Percent bachelor’s degree (mean (SD)) 0.03 (0.11) 0.08 (0.06)* 0.04 (0.10) 0.04 (0.18) 0.04 (0.16)
Difference in rent (mean (SD))  − 14 (110) 159 (78)* 17 (124) 14 (230) 15 (203)
Percent below poverty (mean (SD))  − 2 (17)  − 21 (10)  − 5 (17) 2 (10) 0 (13)
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outcomes and healthcare utilization were null. In 
comparison, individuals living in intensely gentri-
fied, as compared to individuals living in neighbor-
hoods that did not experience gentrification, had a 
lower odds of diabetes, hypertension, and obesity 
and higher odds of ED encounters (Supplement 5b). 
The results also suggest that long-term residents of 

neighborhoods that intensely gentrified may have 
higher odds of depression than long term residents 
of neighborhoods that did not gentrify (OR = 1.06; 
95% CI: 1.00–1.14). In additional exploratory anal-
yses, gentrification status was not associated with 
health outcomes or healthcare utilization when strat-
ified by age, race, or sex (Supplement 6a–c).

Table 4   Association* between gentrification and indicators of change in health and healthcare utilization

Models adjusted for age, race, ICE, sex, insurance status, and the individual-level clustering effect

Estimate 95% CI p value

CVD
  Intercept 0 0 0  < 0.001
  Time 1.98 1.83 2.14  < 0.001
  Gentrification 0.93 0.78 1.12    0.44

Diabetes
  Intercept 0.02 0.01 0.02  < 0.001
  Time 1.55 1.49 1.61  < 0.001
  Gentrification 1.00 0.89 1.13  > 0.99

Hypertension
  Intercept 0.02 0.01 0.02  < 0.001
  Time 1.60 1.52 1.69  < 0.001
  Gentrification 0.96 0.86 1.06    0.42

Obesity
  Intercept 0.07 0.06 0.08  < 0.001
  Time 3.24 3.09 3.39  < 0.001
  Gentrification 0.89 0.81 0.99    0.026

Depression
  Intercept 0.04 0.03 0.04  < 0.001
  Time 2.40 2.28 2.52  < 0.001
  Gentrification 1.05 0.93 1.18    0.42

Asthma
  Intercept 0.05 0.04 0.06  < 0.001
  Time 1.97 1.87 2.08  < 0.001
  Gentrification 1.03 0.9 1.19    0.65

Emergency department
  Intercept 0.84 0.76 0.93  < 0.001
  Time 2.19 2.08 2.30  < 0.001
  Gentrification 1.10 1.01 1.20    0.024

Inpatient
  Intercept 0.02 0.02 0.02  < 0.001
  Time 1.23 1.13 1.33  < 0.001
  Gentrification 1.09 0.97 1.23    0.16

Outpatient
  Intercept 0.26 0.24 0.30  < 0.001
  Time 1.15 1.11 1.20  < 0.001
  Gentrification 0.93 0.87 1.00    0.05
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Discussion

We present a novel use of EHR data to explore the 
impact of gentrification on patient health outcomes. 
Our findings suggest minimal association between 
gentrification and indicators of health among long-
term residents of Durham County, NC, over a 10-year 
time period. Long-term residents living in neighbor-
hoods that gentrified had a slightly higher odds of 
an ED encounter. These results were sensitive to the 
definition of gentrification used (i.e., more specific 
[Steinmetz-Wood] vs. more sensitive definition [Ding, 
Hirsch]). The association between gentrification and 
ED encounter persisted with the Ding definition and 
other health outcomes were associated with gentrifi-
cation when more sensitive definitions were used.

Increasingly, data on the social and environmen-
tal drivers of health are being linked to EHR data for 
inferential and prediction purposes [25–28]. How-
ever, neighborhoods are not static, and increasingly, 
it is recognized that neighborhood change may dis-
tinctly impact health. It is critical to link time-vary-
ing information on neighborhoods with EHR data. 
Gentrification is a dynamic process of neighborhood 
change signified by the influx of younger, healthier, 
and wealthier individuals. Gentrification has been 
examined extensively in other fields, such as eco-
nomics and sociology, and its relation to crime, labor 
markets, and educational opportunities [29–31]. A 
growing body of literature supports the idea that gen-
trification is associated with health [32]. Few studies 
have examined the indicators of health and health-
care utilization included in our analyses. They have 
focused on self-reported health, health-related behav-
iors, and sub-clinical health indicators such as high 
blood pressure [7–10, 33, 34]. These studies have 
reported conflicting results. Some studies report gen-
trification is not associated with higher self-reported 
health or higher levels of stress, while others found 
a positive association between gentrification and 
higher self-reported health and an inverse associa-
tion with hypertension [7–9, 34]. These studies exam-
ined health outcomes at a single time point; our study 
examined a change in health outcomes and healthcare 
utilization between baseline and follow-up periods.

Exploratory analyses within this study suggest 
there may be differences in hypertension by age, 
and in CVD, diabetes, hypertension, obesity, depres-
sion, ED, and inpatient encounters by race. Our 

findings are supported by other studies which suggest 
that gentrification is associated with certain nega-
tive health outcomes among African Americans and 
older adults [8, 9, 35]. Black residents within neigh-
borhoods that are gentrifying, as compared to their 
White neighbors, may have poorer self-rated health, 
increased rates of preterm birth, and higher mortal-
ity [9, 36, 37]. There is considerably less research on 
the how gentrification impacts older adults. Limited 
data suggests that older residents living in gentrifying 
neighborhoods, as compared to older residents living 
in affluent neighborhoods, may have more depres-
sion and anxiety symptoms and lower overall mental 
health [35]. Similar to our study, this study did note 
that economically vulnerable older residents living 
in gentrifying neighborhoods had higher self-rated 
health than economically vulnerable residents liv-
ing in low-income neighborhoods. This suggests that 
older vulnerable residents may benefit from resources 
being introduced through reinvestment in gentrifying 
neighborhoods. Prior research suggests that neighbor-
hood resources may promote health and quality of life 
in older adults through increased mobility and social 
participation [38]. Studies have not extensively exam-
ined other health outcomes.

There is less data on the impact of gentrification 
on healthcare utilization. One study did show that 
the rate of mental health-related encounters was 
not different between long-term residents living 
in gentrified as compared to non-gentrified neigh-
borhoods [10]. This was part of a larger study that 
reported higher rates of encounters in displaced 
residents as compared to long-term residents living 
in gentrified neighborhoods. Long-term residents 
of neighborhoods have been shown to be older and 
subsequently sicker than displaced residents who 
tend to be younger and healthier [10]. Within long-
term residents, gentrification may negatively alter 
the collective efficacy of a neighborhood, result-
ing in decreased social cohesion and social con-
trol. This in turn can result in social polarization 
and segregation, which has been shown to lead to 
greater stress and high risk for illness and death 
[39–45]. Others have posited gentrification may 
improve health through greater access to resources 
(e.g., grocery stores, health clinics) not previ-
ously available. We may not have seen an associa-
tion between gentrification and health outcomes 
because gentrification introduced resources that 
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allowed long-term residents to better manage their 
health than long-term residents living in neighbor-
hoods that did not gentrify.

The rates of health outcomes and healthcare utili-
zation may be impacted by neighborhood selection. 
Some studies suggest that poor health predict living 
in a poorer neighborhood after displacement [46, 
47]. Others suggest that the magnitude of association 
between pre-move health factors and neighborhood 
factors are small, indicating that residential self-selec-
tion is not a major source of bias [48]. In our study, 
it is noteworthy that because we are using EHR data, 
higher rates of conditions might be due to increased 
access to resources through gentrification. That is, if 
more health clinics are introduced in a neighborhood 
through gentrification, we might identify a greater 
number of people with health conditions. However, 
we included long term residents of these neighbor-
hoods who were likely living in the neighborhoods 
before many of the amenities were available.

Gentrification has been theorized to impact health 
through changes to the physical environment and 
changes to the social environment [30]. This impacts 
physical and mental health through changes in health-
care utilization, health-related behaviors, and/or bio-
logical response. Prior studies have suggested that 
the association between gentrification and higher ED 
admissions might be related to disruptions to access 
to primary healthcare [10] among residents who 
were displaced by gentrification. Among residents 
who remain in neighborhoods that gentrify, increased 
ED use might be related to increases in gentrifica-
tion associated crime [47] or exacerbation of health 
conditions which necessitate emergency department 
encounters [34]. For example, gentrification can 
lead to decrease in social cohesion which can impact 
a person’s ability to manage their diabetes and/or 
hypertension. This can result in individuals needing 
emergent care. Gentrification may have less of an 
impact on distal health outcomes such as CVD due to 
the impact of traditional risk factors such as age and 
smoking. This may explain why inpatient encounters 
are not impacted. The Ding and Hirsch definitions are 
more sensitive measures of gentrification; that is, they 
identified more tracts as gentrified. The point esti-
mate of the association seen with these definitions is 
largely similar to the main definition, while the con-
fidence intervals are narrower, potentially due to a 
greater number of block groups eligible.

Further research is needed to study the mechanism 
by which gentrification impacts health, the impact of 
gentrification on both long-term residents and dis-
placed residents, and proportional contribution of 
decreased social cohesion and added resources to 
health risk.

An important challenge in studying gentrification 
is the method used to define gentrification. Currently, 
there is no gold standard definition of gentrification 
[32]. Studies that use quantitative definitions of gen-
trification apply two important criteria. The first is that 
neighborhoods must be eligible to be gentrified based 
on comparing neighborhood-level socioeconomic 
indicators with similar indicators at the city or county 
level [7, 8, 49]. The second is that there has to be a 
change in z-score value, percent, or numerical change 
from a baseline period to a follow-up period for vari-
ables of interest (e.g., median household income, 
median home value, and proportion with a bachelor’s 
degree). The definition we used in the main analysis is 
a conservative definition and has been used previously 
and includes variables that are used across multiple 
definitions [19, 23, 33, 50–52]. To test the sensitivity 
our definition, we calculated the associations of inter-
est using other less conversative, though commonly 
used, definitions [23, 24]. We found that the associa-
tion between gentrification and health outcomes and 
utilization is sensitive to the definition used. There is 
a need to either standardize methods to define gentri-
fication or develop an objective definition of gentrifi-
cation that does not rely on comparison to a broader 
geographic area. This can promote evidence genera-
tion of the impact of gentrification on health which, in 
turn, can inform policies to mitigate potential negative 
effects. These policies can include income ceilings to 
buy homes, eviction moratoriums, housing subsidies, 
small business loans, or protections on longstanding 
culturally significant entities.

There are notable strengths to this study. Studies 
that use data from the EHR implicitly include individ-
uals with access to healthcare. Because of this, indi-
viduals from lower socioeconomic classes are often 
excluded from studies in which EHR data draw from 
highly insured populations. We were able to use linked 
and deduplicated EHR data from two distinct health 
systems, including one of which specifically serves the 
uninsured, underinsured, and undocumented residents 
of Durham County; greater than 80% of Durham resi-
dents have had a clinical encounter with at least one of 
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these health systems. This may help to limit the selec-
tion bias introduced by using data from the EHR for 
research. We also considered multiple definitions of 
gentrification, allowing us to test the sensitivity of our 
results to the definition used. In addition, the outcomes 
enumerated in this study included multiple indica-
tors of health and healthcare utilization, assessed over 
almost 10 years of follow-up.

There are limitations to note. This study included 
long-term residents of Durham, who may have a dif-
ferent demographic and clinical characteristic as com-
pared to residents who moved in or out of Durham 
during the study period. By enumerating outcomes 
using two health systems located in Durham, NC, we 
may exclude outcomes and healthcare utilization that 
occur outside of the DUHS or LCHC and those out-
side of the time frames we considered. For some con-
ditions, such as obesity, diabetes, and hypertension, 
this may not greatly impact our results as these con-
ditions can be ascertained in future encounters. Our 
results may indicate that the health impacts of gentrifi-
cation arise later than measured in our study. Gentrifi-
cation may impact other indicators of health or health-
care utilization that were not measured in this study, 
such as control of diabetes or hypertension. In addi-
tion, we present results without a correction for mul-
tiple comparisons; some results may be due to chance.

Conclusion

We provide an approach to link extant SDOH data to 
EHR data to quantify the association between time-
varying changes to neighborhoods and its impact 
on health and healthcare utilization. Our results did 
not find a consistent association across definitions of 
gentrification and health outcomes. Future research 
should incorporate additional health indicators, 
including other mental health conditions, stress mark-
ers, and more proximal measures, including manage-
ment of health conditions such as diabetes and hyper-
tension. Dynamic changes to neighborhoods through 
forces such as gentrification may be important social 
drivers of health and allude to modifiable mecha-
nisms through which neighborhood changes impact 
health, as well as inform effective, targeted inter-
ventions. Policies should be considered to limit the 
potential negative impacts of gentrification on health 
and healthcare utilization.
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