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BACKGROUND: Hypertension control and diabetes con-
trol are important for reducing cardiovascular disease bur-
den. A growing body of research suggests an association
between neighborhood environment and hypertension or
diabetes control among patients engaged in clinical care.
OBJECTIVE: To investigate whether neighborhood condi-
tions (i.e., healthy food availability, socioeconomic status
(SES), and crime) were associated with hypertension and
diabetes control.
DESIGN: Cross-sectional analyses using electronic med-
ical record (EMR) data, U.S. Census data, and secondary
data characterizing neighborhood food environments.
Multivariate logistic regression analyses adjusted for po-
tential confounders. Analyses were conducted in 2017.
PARTICIPANTS: Five thousand nine hundred seventy
adults receiving primary care at three Baltimore City
clinics in 2010–2011.
MAIN MEASURES: Census tract–level neighborhood
healthy food availability, neighborhood SES, and neigh-
borhood crime. Hypertension control defined as systolic
blood pressure < 140 mmHg and diastolic blood pressure
< 90 mmHg. Diabetes control defined as HgbA1c < 7.
KEYRESULTS:Amongpatientswithhypertension, neigh-
borhood conditions were not associated with lower odds of
blood pressure control after accounting for patient and
physician characteristics. However, among patients with
diabetes, in fully adjusted models accounting for patient
and physician characteristics, we found that patients re-
siding in neighborhoods with low and moderate SES had
reduced odds of diabetes control (OR = 0.74 (95%
CI = 0.57–0.97) and OR=0.75 (95% CI = 0.57–0.98), re-
spectively) compared to those living in high-SES
neighborhoods.
CONCLUSIONS: Neighborhood disadvantage may con-
tribute to poor diabetes control among patients in clinical
care. Community-based chronic disease care manage-
ment strategies to improve diabetes control may be

optimally effective if they also address neighborhood SES
among patients engaged in care.
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INTRODUCTION

Hypertension control and diabetes control are important for
reducing cardiovascular disease (CVD) morbidity and mortal-
ity 1. Individuals with hypertension have a 63.4% lifetime risk
of developing CVD compared to 46.1% among those with
normal blood pressure 2. Moreover, each 10-year increase in
duration of diabetes is also associated with increased CVD risk
and mortality 3. Despite the availability and effectiveness of
lifestyle and pharmacological interventions, many patients
engaged in care do not achieve optimal blood pressure or
diabetes control 4, 5. Patient, provider, and health system
factors, such as poor medication adherence; limited healthcare
access; and variation in diagnosis, treatment, and adherence to
clinical guidelines are related to poor hypertension and diabe-
tes control 6, 7.
Furthermore, racial/ethnic disparities persist despite improve-

ment in overall hypertension and diabetes control 5, 8. Data from
the National Health and Nutrition Examination Survey
(NHANES) estimate that, among hypertensive adults in the
USA, non-Hispanic Whites achieved hypertension control at
higher rates (56%) as compared to non-Hispanic Blacks (48%)
and Hispanics (47%) 8. NHANES data suggest similar dispar-
ities in disease control among adults in the USAwith diabetes.
For example, among adults in the USA with diabetes, 52% of
non-Hispanic Blacks and 43% of Mexican Americans achieved
glycemic control versus 57% of non-Hispanic Whites 5. Racial/
ethnic disparities in diabetes and hypertension control are major
public health issues in their own right, and they likely also
contribute to disproportionately increased risk of CVD compli-
cations, including kidney disease and strokes among non-
Hispanic Blacks and Mexican Americans 9, 10.
Most research has focused on patient-level and health sys-

tem factors, but, increasingly, research has examined whether
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neighborhood factors influence hypertension and diabetes
control among clinical populations. In prior research, neigh-
borhood characteristics including neighborhood socioeco-
nomic status (SES) 11, healthy food availability, pollution,
crime, and walkability have been associated with CVD 12.
Disadvantaged neighborhood conditions may undermine dia-
betes and hypertension control by inhibiting individuals’ abil-
ity to adopt healthy lifestyle behaviors, generating chronic
stress, and producing physiological changes increasing CVD
risk 12. Previous work examining the relationship between the
neighborhood food environment and diabetes or hypertension
has used supermarket presence, the number of fast-food res-
taurants, and the number of food outlets 13.
This study builds on prior research by using food

environment data derived from direct observations of
every food store in Baltimore, MD, using a standardized
audit tool, the Healthy Food Availability Index (HFAI).
The HFAI generates a numeric score for every food
store in Baltimore City that can be aggregated to the
census tract level to produce an overall measure of the
neighborhood healthy food availability 14. Previous work
using the HFAI has found that 43% of predominantly
Black neighborhoods in Baltimore City are in the lowest
tertial of health food availability versus 4% of predom-
inately white neighborhoods 15. Furthermore, low avail-
ability of healthy food has been associated with high
diabetes prevalence 16, hypertension prevalence 17, and a
lower-quality diet 15, which could negatively impact
diabetes control.
This study extends prior research by examining relation-

ships between distinct features of the neighborhood food
environment and social environment (i.e., healthy food avail-
ability and crime, respectively) in addition to traditional mea-
sures of neighborhood SES, with hypertension and diabetes
control among patients in primary care. As such, it adds to a
small but growing body of evidence exploring the association
of neighborhood conditions and the odds of diabetes and
hypertension control among an adult population in the USA
who are engaged in care. We hypothesized that neighborhood
environments with high SES, healthy food availability and
low crime would be associated with greater odds of hyperten-
sion and diabetes control.

METHODS

Study Population

The study population is adults aged ≥ 18 years with hyperten-
sion and/or diabetes who received primary care at three prac-
tices in Baltimore, MD, belonging to a network of more than
35 clinics across Maryland. The clinics share an electronic
medical record (EMR) system and participated in a multilevel
system quality improvement intervention study designed to
reduce disparities in blood pressure control—details are de-
scribed elsewhere 18.

The present study is cross-sectional. We used baseline data
prior to intervention implementation in each clinic to assess
clinical outcomes of diabetes and hypertension control in this
study. This approach was used to avoid confounding from the
effects of the quality improvement intervention on blood pres-
sure outcomes. The analytic sample included all patients who
received care at the three clinics in Baltimore, who had com-
plete address information and resided within the city limits.
Patient’s addresses were geocoded and assigned to a census
tract, which was the geographic unit of analysis used to define a
neighborhood for this study. Patients’ mailing addresses listed
in the EMRwere used to assign neighborhood of residence and
were geocoded to census tracts using ArcGIS software, version
10.2 (Environmental Systems Research Institute, Inc., Red-
lands, California). Because the study focused on examining
the association of neighborhood conditions and diabetes and
hypertension control among patients who were engaged in care,
this analysis excluded patients if they did not have at least one
clinical encounter between October 2010 and September 2011
prior to the start of the quality improvement intervention, did
not have a diagnosis of hypertension or diabetes, or did not have
a blood pressure or HgbA1c measure within 2 years before the
intervention start date at a given site (Fig. 2 in the Appendix).
The final analytic sample included individuals who were either
Black or White and had complete data for all variables retained
(n = 5711). The final sample was restricted to only those pa-
tients who were identified in the EMR as Black or White
because there were insufficient sample sizes for patients of other
racial/ethnic groups for subgroup analyses. The Johns Hopkins
Medicine Institutional Review Board approved the study. In-
formed consent was waived for patients. Providers implied
consent by agreeing to complete the survey.

Measures

The exposures were neighborhood SES, crime, and healthy
food availability. Neighborhood SES was characterized using
a method described elsewhere by generating a summary score
of six z-scores for domains measured at the census tract level.
Given the timing of the clinical outcome data from the EMR
that was used in this study, we used data from the 2010 U.S.
Census to characterize neighborhood SES. The 6-domain sum-
mary score used in this analysis has been used in other research
studies to characterize neighborhood SES 19. The six domains
included in the neighborhood SES summary score were median
household income; median housing value, percent of owner-
occupied households; proportion of adults > 25 years with a
high school education; proportion of adults > 25 years with a
college education; and proportion of adults > 16 years with
executive, managerial, or professional occupations 19. A higher
summary score represents a less-deprived neighborhood envi-
ronment. Neighborhood SES tertiles were categorized as low
(− 7.01 to − 0.66), medium (− 0.54 to 1.13), and high (1.21 to
4.76). Prior research suggests that while neighborhood SES is
correlated with individual SES, it represents a distinct construct
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such that there is heterogeneity in individual-level SES among
residents in the same neighborhoods 19. Furthermore, neighbor-
hood disadvantage is a separate source of disadvantage from
individual SES and may represent a distinct exposure as com-
pared to individual SES 20.
Neighborhood crime was characterized using data from the

Baltimore City Police Department between 2006 and 2010 21.
Neighborhood crime was defined as a count of violent crimes
per square mile at the census tract level and included offenses
involving force or threat of force such as homicide/manslaugh-
ter, rape, aggravated assault, and robbery. Crime tertiles were
categorized as low (29.88 to 437.60), medium (443.04 to
1395.99), and high (1407.77 to 4474.05).
The Baltimore HFAI was used to characterize neighbor-

hood healthy food availability. The HFAI has been validated
by previous work and is described elsewhere 14. Briefly, the
HFAI assessed the following: 100% fruit juice; fresh fruit and
vegetables; meats; chicken; seafood; frozen fruits, vegetables
and healthy meals; rice, beans, and pasta; canned fruits and
vegetables; 100%whole wheat and other bread; and low-sugar
cereal (7 g of sugar or less). This study utilizes the version of
the HFAI data collected in 2012, which was collected by
auditing 900 stores in Baltimore, MD, using a streamlined
tool. Data on the food available in each store is aggregated to
the geographic unit of interest to characterize the healthy food
availability in a given neighborhood. In this study, the neigh-
borhood is defined at the census tract level. Therefore, HFAI
ratings for every store within a given census tract are com-
bined to yield a census trace summary HFAI score. These
scores ranged from 0 to 28.5 points, with a higher score
indicating a greater availability of healthy foods. HFAI tertiles
were categorized as low (0.00 to 7.50), medium (7.55 to
10.17), and high (10.38 to 28.5). Lower HFAI tertiles were
found to be correlated with lower-quality diets 15.
Hypertension control and diabetes control were the primary

outcomes and assessed at the most recent clinical visit before
each clinic’s intervention start date. Hypertension control was
defined as systolic blood pressure < 140 mmHg and diastolic
blood pressure < 90 mmHg according to criteria from the
Seventh Joint National Committee on Hypertension 22. Dia-
betes control was defined as HgbA1c < 7 based on the Amer-
ican Diabetes Association recommendations 23. Both hyper-
tension control and diabetes control were binary variables (1 =
controlled, 0 = uncontrolled).
Age, gender, race (Black, White), marital status (married,

not married), and insurance status (Medicaid, Medicare, pri-
vate, uninsured, and unknown) were obtained from the EMR.
Data on patients’ individual or family income was not avail-
able from the EMR, nor was data on patient education level.
Thus, insurance type was considered as a proxy for individual
SES, insofar as Medicaid insurance, in particular, is a means-
tested program intended for low-income patients. Among the
Medicare population, reliable data was not available from the
EMR to distinguish those patients who were dually eligible for
Medicare and Medicaid (i.e., low-income older adults) from

other Medicare beneficiaries who were not low-income. Var-
iables partially mediating or cofounding the association be-
tween neighborhood environment and hypertension or diabe-
tes control such as biomedical risk factors (e.g., body mass
index, comorbidities) and health behaviors (e.g., smoking)
were also obtained from the EMR. Body mass index (BMI)
was calculated by dividing measured weight in kilograms by
height in meters squared and further categorized as under-
weight, normal weight, overweight, and obese. Comorbidities
were assessed using the Charlson Comorbidity Index, which
takes into account the number and severity of comorbid dis-
eases 24. Smoking was assessed and reported in the EMR and
was categorized as current, former, or never smoker.

Statistical Analysis

We examined patient characteristics using means and standard
deviations or medians with interquartile range for continuous
variables, and frequencies and percentages for categorical
variables. t tests were used to compare continuous variables
and chi-square tests to compare categorical variables across
patients with and without hypertension and diabetes control.
Multivariate logistic regression models were constructed to

examine associations between neighborhood environment char-
acteristics and hypertension control (Table 2) and diabetes
control (Table 3). To account for within census tract correlation,
all models included clustering at census tract through robust
estimation of standard errors using a clustered sandwich esti-
mator. Because neighborhood environment characteristics are
likely to be correlated, we evaluated the association of neigh-
borhood conditions with diabetes and hypertension control
using separate models for each neighborhood exposure. We
used logistic regression to separately estimate the associations
of neighborhood characteristics on disease control, sequentially
adjusting for patient demographic characteristics in model 2
(i.e., age, race, and gender), and other patient factors that were
considered as correlates or confounders were added to model 3.
These included patient biomedical and health behavior risk
factors (i.e., BMI, smoking status, Charlson Comorbidity In-
dex), marital status, and insurance type.
In sensitivity analyses, we further adjusted for provider

characteristics (i.e., the number of years for each provider in
practice since completing training, position/specialty, and pro-
vider gender) as these factors may influence the association
between neighborhood environment characteristics and hyper-
tension or diabetes control. These are reflected in model 4. We
were unable to adjust for provider race because provider data
were collected from a publicly available source not reporting
race or ethnicity. Additional sensitivity analyses tested for
effect modification by patient race and neighborhood exposure
because some prior research suggests that diabetes and hyper-
tension control may be associated with patient race 25.
Stata (version 14.0; StataCorp LP, College Station, Texas)

was used to perform all statistical analyses in 2017. Statistical
significance was defined a priori as a 2-sided p value < 0.05.
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RESULTS

The sample included patients residing in 197 of 200 census
tracts in Baltimore, MD. Patients’ missing data represented a
small proportion (4%) of the eligible sample. Analyses were
conducted on two non-mutually exclusive samples that were
derived from the final analytic sample and represented those
with hypertension (n = 5325) or diabetes (n = 2094). Table 1
compares patients with controlled versus uncontrolled hyper-
tension or diabetes with respect to patient demographic char-
acteristics, risk factors, comorbidities, marital status, and in-
surance type. In our study of patients engaged in clinical care
at three Baltimore City clinics, patients with either controlled
hypertension or diabetes were more likely to be White, older,
former smokers, and normal or overweight compared to those
who were uncontrolled. Individuals with controlled hyperten-
sion were more likely to have more comorbidities compared to
those who were not controlled (Table 1). Those with con-
trolled diabetes were more likely to be female or covered by
Medicare than those with uncontrolled diabetes. When exam-
ining neighborhood characteristics by race, White patients
resided in more advantaged neighborhood environments
(higher neighborhood SES, high availability of healthy foods,
low crime) compared to Black patients (Fig. 1). Study pa-
tients’ primary care providers completed training on average
20.3 ± 9.9 years ago; most were female (n = 3775; 86.6%) and
were internal medicine physicians (n = 3699; 84.9%).]–>
Among those with hypertension, residing in low or medium

neighborhood SES tertiles was associated with a decreased

odds of hypertension control; however, this association was
attenuated in the fully adjusted model (Table 2). Being in a
high-crime neighborhood was not statistically significantly
associated with decreased odds of hypertension control, nor
was there a statistically significant association of HFAI and
hypertension control. Being Black, a current smoker, and
having Medicaid insurance or being uninsured were associat-
ed with statistically significantly decreased odds of hyperten-
sion control in adjusted models (Table 2, model 2 andmodel 3,
respectively) examining the association of neighborhood SES,
neighborhood crime, and neighborhood healthy food avail-
ability with hypertension control. Adjusting for physician
characteristics (Table 2, model 4) did not attenuate the associ-
ation of patient race or being uninsured with odds of blood
pressure control, but the association of Medicaid insurance
with lower odds of blood pressure control was no longer
statistically significant. Of the physician characteristics added
to model 4, only provider’s level of experience was statistical-
ly significant and was positively associated with odds of blood
pressure control in models examining the association of neigh-
borhood SES, neighborhood healthy food availability, and
neighborhood crime with blood pressure control.
Among those with diabetes, living in low- andmoderate-SES

neighborhoods, in low HFAI neighborhoods, or in high-crime
neighborhoods was associated with a decreased odds of diabe-
tes control, yet not statistically significant in unadjusted results.
These associations remained relatively weak and not statistical-
ly significant even after adjustment for covariates (Table 3).

Table 1 Descriptive Characteristics of 5970 Primary Care Patients Diagnosed with Diabetes (2094, 36%) or Hypertension (5325, 89%)

Overall Diabetes control Hypertension control

No Yes p
value

No Yes p value

N = 5970 N = 1024 N = 1070 N = 2214 N = 3111

Gender, n (%)
Female 3988 (66.8) 650 (63.5) 742 (69.3) 0.004 1475 (66.6) 2107 (67.7) 0.40

Race, n (%)
Black, non-Hispanic 5221 (87.8) 954 (93.2) 969 (90.6) 0.03 2050 (92.6) 2731 (87.8) < 0.001

Age in 2011, median (IQR) 57.7 (48.5,
67.8)

57.5 (49.2,
66.1)

62.3 (54.0,
73.0)

< 0.001 57.2 (48.3,
67.6)

59.1 (50.0,
68.8)

< 0.001

Smoking, n (%)
Current 1470 (24.6) 219 (21.4) 225 (21.0) 0.67 621 (28.0) 690 (22.2) < 0.001
Former 1788 (30.0) 327 (31.9) 361 (33.7) 579 (26.2) 1036 (33.3)
Never 2707 (45.4) 478 (46.7) 484 (45.2) 1014 (45.8) 1385 (44.5)

BMI in kg/m2, n (%)
Underweight (< 18.5) 63 (1.1) 6 (0.6) 9 (0.8) < 0.001 17 (0.8) 43 (1.4) < 0.001
Normal weight (18.5–24.9) 785 (13.4) 78 (7.6) 136 (12.7) 287 (13.0) 419 (13.5)
Overweight (25.0–29.9) 1491 (25.5) 210 (20.5) 260 (24.3) 507 (22.9) 852 (27.4)
Obese (30.0+) 3518 (60.1) 730 (71.3) 665 (62.1) 1403 (63.4) 1797 (57.8)

Insurance, n (%)
Medicaid 1061 (17.8) 182 (17.8) 152 (14.2) < 0.001 440 (19.9) 483 (15.5) < 0.001
Medicare 1901 (31.8) 344 (33.6) 453 (42.3) 716 (32.3) 1031 (33.1)
Private 2790 (46.7) 457 (44.6) 446 (41.7) 967 (43.7) 1524 (49.0)
Uninsured 151 (2.5) 33 (3.2) 9 (0.8) 62 (2.8) 47 (1.5)
Unknown 67 (1.1) 8 (0.8) 10 (0.9) 29 (1.3) 26 (0.8)

Marital status, n (%)
Not married 3959 (66.3) 662 (64.6) 698 (65.2) 0.78 1492 (67.4) 2027 (65.2) 0.09

Charlson Comorbidity Index, mean
± SD

1.3 ± 1.5 2.1 ± 1.6 2.2 ± 1.5 0.12 1.2 ± 1.5 1.3 ± 1.5 0.032

IQR interquartile range
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In additional sensitivity analyses (not shown), there were no
statistically significant interactions between race and

neighborhood environment characteristics in fully adjusted
models for hypertension and diabetes control. Similar to the

a                                   

b

c

Fig. 1 a–c Distribution of neighborhood environment characteristics by race.
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main results, neighborhood environment factors were not
significantly related to hypertension control in adjusted multi-
variate models. However, there was a 26% and 25% decreased
odds for diabetes control among individuals living in low-SES
(OR = 0.74; 95% CI = 0.57–0.97) or moderate-SES (OR =
0.75; 95% CI = 0.57–0.98) neighborhood (Table 3).

DISCUSSION

In this large clinic-based study of neighborhood environ-
ment conditions and hypertension and diabetes control
among patients engaged in care, we did not find consistent
and independent associations of neighborhood SES,

neighborhood healthy food availability, or neighborhood
crime with hypertension control. We did, however, find
statistically significant associations of low- and moderate-
SES neighborhoods versus high-SES neighborhoods and
lower odds of diabetes control in models adjusted for
patient and provider level factors. As such, these findings
are an important addition to the growing literature exam-
ining the relationship of neighborhood factors with achiev-
ing hypertension and diabetes control among patients en-
gaged in care and draw patients from across the vast
majority of neighborhoods in Baltimore, MD.
In addition to findings suggesting lower odds of diabe-

tes control for patients living in low- or moderate-SES

Table 2 Association Between Neighborhood Factors and Hypertension Control Among 5325 Primary Care Patients

Model 1* Model 2† Model 3‡ Model 4§

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Neighborhood socioeconomic status
Low 0.83 (0.72–0.96)¶ 0.92 (0.79–1.06) 0.96 (0.82–1.11) 0.91 (0.77–1.09)
Medium 0.85 (0.74–0.98)¶ 0.93 (0.80–1.07) 0.94 (0.81–1.08) 0.88 (0.75–1.04)
High Reference Reference Reference Reference

Race
Black – 0.60 (0.49–0.73)** 0.64 (0.53–0.79)** 0.64 (0.50–0.81)#

White – Reference Reference Reference
Insurance
Medicaid 0.76 (0.646–0.90)¶ 0.88 (0.72–1.07)
Medicare 0.87 (0.758–1.00) 0.90 (0.77–1.06)
Private Reference Reference
Uninsured 0.53 (0.357–0.78)# 0.56 (0.35–0.90)¶
Unknown 0.63 (0.369–1.08) 0.77 (0.42–1.44)

PCP years in practice‖ 1.01 (1.01–1.02)#

Healthy food availability index
Low 0.99 (0.85–1.14) 1.03 (0.89–1.20) 1.01 (0.89–1.16) 0.97 (0.83–1.14)
Medium 0.90 (0.79–1.02) 0.93 (0.82–1.06) 0.94 (0.82–1.08) 0.91 (0.78–1.07)
High Reference Reference Reference Reference

Race
Black – 0.58 (0.48–0.71)** 0.63 (0.52–0.77)** 0.62 (0.49–0.78)#

White – Reference Reference Reference
Insurance
Medicaid 0.76 (0.642–0.89)# 0.87 (0.71–1.06)
Medicare 0.87 (0.753–0.99)¶ 0.89 (0.76–1.05)
Private Reference Reference
Uninsured 0.53 (0.355–0.78)# 0.56 (0.35–0.91)¶
Unknown 0.63 (0.368–1.08) 0.77 (0.42–1.44)

PCP years in practice‖ 1.02 (1.01–1.03)#

Neighborhood crime
Medium 0.87 (0.75–1.01) 0.92 (0.79–1.07) 0.93 (0.81–1.09) 0.92 (0.78–1.09)
High 0.82 (0.70–0.95)** 0.89 (0.76–1.03) 0.94 (0.81–1.10) 1.00 (0.84–1.19)
Low Reference Reference Reference Reference

Race
Black – 0.60 (0.49–0.73)** 0.64 (0.52–0.78)** 0.62 (0.49–0.78)#
White – Reference Reference Reference

Insurance
Medicaid 0.76 (0.647–0.90)# 0.87 (0.71–1.06)
Medicare 0.87 (0.759–1.00) 0.89 (0.76–1.05)
Private Reference Reference
Uninsured 0.53 (0.359–0.79)# 0.57 (0.35–0.91)¶

Unknown 0.63 (0.369–1.09) 0.77 (0.41–1.44)
PCP years in practice‖ 1.02 (1.01–1.03)#

Values in italics indicate statistical significance (¶p < 0.05, #p < 0.01, **p < 0.001)
*Model 1: neighborhood factor
†Model 2: model 1 + race + age + gender
‡Model 3: model 2 + married + BMI + smoking status + insurance + Charlson Comorbidity Index
§Model 4: model 3 + years PCP trained + PCP position + PCP gender
‖Number of years in practice since training was completed
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versus high-SES neighborhoods, we also found that, even
when holding neighborhood conditions constant, being
Black and having Medicaid insurance or being uninsured
were associated with lower odds of hypertension control
even when adjusting for other patient demographic char-
acteristics, biomedical risk factors, health behaviors, and
chronic disease burden. Furthermore, only the association
of Medicaid insurance with lower odds of hypertension
control was attenuated by adjusting for physician charac-
teristics. Similarly, being uninsured was associated with
lower odds of diabetes control even when holding neigh-
borhood conditions constant and adjusting for patient de-
mographic characteristics, biomedical risk factors, health
behaviors, and chronic disease burden.

Findings from this study suggest that disparities in hy-
pertension and diabetes control cannot be explained en-
tirely based on differences in neighborhood conditions. In
fact, our sample patient race and insurance type were the
factors most consistently associated with odds of hyper-
tension and diabetes control. In this way, our findings
differ from prior studies examining the associations of
neighborhood factors with chronic conditions insofar that
this research does not detect a main effect of neighborhood
conditions on hypertension control in any of the adjusted
models. In contrast, a previous population-based investi-
gation found residents who lived continuously in the most
advantaged residential areas achieved glycemic control in
a shorter time compared to those in disadvantaged areas

Table 3 Association Between Neighborhood Factors and Diabetes Control Among 2094 Primary Care Patients

Model 1* Model 2† Model 3‡ Model 4§

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Neighborhood socioeconomic status
Low 0.82 (0.65–1.02) 0.86 (0.69–1.08) 0.85 (0.68–1.09) 0.74 (0.57–0.97)¶

Medium 0.86 (0.69–1.08) 0.85 (0.67–1.08) 0.87 (0.68–1.10) 0.75 (0.57–0.98)¶

High Reference Reference Reference Reference
Race
Black – 0.77 (0.55–1.08) 0.79 (0.57–1.11) 0.78 (0.53–1.14)
White – Reference Reference Reference

Insurance
Medicaid 1.03 (0.778–1.35) 1.08 (0.77–1.50)
Medicare 0.99 (0.797–1.22) 0.96 (0.75–1.22)
Private Reference Reference
Uninsured 0.34 (0.161–0.73)# 0.43 (0.18–1.03)
Unknown 1.52 (0.588–3.94) 1.71 (0.58–5.08)

PCP years in practice‖ 1.00 (0.99–1.01)
Healthy food availability index
Low 0.90 (0.72–1.13) 0.92 (0.73–1.17) 0.98 (0.79–1.22) 0.95 (0.74–1.22)
Medium 0.97 (0.79–1.18) 0.96 (0.78–1.18) 0.91 (0.73–1.13) 0.89 (0.69–1.14)
High Reference Reference Reference Reference

Race
Black – 0.74 (0.54–1.03) 0.76 (0.55–1.07) 0.73 (0.50–1.06)
White – Reference Reference Reference

Insurance
Medicaid 1.02 (0.769–1.34) 1.05 (0.76–1.47)
Medicare 0.98 (0.786–1.21) 0.93 (0.73–1.19)
Private Reference Reference
Uninsured 0.34 (0.157–0.71)# 0.41 (0.17–0.99)¶
Unknown 1.50 (0.579–3.88) 1.62 (0.54–4.80)

PCP years in practice‖ 1.00 (0.98–1.01)
Crime
Medium 0.94 (0.74–1.19) 0.97 (0.76–1.24) 0.99 (0.78–1.27) 1.02 (0.77–1.35)
High 0.76 (0.61–0.96)¶ 0.81 (0.64–1.04) 0.81 (0.63–1.04) 0.86 (0.65–1.14)
Low Reference Reference Reference Reference

Race
Black – 0.77 (0.55–1.08) 0.79 (0.56–1.11) 0.74 (0.51–1.08)
White – Reference Reference Reference

Insurance
Medicaid 1.04 (0.791–1.38) 1.07 (0.79–1.49)
Medicare 1.01 (0.809–1.24) 0.95 (0.74–1.22)
Private Reference Reference
Uninsured 0.36 (0.166–0.76)# 0.42 (0.17–1.03)
Unknown 1.56 (0.602–4.05) 1.63 (0.55–4.83)

PCP years in practice‖ 0.99 (0.98–1.01)

Values in italics indicate statistical significance (¶p < 0.05, #p < 0.01, **p < 0.001)
*Model 1: neighborhood factor
†Model 2: model 1 + race + age + gender
‡Model 3: model 2 + married + BMI + smoking status + insurance + Charlson Comorbidity Index
§Model 4: model 3 + years PCP trained + PCP position + PCP gender
‖Number of years in practice since training was complete
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(9.9 months vs. 11.5 months) 26. Moreover, in a random-
ized controlled trial to improve medication adherence
among diabetic patients in Pennsylvania primary care
clinics, investigators found patients residing in advantaged
neighborhoods with high social affluence and residential
stability were more likely to be adherent to medication and
ultimately achieve glycemic control 27.
Black patients in our study were less likely to achieve

hypertension control compared to Whites. This observa-
tion is consistent with population-based or community-
based study findings 5, 28. Even though we found Blacks
had decreased odds of control, neighborhood impact upon
health is often inadequately discussed and seldom incor-
porated into treatment plans 29. However, it is an oversim-
plification to suggest that race is a more important deter-
minant of blood pressure control than neighborhoods. Our
findings highlight key areas where further research is
needed and raise important considerations about the pros
and cons of leveraging clinical administrative datasets
from EMRs to investigate the association of neighborhood
conditions and clinical outcomes such as hypertension and
diabetes control.
Several mechanisms may explain our findings. While

healthcare access is a key component to achieve hyper-
tension and diabetes control, patients living in disadvan-
taged neighborhoods remain susceptible to the adverse
conditions of these environments. This highlights the in-
terconnectedness of individual characteristics and social
context and the difficulty in fully disentangling, describ-
ing, and understanding the independent associations of
individual and structural factors on disease morbidity
and chronic disease management. For example, neighbor-
hood socioeconomic environment can influence the avail-
ability of resources promoting hypertension and diabetes
control, such as grocery stores 30 and recreational facilities
which may influence diet and physical activity 12. Al-
though these findings have been well established in
population-based studies of disease prevalence, our results
examining the association of neighborhood conditions
with diabetes and hypertension control were mixed. Res-
idents living in a disadvantaged neighborhood might also
have increased exposure to crime. Exposure to high crime
is related to perceived lack of safety which may contribute
to lack of engagement in healthy behaviors important for
control, such as physical activity 31. Moreover, crime is a
neighborhood environmental stressor that may trigger bi-
ological pathways which modulate physiologic responses
to stress 12.
Independent of primary care provider characteristics,

individuals living in economically deprived neighbor-
hoods were less likely to achieve diabetes control in our
study, suggesting while providers are important for clini-
cal management, neighborhood determinants are likely
instrumental in diabetes self-care, such as adherence to
medication, clinical visits, and uptake of lifestyle changes

32. Furthermore, the comparability of neighborhoods may
need to consider other aspects of the neighborhood envi-
ronment beyond neighborhood SES, food environment, or
crime indicators per se. For example, it may be difficult to
disentangle neighborhood characteristics and racial iden-
tity in primary care settings insofar as Black patients
embody the social and material conditions in which they
live 33 and the historical context in which racial segrega-
tion developed in Baltimore. For example, systematic
implementation of redlining policies in Baltimore not only
contributed to racial segregation but also produced socio-
economic neighborhood conditions and health inequalities
affecting Blacks and Whites differently 34, 35. This, in
turn, can affect where patients access and engage in care,
how providers approach the care of patients living in
deprived neighborhoods, and ultimately, whether patients
achieve better health outcomes 36.
The 2019 ACC/AHA Guideline on the Primary Pre-

vention of Cardiovascular Diseases includes the follow-
ing take-home message: “A team-based care approach is
an effective strategy for the prevention of cardiovascular
disease. Clinicians should evaluate the social determi-
nants of health that affect individuals to inform treat-
ment decisions.” 37 However, a recent report from the
National Academies of Sciences, Engineering, and Med-
icine highlights that contextual risks to health associated
with living in disadvantaged neighborhoods are not
overcome by engaging in care as it is currently deliv-
ered in most settings across the USA 38. The report
suggests a robust framework is needed to insure
healthcare settings are optimally equipped to integrate
social care via five types of activities: awareness, ad-
justment, assistance, alignment, and advocacy. Clinicians
and other members of the care team can increase efforts
to elicit information about neighborhood conditions and
other social determinants during medical encounters 29.
Standardized screening tools can improve data gathering
in this regard 39. Screening for social determinants could
occur with the intent to adjust clinical decision-making
to be more responsive to patients’ social situations (e.g.,
less expensive medications or reduced insulin dosages at
the end of the month if patients’ food benefits run out
and they have to eat less). Clinicians could also use this
information to assist patients, linking them to communi-
ty or population management programs that support
identified needs. Examples include activating case man-
agers or community health workers to assist patients
with self-management support 32 and navigating external
bureaucracies or daily life challenges such as obtaining
transportation or food vouchers and even extending the
reach of the clinic through home visits. An alignment or
advocacy strategy might be for the health system to
engage in a medical legal partnership that addresses
common legal needs of families such as housing condi-
tions or personal safety 34, 35.
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Limitations and Strengths

Our study has several limitations. First, the EMR has incom-
plete information about individual-level SES variables, such
as income or education; thus, we were limited to identifying
individual SES through insurance status as a proxy. Addition-
ally, we used cross-sectional data unable to account for time-
variant measures or inferences about causality; thus, we could
not assess whether neighborhood characteristics affect indi-
viduals’ risk of controlling hypertension or diabetes across
time. Second, there is a slight temporal mismatch between
the study period (2010–2011), HFAI data (collected in 2012),
neighborhood SES measures (2010), and crime data (2006–
2010); these data were the latest available data proximal to our
study period. However, since neighborhood environment
characteristics typically change slowly, we do not expect these
discrepancies to affect the results significantly. Defining
neighborhood SES at the census tract level may not corre-
spond to actual geographic boundaries of a neighborhood as
perceived by residents.
We excluded patients who were not engaged in care or did

not have a recent clinical measure as these people lacked
adequate information for comparison; however, these may be
the most disadvantaged. However, our study criteria allow the
study population to be inclusive of some patients who are
engaged in care but are not optimally engaged in follow-up
for hypertension or diabetes. We did not measure or adjust for
treatment intensification and medication adherence due to the
complexity of reliably measuring these factors in our EMR
data; we acknowledge they are important for hypertension and
diabetes control. Finally, there were an insufficient number of
patients who were neither Black nor White in our sampling
frame, and thus our results may not be generalizable to a more
ethnically diverse group of patients.
Limited neighborhood variability among Black patients

could have affected our ability to detect significant results.
Historical factors such as racial and economic segregation 34

create conditions in which a counterfactual comparison group
of White patients residing in the same poor neighborhood
environments as Blacks is limited, thereby restricting neigh-
borhood variability of our predominantly Black patient popu-
lation. However, while others may view neighborhood vari-
ability as a limitation, we recognize it captures a real-world
phenomenon particularly for urban areas with large Black
populations. Furthermore, because this study utilizes data
from a clinical sample of patients who were somewhat en-
gaged in primary care, study patients may not be representa-
tive of the overall population of residents in their respective
Baltimore neighborhoods nor of the city overall.
Another major limitation in our study that may partially

explain the differences in our findings compared to other prior
studies is that we did not have specific information about the
socioeconomic status (e.g., income level, employment history,
or educational level) of the patients in this clinical sample.
Specific information regarding individual socioeconomic

status is not available within the EMR data that was extracted.
Hence, without the ability to access and link data from other
administrative sources or without data directly from patients
regarding their socioeconomic status, we were unable to fully
disentangle individual SES and neighborhood conditions in
our analyses. Insurance coverage was the best proxy for indi-
vidual SES available to us, but it is problematic because it was
imperfect and incomplete. While we considered Medicaid
insurance as a proxy for SES insofar as those eligible for
Medicaid must be lower income, we were not able to fully
distinguish betweenMedicare patients in the sample who were
or were not dually eligible for Medicaid based on income
status.
This study has several strengths, including being one of a

few primary care–based studies to examine the association of
multiple neighborhood environment characteristics on hyper-
tension and diabetes control among patients seen within a 2-
year period. Another strength of this study is that we used
detailed medical records data on clinical and individual factors
among patients engaged in primary care, as most of the pa-
tients had clinical observations within 6 months of study
baseline. Our study reflects citywide neighborhood composi-
tion with patients residing in 197 of the 200 census tracts in
Baltimore despite not using a neighborhood-based sampling
strategy. Finally, our inclusion criteria, patients receiving care
within 2 years of study start date, were not overly restrictive,
allowing us to capture patients across the continuum of care.

CONCLUSIONS

Our findings provide evidence extending existing literature on
neighborhood environment and hypertension and diabetes
control, which has focused primarily on community-based
cohorts and disease prevalence. More recently, there are some
studies examining clinical outcomes such as hypertension and
diabetes control. This study does not find an independent
association of neighborhood economic disadvantage, healthy
food availability, or crime with hypertension and diabetes
control. It does, however, find that, independent of these
neighborhood factors, Black patients and patients onMedicaid
or uninsured patients have lower odds of hypertension and
diabetes control. It further highlights the inadequacies of cur-
rent EMR data to fully describe the social context of patients,
particularly insofar as individual SES is not routinely captured
(e.g., via reported educational level, employment status, or
income), which limits our ability to fully evaluate the inde-
pendent association of neighborhood characteristics with clin-
ical outcomes, since it is likely that some aspects of individual
SES are not adequately measured. As such, this study supports
the argument that health systems have an important role to
play in identifying and characterizing patients’ social context
that is directly relevant to understanding and intervening to
address neighborhood factors and social factors that affect
chronic disease management.
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