
Social and Built Neighborhood Environments and Blood 
Pressure 6 Years Later: Results from the Hispanic Community 
Health Study/Study of Latinos and the SOL CASAS Ancillary 
Study

Kimberly L. Savina, Scott C. Roeschb, Eyal Orenc, Jordan A. Carlsond,e, Matthew A. 
Allisonf, Daniela Sotres-Alvarezg, James F. Sallish,i, Marta M. Jankowskaj, Gregory A. 
Talaverab, Tasi M. Rodriguezk, Earle C. Chambersl, Martha Daviglusm, Krista M. Perreiran, 
Maria M. Llabreo, Linda C. Gallob

a.San Diego State University/University of California San Diego, Joint Doctoral Program in Clinical 
Psychology, Postal Address: 6363 Alvarado Court, San Diego, CA, USA, 92120

b.Department of Psychology, San Diego State University, Postal Address: 6363 Alvarado Court, 
San Diego, CA, USA, 92120

c.School of Public Health, San Diego State University, Postal Address: 5500 Campanile Dr, San 
Diego, CA, USA, 92182

d.Center for Children’s Healthy Lifestyles & Nutrition, Children’s Mercy Kansas City, Postal 
Address: 2401 Gillham Rd, Kansas City, MO, USA, 64108

e.Department of Pediatrics, Children’s Mercy Kansas City and University of Missouri Kansas City, 
Postal Address: 2401 Gillham Rd, Kansas City, MO, USA, 64108

f.Department of Family Medicine, University of California San Diego, Postal Address: 9500 Gilman 
Drive, La Jolla, CA, USA, 92093

g.Collaborative Studies Coordinating Center, Department of Biostatistics, University of North 
Carolina at Chapel Hill, Postal Address: 123 W. Franklin Street, Suite 450, CB #8030, Chapel 
Hill, NC, USA, 27516

h.Herbert Wertheim School of Public Health and Human Longevity Science, University of 
California San Diego, Postal Address: 9500 Gilman Drive, La Jolla, CA, USA, 92093

i.Mary MacKillop Institute for Health Research, Australian Catholic University, Postal Address: 
5/215 Spring St, Melbourne VIC 3000, Australia

j.Population Sciences, Beckman Research Institute, City of Hope, Postal Address: 1500 E Duarte 
Rd, Duarte, CA, USA, 91010

Corresponding Author. ksavin@sdsu.edu, Telephone number: 248-520-0122. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Soc Sci Med. Author manuscript; available in PMC 2023 January 01.

Published in final edited form as:
Soc Sci Med. 2022 January ; 292: 114496. doi:10.1016/j.socscimed.2021.114496.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



k.South Bay Latino Research Center, San Diego State University, Postal Address: 780 Bay 
Boulevard, Suite 200, Chula Vista, CA, USA, 91910

l.Department of Family and Social Medicine, Albert Einstein College of Medicine, Postal Address: 
1300 Morris Park Avenue, Bronx, NY, USA, 10461

m.Institute for Minority Health Research, University of Illinois at Chicago, Postal Address: 835 S 
Wolcott Ave (Bldg 935), Mailbox #23 (M/C 769), Chicago, IL, USA, 60612

n.Department of Social Medicine, University of North Carolina, Postal Address: 333 South 
Columbia Street, MacNider Hall, Room #348 / CB #7240, Chapel Hill, NC, USA 27599-7240

o.Department of Psychology, University of Miami, Postal Address: P.O. Box 248185, Coral Gables, 
FL, USA, 33124

Abstract

Neighborhood-level socioeconomic deprivation can increase risk for higher blood pressure or 

hypertension, while greater neighborhood safety and walkability may protect against hypertension. 

Large-scale prospective research, particularly among Hispanics/Latinos, is lacking. We examined 

cross-sectional and prospective associations between neighborhood environments and blood 

pressure and hypertension among 3,851 Hispanic/Latinos enrolled in the Hispanic Community 

Health Study/Study of Latinos San Diego, CA cohort. Addresses from Visit 1 (2008–2011) were 

geocoded and neighborhood characteristics were determined as part of the SOL CASAS ancillary 

study. Home addresses were geocoded and home areas created using 800m circular radial buffers. 

Neighborhood indices socioeconomic deprivation, residential stability, and social disorder were 

created using Census and other publicly available data. Walkability was computed as density of 

intersections, retail spaces, and residences. Greenness was measured via satellite imagery using 

the Normalized Difference Vegetation Index. Visit 1 and Visit 2 (2014–2017) clinical outcomes 

included systolic (SBP) and diastolic (DBP) blood pressure, as well as prevalent and 6-year 

incident hypertension, defined as SBP/DBP ≥ 140/90mmHg or antihypertensive medication use. 

Complex survey regression models adjusted for covariates revealed cross-sectional associations 

between greater walkability and lower SBP (B=−0.05; 95% CI: −0.09, −0.003). In prospective 

analyses, greater neighborhood social disorder was related to increasing SBP (B=0.05; 95% CI: 

0.01, 0.09) and DBP (B=0.07; 95% CI: 0.02, 0.12) over time. Greater socioeconomic deprivation 

(OR=1.47; 95% CI: 1.06, 2.04) and greater social disorder (OR=1.25; 95% CI: 1.02, 1.54) were 

associated with higher odds of incident hypertension. All other associations were not significant. 

Beyond individual-level characteristics, greater neighborhood social disorder and socioeconomic 

deprivation were related to adverse changes in blood pressure over 6 years among Hispanics/

Latinos. Neighborhood social environment may help identify, or be an area for future intervention 

for, cardiovascular risk among Hispanics/Latinos.
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Introduction

Social and built features of neighborhood environments can be significant determinants of 

health with the potential to influence blood pressure and other aspects of cardiovascular 

risk1. Social features include socioeconomic deprivation, social disorder, safety, residential 

stability, and others, while built features include physical aspects such as walkability and 

greenness. Previous cross-sectional studies have linked socioeconomic deprivation and 

neighborhood poverty with higher systolic and diastolic blood pressure (SBP, DBP2,3). 

A cross-sectional analysis in the Multi-Ethnic Study of Atherosclerosis (MESA) showed 

living in neighborhoods that residents perceived to be more walkable (i.e., having walkable 

destinations and higher land use mix), safe, and socially cohesive was associated with 

a lower hypertension prevalence4. However, these associations were attenuated after 

adjustment for race/ethnicity. In analyses of the MESA cohort stratified by racial/ethnic 

group, resident-reported neighborhood social problems (e.g., excessive noise, heavy traffic, 

violence) were linked with greater hypertension prevalence in Hispanics/Latinos5. Findings 

from prospective studies are limited and have produced mixed results. Neighborhood 

socioeconomic deprivation was prospectively associated with increased SBP, DBP, and 

incident hypertension across seven years in diverse (50% non-Hispanic black) adults from 

the Dallas Heart Study.6 Social cohesion and safety were not related to incident hypertension 

in MESA7. High neighborhood walkability, derived from geographic information system 

(GIS) at the census tract level, was associated with decreases in SBP and DBP one 

year later in middle aged and older adults in Portland, OR8. In contrast, there was no 

association of resident-reported walkability with 10-year incident hypertension in MESA7. 

More large-scale prospective research is needed particularly in Hispanics/Latinos to help 

clarify associations between neighborhood environmental features and blood pressure in this 

population.

The association between neighborhood factors and blood pressure may be mediated by 

behavior or stress physiology. When neighborhoods have favorable social characteristics, 

(e.g., are considered safe with low crime and social disorder), individuals engage in 

more physical activity9, which is protective for blood pressure. Similarly, neighborhoods 

with certain built characteristics, including high walkability9 and green spaces10, can 

promote physical activity. On the other hand, some neighborhood social environmental 

characteristics such as neighborhood crime or socioeconomic deprivation might serve as 

chronic stressors11,12, which in turn could influence blood pressure over time. Chronic 

stressful living situations can lead to increased “allostatic load,”12 or the cumulative wear 

and tear on the body as a result of stress over time, which has been linked to poorer health 

and mortality13.

The prevalence of hypertension varies by race/ethnic group. In the National Health and 

Nutrition Examination Survey (NHANES) 2015–2016, non-Hispanic black adults had the 

highest rates of hypertension (40.3%) compared to other groups, while non-Hispanic white 

and Hispanic adults both had a prevalence of 27.8%14. Sorlie and colleagues15 examined 

hypertension prevalence in the Hispanic Community Health Study/Study of Latinos (HCHS/

SOL), a large, representative cohort of Hispanics/Latinos of various heritage groups from 

four U.S. cities. They found the overall age-adjusted prevalence of hypertension was 25.5%, 
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but rates differed by heritage group, sex, and location of residence. For example, individuals 

of Mexican heritage living in the Bronx, NY had a lower hypertension prevalence (13.3%) 

than those of Mexican heritage living in San Diego, CA (21.2%). Elfassy and colleagues16 

found the age-adjusted probability of 6-year incident hypertension in HCHS/SOL was 

21.7%, though incidence rates also varied by heritage group. Neighborhood built and 

social environmental characteristics and resources from one’s neighborhood community 

may be protective factors especially for Hispanics/Latinos17 and could contribute to regional 

differences in hypertension prevalence. Disparities in neighborhood quality have also been 

identified in Hispanics/Latinos and other racial/ethnic minorities compared to non-Hispanic 

whites. Likely due to discriminatory housing practices such as redlining, racial/ethnic 

minorities tend to live in neighborhoods characterized by disadvantaged physical18 and 

social environments19,20 with less access to resources18,21.

There is little previous longitudinal research in large exclusively Hispanic/Latino 

populations examining associations of thoroughly defined measures of built and social 

neighborhood characteristics with change in blood pressure and hypertension incidence. The 

current study aimed to address these gaps in the literature and examine associations between 

multiple social and built neighborhood environmental factors at baseline and changes in 

blood pressure and incident hypertension across six years among Hispanics/Latinos of 

primarily Mexican heritage living in San Diego from the HCHS/SOL Community and 

Surrounding Areas (SOL CASAS) study. We hypothesized socioeconomic deprivation and 

social disorder would be associated with higher blood pressure and hypertension prevalence 

at baseline, and with adverse changes in blood pressure and higher incident hypertension 

over six years, whereas walkability, residential stability, and greenness would be protective 

for these outcomes. Improved understanding of links between built and social environments 

with blood pressure among Hispanics/Latinos could lay the foundation for improvements in 

neighborhood environments to help prevent and control hypertension.

Methods

Sample

The HCHS/SOL is a population-based cohort that enrolled 16,415 Hispanic/Latino adults 

from 4 U.S. cities (Bronx, Chicago, Miami, and San Diego) and collected data at Visit 1 

between 2008–201122,23. The sampling design allowed for a broadly diverse sample, and 

sampling weights were adopted in analyses to ensure effect estimates are representative of 

the target population22. There were 4,086 Hispanics/Latinos in the San Diego cohort. The 

analytic sample for cross-sectional analyses included HCHS/SOL San Diego participants 

whose Visit 1 addresses were geocoded (n=3,851) as part of the SOL CASAS ancillary 

study24. The analytic sample for longitudinal analyses included the San Diego cohort with 

geocoded addresses and who were re-assessed at Visit 2 of the HCHS/SOL between 2014 

and 2017 (n=2,860). The analytic sample for primary hypertension incidence analyses 

was limited to those without hypertension at Visit 1 and who were re-assessed at Visit 2 

(n=2,090). The study was conducted with approval from the institutional review boards of 

each of the institutions involved in the study. Written informed consent was obtained from 

all participants.
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Neighborhood Environment Characteristics

An 800-meter circular radial buffer around each participant’s home address was constructed 

using GIS software, to reflect reasonable walking distance (about 10 minutes) around the 

home25–28. Built and social environment characteristics within that buffer were computed 

and geocoded. Walkability was computed as density of intersections, retail spaces, and 

residences, using an index that has been validated in international studies and linked to 

walking trip choices29,30. These components signify greater street connectivity (intersection 

density) which facilitates easier walking between destinations and having more destinations 

for an individual to walk towards (retail and residential density). Land use was determined 

according to San Diego Association of Governments (SANDAG) land parcel classification. 

Residential land included categories such as single/multi-family homes and group quarters. 

Greenness was computed using the Normalized Difference Vegetation Index (NDVI). This 

index was calculated from 2010 annual composite average satellite imagery via Landsat and 

Google Earth Engine (Google 2017, Mountain View, CA).

Three neighborhood indices were created – socioeconomic deprivation, residential stability, 

and social disorder – using principal components analysis (PCA). The variables that make 

up the components were obtained from publicly available sources. The socioeconomic 
deprivation index comprised the following: percent of adults 25 years or older with no high 

school diploma; percent of adults unemployed; percent of households that rented; percent of 

households that are defined as crowded (using standard Census ACS and U.S. Department 

of Housing and Urban Development definition of more than one person per room31); percent 

of households living below the poverty line; percent of female headed households with 

dependent children; percent of households on public assistance; and percent of population 

on public health insurance. The residential stability index consisted of the following: percent 

of the population under the age of 18; percent of the population who lived in the same 

residence 1 year ago. The social disorder index consisted of the following: percent of 

households that are vacant; percent of the census block group that is vacant land (vacant 

land and households determined by SANDAG land parcel classifications); part 1 crime 

(e.g., aggravated assault, robbery, forcible rape) per 10,000; part 2 crime (e.g., fraud, other 

sex crimes, vandalism) per 10,000; liquor stores selling to-go alcohol per 10,000 residents. 

Additional information about these variables is available in the ancillary study’s protocol 

paper24.

Blood Pressure and Hypertension

At both visits, blood pressure was measured 3 times, 1 minute apart after a 5-minute rest 

period, and the average of the 3 measures was used to represent SBP and DBP in analyses. 

Anti-hypertensive medication use was collected by self-report. Hypertension was defined 

according to the Seventh Report of the Joint National Committee (JNC VII) on Prevention, 

Detection, Evaluation and Treatment of High Blood Pressure32 as average measured SBP ≥ 

140 mmHg, DBP ≥ 90 mmHg, or use of anti-hypertensive medication. Incident hypertension 

was defined as not having hypertension at Visit 1 and having hypertension at Visit 2. 

Another hypertension cutoff defined by the American College of Cardiology/American 

Heart Association (ACC/AHA) 2017 guideline33, as average measured SBP ≥ 130 mmHg, 

DBP ≥ 80 mmHg, or antihypertensive medication, was used in sensitivity analyses.
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Covariates

Demographic characteristics including age, gender, education, income, place of birth (U.S. 

50 states or other), and duration of U.S. residence were self-reported at Visit 1. BMI and 

waist to hip ratio were obtained using a standardized protocol at both visits. Participants 

were asked to wear Actical accelerometers (version B-1; model 198-0200-03) for one week 

at Visit 1 to measure moderate to vigorous physical activity (MVPA; mins/day with activity 

counts ≥1535). Participants’ addresses were collected again at Visit 2 to determine whether 

they had moved between visits.

Statistical Analysis

Statistical analyses accounted for HCHS/SOL complex design including stratification, 

clustering and baseline sampling weights for cross-sectional analyses and Visit 2 sampling 

weights, which accounted for loss to follow-up, for prospective analyses. Weighted 

descriptive statistics were performed using SPSS version 27 (IBM, Inc., Armonk, NY) 

complex survey procedures. To address missing data, the maximum likelihood robust 

(MLR) full-information maximum likelihood estimation procedure in MPlus version 834 

was used to fit models. This approach uses both complete and partial cases to estimate 

model parameters and standard errors35. Multivariable linear regression models were fit to 

examine cross-sectional associations between the neighborhood variables and SBP and DBP 

at Visit 1. Models were also fit to examine the association between the Visit 1 neighborhood 

variables in relation to longitudinal changes in SBP and DBP at Visit 2. The first set of 

models (“Model 1”) entered each of the 5 neighborhood variables individually (5 separate 

models) and controlled for age, gender, education, income, place of birth, years living in 

the U.S., and anti-hypertensive medication use. The second set of models (“Model 2”) 

adjusted for the same covariates as the first set, and additionally entered all 5 neighborhood 

variables into models together to determine associations of neighborhood variables over 

and above each of the others. A third set of models (“Model 3”) additionally adjusted for 

Visit 1 MVPA, BMI, and waist to hip ratio, to determine associations of neighborhood 

variables with blood pressure independent of these potential mediators. Longitudinal models 

additionally controlled for time between visits, moving status (whether a participant moved 

residences between visits), and baseline values. Prior to analysis, neighborhood independent 

variables and blood pressure (SBP, DBP) dependent variables were z-score standardized for 

ease of interpretation of parameter estimates. Multivariable logistic regression models with 

the same covariate adjustment described above, excluding antihypertensive medication use, 

were fit to examine the association between neighborhood variables with Visit 1 prevalent 

hypertension and 6-year incident hypertension among those without hypertension at Visit 1.

Sensitivity Analyses.—First, sensitivity analyses were conducted to examine 6-year 

incident hypertension using the hypertension definition as outlined in 2017 ACC/AHA 

guidelines (SBP/DBP ≥ 130/80 mmHg) or anti-hypertensive medication use. This was 

conducted to reflect the more updated hypertension guidelines which were not yet in place 

during data collection. Second, all prospective models above were repeated stratified by anti-

hypertensive medication use (i.e., in those who were and were not taking anti-hypertensive 

medications separately), to separate any changes in participant blood pressure that may be 
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systematically influenced by antihypertensive medication use. Third, all prospective models 

were repeated excluding those that moved between visits.

Results

Descriptive Statistics and Missing Data

The San Diego sample (N=3,851 participants) represents the target population which was 

39.4 years old on average, 53.3% female, 92.9% of Mexican origin, 28.2% obtained a 

less than high school education, and 31.7% were born in the U.S. 50 states. The mean 

baseline SBP was 117.3 (SE=0.4) mmHg and DBP was 70.4 (SE=0.3) mmHg. At visit 1, 

there were 981 participants with prevalent hypertension. At Visit 2, mean SBP was 117.7 

(SE=0.4) mmHg, DBP was 69.5 (SE=0.3) mmHg, and 1,008 individuals had prevalent 

hypertension. About one-fourth (27.9%) of the cohort moved between baseline and Visit 2. 

Other characteristics can be found in Table 1. The cohort that was missing Visit 2 outcome 

data (n=991) was significantly younger (mean age = 35.3 vs. 41.3 years, p < 0.001) and 

were significantly more likely to be male (54.2% vs. 43.2%, p < 0.001), born in the U.S. 50 

states (38.4% vs. 28.7%, p = 0.04), and without hypertension (85.1% vs. 79.9%, p = 0.02) 

than those with Visit 2 outcome data. They were similar on other demographic and clinical 

characteristics.

Cross-Sectional Analyses

In cross-sectional analyses (N=3,851), lower walkability (B = −0.05; 95% CI: −0.09, 0.003) 

and greater socioeconomic deprivation (B = 0.06; 95% CI: 0.002, 0.11) were associated 

with higher SBP (see Supplementary Table 1). The walkability association persisted even 

after adjustment for potential mediators MVPA, BMI, and waist to hip ratio (B = −0.06; 

95% CI: 0.11, −0.01), while the association of socioeconomic deprivation with higher SBP 

was no longer significant (B = 0.05; 95% CI: −0.02, 0.11). No other statistically significant 

cross-sectional associations were found after adjustment for other neighborhood variables.

Prospective Analyses

Social disorder was associated with prospective increases in SBP and DBP over time when 

it was entered into the model separately or together with the other neighborhood variables 

(n=2,860, see Table 2). Specifically, a 1 standard deviation (SD) increase in social disorder 

was associated with a 0.05 SD increase in SBP (B = 0.05; 95% CI: 0.01, 0.09) and a 0.07 SD 

increase in DBP (B = 0.07; 95% CI: 0.02, 0.12), controlling for sociodemographic covariates 

and other neighborhood variables. The estimates differed only slightly when adjusted for 

MVPA, BMI, and waist to hip ratio, though the association of social disorder with DBP was 

no longer statistically significant (B = 0.04; 95% CI: −0.01, 0.09). No other neighborhood 

variable was statistically significantly associated with SBP or DBP.

Complex survey frequencies (unadjusted for covariates) estimated there were 292 incident 

cases of hypertension in the 2,090 participants free of hypertension at Visit 1 who attended 

Visit 2 (14 cases per 100 persons). When neighborhood variables were entered individually 

into the model, greater social disorder, but no other neighborhood variable, was related to 

increased odds of incident hypertension (OR = 1.25; 95% CI: 1.04, 1.50; See Table 3). When 
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all neighborhood variables were entered together in the model, socioeconomic deprivation 

(OR = 1.47; 95% CI: 1.06, 2.04) and social disorder (OR = 1.25; 95% CI: 1.02, 1.54) 

were associated with a greater odds of incident hypertension. When the model additionally 

adjusted for MVPA, BMI, and waist to hip ratio, only socioeconomic deprivation (OR: 

1.49; 95% CI: 1.02, 2.17) was significantly associated with a greater odds of incident 

hypertension.

Sensitivity Analyses

AHA/ACC 2017 Hypertension Cutoff.—When examining the lower hypertension 

threshold (SBP/DBP ≥ 130/80 mmHg or anti-hypertensive medication), no neighborhood 

variable was significantly associated with incident hypertension (see Table 3).

Stratification by Anti-Hypertensive Medication Use Status.—In those not taking 

antihypertensive medications at Visit 2, greater social disorder was associated with similar 

increases in SBP and DBP as in the full sample, with no other statistically significant 

associations in fully-adjusted models. When the sample was limited to only participants who 

were taking antihypertensive medications at Visit 2, there were no significant associations of 

any neighborhood variable with SBP or DBP.

Exclusion of movers.—When analyses were limited to the cohort that did not move 

residences between visits, walkability was significantly and positively associated with 

changes in SBP across all levels of adjustment (see Supplementary Table 2). Similar to the 

primary analyses, social disorder was significantly and positively associated with changes in 

SBP and DBP and with higher odds of incident hypertension.

Discussion

This study examined cross-sectional and prospective associations of neighborhood factors 

with blood pressure and hypertension in a large cohort of Hispanics/Latinos. A consistent 

pattern was found with social disorder representing a risk factor for adverse blood pressure 

changes over time. Greater social disorder significantly predicted increases in SBP and DBP 

across 6 years, as well as 6-year incident hypertension, in the overall cohort, in only those 

not taking anti-hypertensive medications, and in those who did not move between visits. 

Socioeconomic deprivation was also associated with greater SBP at Visit 1 and predicted 

incident hypertension 6 years later. Notably, this association was robust to adjustment for 

other neighborhood variables and MVPA. Greater walkability was associated with lower 

SBP in cross-sectional analyses. Prospectively, no significant associations with walkability 

were found in the full cohort and unexpectedly, in the cohort who did not move residences 

between visits 1 and 2 only, greater walkability at baseline related to increases in SBP. Our 

findings add to a small body of literature that has examined neighborhood environmental 

factors in relation to blood pressure changes and is the first study to examine these 

associations over 6 years in an exclusively Hispanic/Latino population. Furthermore, our 

findings begin to address recent policy efforts aimed at social determinants of health such 

as the Healthy People 2030 Initiative36, which includes specific goals related to creating 
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neighborhoods and environments that promote health and safety and increase social and 

community support.

Prior research in U.S. non-Hispanics has linked components of the social disorder index 

(i.e., vacant houses/land, crime, liquor store density) with indicators of cardiovascular risk 

and disease37,38. Social disorder has been linked with racial stigma and “broken window” 

policing (i.e., emphasis on policing low-level offenses)39, which can disproportionately 

affect and harm racial/ethnic minorities,40 causing an additional burden of stress. 

Fortunately, these components of social disorder are areas of potential intervention at 

the neighborhood-level. Specifically, restoring or greening vacant land has been linked to 

reduced perceived crime and safety concerns,41 improved mental health,42 and reduced 

ambulatory heart rate43. Violence prevention interventions, such as upgrading urban 

infrastructure and improved access to social programs, have been effective for reducing 

exposure to violence in South Africa44. Liquor store density reductions could also 

be intervened upon for better health outcomes. Interventions targeting neighborhood 

socioeconomic factors could include education, housing, and employment initiatives in areas 

with higher socioeconomic deprivation. Interventions on the physical/built environment 

could also be implemented, though these features were not related to blood pressure in the 

current study.

Using the JNC VII hypertension cutoff, greater socioeconomic deprivation and social 

disorder were associated with higher odds of incident hypertension in the adjusted model, 

but they were not associated with incident hypertension according to the newer ACC/AHA 

guidelines33. The lowering of the hypertension cutoff results in a greater proportion of 

the population with a diagnosis, which may aid prevention efforts but also may be less 

predictive of future CVD events than the higher cutoff45.

Sensitivity analyses stratified by anti-hypertensive medication use status were conducted 

to distinguish the effect of medications on blood pressure, but the results were similar 

to those in the full cohort. Social disorder had a consistent association with increases 

in blood pressure in those not taking anti-hypertensive medications at Visit 2. In those 

taking anti-hypertensive medications, there were no significant prospective associations of 

neighborhood variables with blood pressure, suggesting that current medication use has the 

greater influence on blood pressure.

The significant, positive association of walkability with SBP in sensitivity analyses 

excluding movers was contrary to hypotheses, and in the opposite direction of the 

baseline cross-sectional analyses. In our study, walkability is correlated with socioeconomic 

deprivation, which may be driving physiological stress and blood pressure downstream, 

though the association of walkability with SBP was the same when adjusted for the other 

neighborhood variables and was also robust to adjustment for adiposity and MVPA. It is 

also possible that those living in a neighborhood for longer periods of time might stop 

appreciating and benefitting from physical amenities such as walkability over time. While 

this sensitivity analysis excluded movers in attempt to capture only those with consistent 

exposure to the baseline neighborhood over time, it does not account for the time living in 

the neighborhood prior to the baseline assessment. More nuanced tracking of residences and 
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environmental changes over time may be needed to clarify the associations of walkability 

with blood pressure and hypertension in this population.

In analyses examining variables potentially in the path from neighborhood environments 

to blood pressure, the association of social disorder with change in SBP persisted after 

adjustment for physical activity, BMI, and waist to hip ratio, but the associations of 

social disorder with change in DBP and incident hypertension were no longer statistically 

significant after this adjustment. In these models, the associations of BMI with DBP 

(B=0.11; p <0.001) and with incident hypertension (OR=1.07; p<0.001) were statistically 

significant, but the associations of MVPA and waist to hip ratio with DBP and incident 

hypertension were not. These analyses suggest that BMI may mediate the associations 

between social disorder and DBP/hypertension through behaviors other than physical 

activity (e.g., diet, alcohol consumption). However, the analytic approach used does not 

directly test for mediation and this pathway should be tested with techniques such as 

path analysis for confirmation in future research. On the other hand, the association of 

socioeconomic deprivation with incident hypertension was robust to adjustment for MVPA, 

BMI, and waist to hip ratio, suggesting it may influence hypertension through other 

pathways, such as by influencing physiologic stress responses.

Standardized effect sizes on blood pressure were small but may be meaningful at a 

population level. Randomized controlled trials of anti-hypertensive medications and dietary 

changes in individuals with elevated blood pressure have shown decreases in SBP and DBP 

of around 10 mmHg and 5 mmHg respectively, or less46–48. The SDs of Visit 2 SBP and 

DBP are 18 and 10 mmHg, respectively. Therefore, the prospective change in SBP and DBP 

in response to a 1-SD change in social disorder of around 0.06 SD units of SBP and DBP 

correspond to around 1.08 and 0.6 mmHg unit changes in SBP and DBP, after controlling 

for anti-hypertensive medication use. While this is a smaller effect on blood pressure 

compared to that of medication intervention trials, this effect was observed in a non-

interventional observational study, indicating the potential for neighborhood environments to 

make an impact on the health of residents. Additionally, the current results can be applied 

more broadly, beyond only individuals with elevated blood pressure. Because blood pressure 

is continuously related to cardiovascular outcomes49, lowering blood pressure even within 

the “normal” range in the population is expected to have public health benefit.

While the study contributes novel information about environmental correlates of Hispanic/

Latino health, the results should be interpreted in the context of several limitations. First, 

about one-fourth of participants moved residences between Visit 1 and Visit 2 and we 

did not collect data about when they moved. It is reasonable to expect that some built 

environment characteristics such as walkability would change more after a move than 

socioeconomic or social disorder characteristics unless substantial changes in income also 

occurred. The inability to model changes in built environments could have contributed to the 

lack of significant prospective findings regarding walkability in the overall cohort. Our study 

was representative of Hispanics/Latinos of mostly Mexican heritage living in the San Diego 

area and findings cannot be assumed to generalize to other Hispanic/Latino populations. Our 

operational definitions of these neighborhood variables were informed by prior research, but 

there is no gold standard, and definitions for some indices (e.g., residential stability, social 
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disorder) have varied widely in the literature. The use of other operational definitions for 

these constructs could produce different results. Lastly, we considered the role of physical 

activity and adiposity in the pathway from neighborhood environments to blood pressure but 

did not consider other potential mediating factors such as physiological stress responses. It is 

possible that neighborhood environments contribute to increased chronic stress, which may 

influence blood pressure and cardiovascular health.

The present study aligns with policy goals outlined in the Healthy People 2030 Initiative36 

and contributes novel information about social and built environmental factors in relation 

to blood pressure and hypertension in Hispanics/Latinos, a previously understudied group. 

Over and above individual-level factors, neighborhood environmental factors such as social 

disorder and socioeconomic deprivation were associated with increases in blood pressure 

and hypertension incidence over time. Community and neighborhood-level interventions, 

especially targeting social factors (e.g., restoring/greening vacant land, violence prevention 

programs, and liquor store density reduction), are warranted to improve the health of 

communities on a broader scale.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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• Greater social disorder related to adverse changes in blood pressure 6 years 

later

• Greater socioeconomic deprivation related to incident hypertension

• Associations were independent of traditional individual cardiovascular risk 

factors
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Table 1.

Descriptive statistics for sociodemographic factors and blood pressure measures in HCHS/SOL and SOL 

CASAS (N=3851)

Unweighted n (Weighted %) Or Weighted M (SE)

Sociodemographic factors

Age (years) 39.4 (0.5)

Female gender 2496 (53.3%)

Mexican origin 3596 (92.9%)

Less than High School Education 1348 (28.2%)

Income

 < $10,000 422 (9.5%)

 $10,001–$20,000 971 (23.1%)

 $20,001–$40,000 1352 (33.8%)

 $40,001–$75,000 676 (20.3%)

 > $75,000 232 (9.3%)

 Did not respond/Missing 198 (4.1%)

Place of birth/duration of US residence

 Born in US 50 states 892 (31.7%)

 Born outside US 50 states and duration of US residence ≥ 10 years 2273 (46.8%)

 Born outside US 50 states and duration of US residence < 10 years 666 (21.2%)

BMI (kg/m2) 29.1 (0.2)

Waist to Hip Ratio 0.9 (0.0)

Movers between Visit 1 and Visit 2 1123 (27.9%)

Blood pressure and hypertension

 Visit 1 SBP (mmHg) 117.3 (0.4)

 Visit 1 DBP (mmHg) 70.4 (0.3)

 Visit 1 Hypertension Prevalence 981 (18.5%)

 Visit 2 SBP (mmHg) 117.7 (0.4)

 Visit 2 DBP (mmHg) 69.5 (0.3)

 Visit 2 Hypertension Prevalence 1008 (24.0%)

Note: HCHS/SOL = Hispanic Community Health Study/Study of Latinos. SOL CASAS = Study of Latinos Community and Surrounding Areas 
Study. BMI = Body Mass Index. SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure.
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