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4. Rationale:

The physical and social attributes of the neighborhood environment can affect health, including
quality of life, through access to resources and opportunities.*™ Studies have implicated the
neighborhood social and economic characteristics as a contributor to health disparities.™>* For
instance, individuals residing in low socioeconomic status (SES) neighborhoods as compared to
those residing in high SES neighborhoods, have greater chronic disease burden due to
differences in access and quality of socioeconomic resources, such as education, employment,
and health care.® Individuals that reside in low SES neighborhoods are more likely to have
limited access to fresh foods, be exposed to greater environmental toxins, and have less areas to
safely engage in physical activity, all which may influence health and longevity.®

Previous studies have linked socioeconomic disadvantaged neighborhoods to all-cause and
premature mortality.2® Given the documented relationship between neighborhood environment
and chronic diseases, such as cardiovascular disease (CVD), cancer, type 2 diabetes, and
respiratory diseases, it is plausible that low neighborhood SES would influence risk of various
cause-specific mortality.”-*2 However, the relationship between neighborhood SES and cause-
specific mortality remains understudied.

Majority of epidemiologic studies that evaluated the relationship between neighborhood SES and
mortality have relied on measuring the neighborhood environment at one time point (most often
mid- or late- life), thereby not accounting for early life exposures and changes in SES over life
stages (childhood, and young, middle, and older adulthood).®® For instance, low neighborhood
SES in childhood could shape health behaviors (i.e., engagement in physical activity) that
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persists into adulthood that may influence risk of chronic disease and mortality. A life course
approach provides a more comprehensive understanding by determining the cumulative health
effects of neighborhood SES across life stages.'® Therefore, utilizing a life course approach
would provide a better understanding of the dynamic relationship between neighborhood SES
and mortality, especially the cumulative health effects of low neighborhood SES across life
stages. Among studies that assessed life course SES and mortality, few have measured
neighborhood-level SES. However, the influence life course neighborhood SES has on cause-
specific and premature mortality remains not well understood.

The present study aims to investigate the relationship between neighborhood SES in childhood
and young, middle, and older adulthood, as well as changes in neighborhood SES in adulthood
on all-cause and cause-specific mortality. We will further investigate whether race and sex
separately and jointly modify the relationship between life-course neighborhood SES and all-
cause and cause-specific mortality.

5. Main Hypothesis/Study Questions:

A. We hypothesize that neighborhood SES at all life stages will be inversely associated with the
risk of all-cause mortality.

B. We hypothesize that neighborhood SES in childhood, and young, middle, and older adulthood
will be inversely associated with the risk of cardiovascular- and cancer-specific mortality.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Cohort

The present study will use data from the Atherosclerosis Risk in Communities Study (ARIC), a
large multicenter prospective cohort study investigating the etiology and natural history of
atherosclerosis and CVD from four U.S. communities (Washington County, Maryland; Forsyth
County, North Carolina; Jackson, Mississippi; and the suburbs of Minneapolis, Minnesota).
Details of the ARIC study has been previously described.** Briefly, the study cohort is comprised
of 15,792 participants aged 45-64 years at baseline (visit 1) in 1987-1989. Participants were
contacted annually to complete surveys on general health and hospitalization. Additionally,
multiple follow-up visits were conducted from baseline through visit 9 (2020-2021). Between
2001-2002, participants provided their residential addresses at different life stages as part of the
Life Course Socioeconomic, Social Context and Cardiovascular Disease (LCSES) Study, an
ARIC ancillary study.'® Since Visit 4 (1996-1998) aligned most closely in time with the LCSES
study when neighborhood exposures in earlier life stages were evaluated, this visit will be
considered as the baseline for the current analysis. Participants will be excluded if they did not
participate in visit 4 and the LCSES ancillary study. Participants identifying as neither Black nor
White (n=47) will be considered together with White cohort participants. We will include in
analyses Black participants from the Washington County, MD and Minnesota field centers.
These participants were traditionally excluded from ARIC analyses due to small numbers,
especially in analyses stratified by a combined race-center variable. We will stratify analyses by
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center to account for potential geographic differences in SES and separately by race. In a
sensitivity analysis, we will add a stratification by race-center, in which Black participants from
Washington County and Minnesota as well as participants who identify as neither Black or
White will be excluded. Additionally, participants will be excluded for missing information on
baseline study covariates. All participants provided informed consent and Institutional Review
Board approval was obtained at each study site.

Life course neighborhood socioeconomic status

As part of the LCSES study, participants reported their addresses for the following age periods:
approximately at age 10 (childhood), age 30 (young adulthood), age 40-50 (middle adulthood),
and visit 4 will be considered older adulthood (visit 4 median age 62 years; range 52-75 years).
Addresses collected were geocoded and linked to U.S. Census data. Childhood neighborhood
SES was based on approximate census information (1930-1950) at the county-level, as this was
the smallest geographic unit with aggregated data for all participating areas during this period.
Middle and young adulthood neighborhood SES was evaluated on the bases of the most
proximate census (1960-1980) at the census tract-level. Finally, older adulthood neighborhood
SES was evaluated using data from the 2000 Census at the census tract-level. Previous validation
studies reported high repeatability and accuracy of geocodes in the ARIC study.6:1’

Prior studies have described the analytical details on the derivation of neighborhood SES
measures at different life stages.'>8 Briefly, composite measures of neighborhood SES were
derived by summing z scores for multiple census variables representing neighborhood-level
education, home ownership, income, occupation, and property value at different life stages.'® For
childhood and young adulthood neighborhood SES, we will use ages 10 and 30 years as the
midpoints, respectively, because participants reported their address information for these ages of
their life stages. For middle adulthood, we will use age 45 years as it represents the midpoint of
the age period of 40-50 years for which address information was collected. Finally, for older
adulthood, we will use the median age at visit 4 (62 years), as everyone was older than 52 years
of age and occurred most closely in time with the LCSES Study when neighborhood exposure at
earlier life stages was evaluated.

We will calculate z scores for each census variable to develop a summary z-score for Life course
neighborhood SES, where higher z scores indicate greater SES. Quartiles based on the
population distribution for neighborhood SES at different life stages will then be created.3192
Additionally, we will derive variables to evaluate changes in neighborhood SES between
adulthood life stages. This will be performed by dichotomizing each adult life stage at the
median split z-score for each racial group. For example, the neighborhood SES patterns between
young and middle adulthood will include four categories: low-to-high or improvement (below
the median in young adulthood and at or above the median in middle adulthood), high-to-low
(decline), low-to-low (stable low), and high-to-high (stable high). This approach will be used to
estimate the neighborhood-SES patterns at two periods: young-to-middle adulthood and middle-
to-older adulthood. We will not examine changes from childhood since neighborhood SES
derived from county-level information, which would not be comparable to the census-level
information obtained at older ages.

Mortality
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The study outcomes will include all-cause and cause-specific mortality. Follow-up time will be
defined as time (in days) between baseline visit and mortality event or last contact date,
whichever occurred first. The follow-up mortality outcomes will extend through December 31,
2019. In the event of study participant death, ARIC interviewers contacted participant proxy,
obituaries, hospital records, death certificates, or vital statistics from the National Death Index.
All-cause mortality determined as death from any cause, and cause-specific mortality will be
based on the underlying cause reported on death certificates. Cardiovascular mortality will be
defined as death due to stroke, myocardial infarction, coronary heart disease or other
cardiovascular disease. Moreover, since cardiovascular disease and cancer are the leading causes
of death in the U.S., cardiovascular- and cancer-specific mortality will constitute the cause-
specific mortality of interest in this study.

Covariates

Information obtained at baseline for descriptive assessments will include the following
characteristics: participants’ self-reported age, education, income, marital status, race, sex,
alcohol consumption, smoking status, and physical activity, body mass index
[weight(kg)/height(m)2], blood pressure (diastolic and systolic blood pressure, estimated by
averaging second and third of three blood pressure measurements), hypertension (defined as
diastolic blood pressure of >90mm Hg, systolic blood pressure of >140 mm Hg, or self-reported
antihypertensive medication use), and diabetes (defined as fasting glucose >126 mg/dL, non-
fasting serum glucose of > 200mg/dL, documented taking medication for diabetes or high blood
sugar, or self-reported diabetes diagnosis from a physician).

Statistical analysis

To address missingness, we will apply multiple imputation by chained equations, including all
covariates, with a minimum of ten imputed datasets created.?! Descriptive statistics will be
calculated using the original dataset without imputation to describe the study population
characteristics.?>23 Categorial variable will be presented as percentages, continuous variables
with normal distribution will be shown as the mean with standard deviation, and continuous
variables that are skewed will be presented as the median with interquartile range.

We will perform Cox regression analyses to assess the association between life-course
neighborhood SES and mortality (all-cause and cause-specific) to estimate hazard ratios (HRS)
and corresponding 95% confidence intervals (95% CI). Guided by conceptual models of
neighborhood and health, we identified potential confounders, defined as factors that influence
both living in certain neighborhoods and mortality, but not mediators of the association.®° In
Model 1, we will adjust for age, sex, and race. In model 2, we will adjust for Model 1+
education, income, marital status, and study site.

Since prior studies have shown associations of low neighborhood environment SES
characteristics with the risk of premature mortality, we will leverage ARIC life course and
mortality data to perform sensitivity analysis examining the relationship between neighborhood
SES at different life stages and premature mortality (all-cause and cause-specific).2?> We will
define premature mortality as death before 70 years of age according to Sustainable
Development Goals adopted by the United Nations in 2015.%8 Participants who survived to age
70 years (or older) will be censored.
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P for trend will be calculated by modeling quartiles of neighborhood SES as a continuous
variable. We will further evaluate the interactions between neighborhood SES and race and sex
using the likelihood ratio test comparing models with and without the cross-product term. The
threshold of P <0.10 will be used to assess significance of the interaction terms.?” All analysis
will be performed using R 4.0.2 and SAS 9.4.

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? Yes _X _No

b. If Yes, is the author aware that the current derived consent file ICTDERO5 must be
used to exclude persons with a value RES_OTH and/or RES_DNA = *“ARIC only”
and/or “Not for Profit” ? Yes No
(The file ICTDER has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes X No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the current derived consent file ICTDERO5 must be used to
exclude those with value RES_DNA = “No use/storage DNA”? Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
Study manuscript proposals and has found no overlap between this proposal and
previously approved manuscript proposals either published or still in active status.
ARIC Investigators have access to the publications lists under the Study Members Area of
the web site at: http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html

XYes No

10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?

Life-Course Individual and Neighborhood Socioeconomic Status and Risk of Dementia in the
Atherosclerosis Risk in Communities Neurocognitive Study

Life-Course Neighborhood Socioeconomic Status and Cardiovascular Events in Black and White
Adults in the Atherosclerosis Risk in Communities Study

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data? X Yes No

11.b. If yes, is the proposal
X A. primarily the result of an ancillary study (list number* 2004.05)

JAARIC\Operations\Committees\Publications


http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html
https://academic.oup.com/aje/article/189/10/1134/5834360?login=false
https://academic.oup.com/aje/article/189/10/1134/5834360?login=false
https://academic.oup.com/aje/article-abstract/191/8/1470/6568372?redirectedFrom=fulltext&login=false
https://academic.oup.com/aje/article-abstract/191/8/1470/6568372?redirectedFrom=fulltext&login=false

____ B.primarily based on ARIC data with ancillary data playing a minor role
(usually control variables; list number(s)* )

*ancillary studies are listed by number https://sites.cscc.unc.edu/aric/approved-ancillary-studies

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

We will complete this within three years.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PubMed Central whenever the journal does not and be in compliance with this
policy. Four files about the public access policy from http://publicaccess.nih.gov/ are posted in
http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms.
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals
automatically upload articles to PubMed central.

As an employee at the National Institutes of Health, we are required to adhere to this for all
publications.

JAARIC\Operations\Committees\Publications


https://sites.cscc.unc.edu/aric/approved-ancillary-studies
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm

References

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Gilbert KL, Ransome Y, Dean LT, DeCaille J, Kawachi I. Social Capital, Black Social Mobility, and Health
Disparities. Annu Rev Public Health. 2022;43(1):173-191. doi:10.1146/annurev-publhealth-052020-112623
Diez Roux A v. Neighborhoods and Health: What Do We Know? What Should We Do? Am J Public
Health. 2016;106(3):430-431. doi:10.2105/AJPH.2016.303064

Diez Roux A v., Mair C. Neighborhoods and health. Ann N Y Acad Sci. 2010;1186(1):125-145.
d0i:10.1111/j.1749-6632.2009.05333.x

Mujahid MS, Gao X, Tabb LP, Morris C, Lewis TT. Historical redlining and cardiovascular health: The
Multi-Ethnic Study of Atherosclerosis. Proceedings of the National Academy of Sciences. 2021;118(51).
doi:10.1073/pnas.2110986118

Williams DR, Lawrence JA, Davis BA. Racism and Health: Evidence and Needed Research. Annu Rev
Public Health. 2019;40(1):105-125. doi:10.1146/annurev-publhealth-040218-043750

Warren Andersen S, Blot WJ, Shu XO, et al. Associations Between Neighborhood Environment, Health
Behaviors, and Mortality. Am J Prev Med. 2018;54(1):87-95. doi:10.1016/j.amepre.2017.09.002

Unger E, Diez-Roux A v., Lloyd-Jones DM, et al. Association of Neighborhood Characteristics With
Cardiovascular Health in the Multi-Ethnic Study of Atherosclerosis. Circ Cardiovasc Qual Outcomes.
2014;7(4):524-531. d0i:10.1161/CIRCOUTCOMES.113.000698

Zhang D, Matthews CE, Powell-Wiley TM, Xiao Q. Ten-year change in neighborhood socioeconomic status
and colorectal cancer. Cancer. 2019;125(4):610-617. doi:10.1002/cncr.31832

Lord BD, Harris AR, Ambs S. The impact of social and environmental factors on cancer biology in Black
Americans. Cancer Causes & Control. Published online December 23, 2022. doi:10.1007/s10552-022-
01664-w

Christine PJ, Auchincloss AH, Bertoni AG, et al. Longitudinal Associations Between Neighborhood
Physical and Social Environments and Incident Type 2 Diabetes Mellitus. JAMA Intern Med.
2015;175(8):1311. doi:10.1001/jamainternmed.2015.2691

Thatipelli S, Kershaw KN, Colangelo LA, et al. Neighborhood Socioeconomic Deprivation in Young
Adulthood and Future Respiratory Health: The CARDIA Lung Study. Am J Med. 2022;135(2):211-218.e1.
doi:10.1016/j.amjmed.2021.07.048

Zanobetti A, Ryan PH, Coull B, et al. Childhood Asthma Incidence, Early and Persistent Wheeze, and
Neighborhood Socioeconomic Factors in the ECHO/CREW Consortium. JAMA Pediatr. 2022;176(8):759.
doi:10.1001/jamapediatrics.2022.1446

Kuh D, Ben-Shlomo Y, Lynch J, Hallgvist J, Power C. Life course epidemiology. J Epidemiol Community
Health (1978). 2003;57(10):778-783. doi:10.1136/jech.57.10.778

THE ARIC INVESTIGATORS. The Atherosclerosis Risk in Communities (ARIC) Study: design and
objectives. Am J Epidemiol. 1989;129(4):687-702.

Carson AP, Rose KM, Catellier DJ, et al. Cumulative Socioeconomic Status Across the Life Course and
Subclinical Atherosclerosis. Ann Epidemiol. 2007;17(4):296-303. doi:10.1016/j.annepidem.2006.07.009
Whitsel EA. Accuracy and Repeatability of Commercial Geocoding. Am J Epidemiol. 2004;160(10):1023-
1029. doi:10.1093/aje/kwh310

Rose KM, Wood JL, Knowles S, et al. Historical measures of social context in life course studies:
retrospective linkage of addresses to decennial censuses. Int J Health Geogr. 2004;3(1):27.
doi:10.1186/1476-072X-3-27

Roux AVD, Kiefe ClI, Jacobs DR, et al. Area Characteristics and Individual-Level Socioeconomic Position
Indicators in Three Population-Based Epidemiologic Studies. Ann Epidemiol. 2001;11(6):395-405.
d0i:10.1016/S1047-2797(01)00221-6

Firebaugh G, Acciai F. For blacks in America, the gap in neighborhood poverty has declined faster than
segregation. Proceedings of the National Academy of Sciences. 2016;113(47):13372-13377.
d0i:10.1073/pnas.1607220113

Kershaw KN, Osypuk TL, Do DP, de Chavez PJ, Diez Roux A v. Neighborhood-Level Racial/Ethnic
Residential Segregation and Incident Cardiovascular Disease. Circulation. 2015;131(2):141-148.
doi:10.1161/CIRCULATIONAHA.114.011345

Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations: what is it and how
does it work? Int J Methods Psychiatr Res. 2011;20(1):40-49. doi:10.1002/mpr.329

JAARIC\Operations\Committees\Publications



22.

23.

24.

25.

26.

217.

White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and guidance for
practice. Stat Med. 2011;30(4):377-399. doi:10.1002/sim.4067

Sidi Y, Harel O. The treatment of incomplete data: Reporting, analysis, reproducibility, and replicability.
Soc Sci Med. 2018;209:169-173. doi:10.1016/j.socscimed.2018.05.037

Doubeni CA, Schootman M, Major JM, et al. Health Status, Neighborhood Socioeconomic Context, and
Premature Mortality in the United States: The National Institutes of Health—-AARP Diet and Health Study.
Am J Public Health. 2012;102(4):680-688. doi:10.2105/AJPH.2011.300158

Monsivais P, Amiri S, Denney JT, Amram O. Area deprivation amplifies racial inequities in premature
mortality: Analysis of 242,667 deaths in Washington State, USA 2011-15. Health Place. 2020;61:102261.
doi:10.1016/j.healthplace.2019.102261

Norheim OF, Jha P, Admasu K, et al. Avoiding 40% of the premature deaths in each country, 2010-30:
review of national mortality trends to help quantify the UN Sustainable Development Goal for health. The
Lancet. 2015;385(9964):239-252. doi:10.1016/S0140-6736(14)61591-9

Selvin S. Statistical Analysis of Epidemiologic Data. 3rd ed. Oxford University Press; 2004.

JAARIC\Operations\Committees\Publications



	SC Reviewed: _________  Status: _____   Priority: ____
	First author [please provide a middle name if available; EX: Adam Lee Williams]:

