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Rationale & Objective: While socioeconomic status has been associated with chronic kidney
disease (CKD), little is known about its relationship to residential neighborhood context.

Study Design: Secondary analysis of the Multi-Ethnic Study of Atherosclerosis (MESA), a
prospective cohort study designed to investigate the development and progression of subclinical
cardiovascular disease.

Setting & Participants: 6814 men and women who were between 45 and 84 years of age and
free of CVD were recruited between 2000-2002 from: Baltimore, MD; Chicago, IL; Forsyth
County, NC; Los Angeles, CA; New York, NY; and St. Paul, MN.

Exposures: A composite neighborhood problem score (calculated based on seven participant-
reported domains at study entry: adequacy of food sources; availability of parks/playground,;
noise; sidewalks; traffic; trash and litter; and violence) and a social cohesion score (calculated
based on five participant-reported attributes of people in their neighborhood: close knit; get along;
willing to help neighbors; trustworthy; and share values).

Outcomes: eGFR (calculated using the CKD-EPI creatinine—cystatin C equation) and an
indicator of eGFR decline >30% since study entry using follow-up eGFR quantified at four exams:
2000-2002, 2004-2005, 2005-2007, and 2010-2011.

Analytical Approach: The associations between each neighborhood measure (in separate
models) and eGFR decline >30% from baseline and annualized eGFR change were estimated
using Cox proportional hazards and linear mixed regression models, respectively, adjusting for
potential confounders.

Results: While neighborhood social context differs by race/ethnicity, neither neighborhood
problems nor social cohesion were independently associated with eGFR decline after adjustment
for confounders.

Limitations: Incomplete capture the early stages of eGFR decline, reliance on observational
data, limited variation in the neighborhood measures, and the potential for residual confounding.

Conclusions: While we showed no independent association between neighborhood context and
eGFR decline, it is associated with many CKD risk factors and further work is needed to clarify if
it has an independent role in CKD.

Keywords

chronic kidney diseases; neighborhood; socioeconomic status (SES); social cohesion;
neighborhood problems; estimated glomerular filtration rate (eGFR); eGFR decline; kidney
function; modifiable risk factor; health disparities; residential setting

INTRODUCTION

A growing literature indicates the importance of residential neighborhood context for
disease risk,! including the incidence and prevalence of many common risk factors for
chronic kidney disease (CKD). Lower neighborhood socioeconomic status (SES) is
associated with higher rates of hypertension, diabetes, and obesity.2# Furthermore,
residence in neighborhoods where persons report access to healthy food?° and spaces for
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physical activity? is associated with lower risk of incident hypertension and diabetes,
compared to neighborhoods where these are less available. Yet, there is little known about
the importance of neighborhood factors for CKD risk. While evidence suggests that
neighborhood poverty is related to incidence of end stage renal disease (ESRD),8 it is not
clear whether neighborhood context, most often captured by neighborhood SES, is related to
the progression of earlier stages of CKD."~12

It is possible that aspects of neighborhood context important at earlier stages of CKD are not
captured by neighborhood SES indicators.”~12 Residential neighborhoods serve as a source
of economic and material resources, but they also serve as a source of social resources,
constraints, and stressors.1:13-15 Two markers of the neighborhood social environment that
have been of particular interest are neighborhood problems and neighborhood social
cohesion. Neighborhood problems are conceptualized as physical features such as litter,
graffiti, and noise that represent an underlying social disorder.16:17 These problems, and the
underlying social features they represent, may serve as a source of chronic stress that may
result in a cascade of risks for health including poor sleep quality, poor nutritional diet,
smoking, and heavy alcohol use.1® They may also represent barriers to engaging in
behaviors such as regular outdoor physical activity, if the residents perceive these problems
as markers of safety.18

Neighborhood social cohesion is conceptualized as the social ties among neighbors based on
trust and norms of reciprocity.1920 The close ties among neighbors represented by social
cohesion may facilitate the dissemination of health-related information or reinforce healthy
norms such as regular physical activity, nutritious diet, and preventive health care visits,2!
and may also discourage unhealthy behaviors such as heavy alcohol use or smoking.18
However, depending on the sociodemographic composition of the neighborhood and other
aspects of the socio-behavioral context (e.g., physical inactivity prevalence and
acceptability), social cohesion may reinforce unhealthy norms or serve as source of stress if
mutual obligations exceed the social or economic capacity of the residents.22

In this study, we use data from the Multi-Ethnic Study of Atherosclerosis to estimate the
association between self-reported neighborhood problems and social cohesion and kidney
function decline among persons without established cardiovascular disease (CVD). We
hypothesize that those who live in neighborhoods with greater problems will show a greater
decline in eGFR over the study period compared to those who live in neighborhoods with
fewer problems. On the other hand, we hypothesize that those who live in neighborhoods
with greater social cohesion will show a lesser decline in eGFR compared to their
counterparts in neighborhoods with lower social cohesion. Clarifying the features of the
neighborhood beyond SES may provide important information for both public health
practitioners and clinicians as these sources of stress and resilience that may influence CKD-
related health behaviors.
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Setting and Participants

We used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a multiethnic
prospective cohort study funded by the National Heart, Lung, and Blood Institute, designed
to investigate the development and progression of subclinical cardiovascular disease (CVD).
Detailed information on the recruitment and study design have been discussed elsewhere.23
Briefly, 6814 men and women who were between 45 and 84 years of age, free of CVD, and
self-identified as White, Black, Hispanic, or Chinese were recruited between 2000-2002
from the following areas: Baltimore City and Baltimore County, MD; Chicago, IL; Forsyth
County, NC; Los Angeles County, CA; Northern Manhattan and the Bronx, NY; and St.
Paul, MN. There have been four follow up visits to date, 2002—2004 (Exam 2), 2004—-2005
(Exam 3), 2005-2007 (Exam 4), and 2010-2011 (exam 5). Serum creatinine and cystatin C
were collected at Exams 1, 3, 4, and 5. The institutional review boards at all participating
centers approved the study, and all participants gave informed consent.

MESA participants were excluded from analysis if they were missing information on: (1)
serum creatinine and cystatin C at baseline (n=65) or at follow up exams (n=218); or (2)
either the neighborhood problems or social cohesion scores (n=639), yielding a final analytic
sample size of 5892.

Primary Predictors

Outcome

Neighborhood measures were collected by self-report of participants at baseline.
Neighborhood problems were assessed by asking participants to evaluate the seriousness of
specific problems using a four-point Likert-like scale in which greater values represented
greater reported seriousness. The problems assessed were: (a) lack of adequate food
shopping in neighborhood; (b) lack of parks/playground in neighborhood; (c) excessive
noise in neighborhood; (d) poor sidewalks in neighborhood; (e) heavy traffic or speeding
cars in neighborhood,; (f) trash and litter problem in neighborhood; and (g) violence problem
in neighborhood. A composite neighborhood problem score was calculated as the mean of
the seven items with a greater score indicating greater reported seriousness of the problems.
This measure has been validated and previously used.18.24-26 Neighborhood social cohesion
was assessed by asking participants to evaluate their neighborhood on five characteristics
using a five-point Likert scale in which greater values represent greater agreement with the
statements. The characteristics were: (a) close knit neighborhood; (b) people in
neighborhood don’t get along; (c) people willing to help their neighbors; (d) people in
neighborhood can be trusted; and (e) people in neighborhood do not share the same values.
A composite neighborhood social cohesion score was calculated, with items (b) and (e)
reverse coded, as the mean of the five items, with greater values representing greater

agreement that there is cohesion.2:518 This measure has been validated and previously used.
18,24-26

Kidney function was assessed by estimated glomerular filtration rate (eGFR) using the
CKD-EPI creatinine—cystatin C equation.2’ Serum assays were performed using frozen
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serum specimens that were stored at —70°C. Serum creatinine was measured by rate
reflectance spectrophotometry using thin film adaptation of the creatine amidinohydrolase
method on the Vitros analyzer (Johnson & Johnson Clinical Diagnostics, Inc., Rochester,
NY) at the Collaborative Studies Clinical Laboratory at Fairview-University Medical Center
(Minneapolis) and calibrated to the Cleveland Clinic. Cystatin C was measured by means of
a particle-enhanced immunonephelometric assay (N Latex Cystatin C, Dade Behring) with a
nephelometer (BNII, Dade Behring) and corrected for assay drift.

Our outcome of interest was eGFR decline, assessed using repeat assessments of eGFR in
two ways. First, we created a dichotomous variable that indicated the presence of a decline
in eGFR >30% from baseline to any of the follow up exams. Second, we estimated an
annualized change in eGFR.

Analytic Approach

We examined baseline characteristics of participants across quartiles of neighborhood
problems and social cohesion scores. We also examined the unadjusted cross-sectional
associations between each neighborhood score and eGFR<60mI/min/1.73m? at baseline and
albuminuria, defined as urine albumin-creatinine ratio (UACR)>30mg/g, at baseline using
logistic regression. To evaluate the association between neighborhood measures and a >30%
decline in eGFR, the dichotomous outcome variable was modeled using Cox proportional
hazards regression. To evaluate the association between neighborhood measures at baseline
and annualized eGFR decline over time, eGFR from exams 1, 3, 4, and 5 were modeled
using linear mixed models with random intercepts. This approach took into account the
correlation of observations by participant.

We employed a nested model approach to the inclusion of covariates. Model 1 was
unadjusted. Model 2 then included individual-level sociodemographic factors (age, gender,
race, family income, and education) and MESA site as potential confounders. Finally, Model
3 additionally included potential mediators that may link neighborhood context to eGFR
decline (diabetes, hypertension, smoking status, body mass index, low-density lipoproteins,
high-density lipoproteins, C-reactive protein, and UACR). Neighborhood measures were
evaluated as continuous and categorical (quartiles) variables. When modeled as categorical
variables, the omitted category was the least “problematic” context (i.e., lowest problems
and highest cohesion). To examine the possibility that the association between neighborhood
measures and eGFR varied by baseline eGFR (< versus =60ml/min/1.73m2), we modeled the
interaction between neighborhood measures and baseline eGFR. Models were further
estimated stratified by race/ethnicity as neighborhood racial composition in MESA diverges
by participant race/ethnicity, meaning that participants of different race/ethnicities are likely
drawn from different neighborhood samples, as had been shown in the Atherosclerosis Risk
in Communities (ARIC) study.10 We also modeled formal interactions between race/
ethnicity and each of the two neighborhood measures.

Estimates with two-sided p-values<0.05 were considered statistically significant. Analyses
were performed using Stata (StataCorp. 2013. Stata Statistical Software: Release 13. College
Station, TX: StataCorp LP.t and IBM SPSS statistical software (Version 24.0.0.1, IBM Corp.
Released 2016, Armonk, NY: IBM Corp.).
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Cohort Characteristics

This multi-ethnic sample was composed of 40% White, 27% Black, 22% Hispanic, and 12%
Chinese adults with a mean age of 62 years at baseline (Table 1). The mean eGFR at
baseline was 91 ml/min/1.73m? and 8% (n=475) had an eGFR<60mI/min/1.73m? (Table 1).
At baseline, the median UACR was 5.1 mg/g, and 9% (n=501) had albuminuria as defined
by UACR>=30mg/g (Table 1). A total of 716 (12%) participants experienced a >30%
decline in eGFR from baseline, and this was most common among Black (16%), compared
with 8% of Chinese, 11% of White, and 12% of Hispanic participants (Table S1). Those
included in the analyses (i.e., those without missing information on key measures) were
different from those excluded in certain ways (Table S1). Those excluded had slightly lower
mean baseline eGFR and higher mean baseline UACR than those included. Consistent with
this pattern, those excluded had a higher hypertension prevalence, higher diabetes
prevalence, higher mean age at baseline, and lower levels of education and family income.
The median follow up time was 9.22 (IQR, 8.41-9.59) years. eGFR was assessed at all four
possible exams for 65% of the analytic sample (Table S2). eGFR was assessed at three of the
possible exams for an additional 26%; the remaining participants had eGFRs from two of the
four possible exams.

Sociodemographic characteristics and neighborhood context

Association

Association

The neighborhood problems score could theoretically range from 1 (low problems) to 7
(high problems) and had a median of 1.47. The neighborhood social cohesion score could
theoretically range from 1 (low cohesion) to 5 (high cohesion) and had a median of 3.52.
The distribution of scores varied by race/ethnicity and SES characteristics. Specifically,
Chinese participants were least likely to report residing in neighborhoods with high problem
scores, compared with more than 1/3 of Hispanics and Blacks (Figure 1, top panel). White
participants were most likely to report living in neighborhoods with high social cohesion
(Figure 1, bottom panel). Regarding SES, participants with the highest levels of income and
education also reported living in neighborhoods with low problem scores and high social
cohesion (Figure 1, top panel).

between neighborhood context and low eGFR or albuminuria at baseline

There was no association between either of the neighborhood scores and eGFR<60ml/min/
1.73m? at baseline in the total sample or within any racial/ethnic group (Table S3).
Furthermore, the associations between each of the neighborhood scores and albuminuria
prevalence at baseline were not statistically significant after adjustment basic for
sociodemographic characteristics (Table S4).

between neighborhood context and eGFR decline

Hazard of a decline in eGFR >30% from baseline varied only slightly by quartiles of each of
the neighborhood scores in the total sample. For example, 11% of participants living in
neighborhoods of the lowest quartile of problems experienced such an eGFR decline while
12%-13% of participants living in neighborhoods of the higher three quartiles experienced
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this decline (Table 2, top panel). On the other hand, 11%-12% of participants living in
neighborhoods of the higher three quartiles of social cohesion experienced such an eGFR
decline while 14% of their counterparts living in neighborhoods of the lowest quartile
experienced this decline (Table 2, bottom panel).

In unadjusted analyses, the hazard of an eGFR decline >30% from baseline was not
statistically different among those living in neighborhoods with different levels of problems
(HR for quartile 4 vs quartile 1 of 1.21 [95% CI, 0.97-1.51]; Table 2, top panel). However,
those living in neighborhoods with greater problems show a greater annualized decline in
eGFR compared to those living in neighborhoods with the lowest quartile of problems (beta
of —0.17 [95% CI, —0.31 to —0.02] for quartile 2 vs quartile 1; Table 3, top panel). This
association was attenuated slightly -- but to statistical non-significance -- after adjustment
for sociodemographic characteristics. Social cohesion was not associated, either before or
after adjustment for confounders, with either a hazard of a 30% eGFR decline from baseline
or annualized eGFR change.

While the prevalence of eGFR decline >30% from baseline varied by race and neighborhood
score quartile (Table 2), the association between either of the neighborhood scores and either
eGFR decline >30% from baseline or annualized decline were generally null across racial/
ethnic groups (Tables 2 and 3). However, there were exceptions when modeling annualized
change in eGFR (Table 3). For example, Black participants living in neighborhoods with
greater problems (i.e., quartiles 2, 3, or 4) showed a greater annualized eGFR decline
compared to Black participants living in neighborhoods with the lowest quartile of problems,
after adjusting for sociodemographic characteristics (beta of —0.37 [95% CI, —0.72 to -0.01]
for quartile 2 vs quartile 1; Table 3, top panel). Nevertheless, interactions between race/
ethnicity and either of the neighborhood measures were not statistically significant (results
not shown).

Sensitivity analyses

To examine whether the association between neighborhood measures and annualized change
in eGFR varied by baseline kidney function status, we modeled the interaction between
neighborhood measures and baseline eGFR (< versus =60/min/min/1.73m2). None of the
interactions were statistically significant at the p<0.05 level.

DISCUSSION

The literature on the association between neighborhood SES (captured either as poverty or
as an index of multiple social and economic indicators) and earlier stages of CKD has
yielded modest and mixed results; therefore, we examined two social features of the
neighborhood context that may not be adequately captured by neighborhood SES —
neighborhood problems and social cohesion. While our results show that neighborhood
social context differs by race/ethnicity and that the prevalence of risk factors such as
hypertension and diabetes differ slightly across neighborhood context, neither of these
neighborhood measures was independently associated with kidney function decline after
adjustment in this multi-ethnic cohort.
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These null findings may be interpreted in several ways. It may be that neighborhood social
context, as measured through SES, as in previous work, or in perceived social environment,
as in this study, does not play an important role in the very early stages of CKD. Researchers
have reported an association between neighborhood SES and more advanced stages of CKD.
7.8,10-12 | other words, it may be that neighborhood social/socioeconomic context may be
more important for disease progression, particularly at advanced disease stages or in older
adults. However, it may also be that neighborhood social context is challenging to measure
without error. Furthermore, social context may be tightly interrelated with neighborhood
sociodemographic characteristics and it is difficult to disentangle these neighborhood
features.

It may also be that individual-level factors, such as individual-level SES, are important for
eGFR decline in a healthy cohort such as MESA. Yet, the literature on the independent
association between individual-level SES and eGFR (either levels or change over time) is
also unclear, with studies showing an independent role for SES with ESRD28 but not earlier
CKD stages.”8:11

Nevertheless, neighborhood SES is associated with many risk factors for CKD, including
incident hypertension and markers of CVD prevalence,2?-33 diabetes prevalence,34 and
health behaviors such as smoking prevalence.3® Furthermore, with respect to the measures of
neighborhood context examined in this study, previous work has shown that greater levels of
neighborhood problems are associated with greater levels of inflammatory markers (i.e.,
fibrinogen, interleukin 6, C-reactive protein), depressive symptoms, smoking prevalence,
and heavy alcohol use prevalence in the MESA sample.18:26 Therefore, future work is
needed to clarify the interrelated associations among neighborhood context, CKD risk
factors, and CKD itself.

With respect to neighborhood social cohesion specifically, our results of no association
between this neighborhood score and eGFR is consistent with much (but not all32:36) of the
literature linking this exposure to CKD risk factors.218:37 This may be because social
cohesion can operate both as a resource and as a constraint, depending on other individual
and community factors. Strong ties with one’s neighbors may provide a resource upon which
to draw for social and material support. Furthermore, these ties may result in broader
community norms of healthy behaviors. On the other hand, these ties may also promote
unhealthy behaviors and may serve as a source of obligatory burdens. It may also be that the
measure of social cohesion used in MESA does not adequately capture the salubrious nature
of the underlying concept.

The results indicate that neighborhood problems and social cohesion are not related to eGFR
decline for either Black or White adults, even though there are well-documented inequalities
in both neighborhood environment and in CKD. Future work should examine the role of
racial residential segregation, or the separation of different racial groups into neighborhoods
of uneven quality through historical and contemporary policies and practices. While there
are no studies linking segregation, specifically, to biomarkers of kidney disease, there are
studies linking segregation to racial inequalities in kidney disease-relates outcomes. Black-
White inequalities in hypertension, diabetes, and obesity are greater in areas where there is
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more segregation.*38-41 Those living in neighborhoods with a greater proportion of Black
residents are more likely to have kidney disease risk factors compared to residents in
neighborhoods with a lower proportion of Black residents,*2 independent of the individual’s
race. Mortality for those on dialysis is higher in areas with greater segregation.43:44
Furthermore, the research suggests that the neighborhood racial composition rather than
one’s own race is important, as the White residents of predominantly Black neighborhoods
fare worse in terms of ESRD outcomes compared to the Black residents.*4

While, to our knowledge, this is the first examination of the association between aspects of
the neighborhood social environment and kidney function, it is not without limitations. We
used markers of kidney function in a relatively healthy population and eGFR may not be
sensitive enough to capture the impact of the social environment on early stages of function
decline. We also used two measures of neighborhood social environment. These measures
have limited variability in the MESA sample, although they have been related to other health
outcomes in this sample.1118 Future work should examine other measures including
composite indices of the social and built environment?5 (e.g., air pollution) or of racial
residential segregation.*® These data are also observational in nature, meaning that we
cannot absolutely determine the causal ordering or nature of these associations. We do
examine neighborhood at baseline and relate that to change over time. However, we do not
know whether there is residual confounding and changes in neighborhood (as in an
intervention) would result in changes in eGFR decline.

That our results did not show a relation between two measures of the social environment and
eGFR does not lessen the need to examine other aspects of the neighborhood environment in
relation to CKD. A better understanding of the role of neighborhoods is vital because
neighborhood characteristics are neither random nor naturally-occurring; they can be
changed by altering policies or introducing interventions? and thus may be an effective way
to promote population health.*6

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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