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a b s t r a c t

We investigated cross-sectional associations of neighborhood deprivation, problems, safety, and

cohesion with circulating levels of fibrinogen, interleukin-6, and C-reactive protein (n¼5370) and

longitudinal associations with changes in IL-6 over a 3–4 year period (n¼946). In cross-sectional

analyses, higher levels of neighborhood deprivation and problems were associated with higher levels of

all three inflammatory markers, whereas higher levels of safety were associated with lower levels.

Fibrinogen remained associated with all neighborhood characteristics except cohesion and IL-6

remained associated with safety after adjustment for race and SES. In longitudinal analyses, higher

levels of neighborhood deprivation and problems, and lower levels of safety were associated with

greater longitudinal increases in IL-6 after adjustment for age, sex, race, and SES. These findings were

not substantially modified by further risk factor adjustment. Although findings regarding different

inflammatory markers were mixed, the longitudinal results that are less limited by race confounding

suggest that inflammatory pathways may contribute to neighborhood differences in cardiovascular

disease risk.

& 2010 Elsevier Ltd. All rights reserved.
1. Introduction

A number of studies have documented associations of
neighborhood characteristics with cardiovascular outcomes that
persist after accounting for individual-level measures of socio-
economic position (Cubbin and Winkleby, 2005; Leclere et al.,
1998; Sundquist et al., 2004; Diez Roux et al., 2001, 1995; Franzini
and Spears, 2003; Chaix et al., 2007; Winkleby et al., 2007).
However, considerable debate exists on whether these associa-
tions are causal and the mechanisms mediating these associations
have not been fully identified. In some cases, associations of
neighborhood characteristics with cardiovascular outcomes ap-
pear to persist after additional control for established cardiovas-
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cular risk factors, suggesting that other mediators may be
involved (Diez Roux et al., 2001).

Systemic inflammation, as indexed by various circulating
markers, has emerged as a possible cardiovascular risk factor
(Willerson and Ridker, 2004). The inflammatory markers fibrino-
gen, interleukin-6 (IL-6), and C-reactive protein (CRP) are known
to be inversely associated with individual-level socioeconomic
factors (Jousilahti et al., 2003; Wilson et al., 1993; Nazmi and
Victora, 2007; Ranjit et al., 2007a; Ramsay et al., 2008) but there
are plausible mechanisms through which neighborhood context
may affect levels of inflammatory markers independently of
individual-level socioeconomic indicators. These include possible
effects of neighborhood context on behavioral factors (such as
diet, physical activity, or smoking) (Diez Roux and Mair, 2010)
linked to inflammation, neighborhood differences in the risk of
acquiring infectious diseases linked to inflammatory processes
(Acevedo-Garcia, 2000), neighborhood differences in air pollution
levels (O’neill et al., 2003) as well as effects of neighborhood
environments on stress-related physiological processes hypothe-
sized to play a role in the inflammatory process (Mcdade et al.,
2006; Ranjit et al., 2007b).

Very few studies have investigated associations of neighbor-
hood characteristics with inflammatory markers (Pollitt et al.,
2007; Petersen et al., 2008) and no studies of which we are aware
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have moved beyond neighborhood socioeconomic characteristics
to investigate more specific neighborhood attributes, or have
examined associations of neighborhood characteristics with
changes in inflammatory markers over time. Finding that
neighborhood-level factors are associated with biological pre-
cursors of cardiovascular risk would strengthen evidence for
causal effects of neighborhoods on the development of cardio-
vascular disease.

Using data from an ancillary study to the multi-ethnic study of
atherosclerosis (MESA), we investigated cross-sectional associa-
tions of several neighborhood characteristics (deprivation, safety,
cohesion, and problems) with circulating levels of inflammatory
markers and longitudinal changes in inflammatory markers in a
large population-based multi-ethnic sample with detailed mea-
sures of neighborhood characteristics, inflammatory markers, and
potential confounders.
2. Methods

The multi-ethnic study of atherosclerosis (MESA) is a popula-
tion-based longitudinal study of the prevalence, correlates, and
progression of subclinical cardiovascular disease (CVD). The
cohort comprised 6814 individuals aged 45–84 years with 38%
white, 28% black, 22% Hispanic, and 12% Chinese. Participants
were recruited from six US communities using a variety of
population-based approaches and were free of clinical CVD at the
time of the baseline visit. Detailed information on the study
objectives and design has been published elsewhere (Bild et al.,
2002). Cross-sectional analyses reported here employed data
collected as part of the baseline examination conducted between
2000 and 2002. Longitudinal analyses used follow-up data
available 3–4 years after baseline (2004–2006) collected on a
subsample of white, black, and Hispanic participants from the
New York and Los Angeles sites. The follow-up sample was
composed of participants in an ancillary study to MESA, which
collected follow-up information on approximately 1000 white,
black, and Hispanic participants at two of the MESA sites (Ranjit
et al., 2009). Participants were invited to enroll in the ancillary
study in the order in which they attended the visit resulting in an
approximately random sample (Ranjit et al., 2009).

Three inflammatory markers (fibrinogen, IL-6, and CRP) linked
to cardiovascular events in prior work (Pahor et al., 1999; Tracy,
1999) were investigated in cross-sectional analyses. Fibrinogen
(mg/dL) and CRP (mg/L) were measured using the BNII nephel-
ometer (N high sensitivity CRP and N antiserum to human
fibrinogen, Dade Behring, Deerfield, IL). IL-6 (pg/mL) was
measured by ultrasensitive ELISA (R&D Systems, Minneapolis,
MN). Analytic coefficients of variation were 2.6%, 6.3%, and 3.6%
for fibrinogen, IL-6, and CRP, respectively. CRP and IL-6 were log-
transformed prior to analyses due to skewed distributions.
Follow-up measures of IL-6 were available on a subsample of
946 white, black, and Hispanic participants from the New York
and Los Angeles MESA sites (mean follow-up time 3.9 years). All
assays were performed at the MESA Central Laboratory located at
the University of Vermont.

Neighborhood of residence (proxied by census tract) was
assigned to each MESA participant based on residential addresses
at baseline. Four neighborhood domains were investigated:
neighborhood deprivation, safety, cohesion, and problems. Neigh-
borhood deprivation was used as a summary measure of the
neighborhood environment. A deprivation score for each neigh-
borhood was created based on a factor analysis of 19 census tract-
level variables reflecting dimensions of race/ethnicity, family
structure, housing, residential stability, crowding, education,
employment, occupation, and income/wealth available in the
2000 US Census. Six variables, which accounted for 61% of the
variance (percent vacant housing, percent with no telephone,
percent with no vehicle, percent unemployed, median household
income, and percent poverty) loaded on the first factor were used
in these analyses. The deprivation factor was the weighted sum of
the six standardized variables (Mujahid et al., 2007). The factor
score was converted to z scores.

The three other neighborhood domains investigated – pro-
blems, safety, and cohesion – were assessed using questionnaires
administered to MESA participants. These three domains were
selected for investigation because they capture aspects of
neighborhoods that may be related to levels of inflammatory
markers through their effects on health behaviors or psychosocial
processes related to inflammation. Each domain was assessed
using scales linked to cardiovascular-related outcomes in prior
work (Mujahid et al., 2007; Auchincloss et al., 2008; Echeverrı́a
et al., 2008). Seven questions were used to determine the
neighborhood problems score. These items referred to the state
of the neighborhood sidewalks, trash and litter in the neighbor-
hood, playgrounds/parks, adequate shopping, heavy traffic/speed-
ing, excessive noise and violence in the neighborhood. For each
item participants were asked to indicate whether the issue in
question was a problem using a 4 point Likert scale (‘‘often’’ to
‘‘never’’). The neighborhood safety score was based on three items
(using a 5 point Likert scale: ‘‘strongly agree’’ to ‘‘strongly
disagree’’) regarding neighborhood violence, crime, and the ability
to walk in the neighborhood without fear. Neighborhood cohesion
was scored according to five items (using a 5 point scale as above)
on neighbors’ willingness to help each other, neighbors getting
along, neighbors trusting each other and shared/common values.
Likert scales used to collect data on individual items were
summed to create composite scores. Higher scores for each
characteristic referred to more neighborhood problems, greater
safety, and greater social cohesion. The scales had acceptable
validity and reliability for the measurement of neighborhood-
level domains (Mujahid et al., 2007; Echeverria et al., 2004).

Because aggregation across multiple respondents may reduce
error arising from individual subjectivities and improve the
validity of the measure (Mujahid et al., 2007), the neighborhood
characteristics of each MESA participant was estimated by
averaging the responses of all other MESA participants living
within the same census tract. All neighborhood variable values
were converted to z scores for analysis.

Baseline covariates included age, race/ethnicity, socioeco-
nomic status, use of anti-inflammatory medications, recent
history of acute infection, physical activity, smoking, alcohol
drinking, body mass index (BMI), waist circumference, impaired
fasting glucose, and diabetes. All of these variables have been
linked to levels of inflammatory markers and could plausibly
confound and/or mediate any neighborhood effects on inflamma-
tion. Race/ethnicity was self-reported based on questions mod-
eled on the year 2000 census. Education was collected in nine
categories (no schooling, 1–8 years, 9–11 years, high school
graduate or GED certificate, some college but no degree, technical
school certificate, associate’s degree, bachelor’s degree, graduate/
professional degree) and income in 13 categories (ranging from
$o5000 to 100000+). Some of these categories were collapsed
for descriptive analyses. Use of hormone replacement therapy,
aspirin, oral anti-inflammatory agents, lipid-lowering drugs, and
non-steroidal anti-inflammatory drugs during the baseline visit
was grouped into a single dichotomous variable (yes to any vs.
none). Having had an acute infection (bronchitis, cold/flu, fever,
pneumonia, sinusitis, urinary, or tooth infection) in the 2 weeks
previous to the baseline interview was coded as positive for
recent infection. Physical activity was assessed using a standar-
dized questionnaire (Ainsworth et al., 1999). Level of intentional
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physical activity (walking for exercise, sports, and conditioning
activities) was calculated in MET-min/week and investigated as a
continuous variable in regression models; for descriptive ana-
lyses, the lowest tertile of intentional activity was used to define
sedentary behavior. Tobacco smoking and alcohol habits were
each categorized as never, current, or ex-user. Dietary assessment
at baseline was performed using principal components analysis
based on a 120-item food frequency questionnaire and 47
investigator-defined food groups. Four main dietary patterns
were identified by factor analysis and named according to the
types of foods loading on the highest of each pattern. These
groups were fats and processed meats; vegetables and fish; beans,
tomatoes and refined grains; whole grains and fruit. Factor scores
were calculated for each participant and ranged overall from
�1.82 to 12.30, representing the lowest and highest score for
each dietary group, respectively (Nettleton et al., 2006). Weight,
height, and waist circumference were measured using standar-
dized procedures as part of the baseline exam. BMI was calculated
as weight over height in meters squared. BMI and waist
circumference were investigated as continuous variables. Dia-
betes was defined as self-reported ongoing medical treatment for
diabetes or fasting glucose 4125 mg/dL and impaired fasting
glucose was defined as fasting glucose of 100–125 mg/dL
(American Diabetes Association 2003). Updated measures of
covariates were also available at the time of the follow-up IL-6
assessment on the subsample. The Institutional Review Board at
each participating MESA site reviewed the study and written
informed consent was collected from all participants.
2.1. Statistical methods

In cross-sectional analyses age-adjusted mean fibrinogen and
geometric mean CRP and IL-6 levels by quartiles of neighborhood
domains were estimated using linear regression. P-values for
trend were obtained by including neighborhood categories as
ordinal variables in regression models. Mixed models with
random intercept at the census tract level that account for the
clustering of individuals within neighborhoods were employed to
estimate associations between neighborhood domains and in-
flammatory markers before and after adjustment for sets of
covariates. Five models were fitted: model 1 adjusted for age and
sex; model 2 for age, sex, education, and family income; model 3
for age, sex, and race/ethnicity; model 4 for age, sex, race/
ethnicity, education, and family income; model 5 included all of
the above plus selected confounders or possible mediators of the
association between neighborhood domains and inflammation
(BMI, waist circumference, physical activity, dietary pattern score,
smoking, alcohol intake, recent acute infection, medication use,
diabetes, and impaired fasting glucose). Intraclass correlation
coefficients of inflammatory markers within neighborhoods were
estimated using variance components of the mixed models.

In longitudinal analyses, mixed models were used to model the
mean annual change in IL-6 between baseline and follow-up as a
function of neighborhood domains in the subsample. Mean
annual change in IL-6 levels was calculated by subtracting
levels of IL-6 at baseline (2000–2002) from levels at follow-up
(2004–2006) and dividing by mean follow-up time in years. We fit
models analogous to models 1–5 described for cross-sectional
analyses. In sensitivity analyses we also examined confounders/
mediators as time-varying covariates both in absolute levels and
as change between baseline and follow-up. These results were
similar to those of model 5 and are not reported. Baseline IL-6
level was included as a covariate in all models. In sensitivity
analyses, the impact of measurement error in the baseline IL-6
measures was investigated using regression calibration (Hardin
et al., 2003) with a known error of 6.3% based on the coefficient
of variation for IL-6 measurements. Results were similar and
therefore only the simpler models are reported. In both cross-
sectional and longitudinal analyses we also examined the
contribution of neighborhood problems, safety, and cohesion to
differences in inflammatory markers by examining the change in
the deprivation coefficient when the other neighborhood-level
variables were added.
3. Results

Of the 6814 MESA participants at baseline, 6599 had complete
data on all inflammatory markers of which 5370 had complete
data on neighborhood characteristics and were included in the
cross-sectional analyses. These participants were distributed in
1245 census tracts with a median (IQR) of 10 (3–25) participants
per tract. The mean age of the sample was 62.2 years (710.2);
39% were white, 28% black, 22% Hispanic, and 12% Chinese. 35%
had at least a college degree whereas 18% had not completed high
school. 38% had an annual family income less than $30,000
whereas 23% had more than $75,000 of income. Median (IQR) for
fibrinogen in men and women, respectively, was 323 mg/dL
(285–369) and 353 mg/dL (308–404). Median (IQR) for IL-6
and CRP in men and women were 1.13 pg/mL (0.73–1.80)
and 1.27 pg/mL (0.82–1.95), and 1.43 mg/L (0.70–3.15) and
2.56 mg/L (1.05–5.69), respectively.

Table 1 shows selected characteristics of MESA participants by
quartile of neighborhood deprivation score at baseline.
Individuals living in more deprived neighborhoods were more
likely to be black, Hispanic and had lower education and income
than those living in less deprived neighborhoods (po0.001 for
all). Higher neighborhood deprivation was also associated with
less medication use, higher prevalence of recent infections,
physical inactivity, more smoking, less alcohol intake, higher
BMI and waist circumference and higher prevalence of impaired
fasting glucose and diabetes. More deprived neighborhoods had
lower safety and cohesion scores and higher neighborhood
problems scores (po0.001 for all). Individuals living in more
deprived neighborhoods also had higher levels of inflammatory
markers (po0.001 for all). Correlations between the four
neighborhood level variables ranged from 0.37 for deprivation
and cohesion to �0.66 for deprivation and safety (po0.001 for
both). The percent of variance in inflammatory markers between
neighborhoods (the intraclass correlation coefficient estimated
from a model without covariates) ranged from 1.1% for fibrinogen
in men to 8.2% for IL-6 in women. The between-neighborhood
variance differed significantly from zero in all models.

Figs. 1–3 show age-adjusted means for fibrinogen, IL-6, and
CRP at baseline in men and women by quartile of neighborhood
characteristics score. In both sexes, there were graded and
statistically significant associations between levels of all three
inflammatory markers and neighborhood variables. Higher levels
of neighborhood deprivation and higher levels of neighborhood
problems were associated with higher levels of all three
inflammatory markers (po0.001 for all, except CRP levels in
women, p¼0.009). Higher levels of neighborhood safety were
associated with lower levels of inflammatory markers (po0.001
for all, except CRP level in women, p¼0.01). Results for the
neighborhood cohesion variable were less consistent: higher
neighborhood social cohesion was associated with lower levels
of fibrinogen in men (p¼0.003) but with higher levels of CRP in
women (p¼0.009). Other differences by social cohesion were not
statistically significant.

In general, patterns were similar in men and women and there
was no consistent evidence of interactions by sex (of 12



Table 1
Selected characteristics of MESA participants (2000–2002) by quartile of neighborhood deprivation score (N¼5370).

Quartile of neighborhood deprivation score P for trend

I—Least deprived II III IV—Most deprived

Mean (SD) age, years 62.3 (9.9) 61.4 (10.0) 61.8 (10.3) 62.2 (10.4) –

% Female 48.4 52.1 54.1 55.3 0.001

Race/ethnicity (% distribution) o0.001

White 58.0 54.1 34.4 8.8

Black 14.4 21.3 29.4 44.2

Hispanic 11.9 15.7 20.7 39.2

Chinese 15.8 9.0 15.6 7.8

Education (% distribution) o0.001

Not high school graduate 5.8 11.3 19.2 31.3

High school graduate 15.7 17.1 19.3 31.5

Some college 29.4 29.4 29.5 26.2

College graduate 49.1 42.3 32.1 21.0

Income (% distribution) o0.001

o16000 8.8 12.1 20.1 30.2

16000–29999 10.5 16.4 22.8 24.2

30000–49999 22.6 22.8 25.2 23.3

50000–74999 20.2 20.0 15.1 12.7

75000+ 37.9 28.8 16.8 9.6

% Current medication use 59.6 58.2 51.4 47.2 o0.001

% Recent infection 19.9 22.3 23.1 30.4 o0.001

% Physically inactivea 26.8 30.6 36.3 37.3 o0.001

Mean (SD) dietary pattern scoreb

Fats and processed meats 0.03 (0.95) 0.09 (1.0) 0.01 (1.04) �0.14 (0.93) o0.001

Vegetables and fish 0.09 (1.12) �0.08 (0.94) 0.02 (0.95) �0.02 (0.92) 0.0001

Beans, tomatoes, and refined grains �0.19 (0.69) �0.05 (0.93) 0.06 (1.06) 0.16 (1.16) o0.001

Whole grains and fruits 0.09 (0.93) 0.09 (0.99) �0.04 (1.04) �0.09 (1.0) o0.001

% Current smoker 7.9 13.3 12.9 16.4 o0.001

% Current alcohol drinker 63.5 60.8 52.4 48.0 o0.001

Mean (SD) BMI, kg/m2 27.6 (5.0) 28.2 (5.3) 28.3 (5.5) 29.1 (5.7) o0.001

Mean (SD) waist circumference, cm 96.3 (13.9) 98.4 (14.3) 97.8 (14.4) 99.3 (14.3) o0.001

% Diabetesc 8.7 10.4 12.7 15.7 o0.001

% Impaired glucose toleranced 11.5 11.1 12.4 14.2 0.01

Mean (SD) neighborhood scorese

Safety 4.1 (0.4) 3.8 (0.3) 3.5 (0.3) 3.2 (0.2) o0.001

IQR: 3.9–4.3 IQR: 3.4–4.0 IQR: 3.3–3.7 IQR: 3.0–3.5

Cohesion 3.6 (0.2) 3.6 (0.2) 3.5 (0.2) 3.3 (0.2) o0.001

IQR: 3.5–3.8 IQR: 3.4–3.7 IQR: 3.3–3.8 IQR: 3.1–3.6

Problems 1.3 (0.2) 1.4 (0.2) 1.5 (0.2) 1.7 (0.2) o0.001

IQR: 1.2–1.4 IQR: 1.3–1.6 IQR: 1.4–1.6 IQR: 1.5–1.9

Median (IQR) fibrinogen, mg/dL 326 (285–373) 333 (292–382) 339 (298–389) 351 (307–407) o0.001

Median (IQR) IL-6, pg/mL 1.05 (0.70–1.74) 1.17 (0.76–1.78) 1.23 (0.78–1.92) 1.28 (0.84–1.95) o0.001

Median (IQR) CRP, mg/L 1.64 (0.71–3.94) 1.87 (0.84–4.16) 1.86 (0.86–4.08) 2.15 (0.93–4.75) o0.001

N (%) 1350 (25.1) 1569 (29.2) 1186 (22.1) 1265 (23.6)

P values by chi-squared test for trend (log-transformed for IL-6 and CRP) and ANOVA for dietary pattern scores, BMI, waist circumference and neighborhood scores.

a Physical inactivity: lowest tertile of MET-minutes per week of intentional activity.
b Dietary pattern score ranges: fats �1.49–9.89, vegetables �1.42–12.30, beans �1.31–11.72, whole grains �1.83–7.74.
c Diabetes: currently under treatment for diabetes or fasting plasma glucose Z126 mg/dL.
d Impaired glucose tolerance: fasting plasma glucose 100–125 mg/dL.
e Neighborhood score ranges: safety 1.3–5.0, cohesion 2.4–4.6, problems 1.0–2.6.
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Table 2
Percent difference (95% CI) in inflammatory markers per standard deviation increase of neighborhood domain (deprivation, problems, safety, and cohesion scores) at the

MESA baseline exam.

Model 1a Model 2b Model 3c Model 4d Model 5e

Percent

difference

95% CI Percent

difference

95% CI Percent

difference

95% CI Percent

difference

95% CI Percent

difference

95% CI

Fibrinogen

Deprivation 2.7 2.1, 3.3 2.1 1.5, 2.7 1.3 0.7, 1.9 0.9 0.3, 1.5 0.7 0.1, 1.3

Problems 2.0 1.4, 2.5 1.7 1.2, 2.3 1.1 0.5, 1.7 0.9 0.3, 1.5 0.7 0.2, 1.3

Safety �2.2 �2.8, �1.6 �1.8 �2.4, �1.3 �1.1 �1.7, �0.6 �0.9 �1.5, �0.4 �0.7 �1.3, �0.1

Cohesion �0.9 �1.4, �0.3 �0.6 �1.2, 0.0 �0.6 �1.1, 0.0 �0.5 �1.0, 0.1 �0.4 �1.0, 0.0

IL-6

Deprivation 6.8 4.8, 8.8 4.6 2.5, 6.7 2.2 0.3, 4.2 0.5 �1.5, 2.5 0.3 �1.5, 2.2

Problems 5.5 3.5, 7.5 4.8 2.8, 6.8 1.3 �0.6, 3.2 0.6 �1.3, 2.5 �0.4 �2.2, 1.4

Safety �6.6 �8.5, �4.8 �5.4 7.2, �3.4 �3.2 �5.0, �1.3 �2.2 �4.0, �0.3 �1.5 �3.3, 0.3

Cohesion �2.1 �4.0, �0.2 �1.3 �3.2, 0.6 �1.7 �3.5, 0.1 �1.4 �3.2, 0.4 �1.5 �3.2, 0.2

CRP

Deprivation 9.0 5.3, 12.8 5.5 1.7, 9.4 �0.8 �4.0, 2.5 �3.6 �6.9, �0.3 �3.0 �6.2, 0.2

Problems 9.8 6.1, 13.6 8.6 4.9, 12.4 0.4 �2.7, 3.7 �0.6 �3.8, 2.6 �2.0 �5.0, 1.1

Safety �8.2 �11.5, �4.8 �6.4 �9.8, �2.9 �0.5 �3.7, 2.8 1.1 �2.2, 4.5 1.9 �1.2, 4.9

Cohesion �0.8 �4.1, 2.7 0.3 �3.1, 3.8 0.0 �3.1, 3.2 0.4 �2.7, 3.6 �0.2 �3.1, 2.8

Using mixed linear regression models with random intercept at the census tract level.

a Model 1: adjusted for age and sex.
b Model 2: adjusted for age, sex, family income, and education.
c Model 3: adjusted for age, sex, and race/ethnicity.
d Model 4: adjusted for age, sex, family income, education, and race/ethnicity.
e Model 5: adjusted for age, sex, family income, education, race/ethnicity, BMI, waist circumference, physical activity, dietary pattern score, smoking, alcohol intake,

recent acute infection, medication use, impaired glucose tolerance, and diabetes.
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interactions tested only two were statistically significant and no
consistent sex differences were observed). There was also no clear
evidence that associations of neighborhood characteristics
with inflammatory markers differed by race/ethnicity (of 24
interactions tested only three were statistically significant and no
consistent patterns emerged). Therefore, all subsequent analyses
are pooled across the full sample and adjusted for sex and race/
ethnicity.

Table 2 shows the percent difference (95% CI) in each
inflammatory marker per standard deviation (SD) increase of
neighborhood deprivation, problems, safety, and cohesion scores
in the sample. In age-adjusted models (model 1), inflammatory
markers were positively associated with neighborhood
deprivation and problems scores, and inversely associated with
neighborhood safety. Weaker and less consistent associations
were observed for social cohesion (which was not associated with
CRP). Percent differences in inflammatory markers associated
with a standard deviation difference in neighborhood deprivation,
problems, or safety ranged from 2% to 10%, depending on the
neighborhood characteristic and the inflammatory marker.

Additional adjustment for income and education (model 2)
slightly reduced the associations of deprivation, problems, and
safety with inflammatory markers, with all estimates remaining
statistically significant. In contrast, adjustment for race/ethnicity
(model 3) substantially reduced all associations (even changing
the direction of some of the associations for CRP). However,
fibrinogen remained significantly associated with all neighbor-
hood characteristics, and IL-6 remained significantly associated
with deprivation and safety after adjustment for race/ethnicity. In
models adjusted for both race/ethnicity and SES (model 4),
neighborhood deprivation and neighborhood problems remained
positively associated with fibrinogen and neighborhood safety
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remained inversely associated with fibrinogen and IL-6. An
unexpected inverse association of deprivation with CRP was
observed in the age, sex, race/ethnicity, and SES adjusted model.

Additional adjustment for BMI, waist circumference, physical
activity, dietary score pattern, smoking, alcohol intake, recent
acute infection, medication use, diabetes, and impaired fasting
glucose (model 5) did not substantially modify associations with
fibrinogen and weakened associations with IL-6, although all
associations remained statistically significant or marginally
statistically significant. No positive associations with CRP were
observed in any of the race-adjusted models and results were
similar when CRP was dichotomized at 3 mg/L. In fully adjusted
models (model 5) intraclass correlation coefficients for neighbor-
hoods ranged from 0% to 1.3% and none were statistically
significant. Associations of fibrinogen with neighborhood depri-
vation in age, sex, race/ethnicity, and SES adjusted models were
reduced by 44% and were no longer statistically significant when
neighborhood safety and problems were added to the models
(percent difference associated with deprivation after adjustment
for other neighborhood variables 0.5 95% CL �0.3 to 1.3).

Demographic characteristics of the longitudinal subsample
(n¼946) were generally similar to the full sample except that
individuals in the subsample tended to have lower income and
education and Chinese were not included in the follow-up
subsample. The correlation between baseline and follow-up IL-6
measures was 0.60. The mean (SD) annual change in IL-6 was
0.32 pg/mL (0.46). Change was positively associated with age,
black or Hispanic race/ethnicity, obesity and smoking, and
inversely associated with income and education (data not shown).
Fig. 4 shows mean annual change in IL-6 by quartiles of
neighborhood characteristics. In general, higher baseline levels
of neighborhood deprivation and problems, and lower levels of
safety were associated with greater age-adjusted annual increases
but no consistent associations were observed for social cohesion.
There were no statistically significant interactions between
neighborhood variables and sex.

Table 3 presents adjusted mean difference in annual change
(95% CI) in IL-6 levels per standard deviation increase of each
neighborhood characteristic. Neighborhood deprivation and
problems were positively associated with IL-6 change, whereas
neighborhood safety was inversely associated with change. Mean
differences in annual change per SD difference in neighborhood
characteristics ranged from 0.03 to 0.06 pg/mL and were largely
unchanged by level of adjustment. Adjusting for behavioral
variables, acute infection, and diabetes at baseline reduced point
estimates only slightly. Further adjustment for the same variables
at follow-up study had no impact. Neighborhood cohesion was
not significantly associated with IL-6 change in any model.
Models that accounted for measurement error in baseline IL-6
measures yielded similar results. Associations of IL-6 change with
neighborhood deprivation in age, sex, race/ethnicity, and SES
adjusted models were reduced by 17% when other neighborhood
variables were included in models and remained statistically
significant (mean difference in annual change associated with
deprivation after adjustment for other neighborhood variables
0.05 95% CI 0.01–0.09).

Approximately 14% of participants in the subsample moved
residences from the baseline to the follow-up exams. Correlation
of neighborhood deprivation score for original and new neighbor-
hood for the individuals who moved was 0.57. When analyses
were restricted to those who did not move, all results presented
here remained unchanged.
4. Discussion

In this large, multi-ethnic sample of community-dwelling
adults, neighborhood characteristics were associated with levels
of inflammatory markers. All four neighborhood domains inves-
tigated (deprivation, problems, safety, and cohesion) were cross-
sectionally associated with levels of fibrinogen, IL-6, and CRP after
adjustment for age and sex. Fibrinogen remained significantly
associated with all neighborhood characteristics except cohesion
and IL-6 remained associated with safety after adjustment for
race/ethnicity and socioeconomic indicators. These findings were
not substantially modified by further risk factor adjustment. No
positive associations with CRP were observed in any of the race-
adjusted models. In longitudinal analyses, greater levels of
neighborhood deprivation and problems, and lower levels of
safety were significantly associated with greater increases in IL-6
over a 3–4 year period after adjustment for age, sex, race/
ethnicity, and socioeconomic factors. Point estimates were only
slightly altered but confidence intervals became wider after
additional risk factor adjustment so that only associations with
deprivation remained statistically significant.

Few studies have investigated association of neighborhood
characteristics with circulating levels of inflammatory markers.
Petersen et al. (2008) found significant inverse associations
between census tract SES indicators and IL-6 in a sample of 851
adults after adjusting for individual-level SES, race, and lifestyle
factors (Petersen et al., 2008). Pollitt et al. (2007) found
associations of census tracts SES with CRP and fibrinogen among



Table 3
Mean difference in annual change (95% CI) in IL-6 levels (pg/mL) per standard deviation increase of neighborhood domain in a subsample of MESA participants.

Neighborhood

characteristic

Model 1a Model 2b Model 3c Model 4d Model 5e

Difference 95% CI Difference 95% CI Difference 95% CI Difference 95% CI Difference 95% CI

Deprivation score 0.06 0.02, 0.09 0.05 0.02, 0.08 0.05 0.02, 0.09 0.06 0.02, 0.09 0.05 0.02, 0.09

Problems score 0.03 0.00, 0.06 0.03 0.00, 0.06 0.04 0.00, 0.07 0.04 0.00, 0.07 0.02 �0.01, 0.05

Safety score �0.05 �0.09, �0.02 �0.04 �0.08, �0.01 �0.05 �0.08, �0.01 �0.04 �0.07, �0.01 �0.03 �0.07, 0.00

Cohesion score �0.01 �0.04, 0.03 0.00 �0.04, 0.03 �0.01 �0.04, 0.02 �0.01 �0.04, 0.02 0.00 �0.02, 0.03

Using mixed linear regression models with random intercept at the census tract level; mean follow-up time (range): 3.89 years (1.95–6.20).

a Model 1: adjusted for age and sex.
b Model 2: adjusted for age, sex, family income, and education.
c Model 3: adjusted for age, sex, and race/ethnicity.
d Model 4: adjusted for age, sex, family income, education, and race/ethnicity.
e Model 5: adjusted for age, sex, family income, education, race/ethnicity, and at baseline: BMI, waist circumference, physical activity, dietary pattern score, smoking,

alcohol intake, recent acute infection, medication use, impaired glucose tolerance, and diabetes.
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white participants of the ARIC cohort after adjusting for
individual-level SES but associations were less consistent and
not statistically significant in African Americans (Pollitt et al.,
2007). Only associations with fibrinogen remained statistically
significant after risk factor adjustment. Consistent with this work,
we found that living in neighborhoods with more deprivation was
cross-sectionally associated with greater levels of fibrinogen after
adjustment for race/ethnicity and SES. Addition of other risk
factors for inflammation did not substantially modify the
associations.

No other analyses of which we are aware have moved beyond
neighborhood socioeconomic characteristics to investigate the
specific neighborhood domains that may be relevant to inflam-
mation. We found that greater levels of neighborhood problems
were cross-sectionally associated with higher levels of fibrinogen,
and lower levels of neighborhood safety were cross-sectionally
associated with higher levels of fibrinogen and IL-6 after
adjustment for race/ethnicity and individual-level SES. These
associations were equivalent to the effect of approximately a
0.3 kg/m2 difference in BMI in fully adjusted models.

The processes mediating these associations remain to be
determined and could involve behavioral and/or psychosocial
processes known to be linked to inflammation. There is abundant
evidence linking behavioral factors to levels of fibrinogen
and showing changes in fibrinogen when behaviors change
(Abramson and Vaccarino, 2002; Bazzano et al., 2003; Balagopal
et al., 2005; Chrysohoou et al., 2004; Nettleton et al., 2006).
Psychosocial stress has also been linked to relatively short term
changes in coagulation factors (Von Kanel et al., 2005, 2001). The
cross-sectional analyses do not allow determination of the lag for
these effects in our case but it is likely that contemporaneous
conditions are proxying long term exposures given prior evidence
of the residential stability of this cohort (Diez Roux et al., 2008).
The fact that associations persisted after adjustment for established
behavioral risk factors provides some albeit limited evidence that
behavioral factors do not fully explain these associations.

Neighborhood social cohesion was not consistently associated
with any inflammatory markers. This may be due to limitations in
the measure of social cohesion used. Alternatively, social cohesion
may serve to buffer the effects of stress without directly affecting
levels of inflammation (Stockdale et al., 2007). Associations of
deprivation with fibrinogen were reduced by nearly a half when
neighborhood safety and problems were accounted for, suggest-
ing that these factors (and their psychosocial or behavioral
consequences) may in part explain why deprived neighborhoods
are associated with higher fibrinogen levels.

Our analyses are among the first to examine associations of
neighborhood characteristics with changes in inflammatory
markers over time. Greater levels of neighborhood deprivation
and problems, and lower levels of safety were significantly
associated with greater increases in IL-6 over time after adjust-
ment for race and socioeconomic factors. Risk factor adjustment
did not substantially modify these associations. Mean differences
in annual changes associated with an SD difference in the
neighborhood predictors were substantial and in the order of
22–26% of the mean annual change (0.32 pg/mL) for neighbor-
hood deprivation, 13–17% for problems, and 17–26% for safety.
This suggests that neighborhood conditions may significantly
impact longitudinal changes in IL-6 associated with aging.
However in contrast to cross-sectional analyses, neighborhood
problems and safety explained o20% of the differences in
longitudinal change associated with deprivation.

We investigated three commonly studied inflammatory mar-
kers previously linked to cardiovascular events. The three markers
are physiologically linked. Interleukin 6 (IL-6) is pro-inflamma-
tory cytokine, which stimulates the production of acute phase
reactants like CRP and fibrinogen. In addition, fibrinogen is also a
key coagulation factor and increases clotting activity (Tracy,
1999). Prior work on neighborhoods and inflammation has
investigated different markers but results have not always been
consistent. Petersen et al. (2008) found associations of neighbor-
hood SES with both CRP and IL-6 after adjustment for race and
individual-level SES but only associations with IL-6 remained
statistically significant after adjustment for lifestyle factors. Pollitt
et al. (2007) found stronger associations of neighborhood SES
with CRP than with fibrinogen in white ARIC participants, but only
associations with fibrinogen remained statistically significant
after risk factor adjustment. In studies of individual-level SES, at
least two studies have reported more consistent associations with
fibrinogen than with CRP (Pollitt et al., 2008; Thomas et al., 2005)
but others have reported similar associations for CRP and
fibrinogen (Jousilahti et al., 2003; Ramsay et al., 2008). In prior
MESA analyses, individual-level SES was similarly related to CRP
and IL-6 (Ranjit et al., 2007a).

We have no compelling physiologic explanation for why
fibrinogen was the marker most consistently associated with
neighborhood characteristics in cross-sectional analyses. It is
notable that of the three inflammatory markers we examined it is
the only one that also plays an important role in coagulation
processes, which have been consistently linked to social expo-
sures in prior work (Davis et al., 1995; Markowe et al., 1985;
Rosengren et al., 1990; Tsutsumi et al., 1999). Differential
measurement properties of the inflammatory markers could play
a role. Of note, we did document associations of neighborhood
characteristics with within-person changes in IL-6 over time.
Because of its role as a pro-inflammatory cytokine, it has been
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postulated that IL6 may play a key role in behavioral, stress, and
inflammatory processes linked to cardiovascular disease (Yudkin
et al., 2000). Unfortunately, the absence of longitudinal data on
CRP and fibrinogen made it impossible to contrast longitudinal
associations with the three markers.

A potential explanation for the differences in results across
inflammatory markers is intractable confounding by race/ethni-
city. Race/ethnicity was a much stronger predictor of IL-6 and CRP
than that of fibrinogen in our data. Associations of race/ethnicity
with CRP were especially strong. We have no clear explanation for
why this is the case, but the fact that neighborhood characteristics
are also strongly associated with race made it difficult to isolate
any associations of neighborhood characteristics with CRP in our
data when race/ethnicity was controlled. In contrast, fibrinogen
was not as strongly associated with race/ethnicity. Longitudinal
changes in IL-6 levels were not as strongly confounded by race/
ethnicity or SES, possibly contributing to our ability to detect
associations of neighborhood factors with within person changes
in IL-6 after adjustment for race and SES.

The MESA cohort was free of clinical CVD at recruitment. The
inclusion of a healthy sample could have resulted in the selective
exclusion of persons with high levels of inflammatory markers
from disadvantaged neighborhoods leading us to underestimate
true effects. Census tracts are undoubtedly imperfect proxies for
neighborhoods, or more generally for the spatial scale potentially
relevant to inflammation although they have been shown to be
reasonable proxies in prior work (Clapp and Wang, 2006; Krieger
et al., 2002; Mujahid et al., 2007). Measurement error in assessing
neighborhood attributes is also a possibility. We aggregated
responses across multiple respondents to minimize error asso-
ciated with individual subjectivity but there is no doubt that
important misspecification of the neighborhood level variables
remains, possibly limiting our ability to detect associations with
distant downstream factors like inflammation. We attempted to
investigate the extent to which associations were explained by
established risk factors for inflammation (such as BMI and
behaviors) but measurement error in these factors limits our
ability to draw firm conclusions regarding ‘‘independent effects’’
of neighborhood contexts.

Important strengths of this study are the population-based
sample and the ability to examine whether neighborhood factors
are associated with longitudinal changes in inflammatory markers
over time. In sum, we found that neighborhood deprivation,
problems, and safety were significantly associated with circulat-
ing fibrinogen levels in cross-sectional analyses. In addition,
adverse neighborhood environments were consistently associated
with greater increases in IL-6 over time after adjusting for race/
ethnicity and socioeconomic indicators. The longitudinal results
suggest that the role of inflammatory processes in mediating
neighborhood differences in cardiovascular risk deserved further
exploration.
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