
Introduction
neighborhood characteristics, such as average educational

attainment, employment rate and income level, have been
associated with type 2 diabetes and obesity in non-elderly
adults (1-4). Yet, elderly adults have a high prevalence of
metabolic conditions, such as obesity, diabetes, hypertension,
and hyperlipidemia, compared to all other age groups and may
represent a particularly vulnerable population (5-8). Thus,
identifying potentially modifiable neighborhood factors that are
associated with worse metabolic outcomes may have important
public health implications, especially in older adults, and
facilitate effective prevention strategies in the future.

previous studies exploring the relationship of neighborhood
characteristics with obesity and/or insulin resistance have used
either single or composite neighborhood measures (9-14).
Composite scores may better characterize the range of potential
neighborhood factors that could impact the metabolic status of
residents. Many different composite scores have been used that
rely on census-derived factors or individually assessed
neighborhood characteristics (9-11). an example is the
CarDia study, which used composite scores to explore

associations of neighborhood characteristics with insulin
resistance (11). This study demonstrated a graded association of
progressive neighborhood disadvantage with higher levels of
insulin resistance and related metabolic components among
patients without diabetes. however, the CarDia study and
other previous studies were performed in primarily young- and
middle-aged participants, and the degree to which similar
associations are also observed in elderly populations has not
been previously investigated (11, 15).

in the present study, we hypothesized that relatively
disadvantaged neighborhoods, characterized using a composite
neighborhood score (11), are associated with greater metabolic
abnormalities in older adults. Specifically, our hypotheses
were: 1) lower neighborhood scores are associated with a
higher likelihood of metabolic conditions (primary outcomes:
obesity, diabetes, hypertension, hyperlipidemia); 2) lower
neighborhood scores are related to worse metabolic
abnormalities (secondary outcomes: body-mass index,
hyperglycemia, blood pressure, and lipid components); and 3)
associations of neighborhood score with metabolic conditions
and abnormalities are independent of potential confounders (i.e.
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age, race, inflammatory markers, and smoking status). We used
baseline data from the Women's health and aging Study ii for
our study (16).

Materials and Methods

Subjects
The study population for this cross sectional analysis

consisted of community-dwelling women enrolled in a
longitudinal, population based study, the Women's health and
aging Study ii (WhaS ii) (16). using a random sample from
the health Care Financing administration's Medicare
eligibility list for Baltimore, Maryland, women older than 65
years were recruited for the study population. eligibility for
WhaS ii required women to be 70-79 years and have difficulty
in zero or one of four domains of physical function. Four
hundred and thirty six women representative of the two-thirds
least disabled older women living in the community enrolled.
Seven study visits occurred from 1994-2008 where
standardized evaluations, interviews, and physical examinations
were conducted at the Johns hopkins Functional Laboratory.
The current study uses data from the initial study visit.

of the 436 women enrolled in WhaS ii, the six components
needed to derive the composite neighborhood z-scores were
unavailable for 52 women who did not have addresses that
could be matched to known census blocks (17). Women
missing z-scores were similar to those with z-scores available
but with relatively fewer Caucasians. Given the similarities,
384 women were included in the present study.

The Johns hopkins university institutional review Board
approved the study and all participants gave informed consent.

Neighborhood Scores
Census derived block groups with a mean population of

1,000 were used as proxies for neighborhoods. each study
participant was linked to their census defined area of reference
using their baseline study visit address. The 1990 united States
Census data was used to derive the neighborhood scores as it
was the most recent census data available that also closely
approximated the timing of the initial study visit. The census
was used to provide six measures of data that comprised the
neighborhood score. These components included (1) median
household income, (2) median house value, (3) percent earning
interest income, (4) percent completing high school, (5) percent
completing college, and (6) percent with managerial or
executive occupation. For each of these six census variables, a
z-score was estimated by subtracting the mean for the total
sample of block groups and dividing by the standard deviation.
The six variables were then summed into a neighborhood
composite z-score with higher scores representing a relatively
better neighborhood advantage (17). The neighborhood
composite z-scores in our study were calculated using similar
methods as the CarDia study (11), and participants were
categorized according to quartile of z-scores (n=96 in each

quartile). The range of z-scores in each quartile was as
follows: quartile 1 (z-scores -6.78 to -1.70), quartile 2 (z-
scores -1.70 to 0.09), quartile 3 (z-scores 0.09 to 2.37), and
quartile 4 (z-scores 2.37 to 6.27). The higher quartiles (z-
scores) represent the most advantaged neighborhoods.

Metabolic Outcomes
at the initial study visit, questionnaires were completed for

demographics, medical history and smoking status. Blood
pressure, weight and height were measured. Laboratory
collection was performed for non-fasting lipids, hemoglobin
a1c, Crp, and iL-6. Medicine adjudication was also performed
for anti-hypertensive, lipid-lowering, and estrogen use.

The primary outcomes were metabolic conditions that
included obesity (body-mass index ≥30 kg/m2), diabetes (self-
reported history and/or use of glucose-lowering medication),
hypertension (self-reported history, antihypertensive medicine
use, systolic blood pressure ≥140 mmhg, and/or diastolic blood
pressure ≥90 mm hg), and hyperlipidemia (total cholesterol
≥200 mg/dl and/or lipid- lowering medication use). in addition,
secondary outcomes were continuous metabolic abnormalities
including body-mass index (BMi), hba1c, total cholesterol,
hDL-cholesterol, LDL-cholesterol, triglycerides, systolic and
diastolic blood pressure.

Statistical Analysis
Baseline characteristics were compared by neighborhood z-

score quartile with chi-squared test for binary variables and
anoVa for continuous variables. For skewed variables (Crp,
iL-6), medians and interquartile range were compared. Logistic
regression models were created to graphically explore
associations of neighborhood z-score with metabolic conditions
(obesity, diabetes, hypertension, hyperlipidemia) after
adjustment for age and race. next, linear regression models
were created to explore the association of neighborhood z-
scores with levels of continuous metabolic outcomes. Beta
coefficients and 95% confidence intervals are shown. Model 1
was the unadjusted model. Model 2 included adjustment for age
and race. Model 3 had additional adjustment for log Crp, log
iL-6, and smoking.

in sensitivity analysis, hba1c ≥7% as a dichotomous
outcome was explored in logistic regression models to more
specifically assess the association of neighborhood
characteristics with the presence of hyperglycemia. in
additional sensitivity analyses, BMi ≥ 25 kg/m2 was explored in
logistic regression models to assess association of
neighborhood characteristics with the presence of either
overweight or obesity. Sensitivity analyses stratified by
estrogen use were also done among the subset of women with
available data (n=338).

We used a multilevel model in sensitivity analysis to take
into account neighborhood cluster effects that may be present
from participants living in the same geographic census block.
This accounts for similar personal behavior that participants
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who live within the same geographic census block may display.
accounting for the clustering effect prevents standard errors
from being underestimated and potential overestimation of the
significance of the associations (18). This was done using
linear mixed effects models.

all analyses were performed using SaS software (version
9.3, SaS institute) and r (r 3.01, public free software).

Results

among the 384 women in our study, mean age did not differ
by quartile of neighborhood z-score (Table 1). The proportion
of Caucasians and level of education completed increased with
higher quartile of neighborhood z-score (p<0.001 for both).
inflammatory factors including Crp and iL-6 decreased with
higher quartile of neighborhood z-score but were not
significantly different. Mean BMi significantly decreased with
higher quartiles of neighborhood z-score (p=0.001).
hemoglobin a1c did not significantly differ by quartile of z-
score. hDL was the only component of the non-fasting lipid
panel that significantly decreased with higher quartiles of
neighborhood z-scores (p=0.03). in addition, the percentage of
participants with obesity also decreased significantly with
increasing quartiles of neighborhood z-score (p<0.001). The
percentage of participants with diabetes decreased with higher
quartiles of neighborhood z-score, but differences were not
statistically significant. The overall study population had a very
high prevalence of hypertension and hyperlipidemia (78.9%

and 83.1% respectively). There were no significant differences
in the percentage of participants with these two conditions
across neighborhood z-score quartiles.

Metabolic Conditions
in logistic regression models adjusted for age and race, we

graphically explored the association of neighborhood z-score
quartile with the likelihood of metabolic conditions (obesity,
diabetes, hypertension, hyperlipidemia). using neighborhood
z-score quartile 1 as a reference, the odds ratios of metabolic
outcomes for neighborhood z-score quartiles 2, 3, and 4 are
shown in Figure 1. For obesity, the odds ratio was significantly
lower for both quartile 4 (or=0.37, 95% Ci 0.18-0.79) and
quartile 3 (or=0.35, 95% Ci 0.17-0.73) compared to reference.
The p-value for trend of obesity across higher neighborhood
quartiles was significant (p=0.002). For diabetes, the highest
neighborhood z-score (quartile 4) had a 53% reduced odds of
diabetes compared to quartile 1, but the difference was not
statistically significant (or=0.47, 95% Ci 0.17-1.34). The
likelihood of hypertension and hyperlipidemia did not differ by
neighborhood z-scores.

in sensitivity analysis, the likelihood of hyperglycemia
(hba1c ≥7%) was lower by 56% in the highest (quartile 4)
versus lowest neighborhood quartile (quartile 1) but was not
significantly different (or=0.44, 95% Ci 0.13-1.57). We also
examined the likelihood of being either overweight or obese
(BMi category ≥25 kg/m2). The findings were similar to the
results for obesity alone. in age- and race-adjusted models, the
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Table 1
Baseline and Clinical characteristics of WhaS ii Women by neighborhood z-score Quartile*, n=384

Neighborhood Z score
All Quartile 1 Quartile 2 Quartile 3 Quartile 4 p

Demographics
age (years) 74.1 (2.8) 74.0 (3.0) 74.0 (2.6) 74.0 (2.8) 74.4 (3.0) 0.66
Caucasian (%) 83.1 67.0 83.2 86.5 95.8 <0.001
education (years completed) 12.6 (3.2) 10.7 (2.8) 12.2 (2.7) 13.0 (3.2) 14.6 (3.0) <0.001
Smoking (%) 9.7 13.4 9.5 12.5 3.2 0.25

Physical and Laboratory Assessments
BMi (kg/m2) 26.7 (5.2) 28.3 (5.7) 27.0 (5.4) 26.1 (4.6) 25.4 (4.0) 0.001
hba1c (%) 6.0 (0.9) 6.2 (1.1) 6.0 (0.8) 6.1 (0.9) 5.9 (0.8) 0.27
Cholesterol (mg/dL) 233.6 (38.5) 233.1 (36.8) 235.1 (36.5) 228.9 (37.9) 238.9 (40.2) 0.65
hDL (mg/dL) 56.7 (16.6) 55.1 (17.6) 54.9 (15.1) 54.4 (14.6) 61.2 (18.2) 0.03
LDL (mg/dL) 146.3 (35.1) 147.7 (35.4) 147.1 (34.1) 143.6 (34.1) 147.3 (35.6) 0.97
Triglycerides (mg/dL) 153.2 (88.9) 151.9 (96.5) 165.5 (90.2) 154.9 (86.3) 152.4 (94.5) 0.42
Crp (mg/L) 2.0 (3.9) 3.5 (5.9) 2.8 (4.1) 2.0 (3.3) 2.0 (3.2) 0.17
iL-6 (pg/mL) 3.1 (2.2) 3.5 (2.4) 3.1 (2.4) 2.9 (2.8) 2.9 (1.6) 0.11

Clinical Metabolic Conditions
obesity (%) 22.3 36.5 24.5 14.6 13.5 <0.001
Diabetes (%) 9.4 14.4 8.4 8.4 6.3 0.24
hypertension (%) 78.9 78.4 77.9 81.3 78.1 0.93
Dyslipidemia (%) 83.1 82.1 83.7 80.0 86.5 0.68

*Data are expressed as means (standard deviation) except for Crp and iL-6 which are expressed as median (interquartile range).



odds ratio was significantly lower for both quartile 4 (or=
0.46, 95% Ci 0.25-0.86) and quartile 3 (or=0.48, 95% Ci
0.26-0.89) for the presence of overweight or obesity.

Metabolic Abnormalities
next, we created linear regression models investigating

associations of the independent variable (neighborhood z-score
quartile) with continuous metabolic outcomes (BMi, hba1c,
hDL, LDL, total cholesterol, triglycerides, systolic and
diastolic blood pressure) in Table 2. in unadjusted models,
neighborhood z-score quartile 4 had a lower BMi of -2.88
kg/m2 (95% Ci -4.28 to -1.49) and quartile 3 had a lower BMi
of -2.19 kg/m2 (95% Ci -3.59 to -0.79) compared to

neighborhood z-score quartile 1. neighborhood z-score
quartile 2 had a lower BMi compared to neighborhood z-score
quartile 1 but was not statistically significant (-1.24 kg/m2, 95%
Ci -2.65 to 0.16). in model 2, after additional adjustment for
age and race, these results were largely unchanged. in the fully
adjusted model also accounting for inflammatory factors and
smoking (model 3), the results were minimally attenuated and
BMi remained significantly lower for quartile 4 (-2.01 kg/m2,
95% Ci -3.37 to -0.66) and quartile 3 (-1.47 kg/m2, 95% Ci -
2.80 to -0.14) compared to neighborhood z-score quartile 1.

For hba1c, in the unadjusted model 1 (Table 2), the
difference between quartile 4 and quartile 1 was significantly
different (-0.31%, 95% Ci -0.57 to -0.05). This difference was
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Figure 1
association of neighborhood z-score Quartiles with Metabolic Conditions

The adjusted odds ratios (95% Ci) for the presence of metabolic conditions comparing higher neighborhood z-score quartiles to quartile 1 (reference). Metabolic conditions include:
obesity (a), diabetes (B), hypertension (C), and hyperlipidemia (D). The odds ratios are adjusted for age and race. The likelihood of obesity in older women decreased across higher
neighborhood z-score quartiles; the p-value for trend was significant (p=0.002). The likelihood of diabetes in older women also decreased across higher neighborhood z-score quartiles
but did not reach statistical significance (p>0.05). hypertension and hyperlipidemia were both highly prevalent conditions in older women that did not differ by neighborhood z-score
quartile.



attenuated with additional adjustments for age and race in
model 2 such that results were no longer statistically significant
(-0.20%, 95% Ci -0.47 to 0.07). There were no differences in
hba1c level in other neighborhood z-score quartiles compared
to neighborhood z-score quartile 1.

hDL cholesterol was significantly higher comparing
neighborhood z-score quartile 4 to quartile 1 in the unadjusted
model 1 (+6.08 mg/dL, 95% Ci 1.45-10.71, Table 2). in model
2, after additional adjustment for age and race, these results
were largely unchanged. These finding persisted in the fully
adjusted model for quartile 4 versus quartile 1 (+6.09 mg/dL,
95% Ci 1.35-10.84). There were no major differences in hDL
level when comparing other neighborhood z-score quartiles to
quartile 1. in sensitivity analysis, of the 338 women with
available estrogen use data, 86.4% were using estrogen and
13.6% were not. The significant trends in hDL cholesterol
persisted after stratifying by estrogen use status.

no significant differences were seen in higher versus lower
neighborhood z-score quartiles for triglycerides or LDL
cholesterol in either unadjusted or fully adjusted models (Table
2). also, total cholesterol, systolic and diastolic blood pressures
were similar comparing higher and lower neighborhood z-score
quartiles in unadjusted and fully adjusted models [data not
shown].

in sensitivity analyses accounting for potential effects of

neighborhood clustering, the results were unchanged [data not
shown].

Discussion

older women living in disadvantaged neighborhoods as
determined using census-derived data were significantly more
likely to be obese with average BMi that decreased as
neighborhood status improved. in addition, as neighborhood
characteristics improved, the likelihood of diabetes decreased
as did hemoglobin a1c level, but these differences were not
statistically significant. interestingly, hDL cholesterol was
significantly higher among women in the more advantaged
neighborhoods compared to those living in relatively worse
neighborhoods, after accounting for potential confounders.

The results of our study are similar to findings described in
other younger populations. The Baltimore Memory Study
investigated the association of neighborhood characteristics
with obesity (9). This study population had a mean age of 59
years and included both men and women. using a 12-item
scoring system to develop a composite neighborhood score,
investigators showed that obesity was more common in
participants from the lowest neighborhood quartile compared to
those from the highest neighborhood quartile (52.5% versus
27.4%, p<0.001). Further, the mean BMi in the lowest quartile
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Table 2
Linear regression analyses exploring the association of neighborhood z-score with Metabolic abnormalities (WhaS ii)§

Metabolic Outcome Quartile Z Score Model 1* Model 2** Model 3***

BMi (kg/m2) Q1 Reference Reference Reference
Q2 -1.24 (-2.65, 0.16) -0.83 (-2.22, 0.57) -0.71 (-2.03, 0.62)
Q3 -2.19 (-3.59, -0.79)† -1.68 (-3.08, -0.29)† -1.47 (-2.80, -0.14)†
Q4 -2.88 (-4.28, -1.49)‡ -2.11 (-3.54, -0.68)† -2.01 (-3.37, -0.66)†

hba1c (%) Q1 Reference Reference Reference
Q2 -0.19 (-0.46, 0.08) -0.13 (-0.40, 0.14) -0.08 (-0.35, 0.19)
Q3 -0.14 (-0.42, 0.13) -0.06 (-0.34, 0.22) 0.00 (-0.28, 0.28)
Q4 -0.31 (-0.57, -0.05)† -0.20 (-0.47, 0.07) -0.14 (-0.41, 0.14)

hDL (mg/dL) Q1 Reference Reference Reference
Q2 -0.14 (-4.82, 4.54) 0.60 (-4.12, 5.31) -0.71 (-5.33, 3.92)
Q3 -0.71 (-5.36, 3.93) 0.19 (-4.52, 4.90) -0.88 (-5.52, 3.77)
Q4 6.08 (1.45, 10.71)† 7.39 (2.60, 12.18)† 6.09 (1.35, 10.84)†

LDL (mg/dL) Q1 Reference Reference Reference
Q2 -0.68 (-10.60, 9.25) -0.57 (-10.63, 9.48) -1.10 (-11.25, 9.05)
Q3 -4.16 (-14.01, 5.68) -4.02 (-14.06, 6.02) -3.93 (-14.13, 6.27)
Q4 -0.47 (-10.29, 9.35) -0.23 (-10.45, 9.99) -1.32 (-11.73, 9.09)

Triglycerides Q1 Reference Reference Reference
(mg/dL) Q2 13.63 (-12.60, 39.86) 5.99 (-20.13, 32.11) 8.43 (-17.59, 34.45)

Q3 2.97 (-23.05, 28.99) -6.24 (-32.32, 19.84) -1.49 (-27.64, 24.65)
Q4 0.51 (-25.44, 26.46) -11.98 (-38.53, 14.57) -9.10 (-35.79, 17.59)

§beta coefficient and 95% Ci shown,*crude unadjusted, **adjusted for age and race, ***adjusted for age, race, log Crp, log iL-6, and smoking, †p <0.05, and ‡p<0.001.



was 31.2 kg/m2 compared to 27.5 kg/m2 in the highest quartile
of neighborhood (p<0.001). in the Black Women’s health
study (2010), a younger population (age 21-69 years) of
african american women were followed for 10 years (10).
using similar census-derived neighborhood characteristics as
those in our study, the authors demonstrated that lower
neighborhood status was associated with 10-year weight gain
and incident obesity (or=1.32, 95% Ci 1.1-1.59 for lowest
versus highest neighborhood quintile). The CarDia study
(2002) used the same neighborhood composite score as in our
study but focused on a younger population of patients without
diabetes (aged 28 to 40 years). The authors showed that living
in neighborhoods from the most disadvantaged quartiles was
associated with a higher insulin resistance score (combination
of BMi, fasting hDL, triglycerides, insulin, glucose, and blood
pressure) compared to living in more advantaged or higher
neighborhood quartiles (11). in contrast to these previous
reports, our cross-sectional study included older women with an
average age of ~74 years. Yet, we still found consistency of
associations in our population, with lower neighborhood scores
related to significantly greater likelihood of obesity and higher
BMi, independent of potential confounders. interestingly, our
study had a lower overall prevalence of obesity compared to
previous studies such as the Baltimore Memory Study (22%
versus 38%). in contrast to our study, the Baltimore Memory
Study included relatively younger participants, fewer
Caucasians (54%), and approximately one-third were men,
which may have contributed to differences in the prevalence of
obesity we observed.

observational studies of non-elderly adults have shown that
neighborhood characteristics are associated with diabetes (19,
20) and more recently, a prospective, randomized study
demonstrated that the opportunity to move from neighborhoods
of high poverty to those with low poverty reduced the
prevalence of diabetes (21). our study further suggests that the
likelihood of diabetes and average hba1c level was lower in
the most versus least advantaged neighborhoods of older
women but these findings were, in part, related to differences in
age and race between neighborhoods.

There may be multiple pathways by which worse
neighborhood characteristics associate with a greater burden of
metabolic conditions and abnormalities. one example may be
the relationship of neighborhood characteristics to healthy food
options. previous investigators have shown a high prevalence
of “food deserts” or areas of unhealthy food environments
clustered in low-income neighborhoods with relatively more
minorities. By contrast, “food deserts” are relatively less
commonly clustered among middle-to-upper income, primarily
Caucasian neighborhoods (22). availability of healthy food
options may relate to the association of worse neighborhood
characteristics with obesity and other metabolic conditions.
other potential explanations include the availability of
resources within a neighborhood that promote walking and,
thus, exercise. previous literature has demonstrated that

neighborhood resources for physical activity are related to
metabolic outcomes (3, 23). More disadvantaged
neighborhoods may have higher crime rates promoting an
unsafe outside environment. This may dissuade residents from
outdoor leisure activities, such as walking. neighborhoods with
a lack of physical activity resources or a more sedentary
lifestyle may be related to a worse metabolic profile. Further,
more disadvantaged neighborhoods may be less likely to have
commercial shops, stores or recreation facilities, creating an
environment where walking among older adults, in particular,
is not promoted (24). availability of healthy food options and
resources for physical activity in different neighborhoods were
not assessed in our participants but should be explored in future
studies. Finally, clustering of obesity in more disadvantaged
neighborhoods may be related to role modeling and social
networking factors. residents may be surrounded by neighbors
who do not exercise and make poor food choices. These
behaviors may be role modeled and dissuade a healthy lifestyle
(25). These dietary choices may have important consequences
on metabolic outcomes, such as hypertension, in older adults
(26).

our study demonstrates that more disadvantaged
neighborhoods are associated with worse metabolic
abnormalities. The implication of these findings is that
neighborhood characteristics, which may be potentially
modifiable, may represent an opportunity for future preventive
efforts to target elderly patients at high-risk of poor metabolic
outcomes. The hypothesis of whether moving out of a relatively
less to more advantaged neighborhood reduces the burden of
metabolic conditions such as diabetes has already been
demonstrated in one study of non-elderly adults (21). Further
studies are needed to investigate if modifying neighborhood
characteristics can reduce the likelihood of obesity and other
metabolic derangements in older adults.

The strengths of our study include the ability to uniquely
investigate associations of neighborhood characteristics with
metabolic abnormalities in a potentially vulnerable study
population of older women. We were also able to investigate a
range of metabolic conditions and abnormalities in this
population. additionally, we used a composite neighborhood
score which allowed us to potentially better characterize
neighborhood status compared to other studies that used a
single neighborhood factor (27).

our study has limitations. The cross-sectional design does
not allow us to infer temporality of associations and our study
is limited by the relatively small study population. Data used to
characterize neighborhoods in our study was from the initial
visit. it is possible our study population may not reflect the
characteristics of modern day neighborhoods with the now
widespread use of technology; however, our findings of
relatively greater neighborhood advantage associated with
better metabolic profile in older adults remain relevant to
current day knowledge. The use of BMi cut-offs to define
obesity in older adults may not appropriately account for
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relative adiposity given age-related loss of skeletal muscle, as
well (28, 29). Dual energy X-ray absorptiometry or other
imaging modalities (i.e. CT) may better characterize body
composition in older adults and should be explored in future
studies. Finally, individual-level characteristics such as
socioeconomic status or education may differ from the median
values of the overall census block in which a particular
individual resides (30, 31). however, in the present study, we
were interested in investigating the association of
neighborhood-level characteristics to metabolic outcomes as a
potential target for prevention strategies in the future.

in summary, we showed that living in a relatively more
advantaged neighborhood was associated with a ~65% lower
likelihood of obesity and lower average BMi among older
women compared to those living in the least advantaged
neighborhoods. hDL cholesterol was also significantly higher
in individuals from more advantaged neighborhoods, and
diabetes and hyperglycemia were relatively less likely. our
findings should be confirmed in larger populations in the
future. Further longitudinal studies are needed to confirm the
directionality of these associations. a better understanding of
the relationship between neighborhood characteristics and
metabolic abnormalities can, ultimately, inform future
interventions targeted at improving health outcomes in older
adults.
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