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Longitudinal Study of Ageing
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Obesity increases the risk of heart disease, type
2 diabetes, stroke, and some types of cancer,'
making it an important condition to prevent
and manage for any population. According to
2012 estimates, one third of men and women
in England between 65 and 74 years of age are
considered obese, the highest percentages of
any age group.® Although in general, levels of
obesity (as measured via body mass index
[BMI]) decrease after the age of 75 years, levels
of abdominal adiposity (as measured via waist
circumference [WC]) continue to increase with
advancing age, particularly among women.?
With a 39% increase among individuals aged
65 to 84 years and a 106% increase among
those older than 85 years expected from 2012
to 2032 in England alone,>* it is increasingly
important to build a broader understanding of
obesity risk at older ages.

Obesity may be best understood within the
context of its wider environmental influences.’
Older adults may restrict much of their daily
life activity to their residential environment,
as a result of either retirement or functional
limitations, and may consequently be more
influenced by these surroundings than younger
adults.® Thus, examining aspects of neighbor-
hood environments may increase our under-
standing of obesity risk among older adults in
particular.

Although definitions vary, a neighborhood is
broadly regarded as the area immediately
surrounding one’s place of residence, measured
either objectively at the area level through
census data or predefined boundaries, or sub-
jectively at the individual level through self-
reported perceptions.” Objective neighborhood
characteristics associated with an individual’s
obesity risk include residential density, walk-
ability, presence of graffiti, local access to
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Objectives. We sought to determine whether objective and perceived neigh-
borhood characteristics are independently associated with obesity indicators
among older adults and whether associations differ by gender.

Methods. Linear regression was used to examine mutually adjusted associa-
tions of objective area-level neighborhood deprivation and perceived individual-
level neighborhood disorder in 2002-2003 with body mass index (BMI) and waist
circumference (WC) 2 years later among 6297 community-dwelling older adults
in the English Longitudinal Study of Ageing.

Results. Associations between neighborhood characteristics and obesity
indicators were evident for women only. Being in the most deprived quintile
of neighborhood deprivation was associated with a BMI that was 1.18 kilograms
per meters squared higher (95% confidence interval [CI] =0.54, 1.83) and a WC
that was 2.42 centimeters higher (95% Cl = 0.90, 3.94) at follow-up in women after
adjustment for baseline health status, socioeconomic factors, and neighborhood
disorder. Neighborhood disorder was not independently associated with BMI or WC.

Conclusions. Among women, greater objective neighborhood deprivation
was independently associated with higher BMI and WC after 2 years. Public
efforts to reduce obesity among community-dwelling older women may benefit
most from addressing objective residential characteristics, over and above
subjective perceptions. (Am J Public Health. 2014;104:1279-1286. doi:10.2105/

AJPH.2014.301947)

recreational facilities, presence of green space
and supermarkets, and inadequate housing;
unfavorable levels of these characteristics may
together form a concept known as “neighbor-
hood deprivation.”®® Associations between
objective neighborhood factors and obesity risk
have been shown to be gender-specific. For
instance, one study showed that women living
in the most deprived areas of the United
Kingdom had a higher baseline BMI than those
living in the least deprived areas and exhibited
greater BMI increases over 13 years,'© whereas
these associations were not evident among men.
By contrast, subjective neighborhood char-
acteristics may include individual perceptions
of built attributes, interpersonal relationships,
or safety. A subjective general construct known
as “neighborhood disorder” aims to capture
perceptions of both physical and social factors

by incorporating dimensions such as safety,
trust of neighbors, vandalism, and area clean-
liness'; thus, this construct may include
neighborhood characteristics that are particu-
larly salient for the individual. Greater neigh-
borhood disorder has been associated with
higher levels of obesity indicators such as waist-
to-hip ratio' and BML'

Despite the fact that both area-level objec-
tive and individual-level perceived aspects of
neighborhoods demonstrate associations
with obesity risk, the independence of these
associations is unknown. Furthermore, their
relevance to older populations and their
gender-specific nature have not been estab-
lished. Evidence also suggests that effects on
obesity indicators may differ. For instance,
objective neighborhood deprivation has been
associated with higher BML'® whereas subjective
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neighborhood disorder has been associated with
both higher BMI'? and higher central adiposity."

It would be useful to examine effects of
neighborhood measures on separate indicators
of obesity to understand which aspects are
most strongly associated with obesity risk and,
thus, the areas in which efforts to intervene
would be best directed. In this study, involving
a large sample of community-dwelling older
adults in England, we sought to determine
whether area-level objective neighborhood
characteristics and individual-level subjective
perceptions of the neighborhood environment
are associated with obesity indicators inde-
pendently of one another and whether these
associations are gender-specific.

METHODS

The English Longitudinal Study of Ageing
(ELSA) is a nationally representative panel
study of individuals aged 50 years or older
(born before March 1, 1952) living in private
households in England. Participants are fol-
lowed up every 2 years with a home-based
nurse visit, including anthropometric measure-
ments and blood sampling, carried out in alter-
nate waves."> We used the first 2 waves of ELSA
data in this study; baseline data (wave 1) were
collected from 2002 to 2003, and follow-up
data (wave 2) were collected 2 years later, from
2004 to 2005 (data from these waves were
analyzed in 2013).

Wave 1 included a personal interview with
all participants during which they were given
a self-completion questionnaire. Core sample
members (n=11 391) were followed up 2 years
later (wave 2). Individuals who completed the
wave 2 interview in person (n=8781; 82%)
were then eligible for a nurse visit. Eighty-eight
percent (n=7666) of those interviewed in wave
2 completed the nurse visit and thereby had
anthropometric measurements taken'*

Study Sample

Analyses were performed on participants
with complete data on neighborhood mea-
sures, outcomes (BMI and WC), and covariates.
The final sample included 6297 participants.
Relative to participants who were included in
the final sample, those who were excluded (n=
5095) were more likely to live in deprived
areas (P<.001) and more likely to have
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a negative perception of their neighborhood
(P<.001). In addition, those who were not
interviewed in wave 2 were older, less healthy,
and more socially disadvantaged than those
who completed interviews.'* Dropout at the
wave 2 nurse visit was associated with being
more socially disadvantaged, with worse phys-
ical health, and with poorer health behaviors.'*

Neighborhood Measures

The Index of Multiple Deprivation (IMD), an
area-level measure combining indexes of local
deprivation across all of the regions of England,
was used to measure objective neighborhood
deprivation. The IMD gathers data from small
geographical units consisting of approximately
1500 people each.'® Thirty-seven indicators
of disadvantage based on administrative and
census data were aggregated via standardiza-
tion and weighting techniques to capture 7
conceptual dimensions of area-level depriva-
tion: income, employment, health deprivation
and disability (years of potential life lost, illness
and disability ratios, and physical and mental
health based on data on hospital admissions,
health benefits, and suicides), education, skills
and training, housing, and geographical access
to services."

The validity of the IMD has been described
elsewhere.'® We used the 2004 version of the
index because it corresponded to the time
period following the first ELSA wave in 2002.
Index values were grouped into quintiles
ranging from least deprived to most deprived.

Subjective neighborhood disorder was mea-
sured via responses to a 9-item semantic
differential scale on the wave 1 self-completion
questionnaire. Participants were asked, “How
do you feel about your local area, that is,
everywhere within a 20-minute walk or about
a mile of your home?” Statements included:

“I really feel part of this area,”

“Vandalism and graffiti are a big problem in
this area,”

“I often feel lonely living in this area,”
“Most people in this area can be trusted,”
“People would be afraid to walk alone in this
area after dark,”

“Most people in this area are friendly,”
“People in this area will take advantage of
you,”

“This area is kept very clean,” and

“If you were in trouble, there are lots of
people in this area who would help you.”

A corresponding opposing statement (i.e., ‘T
feel that I don’t belong in this area’) anchored
the opposite end of each 7-point scale. To-
gether, these items aimed to capture the extent
to which participants were attached to their
neighborhood, trusted their neighbors, per-
ceived that the neighborhood was safe, and
perceived the neighborhood as attractive.

These items were originally developed
through cognitive piloting techniques and
were validated as part of a larger study of
area-level variations in health,'” with some
items used in a previous study focusing on
obesity."! Responses were appropriately
recoded, summed, and grouped into quintiles
ranging from least perceived disorder (most
positive neighborhood perceptions) to most
perceived disorder (most negative neighbor-
hood perceptions). The measure was found to
have acceptable internal reliability (Cronbach
o=0.77).

Obesity Indicators

Trained nurses conducted objective anthro-
pometric measurements during the wave 2
visit. Tanita electronic scales were used to
measure body weight (without shoes and in
light clothing), and a stadiometer was used to
measure height.'* BMI was calculated via the
standard formula (weight in kilograms divided
by the square of height in meters). Measuring
tape was used to record WC twice midway
between the iliac crest and lower rib. The
average of the first 2 measurements was used if
they differed by no more than 3 centimeters;
otherwise, a third reading was taken and the
2 most similar results used."*

Covariates

Gender and age were recorded from
household grids and later confirmed with the
individual questionnaires.'® Limiting long-
standing illness (yes or no) was based on
whether participants reported having a long-
standing illness and, if so, whether it limited
their activities.'® Responses to the 8-item
Center for Epidemiological Studies Depression
Scale, which has been validated®®?! and used
previously in ELSA,?? were used to assess
depressive symptoms.

American Journal of Public Health | July 2014, Vol 104, No. 7



Educational level was based on the highest
formal educational qualification completed'®:
degree or higher education, intermediate
(equivalent to completing high school), or no
formal qualifications. The 5-item National Sta-
tistics Socio-economic Classification'® was used
to determine occupational class on the basis of
participants’ most recent full-time occupation
(managerial or professional, intermediate, small
employer or self-employed, lower supervisory
or technical, semi-routine, or other). Marital
status and cohabitation were considered jointly
as married or cohabiting versus single, sepa-
rated, divorced, or widowed. The number of
years lived at the current address, representing
the amount of time the participant had resided
in the same neighborhood, was recorded at
baseline.

Three questions on frequency of participa-
tion in mild, moderate, and vigorous activities
(more than once per week, once per week, 1 to
3 times per month, hardly ever or never) were
used to gather information on self-reported
physical activity. Before answering, participants
were shown examples of physical activities on
a card to help them interpret different activity
intensities. Examples of mild activities included
doing laundry and engaging in home repairs;
moderate-intensity activities included garden-
ing and walking at a moderate pace, and
vigorous intensity included running or jogging
and aerobic workouts. Physical activity level
was further categorized into 3 groups (as pre-
viously described?®): inactive (no activity on
a weekly basis) or only mild activity at least
once a week, at least moderate but no vigorous
activity once or more a week, or any vigorous
activity once or more a week.

Alcohol consumption was based on interna-
tional guidelines of 21 units per week for men
and 14 units per week for women,; participants
were grouped into 2 categories (drinks within
weekly recommended limits or drinks over
weekly recommended limits) >*?° Participants
were also grouped into 2 categories with re-
spect to smoking status (nonsmoker or ex-
smoker vs current smoker).??

Statistical Analyses

Given that objective deprivation was mea-
sured via links to administrative data and
census outputs involving approximately 1500
people per area unit,'>'® the number of people
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representing each area in the final sample was
small. Less than 2% of the sample was selected
from the same local authority, and in most
cases the figure was less than 1%. Because the
potential for clustering at this level is small, we
deemed multilevel modeling unsuitable and
instead performed linear regressions to exam-
ine associations of objective and perceived
neighborhood characteristics with BMI and
WC. After testing interactions between neigh-
borhood measures and gender in relation to
BMI and WC, we analyzed data separately for
men and women.

In the first model, BMI was regressed on
objective neighborhood deprivation after ad-
justment for age. Baseline health factors, so-
cioeconomic factors, number of years lived at
current address, and health behaviors were
added in the second model, with subjective
neighborhood disorder added last to examine
whether the 2 neighborhood measures were
associated with BMI independently. Similar
models were run for WC and for perceived
neighborhood disorder with respect to BMI
and WC.

We conducted sensitivity analyses with
a sample excluding BMI and WC values 3
standard deviations above and below the
mean, to assess whether associations were
influenced by extreme values, and with a sam-
ple excluding people who reported changing
addresses between baseline and follow-up, to
assess whether associations were influenced by
neighborhood familiarity. SPSS version 17.0
(SPSS Inc, Chicago, IL) was used in performing
the analyses, with P<.05 signifying statistical
significance.

RESULTS

The final sample was 45.7% male, with
amean age of 63.4 years (SD=9.3). As can be
seen in Table 1, approximately 30% of men
and women reported having a limiting long-
standing illness, and 82.1% of men and 66% of
women were either married or cohabiting. In
addition, 41.8% of men and 26.4% of women
were in the highest occupational category,
whereas 22.6% and 35.5%, respectively, were
in the lowest category. Nearly 15% of men and
20.3% of women were sedentary or had low
physical activity levels. More than 17% of men
reported having consumed alcohol over the

recommended weekly limit (as compared with
10% of women), and approximately 16% of
both men and women were current smokers.

Approximately 75% of men and 70% of
women were overweight or obese (BMI of > 25
kg/m?), and approximately 46% and 56%,
respectively, had a high-risk WC (> 102 c¢m for
men and > 88 cm for women). A total of 26.5%
of men and 25.3% of women were in the
lowest (least deprived) neighborhood
deprivation quintile, whereas 11.0% of men
and 12.1% of women were in the highest
quintile.

Neighborhood Characteristics and Body
Mass Index

A significant interaction between objective
deprivation and gender in relation to BMI was
observed (P<.001). As shown in Table 2,
being in the most deprived (vs least deprived)
quintile of objective deprivation was not asso-
ciated with a higher BMI among men (b =0.45;
959% confidence interval [CI] =-0.10, 1.00);
among women, however, it was associated with
a BMI that was 1.92 kilograms per meters
squared higher (95% CI=1.30, 2.53) after
adjustment for age. Greater objective neigh-
borhood deprivation remained significantly
associated with a higher BMI in women after
consideration of baseline health status, socio-
economic factors, number of years lived at
current address, and health behaviors (b=
1.22; 95% CI=0.59, 1.86); in addition, it was
associated with a BMI that was 1.18 kilograms
per meters squared higher (95% CI=0.54,
1.83) when subjective perceptions were in-
cluded in the model.

An interaction term for perceived disorder
and gender in relation to BMI was not signifi-
cant (P=.1). Being in the highest quintile of
neighborhood disorder was not associated with
a higher BMI for men or women after adjust-
ment for age. Also, being in the highest quintile
of perceived disorder was not associated with
BMI after adjustment for baseline health, so-
cioeconomic factors, years lived at current
address, and health behaviors (men: b=-0.15;
95% CI=-0.66, 0.35; women:b=0.12; 95%
CI=-0.44, 0.69). Nor was there an association
after the addition of objective deprivation to
the model (men: b=-0.16; 95% CI=-0.67,
0.35; women: b=-0.04; 95% CI=-0.61,
0.54).
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Neighborhood Characteristics and Waist
Circumference

A significant interaction between objective
deprivation and gender in relation to WC was
observed (P=.01). As shown in Table 3, being
in the most deprived (vs least deprived) quintile
of objective deprivation was associated with
a WC that was 2.15 centimeters higher (95%
CI=0.68, 3.62) among men and a WC that
was 4.52 centimeters higher (95% CI=3.07,
5.97) among women after adjustment for age.
Being in the highest quintile of objective dep-
rivation was not associated with a higher WC in
men after adjustment for baseline health, so-
cioeconomic factors, years lived at current
address, and health behaviors (b=1.28; 95%
CI=-0.27, 2.84); however, it was associated
with a WC that was 2.59 centimeters higher
(95% CI=1.09, 4.09) among women after the
same covariates had been taken into account.
This association remained significant among
women after adjustment for subjective percep-
tions (b =2.42; 95% CI=0.90, 3.94).

The interaction term for perceived disorder
and gender in relation to WC was not signifi-
cant (P=.15). Although being in the highest
neighborhood disorder quintile was not asso-
ciated with a higher WC in men (b= 0.29;
950% CI=-1.07, 1.64), it was associated with
a WC that was 1.76 centimeters higher (95%
CI=0.42, 3.10) in women after adjustment for
age. This association among women became
nonsignificant after consideration of baseline
health status, socioeconomic factors, years
lived at current address, and health behaviors
(b=0.89; 95% CI=-0.44, 2.22) and
remained nonsignificant when objective depri-
vation was included in the model (b =0.57;
95% CI=-0.78, 1.92).

The pattern of results did not substantively
change when analyses were repeated after
excluding participants with BMI and WC
values that were 3 standard deviations above
and below the sample mean or after excluding
those who reported changing their home ad-
dress between baseline and follow-up (data
available on request).

DISCUSSION

Our goals in this study were to prospec-
tively determine whether objective and per-
ceived neighborhood characteristics are
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TABLE 1—Sample Characteristics at Baseline, by Gender: English Longitudinal Study of

Ageing, 2002-2005

Characteristic

Men (n = 2880),
Mean =SD or No. (%)

Women (n = 3417),
Mean =SD or No. (%)

Age, y
50-59
60-69
70-79
80-89
90-99
Occupational category
Managerial or professional
Intermediate
Small employer/self-employed
Lower supervisory or technical
Semi-routine
Other
Limiting long-standing illness
Married or cohabiting
No formal educational qualifications
Sedentary/low physical activity
Alcohol consumption above weekly recommended limit
Current smoker
Total depression score
Body mass index®
Underweight (< 18.5 kg/m?)
Normal weight (18.5-24.9 kg/m?)
Overweight (25-29.9 kg/m?)
Obese (=30 kg/m?)
Waist circumference®
High-risk waist circumference”
Years lived at current address
Living at same address at follow-up®
Objective neighborhood deprivation quintile
1st (least deprived)
2nd
3rd
4th
5th (most deprived)
Perceived neighborhood disorder quintile
1st (lowest disorder level)
2nd
3rd
dth
5th (highest disorder level)

63.4 +9.1
1188 (41.3)
947 (32.9)
592 (20.6)
147 (5.1)
6 (0.2)

1205 (41.8)
160 (5.6)
409 (14.2)
448 (15.6)
650 (22.6)

8(0.3)
835 (29.0)

2365 (82.1)
844 (29.3)
428 (14.9)
505 (17.5)
463 (16.1)
11 +16

278 =4.2

17 (0.6)
690 (24.0)

1425 (49.5)

748 (26.0)

101.3 +11.2
1313 (45.6)
20.7 +135
2754 (95.6)

764 (26.5)
729 (25.3)
579 (20.1)
491 (17.0)
317 (11.0)

492 (17.1)
546 (19.0)
632 (21.9)
625 (21.7)
585 (20.3)

63.4 +9.4
1426 (41.7)
1078 (31.5)
689 (20.2)
215 (6.3)

9(0.3)

902 (2
745 (2
268
220
1212

)

6.
1.8)
8

1037
2256
1344

4
8

)
4)
5.5)
0)
3)
0)
3)
693 (20.3)
)

)

(
(
(7
(6.
@3
70 (2.
(30.
(6.
(3.
(

342 (10.0

560 (16.4
16 =19
279 *53

38 (1.1)
1035 (30.3)
1312 (38.4)
1032 (30.2)
90.6 =124
1900 (55.6)

20.7 £14.1
3245 (95.0)

863 (25.3)
857 (25.1)
702 (20.5)
582 (17.0)
413 (12.1)

684 (20.0)
652 (19.1)
731 (21.4)
696 (20.4)
654 (19.1)

*Measured at follow-up (wave 2).
®>102 cm for men and > 88 c¢m for women.
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TABLE 2—Gender-Specific Associations of Objective Neighborhood Deprivation and Perceived Neighborhood Disorder With Body Mass Index at
Follow-Up: English Longitudinal Study of Ageing, 2002-2005

Men (n =2880), BMI at Follow-Up

Women (n=3417), BMI at Follow-Up

Variable

Model 1,% b (95% CI)

Model 2,° b (95% Cl) ~ Model 3,° b (95% CI)

Model 1,* b (95% Cl)

Model 2,° b (95% Cl) ~ Model 3,° b (95% Cl)

Objective neighborhood deprivation
quintile at baseline

1st (least deprived; Ref) 0.00
2nd 0.44 (0.02, 0.87)
3rd 0.35 (-0.10, 0.81)
dth 0.40 (-0.07, 0.88)
5th (most deprived) 0.45 (-0.10, 1.00)
Perceived neighborhood disorder
quintile at baseline
1st (lowest disorder level; Ref) 0.00
2nd -0.41 (-0.92, 0.10)
3rd -0.17 (-0.66, 0.32)
4th -0.05 (-0.54, 0.45)
5th (highest disorder level) -0.02 (-0.52, 0.49)

0.00 0.00 0.00 0.00 0.00
0.37 (-0.05,0.78)  0.36 (-0.06,0.78)  0.67 (0.17, 1.17) 0.58 (0.09, 1.07) 0.57 (0.08, 1.06)
0.28 (-0.17,0.72) 026 (-0.19,0.71)  0.71 (0.18, 1.23) 050 (-0.01, 1.02)  0.49 (-0.03, 1.01)
0.29 (-020,0.77) 028 (-021,0.77)  1.24 (0.68, 1.79) 0.90 (0.35, 1.45) 0.87 (0.31, 1.42)
0.25(-0.33,0.82) 024 (-035 0.82)  1.92 (130, 2.53) 1.22 (0.59, 1.86) 1.18 (0.54. 1.83)
0.00 0.00 0.00 0.00 0.00

-0.44 (-0.94,006)  -0.43(-093,007)  -0.53 (-1.10,0.04)  -0.45(-1.00, 0.10)  -0.44 (-0.99, 0.11)

021 (-0.69,028)  -0.20 (-0.68,0.29)  -0.02 (-0.57,053)  0.05 (-049, 059)  0.00 (-0.53, 0.54)

-0.20 (-0.69, 0.28)  -0.20 (-0.69, 0.29)  0.21 (-0.35,0.77) 0.3 (-042,067)  0.04 (-0.51, 0.59)

-0.15 (-0.66,0.35)  -0.16 (-067,0.35 047 (-0.10,1.04) 0.2 (-044,0.69)  -0.04 (-0.61, 0.54)

Note. BMI = body mass index; Cl = confidence interval.
®Adjusted for age.

alcohol consumption, and smoking status.

independently associated with obesity indica-
tors among community-dwelling older adults
and whether these associations are gender-
specific. The key findings were that greater
objective neighborhood deprivation, but not
perceived disorder, was independently associated
with higher BMI and WC and that these associ-
ations were evident among women only. Asso-
ciations between neighborhood deprivation and
obesity indicators are thus not likely explained by
subjective neighborhood perceptions.

Previous studies have considered objective
and perceived characteristics separately; they
have not, to our knowledge, been examined in
the same model. The IMD is an area-level
measure capturing objective characteristics
such as education, training, housing, and access
to services, whereas neighborhood disorder is
an individual-level measure capturing percep-
tions of physical environmental attributes
along with the social constructs of interpersonal
trust, social cohesion, and area attractiveness.
Thus, rather than being seen as a subjective
version of the IMD, neighborhood disorder can
be viewed as a complementary measure cap-
turing a broad combination of physical and

July 2014, Vol 104, No. 7 | American Journal of Public Health

®n addition to age, adjusted for limiting long-standing illness, depressive symptoms, educational level, occupational class, marital status, number of years lived at current address, physical activity,

“Mutually adjusted for alternative neighborhood measure (subjective disorder or objective deprivation) in addition to variables adjusted for in model 2. P <.001 for interaction between objective
deprivation and gender. P=_1 for interaction between subjective disorder and gender.

social neighborhood characteristics that may
be particularly salient for individuals.

Higher levels of objectively measured
neighborhood deprivation were associated
with a higher BMI among women only, after
adjustment for individual-level socioeconomic
factors, supporting gender-specific results from
previous cross-sectional and prospective re-
search.'®?® Qur study builds on these findings
by suggesting that associations among women
persist after baseline physical and mental
health status has been taken into account and
that objective deprivation remains associated
with obesity indicators independently of sub-
jective perceptions of neighborhood factors.
Furthermore, our analyses indicate that asso-
ciations are evident for WC as well, supporting
the relevance of objective area-level depriva-
tion to the risk of both overall obesity and
central obesity among older women.

The gender-specific nature of these associa-
tions may stem from differences in degree of
exposure to adverse neighborhood character-
istics. For instance, the women in our aging
cohort may have spent more time in and
around their homes, as a result of either lower

participation in full-time employment or
greater caregiving responsibilities.”” Women
also tend to experience higher morbidity and
lower mortality than men,*® which may result
in their accumulating greater exposure to res-
idential environments with advancing age.

By contrast, we found that negative neigh-
borhood perceptions were not associated
with a higher BMI but were associated with
a higher WC in women after adjustment for age
(although not after consideration of baseline
socioeconomic and health status). Together,
these results suggest that objective factors may
be more relevant for the neighborhood—
obesity relationship among older women in
particular, whereas the effects of subjective
perceptions may be explained by personal
socioeconomic and health factors.

Several of the area-level factors forming our
deprivation measure, such as poor housing
quality®® and local access to health services,®>°
have previously demonstrated associations
with obesity and may thus be appropriate
targets for interventions. Neighborhood envi-
ronments may influence obesity risk in part by
structuring relevant health behaviors.3' For
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TABLE 3—Gender-Specific Associations of Objective Neighborhood Deprivation and Perceived Neighborhood Disorder With Waist Circumference
at Follow-Up: English Longitudinal Study of Ageing, 2002-2005

Men (n =2880), WC at Follow-Up

Women (n=3417), WC at Follow-Up

Variable

Model 1,% b (95% CI)

Model 2,° b (95% Cl) ~ Model 3,° b (95% CI)

Model 1,* b (95% Cl)

Model 2,° b (95% Cl) ~ Model 3,° b (95% Cl)

Objective neighborhood deprivation
quintile at baseline

1st (least deprived; Ref) 0.00

2nd 1.14 (0.00, 2.28)
3rd 0.77 (-0.45, 1.98)
dth 1.10 (-0.17, 2.38)
5th ( most deprived) 2.15 (0.68, 3.62)

Perceived neighborhood disorder
quintile at baseline

1st (lowest disorder level; Ref) 0.00

2nd -0.91 (-2.28, 0.46)
3rd -0.61 (-1.94, 0.72)
4th 0.66 (-0.67, 1.99)
5th (highest disorder level) 0.29 (-1.07, 1.64)

0.00 0.00 0.00 0.00 0.00

093 (-0.20,2.05) 091 (-0.22, 2.03) 1.24 (0.07, 2.40) 095 (-0.20,2.00)  0.94 (-0.21, 2.08)
049 (-0.72, 1.70)  0.40 (-0.82, 1.61) 1.27 (0.04, 2.50) 0.74 (-0.48, 1.95)  0.69 (-0.52, 1.91)
059 (-0.72, 1.90) 054 (-0.78, 1.86)  2.47 (1.17, 3.76) 1.53 (0.23, 2.83) 1.41 (0.10, 2.72)
1.28 (-0.27, 2.84) 121 (-0.36,279) 452 (3.07, 5.97) 2.59 (1.09, 4.09) 2.42 (0.90, 3.94)
0.00 0.00 0.00 0.00 0.00
-0.94 (-2.29,0.41)  -0.93 (-2.28,0.42)  -0.69 (-2.02, 0.64)  -0.54 (-1.83,0.76)  -0.52 (-1.82, 0.77)
-0.71 (-201, 0.60)  -0.71 (-2.01, 0.60) 0.5 (-1.05,154)  0.34 (-092, 1.61) 0.5 (-1.02, 1.51)
0.26 (-1.05 157) 0.5 (-1.06, 1.57)  0.67 (-0.65 1.98) 040 (-0.89, 1.68)  0.23 (-1.06, 1.52)
014 (-149,121)  -0.22 (-1.60, 1.15) 1.76 (0.42, 3.10) 0.89 (-0.44,2.22) 057 (-0.78, 1.92)

Note. Cl = confidence interval; WC = waist circumference.
®Adjusted for age.

alcohol consumption, and smoking status.

example, decreased availability or affordability
of healthy food or living within close proximity
to stores selling calorie-dense foods may pro-
mote a high-calorie diet and weight gain.*2-3°
Neighborhoods may also influence energy ex-
penditure through either presenting or pre-
venting opportunities to engage in physical
activity.%33343537 Physical environments have
demonstrated weak and inconsistent associa-
tions with physical activity among older
adults®®; however, social aspects including
perceived social support and social cohesion
have been shown to promote physical
activity 3940

In our study, associations between objective
deprivation and obesity indicators remained
after health behaviors had been taken into
account, which may either highlight the diffi-
culty in measuring such behaviors or suggest
the involvement of other mediating factors. For
example, living in an environment perceived to
be disordered or threatening may increase
one’s risk of general or central obesity through
the triggering of stress-related physiological
pathways."™'? Stress has also been associated
with consumption of energy-dense comfort
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®n addition to age, adjusted for limiting long-standing illness, depressive symptoms, educational level, occupational class, marital status, number of years lived at current address, physical activity,

“Mutually adjusted for alternative neighborhood measure (subjective disorder or objective deprivation) in addition to variables adjusted for in model 2. P=.01 for interaction between objective
deprivation and gender. P =15 for interaction between subjective disorder and gender.

foods.*"*? Detailed mediation analyses are re-
quired to clarify these mechanisms. With re-
spect to obesity indicators, effect sizes for
objective and perceived neighborhood mea-
sures were small in magnitude, as might be
expected in an examination of contextual as-
sociations. However, because these environ-
mental exposures have been hypothesized to
influence patterns of diet and physical activity™
and trigger psychosocial stress responses,'?
their indirect effects may strengthen as neigh-
borhood environments become more pre-
dominant in later life.

Strengths and Limitations

This study benefited from a large sample of
community-dwelling older adults in England.
Objective and perceived neighborhood mea-
sures and objectively measured total body
and abdominal obesity indicators were exam-
ined in conjunction, and together they captured
a wider range of influence than previously
considered for this age group. Physical illness
and mental illness at baseline, which are both
limiting and highly prevalent in older popula-
tions but have been excluded in several

previous studies, were also taken into ac-
count.**** Participants included in the final
sample were relatively healthy and socially
advantaged in comparison with those who were
excluded. Thus, we may not have fully cap-
tured the most deprived people in the pop-
ulation (as reflected in the smaller number of
participants in the most deprived IMD quin-
tile), those who perceived their neighborhood
most negatively, or, indeed, those with poorer
health profiles. As a result, any associations
observed likely underestimate true effects for
the most deprived or least healthy individuals
in the general population.

Indirect measures of obesity, such as BMI,
can be difficult to interpret because they in-
corporate body fat and lean mass, which may
vary substantially in older populations. Data on
neighborhood measures were gathered at dif-
ferent times; however, because 95.3% of the
sample reported living at the same address in
wave 2 as in wave 1, the IMD data likely
remained unchanged in the case of most of the
participants between 2002 and 2004. Finally,
health behaviors were self-reported, potentially
introducing measurement error.
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Conclusions

Our results support gender-specific associa-
tions of residential deprivation with obesity risk
extending beyond the scope of individual
circumstances and subjective neighborhood
perceptions, with associations evident for
women only. Wider ecological factors may play
an important role in determining the risk of
obesity, and our evidence suggests that neigh-
borhoods may indeed be a relevant set of
environmental exposures for older women in
particular. Public efforts to reduce the burden
of obesity among community-dwelling older
women may benefit most from an area-level
approach addressing objective residential con-
ditions, such as housing quality and local access
to services, over and above subjective percep-
tions. W

About the Authors

The authors are with the Department of Epidemiology
and Public Health, University College London, London,
England.

Correspondence should be sent to Joshua A. Bell, MSc,
Department of Epidemiology and Public Health, University
College London, 1-19 Torrington Pl, London, United
Kingdom WCIE 6BT (e-mail: joshua.bell.1 1 @ucl.ac.uk).
Reprints can be ordered at hitp://www.ajph.org by clicking
on the “Reprints” link.

This article was accepted February 11, 2014.

Contributors

]. A. Bell wrote the first draft of the article. M. Hamer and
A. Shankar critically reviewed the article. All of the
authors contributed to the study design, analysis, and
interpretation of data.

Acknowledgments
Joshua A. Bell is supported by an Economic and Social
Research Council studentship. Mark Hamer is supported
by the British Heart Foundation (grant RE/10/005/
28296).

We thank the funders and supporters of and partic-
ipants in the English Longitudinal Study of Ageing.

Human Participant Protection

This study was approved by the London Multi-Centre
Research Ethics Committee. Participants provided writ-
ten informed consent.

References
1. Obesity and Overweight: Fact Sheet. Geneva,
Switzerland: World Health Organization; 2012.

2. Moodie A. Health Survey for England: adult an-
thropometric measures, overweight, and obesity. Avail-
able at: http://www.hscic.gov.uk/catalogue/PUB13218/
HSE2012-Ch10-Adult-BMILpdf. Accessed April 7,
2014.

3. The King’s Fund. Aging population. Available at:
http://www kingsfund.org.uk/time-to-think-differently/

July 2014, Vol 104, No. 7 | American Journal of Public Health

| RESEARCH AND PRACTICE |

trends/demography/ageing-population. Accessed April
7,2014.

4.  Office for National Statistics. 2010 population pro-
jections. Available at: http://www.ons.gov.uk/ons/
dep171778_235886.pdf. Accessed April 7, 2014.

5. Swinburn BA, Sacks G, Hall KD, et al. The global
obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378(9793):804-814.

6. Robert SA. Socioeconomic position and health: the
independent contribution of community socioeconomic
context. Annu Rev Sociol. 1999;25:489-516.

7. Yen IH, Michael YL, Perdue L. Neighborhood
environment in studies of health of older adults:

a systematic review. Am J Prev Med. 2009;37(5):
455-463.

8. Santana P, Santos R, Nogueira H. The link between
local environment and obesity: a multilevel analysis in
the Lisbon Metropolitan Area, Portugal. Soc Sci Med.
2009;68(4):601-609.

9. Papas MA, Alberg AJ, Ewing R, Helzlsouer K],
Gary TL, Klassen AC. The built environment and obesity.
Epidemiol Rev. 2007;29(1):129-143.

10. Stafford M, Brunner EJ, Head ], Ross NA. Depriva-
tion and the development of obesity: a multilevel, longi-
tudinal study in England. Am J Prev Med. 2010;39(2):
130-139.

11. Stafford M, Cummins S, Ellaway A, Sacker A,
Wiggins RD, Macintyre S. Pathways to obesity: identify-
ing local, modifiable determinants of physical activity and
diet. Soc Sci Med. 2007;65(9):1882-1897.

12. Burdette AM, Hill TD. An examination of processes
linking perceived neighborhood disorder and obesity. Soc
Sci Med. 2008;67(1):38-46.

13. Taylor R, Conway L, Calderwood L, et al. Health,
wealth, and lifestyles of the older population in England:
the 2002 English Longitudinal Study of Ageing. Avail-
able at: http://www.ifs.org.uk/ELSA/reportWavel.
Accessed April 7, 2014.

14. Scholes S, Taylor R, Cheshire H, Cox K, Lessof C.
Retirement, health, and relationships of the older pop-
ulation in England: the 2004 English Longitudinal Study
of Ageing. Available at: http://www.ifs.org.uk/elsa/
report06/elsa_w2.pdf. Accessed April 7, 2014.

15. Office of the Deputy Prime Minister. English indices
of deprivation, 2004. Available at: http://www.ccsr.ac.
uk/sars/2001/indiv-cams/codebook/odpmimd pdf.
Accessed April 7, 2014.

16. Noble M, Wright G, Smith G, Dibben C. Measuring
multiple deprivation at the small-area level. Environ Plan
A. 2006;38(1):169-185.

17. Stafford M, Bartley M, Sacker A, et al. Measuring the
social environment: social cohesion and material depri-

vation in English and Scottish neighbourhoods. Environ
Plan A. 2003;35(8):1459-1476.

18. Gjonca E, Calderwood L. Sociodemographic char-
acteristics: 2002 English Longitudinal Study of Ageing.
Available at: http://www.ifs.org.uk/elsa/report03/ch2.
pdf. Accessed April 7, 2014.

19. McMunn A, Hyde M, Janevic M, Kumari M. Health:
English Longitudinal Study of Ageing. Available at:
http://www.ifs.org.uk/elsa/report03/ch6.pdf 2004.
Accessed April 7, 2014.

20. Irwin M, Artin KH, Oxman MN. Screening for
depression in the older adult: criterion validity of the

10-item Center for Epidemiological Studies Depression
Scale (CES-D). Arch Intern Med. 1999;159(15):
1701-1704.

21. Lyness ]M, Noel TK, Cox C, King DA, Conwell Y,
Caine ED. Screening for depression in elderly primary
care patients: a comparison of the Center for Epidemi-
ologic Studies-Depression Scale and the Geriatric
Depression Scale. Arch Intern Med. 1997;157(4):
449-454.

22. Hamer M, Molloy GJ, de Oliveira C, Demakakos P.
Leisure time physical activity, risk of depressive symp-
toms, and inflammatory mediators: the English Longitu-
dinal Study of Ageing. Psychoneuroendocrinology.
2009;34(7):1050-1055.

23. Demakakos P, Hamer M, Stamatakis E, Steptoe A.
Low-intensity physical activity is associated with reduced
risk of incident type 2 diabetes in older adults: evidence
from the English Longitudinal Study of Ageing. Diabeto-
logia. 2010;53(9):1877-1885.

24. International Center for Alcohol Policies. Interna-
tional drinking guidelines. Available at: http://www.icap.
org/LinkClick aspx?fileticket=KtXj8PGibT8%3D&tabid=75.
Accessed April 7, 2014.

25. Shankar A, McMunn A, Steptoe A. Health-related
behaviors in older adults: relationships with socioeco-
nomic status. Am J Prev Med. 2010;38(1):39-46.

26. King T, Kavanagh AM, Jolley D, Turrell G,
Crawford D. Weight and place: a multilevel cross-
sectional survey of area-level social disadvantage and
overweight/obesity in Australia. Int J Obes (Lond).
2005;30(2):281-287.

27. Banks ], Casanova M. Work and retirement: 2002
English Longitudinal Study of Ageing. Available at:
http://www.ifs.org.uk/elsa/report03/ch4.pdf. Accessed
April 7, 2014,

28. Case A, Paxson C. Sex differences in morbidity and
mortality. Demography. 2005;42(2):189-214.

29. Drewnowski A, Rehm CD, Solet D. Disparities in
obesity rates: analysis by ZIP code area. Soc Sci Med.
2007;65(12):2458-2463.

30. Eisenstein AR, Prohaska TR, Kruger J, et al. Envi-
ronmental correlates of overweight and obesity in com-
munity residing older adults. J Aging Health. 2011;
23(6):994-1009.

31. Diez Roux AV, Mair C. Neighborhoods and health.
Ann N'Y Acad Sci. 2010;1186(1):125-145.

32. Macdonald L, Ellaway A, Ball K, Macintyre S. Is
proximity to a food retail store associated with diet and
BMI in Glasgow, Scotland? BMC Public Health. 2011;
11(1):464.

33. Renalds A, Smith TH, Hale PJ. A systematic review
of built environment and health. Fam Community Health.
2010;33(1):68-78.

34. Lovasi GS, Hutson MA, Guerra M, Neckerman KM.

Built environments and obesity in disadvantaged popu-
lations. Epidemiol Rev. 2009;31(1):7-20.

35. Rundle A, Neckerman KM, Freeman L, et al.
Neighborhood food environment and walkability predict
obesity in New York City. Environ Health Perspect.
2009;117(3):442-447.

36. Regan G, Lee RE, Booth K, Reese-Smith J.
Obesogenic influences in public housing: a mixed-
method analysis. Am | Health Promot. 2006;20
(4):282-290.

Bell et al. | Peer Reviewed | Research and Practice | 1285


mailto:joshua.bell.11@ucl.ac.uk
http://www.hscic.gov.uk/catalogue/PUB13218/HSE2012-Ch10-Adult-BMI.pdf
http://www.hscic.gov.uk/catalogue/PUB13218/HSE2012-Ch10-Adult-BMI.pdf
http://www.kingsfund.org.uk/time-to-think-differently/trends/demography/ageing-population
http://www.kingsfund.org.uk/time-to-think-differently/trends/demography/ageing-population
http://www.ons.gov.uk/ons/dcp171778_235886.pdf
http://www.ons.gov.uk/ons/dcp171778_235886.pdf
http://www.ifs.org.uk/ELSA/reportWave1
http://www.ifs.org.uk/elsa/report06/elsa_w2.pdf
http://www.ifs.org.uk/elsa/report06/elsa_w2.pdf
http://www.ccsr.ac.uk/sars/2001/indiv-cams/codebook/odpmimd.pdf
http://www.ccsr.ac.uk/sars/2001/indiv-cams/codebook/odpmimd.pdf
http://www.ifs.org.uk/elsa/report03/ch2.pdf
http://www.ifs.org.uk/elsa/report03/ch2.pdf
http://www.ifs.org.uk/elsa/report03/ch6.pdf%202004
http://www.icap.org/LinkClick.aspx?fileticket=KtXj8PGibT8%3D%26tabid=75
http://www.icap.org/LinkClick.aspx?fileticket=KtXj8PGibT8%3D%26tabid=75
http://www.ifs.org.uk/elsa/report03/ch4.pdf

37. Boone-Heinonen ], Diez Roux AV, Kiefe CI, Lewis
CE, Guilkey DK, Gordon-Larsen P. Neighborhood socio-
economic status predictors of physical activity through
young to middle adulthood: the CARDIA study. Soc Sci
Med. 2011;72(5):641-649.

38. Van Cauwenberg ], De Bourdeaudhuij I, De Meester F,
et al. Relationship between the physical environment and
physical activity in older adults: a systematic review. Health
Place. 2011;17(2):458-469.

39. Fisher K], Li FZ, Michael Y, Cleveland M. Neigh-
borhood-level influences on physical activity among
older adults: a multilevel analysis. J Aging Phys Act.
2004;12(1):45-63.

40. Poortinga W. Perceptions of the environment,
physical activity, and obesity. Soc Sci Med. 200663
(11):2835-2846.

41. Torres S], Nowson CA. Relationship between stress,
eating behavior, and obesity. Nutrition. 2007;23
(11):887-894.

42, Dallman MF, Pecoraro N, Akana SF, et al.
Chronic stress and obesity: a new view of “comfort
food.” Proc Natl Acad Sci U S A. 2003;100
(20):11696-11701.

43. Glass TA, Rasmussen MD, Schwartz BS. Neigh-
borhoods and obesity in older adults: the Baltimore
Memory Study. Am J Prev Med. 2006;31(6):455—
463.

44. Santos R, Silva P, Santos P, Ribeiro JC, Mota J.
Physical activity and perceived environmental attributes
in a sample of Portuguese adults: results from the
Azorean Physical Activity and Health Study. Prev Med.
2008;47(1):83-88.

1286 | Research and Practice | Peer Reviewed | Bell et al.

| RESEARCH AND PRACTICE |

American Journal of Public Health | July 2014, Vol 104, No. 7



