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Abstract

Introduction—Both excessive weight gain and weight loss are important risk factors in the older 

population. Neighborhood environment may play an important role in weight change, but 

neighborhood effects on weight gain and weight loss have not been studied separately. This study 

examined the associations between neighborhood socioeconomic deprivation and excessive weight 

gain and weight loss.

Methods—This analysis included 153,690 men and 105,179 women (aged 51–70 years). 

Baseline addresses were geocoded into geographic coordinates and linked to the 2000 U.S. Census 

at the Census tract level. Census variables were used to generate a socioeconomic deprivation 

index by principle component analysis. Excessive weight gain and loss were defined as gaining or 

losing >10% of baseline (1995–1996) body weight at follow-up (2004–2006). The analysis was 

performed in 2015.

Results—More severe neighborhood socioeconomic deprivation was associated with higher risks 

of both excessive weight gain and weight loss after adjusting for individual indicators of SES, 

disease conditions, and lifestyle factors (Quintile 5 vs Quintile 1: weight gain, OR=1.36, 95% 

CI=1.28, 1.45 for men and OR=1.20, 95% CI=1.13, 1.27 for women; weight loss, OR=1.09, 9%% 

CI=1.02, 1.17 for men and OR=1.23, 95% CI=1.14, 1.32 for women). The findings were fairly 

consistent across subpopulations with different demographics and lifestyle factors.

Conclusions—Neighborhood socioeconomic deprivation predicts higher risk of excessive 

weight gain and weight loss.
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Introduction

Maintaining a healthy body weight is critical to managing one's health. In adults, substantial 

changes in body weight have been associated with higher disease risk and increased 

mortality.1 On one hand, excessive weight gain and obesity are established risk factors for 

numerous chronic conditions and contribute to higher death risk among the older 

population.2,3 On the other hand, weight loss is also a strong predictor of higher mortality, 

particularly among older adults,4 and a study of older Americans estimated that losing >10% 

of body weight after age 50 years was associated with an approximate 60% increase in 

mortality.5

Body weight is influenced by behaviors such as physical activity, diet, and sleep, as well as 

disease status and psychological states, all of which are sensitive to societal and contextual 

factors and are shaped by the environment in which one lives. A growing body of literature 

examined the relationship between neighborhood characteristics and weight status. Several 

cross-sectional studies reported a relationship between neighborhood socioeconomic 

deprivation and higher BMI.6–9 However, results from longitudinal investigations on this 

relationship are mixed: Some studies reported higher weight gain and elevated risk of 

obesity among residents of more-deprived neighborhoods,10–12 whereas others found no 

association.9,13

A major limitation in the current literature is that all of the previous studies focused on 

average weight change and did not distinguish between those who experienced weight loss 

and those with weight gain. Examining average weight change not only conceals the full 

picture of weight trajectory, but also prevents further investigation into the exact health 

consequences of neighborhood deprivation, as weight gain and weight loss are often 

products of different biological processes. Whereas excessive weight gain is caused by an 

altered energy balance with excessive dietary intake and inadequate physical activity, 

excessive weight loss is commonly a result of diseases, including cancer, and decline 

associated with aging.14,15 Neighborhood socioeconomic conditions may influence both 

health behaviors and disease risks that may lead to either weight gain or weight loss. 

Therefore, there is a need for studies that examine neighborhood socioeconomic deprivation 

in relation to weight gain and weight loss separately.

The NIH-AARP Diet and Health study, a large cohort of middle- to older-aged men and 

women, offers a unique opportunity to study the health effects of neighborhood 

characteristics, and previous research in this population has linked neighborhood 

socioeconomic deprivation with a large range of disease outcomes, including cancer and 

mortality, as well as health behaviors such as diet.16–21 The primary goal of the current 

study was to prospectively examine neighborhood socioeconomic deprivation in relation to 

both excessive weight gain and weight loss. A secondary goal was to examine whether the 

relationship between neighborhood deprivation and weight change is modified by individual 

factors, including individual-level SES, health behaviors, and disease conditions.
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Methods

Study Population

Details of the NIH-AARP Diet and Health Study were reported previously.22 Briefly, the 

study recruited 566,399 AARP members (aged 50–71 years) residing in one of six U.S. 

states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) and 

two metropolitan areas (Atlanta, Georgia and Detroit, Michigan). The analytic cohort 

consisted of 153,690 men and 105,179 women (details on exclusions in Appendix). The 

study was approved by the National Cancer Institute Special Studies IRB.

Measures

The participants reported residential address at baseline. The addresses were geocoded into 

geographic coordinates and linked to the 2000 U.S. Census at the Census tract level. The 

method developed by Messer et al.23 was applied to generate an empirical neighborhood 

socioeconomic deprivation index18 using principle component analysis (details presented in 

Appendix).

Participants reported height (in inches and feet) at baseline and current weight (in pounds) at 

baseline (1995–1996) and follow-up (2004–2006). Excessive weight gain and loss were 

defined as gaining or losing >10% of baseline body weight, as previous reports have 

associated these two conditions with higher mortality in middle- to older-aged 

populations.5,24 At each time point, BMI (kg/m2) was calculated and obesity was defined as 

BMI ≥30 kg/m2.

Statistical Analysis

The authors used SAS, version 9.3 to conduct multiple logistic regression (proc 

surveylogistic) to calculate the OR and 95% CI for each condition, comparing participants 

living in more-deprived neighborhood (second through fifth quintile) at baseline with the 

reference group (first quintile). For the main analysis, a series of multiple regression models 

were considered. The base model was adjusted for age and baseline BMI. A second model, 

considered the main model, was additionally adjusted for potential confounders, including 

indicators of individual-level SES (race and education) and medical conditions at baseline. 

Finally, a third model was additionally adjusted for lifestyle factors, including smoking, 

physical activity, TV viewing, sleep duration, alcohol consumption, and diet. Details about 

covariates are presented in table footnotes and figure legends. In all models, robust variance 

estimation was used for SE estimation to account for clustering across Census tracts.25

Results

Baseline study characteristics across quintiles of neighborhood deprivation index are 

presented in Table 1 (Appendix Tables 2 and 3 list sex-specific distributions). When 

compared with those from the least deprived neighborhood, participants from more-deprived 

neighborhoods were more likely to be women and black, and were less likely to be married 

or have a college education. Overall, residents of more-deprived neighborhoods had a less 

healthy life style with more current smoking, less physical activity, more TV viewing, and a 
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lower Healthy Eating Index score. They also had higher prevalence of heart disease, stroke, 

and diabetes at baseline. Cross-sectional analysis showed that more severe deprivation was 

strongly associated with higher BMI and higher obesity at baseline (Appendix Table 4). 

Compared with the reference group, men and women in the most deprived neighborhood 

were 33% and 56% more likely to be obese, respectively.

Over 10 years of follow-up, on average, men gained 0.17 (SD=7.44) kg and women gained 

0.96 (SD=7.67) kg. Neighborhood deprivation was positively associated with average weight 

change over follow-up after adjusting for individual-level factors. Men and women in the 

most deprived neighborhood gained 0.36 kg and 0.15 kg more weight than the reference 

group (Appendix Table 4).

The main focus of the study was to examine neighborhood deprivation in relation to 

excessive weight gain and weight loss separately (Table 2, Figure 1). During the follow up, 

8.7% of men and 16.1% of women gained ≥10% of baseline weight and 7.6% of men and 

9.5% of women lost ≥10% of baseline weight. In both men and women, neighborhood 

deprivation was associated with higher risks of both excessive weight gain and loss. The 

association remained after adjusting for individual indicators of SES, disease conditions, and 

lifestyle factors (results from Models 2 and 3 in Table 2). There was also a clear dose effect 

with graded increase in risks with more severe deprivation. Interestingly, there appeared to 

be a sex difference in the association for both excessive weight gain and weight loss. The 

neighborhood effect on excessive weight gain was stronger in men, whereas the effect on 

excessive weight loss was stronger in women (Quintile 5 vs Quintile 1: weight gain, 

OR=1.36, 95% CI=1.28, 1.45 in men and OR=1.20, 95% CI=1.13, 1.27 in women; weight 

loss, OR=1.09, 95% CI=1.02, 1.17 in men and OR=1.23, 95% CI=1.14, 1.32 in women). 

Restricting analysis to participants who lived in the same neighborhood at baseline and 

follow-up had a minimal impact on the results (Appendix Table 5). Moreover, results from 

multinomial regressions with a trichotomous outcome (excessive weight gain, excessive 

weight loss, and no excessive weight gain or loss) were largely similar (Appendix Table 6). 

Additionally, the association of excessive weight change with individual neighborhood 

characteristics was examined (Appendix Figure 1). There was a consistent positive 

association between most of the individual deprivation variables and risk of excessive weight 

gain and loss.

Stratified analysis was performed to examine whether the associations between 

neighborhood deprivation and excessive weight gain and loss differed across subpopulations 

with different age, education, race, smoking, baseline BMI, physical activity, and chronic 

conditions (Figure 2). Overall, there was a higher risk of excessive weight gain and loss in 

more-deprived neighborhoods in most of the subpopulations. However, baseline BMI 

appeared to be a strong effect modifier for neighborhood effects on excessive weight loss in 

men (p for interaction, 0.0002) and both excessive weight gain (p<0.0001) and weight loss 

(p=0.0002) in women, with the associations more pronounced among people with normal 

BMI (<25 kg/m2) at baseline. The association for excessive weight gain among men was not 

modified by baseline BMI, but was by smoking, with the strongest effect observed among 

never smokers (p=0.0006). Another notable finding was that the effects of neighborhood 

deprivation appeared to be weak or null among blacks and women reporting <12 years of 
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education. However, the authors did not detect a statistically significant interaction with race 

and education, probably due to the small sample size of blacks and people with <12 years of 

education.

Finally, a higher risk of developing obesity was observed among participants living in more-

deprived neighborhoods (Appendix Figure 2). Compared with the reference group, men and 

women in the most deprived neighborhood had a 17%–20% increased risk of developing 

obesity (Quintile 5 vs Quintile 1: OR=1.20, 95% CI=1.11, 1.30 for men and OR=1.17, 95% 

CI=1.06, 1.29 for women).

Discussion

In a large cohort of American men and women aged 50–71 years at baseline, those who 

lived in neighborhoods with greater socioeconomic deprivation exhibited a higher risk of 

gaining or losing >10% of baseline weight over 10 years of follow up. Given that both 

excessive weight gain and weight loss are established risk factors for poor health and high 

mortality in the older adults,1 these results highlight the adverse health effects of 

neighborhood deprivation, even after adjusting for individual-level health behaviors.

Previous prospective studies on neighborhood deprivation and weight change reported mixed 

results. In the Atherosclerosis Risk in Communities Study9 and women in the American's 

Changing Lives survey,13 researchers found that low neighborhood SES was associated with 

higher BMI at baseline, but not with the longitudinal trend in BMI. However, three other 

studies in the Black Women's Health Study,10 the Whitehall II Study,11 and the Dallas Heart 

Study12 all reported a positive association between more severe neighborhood deprivation 

and weight gain. The heterogeneity in study populations in earlier studies may partially 

account for the inconsistency among their findings. As the results from subgroup analysis of 

the current study show, the neighborhood effects on weight could differ by a number of 

factors, such as gender, smoking, and baseline BMI. More importantly, the mixed results 

from earlier studies may be due to the fact that all studies focused on average weight change 

without investigating weight gain and weight loss separately. This is especially problematic 

for studies of the older population, as weight loss becomes more prevalent.15 Because both 

weight loss and weight gain were associated with neighborhood deprivation, their combined 

effects could reduce associations between average weight change and such deprivation. This 

did occur in this study, and is reflected in the small aggregate difference in weight change 

(<0.4 kg) between the most and least deprived neighborhoods. Average weight change does 

not accurately reflect the different weight trajectories of individuals, and future studies on 

neighborhood environment and weight status should examine weight gain and weight loss 

separately.

More severe neighborhood deprivation was associated with higher risk of excessive weight 

gain and developing obesity in both men and women. The finding is consistent with that 

from the Black Women's Health Study, which reported a 32% increase in risk of obesity 

comparing the highest quintile of neighborhood deprivation with the lowest.10 A leading 

hypothesis postulates that lower SES neighborhoods are less walkable, have fewer 

recreational options, and lack of access to healthy food choices, which lead to a sedentary 
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lifestyle, unhealthy diet, and ultimately obesity.26 However, adjusting for baseline lifestyle 

factors such as physical activity, TV viewing, and diet only had a small impact on the 

present results (<10% change in effect size), suggesting that other mechanisms may also be 

in play. One important mechanism may be through stress response. In disadvantaged 

neighborhoods, street violence, material deprivation, and an impaired social support network 

create a stressful environment.27 Living in such an environment leads to chronic activation 

of the hypothalamic-pituitary-adrenal axis and elevated levels of cortisol, which promotes fat 

accumulation, especially in the visceral fat tissue.14

Interestingly, this study found that in men, the association between neighborhood 

deprivation and weight gain was stronger and higher in magnitude than in women. This 

difference appeared to be explained primarily by difference in associations between the 

older men and women. Though the effects of neighborhood deprivation decreased 

substantially with age among women, the associations between neighborhood SES and 

excessive weight gain remained strong among older men. Moreover, although the modest 

sample size for blacks (<4%) and people with <12 years of education (<6%) in this study 

population makes it difficult to draw a definite conclusion and the results were not 

statistically significant, neighborhood deprivation seemed to have a weaker effect on blacks 

and on women who had low education. Similarly, in the Black Women's Health Study, 

researchers also found no association between weight gain and neighborhood SES among 

women with ≤12 years of education.10 Future studies are needed to examine whether the 

same neighborhood environments may have different psychological and physical impact on 

people with different demographic characteristics and individual-level SES.

Weight loss in the older population can be caused by chronic diseases such as cancer.14,15 In 

the current study, the association between neighborhood deprivation and weight loss was 

maintained among participants who were free of cancer, heart disease, stroke, and diabetes 

throughout follow-up, suggesting that these conditions were not responsible for the observed 

association.

However, the authors could not exclude the possible impact of other or undiagnosed 

conditions. For example, gastrointestinal disease and psychiatric conditions such as 

depression and dementia are among the most common medical causes of weight loss,15,28 

and previous studies have linked neighborhood deprivation with gastrointestinal conditions 

and depression.29,30 In addition, research has suggested that social isolation and poverty, 

which are prevalent in poor neighborhoods, can also contribute to weight loss through poor 

diet and malnutrition.14 General recommendations for treating weight loss in the older 

population typically focus on appetite enhancement, dietary modification, and nutritional 

supplements.14,15 However, both health service and dietary choices are often limited for the 

residents of poor neighborhoods, making the diagnosis and management of weight loss 

especially difficult. With research increasingly focusing on obesogenic characteristics of 

poor neighborhood in recent years, weight loss is often overlooked in this population. The 

authors suggest that the medical and public health community pay more attention to weight 

loss among the older residents of disadvantaged neighborhoods, and further studies are 

needed to investigate the scale of the weight loss burden among this population.
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Limitations

This study has some limitations. One major limitation is that the baseline neighborhood 

addresses were reported in 1995–1996, whereas data from the 2000 Census were used to 

characterize neighborhood conditions. Therefore, two factors could introduce bias and error 

in exposure measurement: (1) people might have moved out of their neighborhood between 

the two time periods; and (2) neighborhood conditions might have changed between the 

mid-90s and 2000. The results changed little when the analysis was restricted to those 

reporting living in the same neighborhood in 1995–1996 and 2004-–006, suggesting that 

movers had only a minimal influence on these results. However, the authors could not assess 

the impact of changing neighborhood conditions as they did not have information about 

neighborhood deprivation at follow-up. The outcome was measured by self-reported 

information on weight, which is subject to reporting error and the validity of self-reported 

weight was influenced by factors like sex, age, race, and education. Although a study found 

that such biases tend to be stable over time and therefore bias in weight change may be 

smaller than that in actual weight,31 the authors cannot rule out some bias associated with 

our self-reported measures. Another limitation is that weight was only assessed at two time 

points and therefore could not examine a more complete longitudinal weight trajectory in 

relation to neighborhood deprivation. For example, weight fluctuation could not be assessed 

within the follow-up period, which is also an important risk factor for higher mortality.32 

Also, the study could not distinguish between unintentional and intentional weight loss. 

However, the association between neighborhood deprivation and weight loss was most 

pronounced among participants with a normal BMI at baseline. As those who were not 

overweight or obese would be less likely to undergo intentional weight loss, this finding 

suggested that the observed effects of neighborhood deprivation on excessive weight loss 

could not be driven by intentional weight loss alone. Additionally, the authors only had 

baseline information for most of the covariates, and were not able to evaluate potential 

changes in those covariate and their impact on the results. Moreover, logistic regression 

yields an OR that approximates relative risk when the incidence of outcome is <10%. In this 

study, the incidence of excessive weight gain in was 16.1%, and therefore the actual relative 

risk for this outcome would be somewhat lower than the OR.

A major strength of the current study is its large sample size. This has allowed the authors to 

not only investigate the relatively small number of excessive weight gain and loss as the 

main outcomes, but also perform stratified analysis to examine the potential modifying 

effect of individual factors. Another strength is its prospective design, which has allowed the 

authors to focus on weight change, which has important health implication in the older 

population, independent of baseline weight status.

Conclusions

This study shows that neighborhood deprivation predicts a higher risk for both substantial 

weight gain and weight loss in the middle- to older-aged population. The findings reinforce 

the emerging evidence that both weight gain and weight loss are important for health and 

health disparities. Future studies of neighborhood deprivation and energy balance should 
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address disparities in the underlying causes of unhealthy weight loss as well as disparities in 

the causes of weight gain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable OR and 95% CI for excessive weight gain and weight loss during follow-up 

for quintiles of baseline neighborhood socioeconomic deprivation index.

Notes: Multivariable models adjusted for age (continuous), baseline BMI (continuous), race/

ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Asian or Pacific Islander or 

American Indian/Alaskan Native, other), education (<12 years, 12 years, post high school, 

some college, college/post graduate, unknown), baseline history of heart disease (yes, no), 

stroke (yes, no), cancer (yes, no), and diabetes (yes, no), smoking status (never, former, 

current, unknown), smoking dose (0, 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, >60 cigarettes 

per day, unknown), year since quitting (never quit, >10, 5-9, 1-4, <1, unknown), vigorous 

physical activity (never/rarely, <3 times/month, 1-2, 3-4, >5 times/week, unknown), TV 

viewing (≤2, 3-4, 5-6, 7+ hours, unknown), sleep duration (<5, 5-6, 7-8, 9+ hours, 

unknown), alcohol drinking (continuous), total caloric intake (continuous), and intake of 

fruits and vegetables, whole grain, and dietary fat (all continuous and adjusted for total 

energy intake by dividing intake amount by total calories). P-for-interaction for sex: <0.0001 

for excessive weight gain and 0.57 for excessive weight loss.
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Figure 2. 
Prospective association between baseline neighborhood socioeconomic deprivation index 

and excessive weight gain and weight loss from 1995-1996 to 2004-2006, by sex and across 

subgroups with different age, education, race, smoking, BMI, physical activity, and chronic 

conditions.a

Notes: The ORs and 95% CIs were calculated comparing the 5th quintile(most deprived) of 

neighborhood socioeconomic deprivation index with the 1st quintile(least deprived), 

adjusted for age (continuous), baseline BMI (continuous), race/ethnicity (non-Hispanic 

white, non-Hispanic black, Hispanic, Asian or Pacific Islander or American Indian/Alaskan 

Native, other), education (<12 years, 12 years, post high school, some college, college/post 

graduate, unknown), baseline history of heart disease (yes, no), stroke (yes, no), cancer (yes, 

no) and diabetes (yes, no), smoking status (never, former, current, unknown), smoking dose 

(0, 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, >60 cigarettes per day, unknown), year since 

quitting (never quit, >10, 5-9, 1-4, <1, unknown), vigorous physical activity (never/rarely, <3 

times/month, 1-2, 3-4, >5 times/week, unknown), TV viewing (≤2, 3-4, 5-6, 7+ hours, 

unknown), sleep duration (<5, 5-6, 7-8, 9+ hours, unknown), alcohol drinking (continuous), 

total caloric intake (continuous), and intake of fruits and vegetables, whole grain, and dietary 

fat (all continuous and adjusted for total energy intake by dividing intake amount by total 

calories). Covariate that was stratified by was not adjusted in the respective analysis. P-for-
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interaction refers to the p-value for the cross-product term of neighborhood SES and 

stratifying variables.
aRefers to any of the following conditions: diabetes, cancer, cardiovascular diseases, 

emphysema, and renal disease.
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