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Abstract
Rising rates of obesity among older adults in the United States are a serious public health concern. While the physical 
health consequences of obesity are well documented, the mental health consequences are less understood. This is especially 
the case among older adults in general and among racial and ethnic minority older adults in particular. Available studies 
document a link between obesity and a variety of mental health disorders. However, findings from this body of evidence 
are inconsistent, especially when race and ethnicity are considered. This article examines research on obesity and mental 
health among older adults and identifies risk factors, causal mechanisms, and methodological approaches that help clarify 
the equivocal nature of the literature. Promising research and future directions include studies that consider a wide array of 
contextual factors and population heterogeneity.
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Despite public health efforts, obesity is now considered 
an epidemic in the United States and rising rates are ex-
pected to continue for decades. The increasing prevalence 
of obesity in the older adult population in general, and 
among older racial and ethnic minority adults in particular, 
is a serious public health concern and poses significant con-
sequences for people across the life span. This phenomenon 
of an overweight older adult population is the source of 
much research and debate with regard to treatment re-
commendations, appropriate care, health care costs, and 
the physical health consequences for older adults. Fewer 

studies, however, consider the mental health consequences 
of being overweight. Consequently, the impact of being 
overweight on the mental health of older adults is generally 
unknown.

Because obesity is pervasive and persistent, it is im-
portant to understand the effects of it on all aspects of 
well-being. Available evidence suggests several broad 
conclusions about the relationship between obesity and 
mental health, the most important being that there is a 
causal link between these two conditions. In general, the 
body of evidence indicates that weight is associated with 

Translational Significance: Understanding the mechanisms that link obesity and mental health disorders 
among older adults can enhance efforts to identify high-risk older adults, improve targeted prevention and 
treatment, and increase the quality of life for older adults and their caregivers.
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a range of mental health disorders, including depression 
(1,2), posttraumatic stress disorder (3), anxiety (4), and 
cognitive impairment (5). However, studies that report no 
association (6) and even a negative relationship between 
obesity and mental health disorders (7,8) raise questions 
about the reliability and generalizability of the findings for 
older adults in general and for racial and ethnic minority 
older adults in particular.

Studies of obesity and mental health among adults in 
later life are fairly underdeveloped. Consequently, knowl-
edge of the mechanisms that link these two conditions in 
older adults is largely unknown. The lack of evidence in 
this area is especially concerning given the rising number 
of overweight and obese older adults. Unlike younger 
populations, older adults are more likely to have mul-
tiple chronic health conditions that increase their risk for 
mental health disorders such as depression. Being over-
weight or obese significantly complicates these conditions, 
resulting in greater disability for older adults, increased 
caregiver burden, and higher cost of care. Not only is 
the existing body of evidence not extensive enough, but 
it is also not inclusive enough to fully appreciate the 
implications of being overweight or obese and its im-
pact on the overall well-being of older adults. More spe-
cifically, conclusions from extant studies of obesity and 
mental health are limited to the extent that they focus 
on older adult populations overall and diverse racial and 
ethnic groups specifically. This is an important omission 
given the higher prevalence of obesity in some racial and 
ethnic minority groups compared to whites (9).

A growing body of evidence suggests that the correlates 
of obesity may depend on race, ethnicity, and culture 
(10,11), which may determine the extent of vulnerability 
and susceptibility to obesity, as well as alter the link be-
tween physical health conditions and mental health 
problems (12–15). Studies that examine obesity and mental 
health among racial and ethnic minority groups demon-
strate an interesting divergence from findings reported 
for the general population. For example, findings that 
overweight African American older adults (16) and un-
derweight Korean older adults (17) have a lower risk for 
psychiatric disorders than whites are intriguing and gener-
ally unexplained in this literature. Moreover, studies that 
identify overweight and obesity as a protective factor for 
the mental health of African Americans and Asians, but not 
for whites or Hispanics (18–20), raise questions about our 
current understanding of the causal mechanisms that link 
weight to mental health disorders in diverse populations.

The purpose of this article is to review studies of obesity 
and mental health to better understand the relationship be-
tween these two conditions among older racial and ethnic 
minority populations. Based on the body of evidence, there 
are several competing conclusions that can be reached from 
current findings. First, one can accept that existing studies 
are methodologically and conceptually sound, and there-
fore conclude that obesity is a risk factor for mental health 

among racially and ethnically diverse older adults. I reject 
this conclusion based on limitations in a large portion of 
this research that employs samples that lack racial, ethnic, 
and age diversity, robust measures of obesity and mental 
health disorders, and study designs that account for change 
over time. Second, one could reject existing evidence and 
point to the equivocal nature of the findings and the lack of 
attention to age, race, and ethnicity and propose that more 
research is required before any conclusions can be reached. 
I also reject this conclusion and believe that the extant lit-
erature does contribute to knowledge about important risk 
and protective factors. A third conclusion, which forms the 
framework for this article, is that the disparate findings 
in the literature reflect the nature of populations—that 
is, there is wide variation within and between groups of 
people, including those who are obese, those with mental 
health disorders, and those who are members of a partic-
ular racial or ethnic group. This heterogeneity is reflected 
in findings that are seemingly equivocal, but are more likely 
reflecting some of the unmeasured variations within and 
between groups and over time that cannot be observed 
when using a comparative, cross-sectional approach. To 
understand the link between obesity and mental health in 
later life, it is important to consider population heteroge-
neity as well as a broad array of contextual factors that 
might explain the wide variation in findings observed in 
reported associations between obesity and mental health in 
older adults across race and ethnicity.

This article begins with an overview of the prevalence 
of obesity and mental health disorders in older adults. This 
discussion is followed by a summary of studies that ex-
amine the association between obesity and mental health 
in the general population of older adults. Next, the body of 
evidence that focuses on racial and ethnic minority groups 
will be described. Finally, studies that represent promising 
areas of research will be considered for their potential to 
explain variation in reported findings in the link between 
obesity and mental health across racial and ethnic groups.

Obesity in the Adult Population
Currently, about 40% of adults in the United States are 
obese as defined by a body mass index (BMI) of greater or 
equal to 30 and about 20% of adults are severely obese as 
defined by a BMI of greater or equal to 40 (9). According 
to new projections published in the New England Journal 
of Medicine, nearly half (48.9%) of all adults in the United 
States will be obese by 2030 and nearly one quarter (24.2%) 
will be severely obese (21). As the proportion of the popu-
lation older than age 65 grows and becomes more racially 
and ethnically diverse, so too increases the prevalence of 
those individuals who are overweight and obese. Although 
overweight and obesity rates have increased for Americans 
overall in the last decade (21), the largest increase has 
occurred among the older population and among racial 
and ethnic minority adults (9).
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According to the Centers for Disease Control and 
Prevention, the prevalence of obesity is higher among mid-
dle-aged (42.8%) and older adults (41%) than among 
younger adults (35.7%). With respect to race and eth-
nicity, the overall prevalence of obesity is higher among 
non-Hispanic black (46.8%) and Hispanic adults (46%) 
than among non-Hispanic white (37.9%) and Asian adults 
(12.7%). African American women have the highest prev-
alence of obesity (54.8%), followed by Hispanic women 
(50.6%) and Hispanic men (43.1%), respectively (9). Severe 
obesity is more prevalent among women, black Americans, 
and low-income adults (21).

Mental Health Among Older Adults
Overall, the prevalence of mental health disorders declines 
in older age (22,23). Despite declining rates, obesity can 
increase the risk of mental health disorders in this popu-
lation. Studies show that overweight and obesity are as-
sociated with major depression, bipolar disorder, panic 
disorder (4), other anxiety disorders (24), posttraumatic 
stress disorder (3), personality disorders, eating disorders, 
and alcohol use disorder (24,25). Thus, the mental health 
of older adults cannot be fully appreciated without consid-
ering the current and projected rise in obesity among this 
population over the next decade.

Obesity and mental health are two different conditions 
that are typically examined in separate literatures, with 
few reporting prevalence rates for the co-occurrence of 
these conditions. However, available evidence on depres-
sion provides an interesting picture of the relationship be-
tween obesity and mental health across race and ethnicity. 
Key findings from the National Health and Nutrition 
Examination Surveys, 2005–2010 (the most recent statis-
tics available) reported that 43% of adults with depression 
were obese, and adults with depression were more likely 
to be obese than adults without depression (26). The re-
lationship between obesity and depression varied by race 
and ethnicity but only among women. Forty-five percent 
of white women with depression were obese, whereas 
32% of white women who did not have depression were 
obese. However, among non-Hispanic black and Mexican 
American men and women, rates of obesity did not differ 
by depression status. These findings provide some evidence 
for the varying effects of race and ethnicity on the associ-
ation between obesity and mental health and highlight the 
need for studies that attempt to explain this variation.

Race and Ethnic Variation in Obesity and 
Mental Health
Despite the clear connection between obesity and mental 
health in the general population of older adults, findings 
are divergent when race and ethnicity are examined. Some 
studies report a higher risk for psychiatric disorders for 

overweight or obese white older adults compared to other 
racial and ethnic groups (27–30). For example, Xiang 
and An (31) used data from the Health and Retirement 
Study—a nationally representative longitudinal sample—
to examine the onset of depressive symptoms among 6514 
middle-aged and older adults. Findings indicated that being 
overweight was significantly associated with future onset 
of depressive symptoms among whites, but there was no 
association between weight and depression onset among 
African Americans or Hispanics. Other studies report a 
higher risk for depression among overweight or obese 
African Americans than whites (16). In a study of 2406 
community-dwelling African American and white older 
adults, higher BMI was associated with higher levels of de-
pressive symptoms 3 years later among African Americans 
overall, and in particular, those with lower levels of edu-
cation. This relationship was not found among whites. In 
contrast, a study of Korean older adults found a significant 
association between weight and depression, but the findings 
diverged from those reported for African Americans and 
whites. Specifically, in a longitudinal representative sample 
of more than 10,000 Korean adults aged 45 and older, 
underweight participants had higher levels of depres-
sive symptoms compared to normal-weight participants. 
Moreover, there were no significant differences in depressive 
symptoms between normal weight, overweight, and obese 
participants (17). Finally, a study by Kim and colleagues 
(19) examined the association between weight and mental 
health status among a nationally representative sample of 
2017 older adults aged 60 and older. The sample included 
547 white, 814 black, 401 Hispanic, and 255 Asian older 
adults. Findings indicated that black and Asian older adults 
had better self-rated mental health at higher levels of BMI, 
whereas white and Hispanic older adults had poorer self-
rated mental health at higher levels of BMI.

These studies document an association between obe-
sity and mental health among older adults. However, the 
role of race and ethnicity in this association is not entirely 
clear. The race comparative approach employed in most of 
these studies has an underlying assumption that racial and 
ethnic groups are monolithic and, thus, can be compared to 
each other in the aggregate. However, the race comparative 
approach obscures important variation within racial and 
ethnic groups across a range of demographic, cognitive, so-
cial, and environmental factors that might help us better 
understand how obesity is associated with mental health in 
diverse populations.

Empirical Investigations of Heterogeneity in 
Obesity and Mental Health Disorders
Studies of obesity and mental health indicate that the asso-
ciation between these conditions is inconsistent, with some 
studies reporting no association (6), others reporting a pos-
itive association (2,32), and still others reporting a nega-
tive association (7,8). However, many of these studies are 
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limited to the extent that they consider heterogeneity in obe-
sity and mental health disorders and how certain “types” 
or categories of these conditions are related to each other. 
Recent studies reporting improved cardiovascular prog-
nosis (33) and reduced mortality among overweight and 
obese older adults as compared with leaner ones (34) sug-
gest that the effects of obesity on health are not universal, 
but rather might be associated with different levels of dis-
ease risk. Findings from these studies point to a “healthy 
obese phenotype” which is defined as obesity in the absence 
of common metabolic complications of obesity (e.g., high 
blood pressure, high triglycerides, low high-density lipopro-
tein cholesterol, and elevated inflammatory markers). For 
example, Jokela and colleagues (35) examined the associ-
ation between metabolic health and depressive symptoms 
using pooled data from eight cohort studies with more 
than 30,000 men and women aged 15–105 years old (mean 
age  =  46.1). Findings indicated that both metabolically 
healthy and metabolically unhealthy obese participants 
had an increased risk of depressive symptoms. However, 
participants with a metabolically unhealthy obese profile 
had 23% higher odds of depressive symptoms compared to 
participants with a metabolically healthy obese profile (de-
fined as no more than one metabolic risk factor).

In addition to examining variation in obesity profiles, 
it is also important to consider heterogeneity within 
mental health categories. Mental health disorders are 
not fixed and independent entities, but rather predict 
the future occurrence of the same disorder (homotypic 
continuity) and other disorders (heterotypic continuity) 
(36). Moreover, the course of mental illness varies be-
tween individuals and can be defined by transitions in 
and out of different stages over the course of the disease, 
including remission, relapse, recurrence, and persistence 
(37). There are also subcategories within a diagnosis 
which can pose different risks for obesity. A  study by 
Chou and Yu (38) found that older adults with lifetime 
atypical depression (e.g., loss of appetite and initial or 
late insomnia) had an elevated risk of obesity compared 
to those with classic depression (e.g., hypersomnia and 
increased appetite), undifferentiated depression (e.g., 
did not meet criteria either for classic or for atypical de-
pression), or no depression. Another notable study by 
Marijnissen and colleagues (39) examined the relation-
ship between obesity and depressive symptoms taking 
into account different measures for obesity (BMI, waist 
circumference, and waist-to-hip ratio) and different 
depressive symptom clusters (cognitive-affective and 
somatic-affective symptoms) among 1,284 older adults. 
Findings indicated that depressive symptoms, overall, 
were associated with BMI, but only the somatic-affective 
symptom cluster was related to visceral obesity, which is 
a more specific measure of metabolic health than BMI.

Collectively, studies that consider population heteroge-
neity offer an approach to future studies that empirically 
capture the wide variation that exists within and across 

populations that are not solely defined by an obesity cat-
egory or mental health diagnosis. Such investigations 
have the potential to reveal profiles, subpopulations, and/
or risk types and can increase our understanding of the 
current body of evidence that demonstrates wide varia-
tion in outcomes across racial and ethnic groups that are 
regarded as inconsistent rather than a reflection of popu-
lation heterogeneity. More systematic investigations are 
needed that explicitly examine obesity and mental health 
phenotypes among racial and ethnic minority older adults 
(40). We also need studies that go beyond describing obe-
sity phenotypes in exclusively physiological terms. For 
example, what are the cognitive, behavioral, social, or en-
vironmental factors that define these phenotypes? What is 
the mental health profile of healthy phenotypes compared 
to unhealthy phenotypes? How many phenotypes exist and 
does the number of phenotypes vary by race or ethnicity? 
Additional studies are needed that examine a wide range of 
contextual factors, both independently and interactively, to 
determine an obesity–mental health typology among older 
racial and ethnic minority populations.

Cognitive Mechanisms Link Race to Obesity 
and Mental Health
Perceived body weight is a mechanism that links obe-
sity to mental health and potentially explains variation 
in this relationship across race and ethnicity. The idea of 
self-perceptions of weight is heavily rooted in cultural 
norms that define what is attractive and acceptable. Social 
differences in perceived body weight are especially rele-
vant to the current discussion because culturally defined 
standards of beauty allow for variation in how individuals 
evaluate their body weight, which influences health and 
lifestyle decisions. Self-perception of body weight is also 
associated with mental health outcomes and, as such, is a 
common mechanism that links obesity to mental health. 
Negative body image and body dissatisfaction have been 
implicated as risk factors for various forms of psychopa-
thology, including depression, anxiety, and eating disorders 
(41–43). Consequently, persons who are dissatisfied with 
their bodies are likely to be at great risk for mental health 
problems.

To date, most studies about perceptions of body weight 
have examined college students or young adults (44). Less 
is known about perceptions of weight in later life, perhaps 
because of the assumption that body issues diminish in 
importance among older adults. To the contrary, evidence 
suggests that concerns about aging and its effect on body 
weight and physical appearance are common in late life, 
particularly among older women (45,46). Studies also in-
dicate that gender and race intersect to shape perceptions 
about body weight and size among older adults. In a study 
that compared black and white women aged 65 and older, 
Stevens and colleagues (47) documented that overweight 
black women were more satisfied with their weight, less 
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likely to feel guilty after overeating, less likely to diet, and 
more likely to consider themselves attractive than over-
weight white women. They also found that, among women 
who were not overweight, white women were more likely 
than black women to describe themselves as overweight 
and report a lower ideal body weight.

Studies of perceived body image are important because 
of their potential for explaining the association between 
obesity and mental health outcomes, both independently 
of and in combination with relative body weight. These 
studies raise questions about using measures such as BMI 
to conceptualize obesity because it is a condition that is 
multidimensional. That is, obesity defined quantitatively, 
using BMI for example, might be useful for classifying 
individuals into weight categories that are generally as-
sociated with some level of health risk. However, obesity 
defined qualitatively (e.g., perceived body image) might be 
more useful for assessing the impact of weight on mental 
health status. Schieman and colleagues (48) used a sample 
of 1,164 older adults to examine gender, race, and socioeco-
nomic status (SES) interactions on body image perceptions, 
including perceived weight versus actual BMI categories 
across gender–race groups. Findings indicated that black 
older adults were more likely than white older adults to 
underestimate their weight (i.e., describe themselves as ap-
propriate weight when in fact they were classified in over-
weight or obese BMI categories). At higher levels of SES, 
black women were more likely than other race–gender 
groups to describe themselves as obese when they, in fact, 
had lower BMI than low-SES black women. Low-SES black 
women, however, had a higher BMI than high-SES black 
and white women, but they tended to perceive heavier body 
types as more attractive. In contrast, low-SES white women 
were more likely than the other race–gender groups to de-
scribe themselves as obese.

Studies that examine the impact of body image dissat-
isfaction (BID) on mental health among older adults are 
limited. However, a study by Gavin and colleagues (49) 
provides an empirical example of this relationship. These 
researchers examined the association between obesity, BID, 
and depression in a population-based sample of 4,660 mid-
dle-aged and older women. Obesity and BID increased the 
risk of depression among women with fewer years of educa-
tion. For women with more years of education, obesity was 
not directly associated with depression, but increased their 
risk of depression through BID. The strength of the associa-
tion between relative weight and body image among higher 
SES older women in this study is consistent with findings 
from Schieman and colleagues (48), Gavin and colleagues 
(50), and other studies showing that high-SES women re-
port more dissatisfaction or concern with their bodies than 
low-SES women (with the exception of white women (48)). 
Findings from these studies identify body image percep-
tion as an important mediator in the relationship between 
obesity as defined by BMI and depression among certain 
segments of the population. Findings also provide insight 

into how core dimensions for stratification—race, gender, 
and SES—intersect to shape perceptions of body weight.

Social and Behavioral Mechanisms Link 
Race to Obesity and Mental Health
One fairly recent hypothesis that attempts to explain the 
common mechanisms that link obesity and mental health 
is the Environmental Affordances (EA) model. Because the 
EA hypothesis considers a wide range of contextual factors, 
it does offer a fruitful approach for understanding how 
obesity and mental health are related and thus provides a 
roadmap for future studies. The EA hypothesis focuses on 
the social origins of health disparities and considers mul-
tiple pathways that connect race to mental health. These 
pathways include social factors as defined by exposure to 
psychosocial stress and behavioral factors as defined by 
coping behaviors (51). This hypothesis provides a frame-
work for understanding the seemingly paradoxical associa-
tion between obesity and mental health among some racial 
and ethnic minority groups—namely, higher rates of stress-
related health conditions (e.g., obesity, cardiovascular dis-
ease, and type 2 diabetes) but lower rates of common forms 
of psychopathology (e.g., major depression and anxiety 
disorders) than whites. According to this hypothesis, em-
pirical findings that indicate a lower prevalence of stress-
related mental health disorders among blacks relative to 
whites, despite large disparities in stress-related health 
conditions in middle- and older age, are explained by un-
healthy coping behaviors that suppress the effects of stress 
on mental health, but elevate the risk for obesity-related 
chronic health conditions.

Jackson and colleagues (18) conducted one of the 
first studies that tested the EA hypothesis by estimating 
the stress-buffering effects of unhealthy behaviors, meas-
ured by tobacco use, alcohol use, and obesity, on de-
pression and chronic health conditions among African 
Americans and whites. Using data from two waves of the 
Americans’ Changing Lives Study and a sample of 872 
African Americans and 1,906 whites, findings showed a 
moderating effect of unhealthy behaviors for both African 
Americans and whites, but in opposite ways. For African 
Americans, the relationship between stressful life events 
and depression was weakest for those who engaged in 
unhealthy behaviors compared to those who had not en-
gaged in unhealthy behaviors. However, among whites, the 
opposite was found; the association between stressful life 
events and depression was stronger for those who engaged 
in more unhealthy behaviors than those who engaged in 
fewer unhealthy behaviors. Stressful life events increased 
the risk for chronic health conditions for both blacks and 
whites. However, unhealthy behaviors were positively as-
sociated with chronic health conditions for blacks but not 
for whites. Findings from this study suggest that unhealthy 
behaviors, such as smoking, overeating, and drinking al-
cohol, may alleviate the effects of stress on the mental health 
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of blacks, but not whites. And it is these same behaviors 
that increase the risk for chronic health conditions, such as 
obesity, among blacks, but this was not the case for whites 
in this study.

Since this study, other researchers have tested the EA 
hypotheses using racially and ethnically diverse samples. 
Rodriquez and colleagues (20) used a sample of 6,479 
middle-aged and older African Americans, Hispanics, 
and whites from the Health and Retirement Study to as-
sess the role of unhealthy behaviors (i.e., current smoking, 
excessive and/or binge drinking, and obesity) in the rela-
tionship between chronic stress and depressive symptoms 
(20). Findings indicated that the interaction between 
chronic stress and unhealthy behaviors was significant for 
Hispanics, but not for African Americans or whites. For 
middle-aged and older Hispanics, the effect of chronic 
stress on depressive symptoms increased with each level of 
unhealthy behavior. Findings from this study also indicated 
that obesity increased the risk of depressive symptoms, but 
only for Hispanics.

One limitation of these studies that is worth noting 
is that the researchers used obesity as a proxy measure 
for poor diet and low physical activity. The existence of 
a metabolically healthy obesity phenotype challenges the 
assumption that obesity can be primarily defined by BMI, 
the types of food consumed, or the level of physical ac-
tivity. Obesity is a dynamic condition that requires a wider 
range of measurements than what is currently used to cap-
ture it. An alternative approach to using obesity as a proxy 
measure for “diet” is to measure the type of food that is 
consumed. One study examined the relationship between 
food consumption, depressive symptoms, and body weight 
in a sample of 4,655 middle-aged women (52). The purpose 
of this study was to examine the extent to which the pos-
itive association between BMI and depressive symptoms 
was explained by specific food choices. Findings showed 
that women who consumed low-calorie foods (e.g., green 
salad, roast chicken, baked fish, and low-fat milk) reported 
fewer depressive symptoms and had a lower BMI than 
their counterparts. In contrast, women who consumed 
high-calorie sweet foods (e.g., cake, chocolate, cornbread, 
and soda) reported higher depressive symptoms but had a 
lower BMI than their counterparts. Finally, women who 
consumed high-calorie nonsweet foods (e.g., french fries, 
potato salad, pasta, chips, and cheese) reported fewer de-
pressive symptoms but had a higher BMI compared to their 
counterparts. The principal finding from this study was that 
BMI and depressive symptoms appear to be associated with 
different food preferences, sweet foods in the case of lower 
BMI and higher depressive symptoms and nonsweet in the 
case of higher BMI and lower depressive symptoms. Both 
of these food types would be considered a “poor diet” but 
they have differential effects on weight and mental health 
outcomes.

Collectively, these studies suggest that some behaviors 
defined as unhealthy might serve a protective function 

against stress and, thus, explain variation in findings for 
obesity and mental health outcomes across older racial 
and ethnic minority groups. There is some indication from 
this body of evidence that stress coping with “unhealthy 
behaviors” is more protective for the mental health of mid-
dle-aged and older African Americans (18,19) than among 
older whites and Hispanics (18,20). However, more re-
search is needed to clarify the role of race and ethnicity 
in these relationships. Findings of a preference for high-
calorie sweets among older women with depressed mood 
provide additional insight by identifying food choice as a 
mechanism that links obesity to mental health disorders.

Biological and Physiological Mechanisms 
Link Race to Obesity and Mental Health
Unhealthy behaviors such as smoking, drinking alcohol, 
and eating unhealthy foods may act along the same bio-
logical pathways that contribute to some mental health 
disorders (53,54). Studies that demonstrate the associa-
tion between obesity and mental health disorders might, 
in fact, be demonstrating shared pathological mechanisms 
through the stress–response system rather than pathologies 
that presumably have different etiologies. The positive 
associations between stress, weight gain, obesity, and BMI 
are well documented (55,56). Furthermore, the connection 
between stress and metabolic dysfunction is stronger in 
individuals with higher BMI than in those with lower BMI 
(57), suggesting that stress elevates obesity risk especially in 
individuals with higher BMI. Moreover, unhealthy dietary 
habits, in particular, have been linked to alterations in the 
intestinal tract that could contribute to obesity and its met-
abolic and psychological complications (58). The higher 
prevalence of obesity in African Americans and Hispanics 
relative to whites has not been systematically explored 
along these lines.

Hypotheses such as the EA model are founded on the 
basis of the link between the environment and the stress re-
sponse. However, studies that test the EA hypothesis do not 
directly test the biological stress–response system. Direct 
tests require studies that examine physiological responses 
to environmental factors. For example, gut microbiota is 
a mediating factor between the environment and health. 
Human gastrointestinal microbiota, also known as gut mi-
crobiota, are the microorganisms that live in the digestive 
tracts of humans which are extremely important to health 
and the progression of disease in older adults (59,60). 
Alteration of gut microbiota is affected by a variety of 
factors including exposure to stress, environment, diet, 
medications, stage of the lifecycle, and comorbid diseases. 
A number of diseases have been linked with alterations in 
the gut microbial community, including diabetes (61–63), 
obesity (64), and mental health disorders such as depres-
sion (65,66).

Research on the gut microbiota is currently 
revolutionizing our understanding of the links between 
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the environment, obesity, and mental health. However, 
racial and ethnic diversity is generally underrepresented 
in current microbiota studies. Currently, there is only 
one study that examined differences in gut microbiota 
across race and ethnicity (67). Using a sample of healthy 
Asian-Pacific Islanders, whites, Hispanics, and African 
Americans, findings indicated that race and ethnicity con-
sistently captured gut microbiota with a slightly stronger 
effect size than other variables such as BMI, age, and sex. 
Moreover, race and ethnicity were predictable from total 
gut microbiota differences. These findings suggest that mi-
crobiota differences by race and ethnicity have the poten-
tial to explain disparities in health and obesity and may be 
a common mechanism in the etiology of obesity and mental 
health. This line of inquiry is in its infancy and much more 
research is needed to understand the extent to which race 
and ethnicity can capture facets of biological variation. 
However, race and ethnicity are often used as a proxy for 
socioeconomic variation in population studies and to char-
acterize health disparity incidence. Whether self-reported 
race and ethnicity are a useful proxy for biological varia-
tion will be determined, and perhaps challenged, in future 
studies. Nevertheless, findings from this study emphasize 
the importance of including racially and ethnically diverse 
samples in future studies to account for race and ethnic var-
iation as a potential confounding factor in studies linking 
biological differences to disease.

Conclusions
Understanding the link between obesity and mental health 
among racial and ethnic minority older adults has never 
been more important. The rise in obesity in the older adult 
population is a public health concern that will have a signif-
icant and potentially overwhelming impact on individuals, 
families, communities, and the health care system. While 
the prevalence of mental health disorders declines with age, 
the rates of obesity are rising the most among older adults 
in general and among racial and ethnic minority adults in 
particular. The potential for obesity to increase the risk 
for mental health problems in these populations is likely, 
but not very well understood. Racial and ethnic minority 
older adults, in particular black Americans and Hispanics, 
have the highest prevalence of overweight and obesity, 
but, overall, are reported to have relatively lower rates of 
mental health disorders compared to whites. However, a 
careful review of the studies that examine both obesity and 
mental health presents a more complex picture.

Our current understanding of the relationship be-
tween obesity and mental health among older racial and 
ethnic minority groups is limited to the extent that the 
body of research is generally pursued without considera-
tion of race, ethnicity, or age, is primarily epidemiological 
with a focus on establishing prevalence rates, documents 
the link between obesity and mental health but falls short 
of identifying the mechanisms that link these conditions. 

Collectively, findings from this body of evidence indicate 
that the risk for mental health disorders in overweight and 
obese older adults will increase for some but not for others 
and that this might not be entirely determined by race or 
ethnicity. Because of population heterogeneity, it is more 
likely than not that there is a typology of obesity–mental 
health that is defined by a wide array of contextual factors, 
including race and ethnicity. Future studies are needed that 
examine a wider variety of causal factors that range from 
structural to physiological mechanisms and how these 
factors interact in diverse populations to affect obesity and 
mental health status.

Currently, the comparative approach that is common in 
many studies reviewed for this article obscures heteroge-
neity within populations and limits the ability to identify 
subpopulations of older adults with varying risk profiles. 
Thus, our greatest gap in knowledge is not regarding whether 
obesity and mental health are related, or whether race and 
ethnicity have some impact on the association between 
these conditions, but rather in how risk factors interact 
with one another to increase or decrease risk and, thus, who 
will be most at risk for poor outcomes. Future studies are 
needed that empirically identify risk and protective profiles 
using more rigorous methodological approaches, including 
latent class mixture models, longitudinal designs, and large 
racially and ethnically diverse samples.

Findings from the studies reviewed, collectively, have 
the potential to move the field forward and bring us closer 
to understanding common etiology between obesity and 
mental health, and to discovering phenotypes that pose 
the highest risk for health complications. Existing studies 
have been very useful for identifying structural, social, be-
havioral, and cognitive factors that explain variation in 
outcomes across groups—whether these groups are dis-
tinguished by obesity class, mental health status, race, or 
ethnicity. The idea that gut microbiota can be determined 
by race and ethnicity is a groundbreaking discovery with 
significant implications for understanding how structural 
and social determinants of health “get under the skin” and 
lead to the tremendous variation observed in obesity and 
mental health outcomes in older minority adults. Future 
studies should continue to examine these contextual factors 
interactively, but should prioritize studies that more explic-
itly examine how racism structures environmental and so-
cial exposures, health behaviors, access to health care and 
health information, and mental health service utilization.

The field has advanced in the identification of impor-
tant risk factors and causal mechanisms linking obesity and 
mental health disorders, but still has not reached the stage 
where we can determine the level of risk—high or low—for 
comorbid obesity and mental health disorders among older 
minority populations. Some gaps can be filled by improving 
the methodology with better representation of older racial 
and ethnic minorities in studies, stratified data analysis, lon-
gitudinal studies to capture the course of the disease, and the 
use of more comprehensive measures that conceptualize the 
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dynamic nature of obesity and mental health disorders. In 
other cases, an interdisciplinary approach is needed to cap-
ture the array of causal factors that have yet to be considered 
jointly to better understand the pathways whereby struc-
tural factors get under the skin. In the end, a reasonable goal 
of this research is to be able to predict which older adult 
is more likely to suffer from comorbid obesity and mental 
health problems and to be able to prevent, delay, or treat 
them to improve their quality of life.

Funding
None declared.

Conflicts of Interest
None declared.

References
1. Heo M, Pietrobelli A, Fontaine KR, Sirey JA, Faith MS. Depressive 

mood and obesity in US adults: comparison and moderation by 
sex, age, and race. Int J Obes. 2006;30(3):513–519. doi:10.1038/
sj.ijo.0803122

2. Xiang X, An R. Obesity and onset of depression among US mid-
dle-aged and older adults. J Psychosom Res. 2015;78(3):242–248.  
doi:10.1016/j.jpsychores.2014.12.008

3. Smith BN, Tyzik AL, Neylan TC, Cohen BE. PTSD and obesity 
in younger and older veterans: results from the mind your heart 
study. Psychiatry Res. 2015;229(3):895–900. doi:10.1016/j.
psychres.2015.07.044

4. Simon  GE, Von  Korff  M, Saunders  K, et  al. Association be-
tween obesity and psychiatric disorders in the US adult popu-
lation. Arch Gen Psychiatry. 2006;63(7):824–830. doi:10.1001/
archpsyc.63.7.824

5. Kuo  H, Jones  RN, Milberg  WP, et  al. Cognitive function in 
normal‐weight, overweight, and obese older adults: an anal-
ysis of the advanced cognitive training for independent and 
vital elderly cohort. J Am Geriatr Soc. 2006;54(1):97–103. 
doi:10.1111/j.1532-5415.2005.00522.x

6. John U, Meyer C, Rumpf HJ, Hapke U. Relationships of psychi-
atric disorders with overweight and obesity in an adult general 
population. Obes Res. 2005;63(7):824–830. doi:10.1038/
oby.2005.13

7. Lawlor  DA, Hart  CL, Hole  DJ, Gunnell  D, Smith  GD. Body 
mass index in middle life and future risk of hospital admission 
for psychoses or depression: findings from the Renfrew/Paisley 
study. Psychol Med. 2007;37(8):1151–1156. doi:10.1017/
S0033291707000384

8. Carpenter KM, Hasin DS, Allison DB, Faith MS. Relationships 
between obesity and DSM-IV major depressive disorder, suicide 
ideation, and suicide attempts: results from a general population 
study. Am J Public Health. 2000;90(2):251–257. doi:10.2105/
AJPH.90.2.251

9. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obe-
sity among adults and youth: United States, 2015–2016. NCHS 
data brief, no 288. National Center for Health Statistics; 2017.

10. Kodjebacheva G, Kruger DJ, Rybarczyk G, Cupal S. Racial/ethnic 
and gender differences in the association between depressive 
symptoms and higher body mass index. J Public Health (United 
Kingdom). 2015;37(3):419–426. doi:10.1093/pubmed/fdu062

11. Kelley EA, Bowie JV, Griffith DM, Bruce M, Hill S, Thorpe RJ. 
Geography, race/ethnicity, and obesity among men in the 
United States. Am J Mens Health. 2015;10(3):228–236. 
doi:10.1177/1557988314565811

12. Miyamoto Y, Boylan JM, Coe CL, et al. Negative emotions predict 
elevated interleukin-6 in the United States but not in Japan. Brain 
Behav Immun. 2013;34:79–85. doi:10.1016/j.bbi.2013.07.173

13. Park J, Kitayama S, Markus HR, et al. Social status and anger 
expression: the cultural moderation hypothesis. Emotion. 2013. 
doi:10.1037/a0034273

14. Curhan  KB, Sims  T, Markus  HR, et  al. Just how bad nega-
tive affect is for your health depends on culture. Psychol Sci. 
2014;13(6):1122–1131. doi:10.1177/0956797614543802

15. Kitayama S, Park J, Boylan JM, et al. Expression of anger and 
ill health in two cultures: an examination of inflammation 
and cardiovascular risk. Psychol Sci. 2015;26(2):211–220. 
doi:10.1177/0956797614561268

16. Sachs-Ericsson N, Burns AB, Gordon KH, et al. Body mass index 
and depressive symptoms in older adults: the moderating roles 
of race, sex, and socioeconomic status. Am J Geriatr Psychiatry. 
2007;15(9):815–825. doi:10.1097/JGP.0b013e3180a725d6

17. Kim  J, Noh  JW, Park  J, Kwon  YD. Body mass index and de-
pressive symptoms in older adults: a cross-lagged panel anal-
ysis. PLoS One. 2014;9(12):e114891. doi:10.1371/journal.
pone.0114891

18. Jackson J, Knight K, Rafferty J. Race and unhealthy behaviors: 
chronic stress, the HPA axis, and physical and mental 
health disparities over the life course. Am J Public Health. 
2010;100(5):933–939. doi:10.2105/AJPH.2008.143446

19. Kim  G, Parmelee  P, DeCoster  J, Bryant  AN, Chiriboga  DA. 
The relation between body mass index and self-rated mental 
health among older adults: do racial/ethnic differences exist? 
Am J Geriatr Psychiatry. 2014;22(7):661–669. doi:10.1016/j.
jagp.2012.08.011

20. Rodriquez EJ, Gregorich SE, Livaudais-Toman J, Pérez-Stable EJ. 
Coping with chronic stress by unhealthy behaviors: a re-eval-
uation among older adults by race/ethnicity. J Aging Health. 
2017;29(5):805–825. doi:10.1177/0898264316645548

21. Ward ZJ, Bleich SN, Cradock AL, et al. Projected U.S. State-level 
prevalence of adult obesity and severe obesity. N Engl J Med. 
2019;381:2440–2450. doi:10.1056/NEJMsa1909301

22. Substance Abuse and Mental Health Services Administration. 
Key Substance Use and Mental Health Indicators in the United 
States: Results From the 2018 National Survey on Drug Use 
and Health. HHS Publ No PEP19-5068, NSDUH Ser H-54. 
Substance Abuse and Mental Health Services Administration; 
2019. doi:10.1016/j.drugalcdep.2016.10.042

23. Reynolds  K, Pietrzak  RH, El-Gabalawy  R, Mackenzie  CS, 
Sareen  J. Prevalence of psychiatric disorders in U.S.  older 
adults: findings from a nationally representative survey. World 
Psychiatry. 2015;14(1):74–81. doi:10.1002/wps.20193

24. Rajan TM, Menon V. Psychiatric disorders and obesity: a review 
of association studies. J Postgrad Med. 2017;63(3):182–190. 
doi:10.4103/jpgm.JPGM_712_16

8 Innovation in Aging, 2020, Vol. 4, No. 5

Copyedited by: NI

https://doi.org/10.1038/sj.ijo.0803122
https://doi.org/10.1038/sj.ijo.0803122
https://doi.org/10.1016/j.jpsychores.2014.12.008
https://doi.org/10.1016/j.psychres.2015.07.044
https://doi.org/10.1016/j.psychres.2015.07.044
https://doi.org/10.1001/archpsyc.63.7.824
https://doi.org/10.1001/archpsyc.63.7.824
https://doi.org/10.1111/j.1532-5415.2005.00522.x
https://doi.org/10.1038/oby.2005.13
https://doi.org/10.1038/oby.2005.13
https://doi.org/10.1017/S0033291707000384
https://doi.org/10.1017/S0033291707000384
https://doi.org/10.2105/AJPH.90.2.251
https://doi.org/10.2105/AJPH.90.2.251
https://doi.org/10.1093/pubmed/fdu062
https://doi.org/10.1177/1557988314565811
https://doi.org/10.1016/j.bbi.2013.07.173
https://doi.org/10.1037/a0034273
https://doi.org/10.1177/0956797614543802
https://doi.org/10.1177/0956797614561268
https://doi.org/10.1097/JGP.0b013e3180a725d6
https://doi.org/10.1371/journal.pone.0114891
https://doi.org/10.1371/journal.pone.0114891
https://doi.org/10.2105/AJPH.2008.143446
https://doi.org/10.1016/j.jagp.2012.08.011
https://doi.org/10.1016/j.jagp.2012.08.011
https://doi.org/10.1177/0898264316645548
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1016/j.drugalcdep.2016.10.042
https://doi.org/10.1002/wps.20193
https://doi.org/10.4103/jpgm.JPGM_712_16


25. Scott KM, McGee MA, Wells JE, Oakley Browne MA. Obesity 
and mental disorders in the adult general population. J Psychosom 
Res. 2008;32(1):192–200. doi:10.1016/j.jpsychores.2007.09.006

26. Pratt LA, Brody DJ. Depression in the U.S. household popula-
tion, 2009–2012. NCHS data brief, no 172. National Center for 
Health Statistics; 2014.

27. Carter JD, Assari S. Sustained obesity and depressive symptoms 
over 6  years: race by gender differences in the Health and 
Retirement Study. Front Aging Neurosci. 2017;8:312. 
doi:10.3389/fnagi.2016.00312

28. Xiang X, An R. Depression and onset of cardiovascular disease 
in the US middle-aged and older adults. Aging Ment Health. 
2015;19(12):1084–1092. doi:10.1080/13607863.2014.1003281

29. Assari  S. Baseline body mass predicts average depressive 
symptoms over the next two decades for white but not black older 
adults. Geriatrics. 2019;4(1):14. doi:10.3390/geriatrics4010014

30. Blazer  DG, Moody-Ayers  S, Craft-Morgan  J, Burchett  B. 
Depression in diabetes and obesity: racial/ethnic/gender is-
sues in older adults. J Psychosom Res. 2002;53(4):913–916. 
doi:10.1016/s0022-3999(02)00314-8

31. Xiang  X, An  R. Body weight status and onset of cogni-
tive impairment among US middle-aged and older adults. 
Arch Gerontol Geriatr. 2015;60(3):394–400. doi:10.1016/j.
archger.2015.02.008

32. Luppino FS, De Wit LM, Bouvy PF, et al. Overweight, obesity, 
and depression: a systematic review and meta-analysis of lon-
gitudinal studies. Arch Gen Psychiatry. 2010;67(3):220–229. 
doi:10.1001/archgenpsychiatry.2010.2

33. Vecchié A, Dallegri F, Carbone F, et al. Obesity phenotypes and 
their paradoxical association with cardiovascular diseases. Eur J 
Intern Med. 2018;48:6–17. doi:10.1016/j.ejim.2017.10.020

34. Cheng FW, Gao X, Mitchell DC, et al. Metabolic health status 
and the obesity paradox in older adults. J Nutr Gerontol Geriatr. 
2016;35(3):161–176. doi:10.1080/21551197.2016.1199004

35. Jokela M, Hamer M, Singh-Manoux A, Batty GD, Kivimäki M. 
Association of metabolically healthy obesity with depressive 
symptoms: pooled analysis of eight studies. Mol Psychiatry. 
2014;19(8):910–914. doi:10.1038/mp.2013.162

36. Jaddoe VWV, Van Duijn CM, Franco OH, et al. The Generation 
R Study: design and cohort update 2012. Eur J Epidemiol. 
2012;27(9):739–756. doi:10.1007/s10654-012-9735-1

37. Uher R, Zwicker A. Etiology in psychiatry: embracing the reality 
of poly-gene–environmental causation of mental illness. World 
Psychiatry. 2017;16(2):121–129. doi:10.1002/wps.20436

38. Chou K, Yu K. Atypical depressive symptoms and obesity in a 
national sample of older adults with major depressive disorder. 
Depress Anxiety. 2013;30(6):574–579. doi:10.1002/da.22098

39. Marijnissen  RM, Bus  BAA, Holewijn  S, et  al. Depressive 
symptom clusters are differentially associated with general 
and visceral obesity. J Am Geriatr Soc. 2011;59(1):67–72. 
doi:10.1111/j.1532-5415.2010.03228.x

40. Rey-López  JP, de  Rezende  LF, Pastor-Valero  M, Tess  BH. The 
prevalence of metabolically healthy obesity: a systematic re-
view and critical evaluation of the definitions used. Obes Rev. 
2014;15(10):781–790. doi:10.1111/obr.12198

41. Forman M, Davis WN. Characteristics of middle-aged women 
in inpatient treatment for eating disorders. Eat Disord. 
2005;13(3):231–243. doi:10.1080/10640260590932841

42. Ivezaj V, Saules KK, Hoodin F, et al. The relationship between 
binge eating and weight status on depression, anxiety, and body 
image among a diverse college sample: a focus on bi/multira-
cial women. Eat Behav. 2010;11(1):18–24. doi:10.1016/j.
eatbeh.2009.08.003

43. Woodside  BD, Staab  R. Management of psychiatric comor-
bidity in anorexia nervosa and bulimia nervosa. CNS Drugs. 
2006;20(8):655–663. doi:10.2165/00023210-200620080-00004

44. Cameron E, Ward P, Mandville-Anstey SA, Coombs A. The fe-
male aging body: a systematic review of female perspectives on 
aging, health, and body image. J Women Aging. 2019;31(1):3–17.  
doi:10.1080/08952841.2018.1449586

45. Allaz AF, Bernstein M, Rouget P, Archinard M, Morabia A. Body 
weight preoccupation in middle-age and ageing women: a general pop-
ulation survey. Int J Eat Disord. 1998;23(3):287–294. doi:10.1002/
(sici)1098-108x(199804)23:3<287::aid-eat6>3.0.co;2-f

46. Clarke LH. Older women’s perceptions of ideal body weights: 
the tensions between health and appearance motivations for 
weight loss. Ageing Soc. 2002;22(6):751–773. doi:10.1017/
S0144686X02008905

47. Stevens  J, Kumanyika SK, Keil  JE. Attitudes toward body size 
and dieting: differences between elderly black and white women. 
Am J Public Health. 1994;84(8):1322–1325. doi:10.2105/
AJPH.84.8.1322

48. Schieman S, Pudrovska T, Eccles R. Perceptions of body weight 
among older adults: analyses of the intersection of gender, race, 
and socioeconomic status. J Gerontol B Psychol Sci Soc Sci. 
2007;62(6):S415–S423. doi:10.1093/geronb/62.6.S415

49. Gavin  AR, Simon  GE, Ludman  EJ. The association between 
obesity, depression, and educational attainment in women: the 
mediating role of body image dissatisfaction. J Psychosom Res. 
2010;69(6):573–581. doi:10.1016/j.jpsychores.2010.05.001

50. Gavin  AR, Rue  T, Takeuchi  D. Racial/ethnic differences in 
the association between obesity and major depressive dis-
order: findings from the comprehensive psychiatric epide-
miology surveys. Public Health Rep. 2010;125(5):698–708. 
doi:10.1177/003335491012500512

51. Mezuk B, Abdou CM, Hudson D, et al. “White Box” epidemi-
ology and the social neuroscience of health behaviors: the en-
vironmental affordances model. Soc Ment Health. 2013;3(2). 
doi:10.1177/2156869313480892

52. Jeffery RW, Linde JA, Simon GE, et al. Reported food choices 
in older women in relation to body mass index and depres-
sive symptoms. Appetite. 2009;52(1):238–240. doi:10.1016/j.
appet.2008.08.008

53. Lovallo  WR. The hypothalamic–pituitary–adrenocortical 
axis in addiction. Int J Psychophysiol. 2006;59(3):193–194. 
doi:10.1016/j.ijpsycho.2005.10.006

54. Vreeburg  SA, Hoogendijk  WJG, van  Pelt  J, et  al. Major de-
pressive disorder and hypothalamic–pituitary–adrenal axis ac-
tivity. Arch Gen Psychiatry. 2009;66(6):617–626. doi:10.1001/
archgenpsychiatry.2009.50

55. Torres  S, Nowson  C. Relationship between stress, eating be-
havior, and obesity. Nutrition. 2007;23(11–12):887–894. 
doi:10.1016/j.nut.2007.08.008

56. Ayanian JZ, Block JP, He Y, Zaslavsky AM, Ding L. Psychosocial 
stress and change in weight among US adults. Am J Epidemiol. 
2009;170(2):181–192. doi:10.1093/aje/kwp104

Innovation in Aging, 2020, Vol. 4, No. 5 9

Copyedited by: NI

https://doi.org/10.1016/j.jpsychores.2007.09.006
https://doi.org/10.3389/fnagi.2016.00312
https://doi.org/10.1080/13607863.2014.1003281
https://doi.org/10.3390/geriatrics4010014
https://doi.org/10.1016/s0022-3999(02)00314-8
https://doi.org/10.1016/j.archger.2015.02.008
https://doi.org/10.1016/j.archger.2015.02.008
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1016/j.ejim.2017.10.020
https://doi.org/10.1080/21551197.2016.1199004
https://doi.org/10.1038/mp.2013.162
https://doi.org/10.1007/s10654-012-9735-1
https://doi.org/10.1002/wps.20436
https://doi.org/10.1002/da.22098
https://doi.org/10.1111/j.1532-5415.2010.03228.x
https://doi.org/10.1111/obr.12198
https://doi.org/10.1080/10640260590932841
https://doi.org/10.1016/j.eatbeh.2009.08.003
https://doi.org/10.1016/j.eatbeh.2009.08.003
https://doi.org/10.2165/00023210-200620080-00004
https://doi.org/10.1080/08952841.2018.1449586
https://doi.org/10.1002/(sici)1098-108x(199804)23:3<287::aid-eat6>3.0.co;2-f
https://doi.org/10.1002/(sici)1098-108x(199804)23:3<287::aid-eat6>3.0.co;2-f
https://doi.org/10.1017/S0144686X02008905
https://doi.org/10.1017/S0144686X02008905
https://doi.org/10.2105/AJPH.84.8.1322
https://doi.org/10.2105/AJPH.84.8.1322
https://doi.org/10.1093/geronb/62.6.S415
https://doi.org/10.1016/j.jpsychores.2010.05.001
https://doi.org/10.1177/003335491012500512
https://doi.org/10.1177/2156869313480892
https://doi.org/10.1016/j.appet.2008.08.008
https://doi.org/10.1016/j.appet.2008.08.008
https://doi.org/10.1016/j.ijpsycho.2005.10.006
https://doi.org/10.1001/archgenpsychiatry.2009.50
https://doi.org/10.1001/archgenpsychiatry.2009.50
https://doi.org/10.1016/j.nut.2007.08.008
https://doi.org/10.1093/aje/kwp104


57. Sinha  R. Chronic stress, drug use, and vulnerability to addic-
tion. Ann N Y Acad Sci. 2008;1141:105–130. doi:10.1196/
annals.1441.030

58. Agustí A, García-Pardo MP, López-Almela I, et al. Interplay be-
tween the gut–brain axis, obesity and cognitive function. Front 
Neurosci. 2018;12:155. doi:10.3389/fnins.2018.00155

59. Claesson MJ, Jeffery  IB, Conde  S, et  al. Gut microbiota com-
position correlates with diet and health in the elderly. Nature. 
2012;488:178–184. doi:10.1038/nature11319

60. Guigoz Y, Doré J, Schiffrin EJ. The inflammatory status of old 
age can be nurtured from the intestinal environment. Curr 
Opin Clin Nutr Metab Care. 2008;11(1):13–20. doi:10.1097/
MCO.0b013e3282f2bfdf

61. Daly  DM, Park  SJ, Valinsky  WC, Beyak  MJ. Impaired in-
testinal afferent nerve satiety signalling and vagal af-
ferent excitability in diet induced obesity in the mouse. 
J Physiol. 2011;589(Pt 11):2857–2870. doi:10.1113/
jphysiol.2010.204594

62. de  Lartigue  G, de  La  Serre  CB, Raybould  HE. Vagal af-
ferent neurons in high fat diet-induced obesity; intestinal 

microflora, gut inflammation and cholecystokinin. Physiol Behav. 
2011;105(1):100–105. doi:10.1016/j.physbeh.2011.02.040

63. Grasset  E, Puel  A, Charpentier  J, et  al. A specific gut 
 microbiota dysbiosis of type 2 diabetic mice induces GLP-1 
resistance through an enteric NO-dependent and gut–brain 
axis mechanism. Cell Metab. 2017;25(5):1075–1090. 
doi:10.1016/j.cmet.2017.04.013

64. Ley RE. Obesity and the human microbiome. Curr Opin Gastroenterol. 
2010;26(1):5–11. doi:10.1097/MOG.0b013e328333d751

65. Maes M, Kubera M, Leunis JC. The gut–brain barrier in major 
depression: intestinal mucosal dysfunction with an increased 
translocation of LPS from gram negative enterobacteria (leaky 
gut) plays a role in the inflammatory pathophysiology of depres-
sion. Neuro Endocrinol Lett. 2008;29(1):117–124.

66. Grenham S, Clarke G, Cryan JF, Dinan TG. Brain–gut–microbe 
communication in health and disease. Front Physiol. 2011;2:94. 
doi:10.3389/fphys.2011.00094

67. Brooks AW, Priya S, Blekhman R, Bordenstein SR. Gut micro-
biota diversity across ethnicities in the United States. PLoS Biol. 
2018;16(12): e2006842. doi:10.1371/journal.pbio.2006842

10 Innovation in Aging, 2020, Vol. 4, No. 5

Copyedited by: NI

https://doi.org/10.1196/annals.1441.030
https://doi.org/10.1196/annals.1441.030
https://doi.org/10.3389/fnins.2018.00155
https://doi.org/10.1038/nature11319
https://doi.org/10.1097/MCO.0b013e3282f2bfdf
https://doi.org/10.1097/MCO.0b013e3282f2bfdf
https://doi.org/10.1113/jphysiol.2010.204594
https://doi.org/10.1113/jphysiol.2010.204594
https://doi.org/10.1016/j.physbeh.2011.02.040
https://doi.org/10.1016/j.cmet.2017.04.013
https://doi.org/10.1097/MOG.0b013e328333d751
https://doi.org/10.3389/fphys.2011.00094
https://doi.org/10.1371/journal.pbio.2006842

