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DEBATE
High adiposity: risk factor for dementia and
Alzheimer’s disease?
Deborah R Gustafson1,2* and José A Luchsinger3
Abstract

Higher levels of total and central adiposity, measured as higher body mass index (BMI) (in kilograms per square meter),
waist circumference, or waist-to-hip ratio, have been associated with late-onset Alzheimer’s disease (AD). However,
some epidemiologic studies do not support this association, and potential underlying biological mechanisms that
provide biological plausibility are not clear in terms of providing direct links to adipose tissue. Studies linking adiposity
to AD have considered adiposity measures from mid-life and late-life. Given an evolving background trajectory of BMI
that exists over the life course and the influence of dementia processes on BMI, results have been conflicting
depending on when BMI is measured in relationship to clinical AD onset. This has made interpretation of the BMI-AD
literature difficult. This debate will briefly review the epidemiologic evidence for and against an association between
higher adiposity and AD, issues of timing of the adiposity measure in relation to AD onset, potential biological
mechanisms for observed associations, and explanations for conflicting evidence.
Introduction
In 2003, the association between higher adiposity, estimated
higher body mass index (BMI) and late-onset Alzheimer’s
disease (AD) was published [1]. Whether higher adipos-
ity, manifested as overweight and obesity, can cause AD
remains controversial. The main reason for this controversy
is that epidemiological studies show conflicting data on
the association of adiposity and AD. Some studies show
increased AD risk in relation to higher adiposity, some
studies show lower risk, some studies show non-linear
associations, and some studies show no association. This
debate will briefly review the evidence for and against an
association between higher adiposity and AD.

Evidence supporting an association between
higher adiposity and Alzheimer’s disease
Some of the most compelling evidence comes from studies
of mid-life risk factors. Higher adiposity at mid-life is
associated with a higher risk for dementia or AD in ep-
idemiologic studies [2-5], whether measured as BMI or
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central obesity. Increased adiposity is an important
mortality risk factor, and most studies showing an associ-
ation between higher adiposity and dementia point to its
being a survivorship phenomenon. It is observed among
those who survive long enough to be at risk for late-onset
dementia/AD, which usually means survivorship beyond
65 years of age. Most studies [1-3,6-9] show that a high
BMI is a risk factor for dementia when measured at least a
decade prior to a clinical dementia diagnosis. Fewer studies
in late-life (for example, older than 65 years) show this as-
sociation compared with those in mid-life [1,10]. Elevated
adiposity in late-life is also associated with the alterations in
brain structure and function that typically accompany cog-
nitive deficits, dementia, and AD. These alterations include
decreased gray matter volumes, increased white matter le-
sions, and reduced white matter integrity. More specifically,
abnormalities in brain regions such as the amygdala, hippo-
campus, and frontal cortex; decreased cortical thickness;
axonal degradation; and decreased functional connectivity
in the brain have been observed. Some of this literature has
been reviewed [11].
There is biological evidence that elevated adiposity is

an independent risk factor for dementia/AD. This comes
primarily from the fact that adiposity is a risk factor for
or on the causal pathway leading to hypertension, type 2
diabetes, and cardiovascular diseases, all of which have
also been shown to increase risk for dementia [12]. It is
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plausible that elevated adiposity could increase the risk
of dementia through cerebrovascular disease, decreasing
the threshold for manifestation of AD pathology, or dir-
ectly by affecting the accumulation of amyloid or neurode-
generative processes in the brain, the culprit of AD [12].
In addition, adipose tissue is metabolically active, secreting
adipokines and sex hormones, whose actions on the brain
we are still learning [13].

Evidence against an association between elevated
adiposity and Alzheimer’s disease
Some studies of mid-life adiposity, including a cohort
study of Japanese-American men [14] and a cohort of
Swedish women [15], have not found an association
between elevated adiposity and dementia. Several studies
report inverse [5,16,17] or non-linear [18] associations
between elevated adiposity and dementia. Although
postulating that elevated adiposity could be beneficial
for cognition seems implausible, the finding that leptin,
which is elevated with elevated adiposity, is neuroprotec-
tive and associated with lower AD risk [19] could provide
an explanation.

Explanations for conflicting evidence
Potential reasons that could explain the conflicting evi-
dence include biases that affect the study of the association
of adiposity and AD, competing risks, reverse causality, and
lifespan trajectories of adiposity. Elevated adiposity is a risk
factor for increased mortality. Thus, persons with elevated
adiposity may not survive to the age at which they would
develop AD in some cohorts, explaining negative or inverse
associations. Error in the measurement of adiposity may
also be an issue [12]. In particular, BMI may not be a good
measure of adiposity in old age, and at least two studies
have shown no association of adiposity with AD by using
BMI but have demonstrated an association by using mea-
sures of central obesity [10,20]. However, a recent study
compared measures of adiposity in relation to cognition
and found the same inverse association across measures
[21]. Competing risks are common in evaluating associa-
tions between high adiposity and disease since high adi-
posity is greatly correlated with other morbidities, such as
hypertension. This makes it difficult to statistically dissoci-
ate the effect of high BMI from that associated with vascu-
lar phenotypes. In terms of reverse causality, it has been
shown that weight loss may precede the diagnosis by
decades [22]. Reverse causality seems plausible because
AD is known to affect olfaction early and this could affect
eating behavior. In addition, latent AD may be accompan-
ied by metabolic changes that we do not yet understand.
Studies allowing the description of life course trajectories
(that is, those with lengthy, repeated follow-ups, and ex-
tending from mid- to late-life) show that the direction of
the BMI-AD relationship changes direction during adult
life. As such, both elevated adiposity in mid-life and lower
BMI or body weight in late-life are associated with
higher dementia/AD risk [15,20]. In addition, as shown
in a Swedish cohort of women followed for over 37 years,
there was a lesser increase in BMI from ages 38 to 70 years
among the women who developed dementia compared
with those who did not. Subsequently, after age 70, the
BMI slope decreased similarly (no ‘accelerated decline’) in
women with and those without dementia [11,15]. A lower
BMI before and during dementia onset was also observed.
This is in contrast to the Honolulu-Asia Aging Study, a
study of Japanese-American men, in which baseline body
weight was not related with dementia onset, but rate
and degree of body weight decline were [14]. This latter
observation is also evident in later-life studies such as the
Religious Orders study [23] and using clinical data from the
National Alzheimer Coordinating Center [24].
Many biological hypotheses have been brought forward

with regard to this reverse epidemiological phenomenon
and include the relative balance between vascular and
neurodegenerative events from mid- to late-life; the action
of endocrine adipose (in particular, leptin, a predominant
adipose tissue hormone); changes in body composition
with aging to include morphological changes in fat cells
and the adipose tissue compartment, diminishing muscle
mass, sarcopenia, and somatic frailty; and among women,
especially, there is the role of reproductive aging and
changes in the sex hormone milieu, a source of which
is adipose tissue. Finally, observed trajectories of BMI,
accompanied by the changes that are observed with
AD and aging, point to a potential dysregulation of energy
metabolism in development of AD neuropathology as
well as clinical AD. This dysregulation may be driven, in
part, by changes in body composition with aging, leading
ultimately to sarcopenia and frailty in the periphery and
cognitive frailty in the brain.

Conclusions
At the simplest level, there are not one, but several
statements about this controversial literature on elevated
adiposity and AD. In mid-life, elevated adiposity can be
considered a risk factor for dementia/AD. This relation-
ship seems much more complicated in late-life. Declining
body weight and BMI resulting in low BMI could be a
marker of dementia/AD risk in late-life. Elevated adiposity
in late-life could also be a risk factor when accompanied
by cerebrovascular risk factors. However, elevated adiposity
in late-life is also a marker of factors associated with sur-
vival and overall general health. Lastly, it is important to
determine whether factors associated with adiposity, such
as leptin, are neuroprotective. It is possible that the bal-
ance between detrimental and beneficial factors associated
with adiposity determines cognitive outcomes, particularly
in survivors to old age. This issue requires more research
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given the global epidemic of elevated adiposity, overweight
and obesity, and the longer survival of the population.
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