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Recent research suggests that increased adiposity is associated with poor cognitive performance, independently of associated medical conditions. The evidence
regarding this relationship is examined in this review article. A relatively consistent finding across the lifespan is that obesity is associated with cognitive deficits,
especially in executive function, in children, adolescents and adults. However, as
illustrated by contradictory studies, the relationship between obesity and cognition is uncertain in the elderly, partly because of inaccuracy of body mass index as
a measure of adiposity as body composition changes with aging. This review
further discusses whether obesity is a cause or a consequence of these cognitive
deficits, acknowledging the possible bidirectional relationship. The possible effects
of increased adiposity on the brain are summarized. Our investigations suggest
that weight gain results, at least in part, from a neurological predisposition
characterized by reduced executive function, and in turn obesity itself has a
compounding negative impact on the brain via mechanisms currently attributed to
low-grade systemic inflammation, elevated lipids and/or insulin resistance. The
possible role of cognitive remediation treatment strategies to prevent and/or treat
obesity is discussed.
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Introduction
Obesity, defined by accumulation of excess adipose tissue,
has become a worldwide epidemic with dramatic consequences for health because of its association with increased
heart disease, hypertension, diabetes, stroke and cancer
(1,2). While some of these medical comorbidities are themselves associated with adverse cognitive effects (3–6), recent
research suggests that adiposity has a specific association
with cognitive function. Obese rats have been shown to
perform worse on learning and memory tasks compared
with rats of normal weight (7,8). Notably, non-obese rats
740

fed a high-fat diet have also been shown to be cognitively
impaired compared with those fed normal chow (9–13). In
humans, recent investigations across the lifespan have
examined whether obese individuals have cognitive deficits
compared with their normal-weight counterparts. Childhood and adult obesity is increasing dramatically and if
obese individuals show early impairment of cognitive performance this could lead to a larger and even more devastating epidemic: that of earlier onset dementia. Midlife
obesity is already a risk factor for dementia in the elderly
(14–18). While there is a focus on improving cognition and
function in the elderly, in an obese individual there may be
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greater impediments to improvement. With the substantial
increase in obesity, a significant decline in cognitive performance could have further functional implications, not only
for the individual but for society in general.
The evidence regarding the relationship between obesity
and cognition across the lifespan is reviewed in this article.
We first summarize and discuss the findings of the association in childhood and adolescence (age 4 to 18 years), in
adulthood (age 19–65 years) and in the old (age 65–99
years). There is also evidence that poor performance in
cognitive function in children predicts future increase in
body mass index (BMI), suggesting a bidirectional relationship. The effects of weight loss and high-fat diets on cognition will be briefly discussed. In addition, this review will
examine the effects of obesity on the brain via neuroimaging methods, with mention of potential biological mechanisms for this association.

Cognitive function refers to the processing, integration,
storage and retrieval of information. Cognitive function
includes perception, attention, memory and executive function. Executive function, the most consistent deficit found in
the obese, encompasses a diverse range of cognitive processes facilitating initiation, planning, regulation, sequencing and achievement of complex goal-oriented behaviour
and thought (22,23), which in turn may impact on eating
behaviour. Executive function has been usually measured by
tasks such as the Wisconsin Sorting task, the Stroop task or
the Trail Making test, which measure switching and cognitive flexibility, and the Iowa gambling task, which measures
inhibition and rule acquisition. However, working memory
has also been suggested to be part of executive function (24).
Cognitive dysfunction or impairment has been usually estimated by statistically significant deficits in test performance
compared with healthy controls or normative data.

Methods

Results

PubMed, Medline and PsycInfo were searched for words
such as ‘obesity’, ‘adiposity’, ‘overweight’, ‘body mass
index’, ‘weight’, ‘waist circumference’ or ‘waist to hip
ratio’ paired with ‘cognition’, ‘cognitive function’ or ‘cognitive performance’. Studies that used the Mini-mental
state examination (19) were excluded because (i) it is of
relevance as a screening measure only in the elderly; (ii) it is
not a sensitive or specific measure of integrity for particular
cognitive domains and (iii) the score is affected by education and cultural factors (20). Any additional articles
meeting inclusion criteria but not identified by search were
crosschecked. Articles were scanned to ensure that the association between obesity and cognition was examined.
In this review, we selected only articles that measured
both obesity and cognition, with primary aim to identify
the relationship between these two constructs. That is,
other articles examining obesity with another condition,
such as hypertension, were not included in this review
(unless hypertension was included as a covariate). The literature on metabolic syndrome was also excluded for four
reasons (i) the clinical construct metabolic syndrome has
multiple definitions with different criteria and obesity is the
main factor we are interrogating; (ii) a review of cognitive
dysfunction in metabolic syndrome was published in 2007
(21) (although most studies included in the present review
were published after 2007); (iii) metabolic syndrome
cannot be diagnosed in children under 10 years old and (iv)
metabolic syndrome and its relationship to cognition have
usually been examined in the middle aged or elderly.
In these studies obesity was defined primarily by BMI
(kg m-2) of 30 or above in adults (unless otherwise stated),
and above the 95th percentile for age and height in children. High waist-to-hip ratio or high waist circumference
was also used as a measure of adiposity in a few studies.

Cognitive deficits in obese children and
adolescents (aged 4–18 years)
Nine cross-sectional studies were found which examined
obesity and cognitive function in children and adolescents
(see Table 1). Some studies were population-based whereas
others reflected a clinically obese population. Obesity
was defined using standard growth curves (weight above
the 95th percentile classified as obese) and compared with
normal weight. Alternatively, using a linear regression
model, an increasing BMI was associated with lower cognitive function, suggesting a linear relationship. All crosssectional articles were published within the last 5 years,
highlighting this as a developing area. Findings have been
relatively consistent, with eight of the nine studies showing
significantly poor cognitive indices in obese individuals
compared with those of normal weight.
Cognitive deficits in obese children and adolescents were
found most consistently in tests of executive function (25–
28), while some studies also found deficits in short-term
memory (29) (an aspect of executive function (24)), global
functioning (30,31) and verbal abilities (32) compared with
normal-weight adolescents. It has been suggested that
impairment in verbal abilities in young age could lead to
impairment in executive function (33). The study that did
not report an association between high weight and poor
cognitive function used standard growth curve of BMI in a
regression model to predict cognitive function (34). This
study was limited in that only 10% of participants were
overweight. It is likely that the negative effects of adiposity
on cognition in children and adolescents are only detected
over a threshold, i.e. only in the obese.
Probably one of the best studies showing the clear association between elevated BMI and cognitive dysfunction in
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BMI > 19.8 kg m-2
for boys and
BMI > 19.7 kg m-2 for
girls

Age matched
normal-weight
boys

21 Normal-weight
siblings; 17
Prader–Willi
Syndrome

Compared with
other weight
groups

9,415 children aged
Non-obese
4.4–8.6 years (4.3% of
girls and 2.4% of boys
were obese)
– population-based

Gunstad et al. Standard BMI growth 478 (45 overweight)
(2008) (34)
curves mean
children/adolescents
BMI = 26.21 kg m-2
aged 12.46 years
(range 6–19 years)
– population-based

Mond et al.
(2007) (26)

24 (12 obese) boys,
mean age 12 years
– school children

12 early onset
morbidly obese (EMO
individuals aged 4–22
years [mean: 10.9
years])
– clinic setting

>150% of ideal body
weight

Miller et al.
(2006) (30)

Cognitive tests

None

Covariates/exclusions

Digit Span backward, Trial
Making Test B, Verbal recall;
Animal fluency; finger tapping

Standardized test to assess
motor development,
development of speech,
cognitive development, and
psychosocial development

Digit Span memory task,
Raven’s progressive matrices,
semantic verbal fluency, D2
attention endurance test,
Wisconsin sorting card

An association between obesity and impairment in
gross motor skills was found in the entire sample
after controlling for covariates. When separated by
gender, obese women were impaired in their ability
to focus attention continuously during the
examination (executive function) compared with
normal-weight girls.

Obese children performed worse on the Wisconsin
sorting card test (executive function) and D2
attention endurance task despite similar intelligence
and memory capacity to that of the control group

Overall cognitive ability score was significantly lower
in the EMO compared with control siblings, but
significantly higher compared with Prader–Willi
syndrome. EMO subjects also had lower thinking
ability, cognitive efficiency, phonemic awareness &
working memory (executive function) than controls.

Negative relationship between BMI and verbal
abilities, especially evident in girls

Results

Age and education
No associations were found between BMI and
Exclusion: mental illness or
cognitive function
family history of mental
illness, neurological injury and
any significant medical
condition

Age, nationality, year of
recruitment, location and
duration of kindergarten

None

Woodcock–Johnson test of
Sex
cognitive abilities and
achievement, overall cognitive
ability score

Multiple regression Matrices, verbal abilities,
analyses
affective labelling, display
rules, false beliefs

Controls

Obesity and cognitive function across lifespan

Cserje’si et al. BMI = 27.16 kg m-2
(2007) (27)

60 boys and 69 girls
aged 5 years
– school children

BMI as a continuum

Azurmendi
et al. (2005)
(32)

Study population
and ascertainment

How was obesity
measured?

Reference

Table 1 Nine cross-sectional studies of the association between obesity and cognition in children and adolescents (4–19 years old)
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25 adolescents aged
12–19 years (mean
16.2 years) with mean
BMI of 54 kg m-2
(range 35–78 kg m-2)
– clinic setting

17 EMO individuals
aged 4–22 years
(mean: 10.9 years)
– clinic setting

BMI > 99% for their
gender and age
(extremely obese)

BMI > 95% before the
age of 4 years

Used BMI, classified
according to Obesity
Task Force criteria

Lokken et al.
(2009) (25)

Miller et al.
(2009) (31)

Verdejo-García
et al. (2010)
(28)
34 healthy
adolescents aged
13–16 years

15 Normal-weight
siblings 16
Prader–Willi
Syndrome

79 adolescents
served as
normative data

Compared
between weight
groups in a
regression
analysis

Controls

Stroop test, letter number
sequencing, similarities, zoo
map, five digit test, Trial
Making Test A and B, revised
strategy application test, Iowa
Gambling Task

Woodcock–Johnson test of
cognitive abilities and
achievement, overall cognitive
ability score

Wide range achievement test
(reading subset), Wechsler
(vocabulary and matrix
reasoning), digit span,
continuous performance task,
verbal interference, switching
of attention, maze task,
go-no-go test

WISC-R (block design, digit
span), wide range
achievement test (reading
and arithmetic), global
functioning

Cognitive tests

Age

None

None, no differences in
cognition in those with and
without sleep apnoea, no
correlation of cognition with
depression

Age, gender, ethnicity,
education, marital status of
the family head, family
income, dwelling, hours
watching TV, exercise, sports,
health status, blood pressure,
heart rate, iron deficiency,
psychological and social
variables

Covariates/exclusions

Overweight and obese adolescents show poorer
performance on tests of executive function –
inhibition, flexibility and decision making

Overall cognitive ability score was significantly lower
in the EMO compared with controls. No significant
difference between those with early onset obesity
compared with Prader–Willi syndrome.

Obesity was associated with poor cognitive
performance, especially in the area of executive
function

After including all covariates, overweight children
performed significantly poorly in the digit span test,
a test of attention and working memory, and in
global functioning. When dichotomizing the z-scores
and performance below 2 was classified as poor,
results showed that overweight children performed
significantly poorly on block design, a measure of
general mental ability and visuospatial organization,
after controlling for confounding variables.

Results

Obesity and cognitive function across lifespan

Underlined references did not find an association between obesity and cognition or found opposite associations than expected.
BMI, body mass index; EMO, early morbid obese; WISC, Wechsler Intelligence Scale for Children.

8 overweight and 19
obese adolescents
aged 13–16 years
– recruited for
treatment

2,519 children
(overweight: 360)
aged 8–16 years old
(mean = 12);
– population-based

Overweight BMI:
>95th percentile for
age and height

Li et al. (2008)
(29)

Study population
and ascertainment

How was obesity
measured?

Reference

Table 1 Continued
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children is a study by Li et al. as it included over 2,000
children and an impressive number of covariates (29). This
study found that overweight children (BMI > 95% of
recommended age and height) performed significantly
poorly on the digit span test, a test of working memory and
attention, and in global functioning.

Cognitive deficits in obese adults
(aged 19–65 years)
Fifteen cross-sectional and four prospective studies examined the relationship between obesity and cognitive performance in adults aged 19 to 65 years (see Table 2). The
evidence is highly consistent with 14 out of the 15 crosssectional studies showing a negative association between
obesity and cognition, 11 of these consistently finding a
deficit in the area of executive function (35–51).
The first cross-sectional account of an association
between increased adiposity and poor cognitive performance (44) found that obese army men had significantly
lower cognitive test scores than the normal-weight men.
However, because social class is positively associated with
cognition (52) and negatively associated with BMI (53), the
authors re-analysed the data in six levels of socioeconomic
status (45). Cognitive test scores increased with parental
social class in both groups. Within each social class,
however, the obese group had lower test scores than the
normal-weight group, supporting the idea that obesity, not
socioeconomic class, is more strongly related to poor cognitive function. This is in fact consistent with recent data by
the US Department of Health and Human services (54)
showing only a small association of income and education
(both estimates of socioeconomic status) with obesity in
women but not in men. A recent review article on socioeconomic status and obesity (55) also found this.
Other cross-sectional studies suggest that higher BMI is
associated with poorer performance on tests of global cognitive function, memory and language (46–50) and motor
skills (46,51). The one study that did not find a crosssectional association between obesity and cognition was
comprised of 108 participants aged 40 to 66 years, only 21
of whom were obese (56). The limited number of obese
subjects in this sample may have contributed to the lack of
significant results. The other 14 studies found a negative
association between adiposity and poor cognitive performance, although most studied a younger sample.
Four prospective studies investigated the possible impact
of obesity on cognitive function and cognitive decline. In
Cournot et al.’s (47) 5-year longitudinal study, higher BMI
at baseline was associated with cognitive decline, but no
relationship was found between change in BMI and
decrease in cognitive function. Another prospective study
found an increase in waist-to-hip ratio from early to late
midlife predicted a lower performance in tests of executive
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function (43). Other prospective study found that a higher
BMI in midlife is a risk factor for cognitive decline (42),
especially in the area of executive function. Gunstad et al.’s
(50) prospective data showed that higher waist-to-hip
ratio was associated with slower performance in the Trial
Making Test B, a measure of executive function, as age
increased. Memory also declined over time as a function of
weight gain. However, contrary to the above findings, waist
circumference and BMI were associated with faster performance on the Trail Making Test A, a test of processing
speed, as age increased.
In summary, the findings in adults, 19 to 65 years, are
similar to that of children and adolescents, with overweight
and obesity being associated with low cognitive performance. Although obese individuals also presented with deficits in language, motor and memory domains, these deficits
were most consistently found in the executive function
domain. Obesity also predicted cognitive decline, but
changes in weight itself did not consistently predict changes
in cognition. Before discussing the mechanisms and possible
bidirectional relationships, the association of obesity and
cognition in the old will be reviewed.

Cognitive performance in obese old adults (aged
66–95 years)
The literature on the relationship between obesity and
cognition in the old is more complex than in children,
adolescents and adults. Seven cross-sectional and three prospective studies were found within this age group and these
are described in Table 3. Cross-sectional studies up to the
mean age of 72 years show that obesity is negatively associated with cognition (46,57–62), whereas the two studies
with a mean age above 73 show the opposite association,
with obesity being positively associated with cognitive performance (46,62).
Prospective studies show similar results to cross-sectional
studies, findings being somewhat age dependent and contradictory. One study showed that obesity does predict
cognitive decline (63). The other two studies found that
obesity either predicted higher cognitive performance (64)
or less decline in cognitive function (65). Weight loss was
associated with poor cognitive performance in the old (66).
The possible mechanisms that could account for these findings are described in the discussion section below.

Discussion
Obesity and cognition in children, adolescents
and adults
The studies on obesity and cognition in children, adolescents and adults provide substantial evidence that obesity is
positively associated with cognitive deficits, independent
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15 overweight or
obese (mean
age = 28.5 years)
– obesity clinic setting
108 participants aged
40–66 years (mean
age of 54.2 years), 21
obese participants
– community sample
408 adult participants
aged 20–82 years
(separated young:
20–50 years, vs. old:
50–82 years). Only
results for the young
are presented
– population-based
cohort.
10 overweight women
aged 18–55 years
– volunteers

BMI > 25 kg m-2

BMI > 30.0 kg m-2
No participant above
260 pounds

BMI > 25 kg m-2

BMI = 25.7–30.1 kg m-2

Davis et al.
(2004) (38)

Ward et al. (2005)
(56)
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Gunstad
et al. (2007)
(41)

Roberts
et al. (2007)
(35)

50 healthy normal
weight

Normal-weight
adults

Compared BMI in
a stepwise linear
regression
analysis

26 normal-weight
individuals

13 normal-weight
women

26 (13 obese adult
onset) women (age
ranged 21–49 years)
– obesity clinic setting

BMI
mean = 39.2 kg m-2

Etou et al.
(1989) (51)

Normal-weight
controls

Controls

Normative data

1,806 obese men and
2,719 normal-weight
men aged 18–21
years
– populationbased cohort

Study population
and ascertainment

44 obese adults
(mean age = 33 years)
– obesity clinic setting

Morbid obesity, more
than 100% overweight

BMI ⱖ31 kg m-2

How was obesity
measured?

Chelune
et al. (1986)
(37)

Cross-sectional studies
Sorensen
et al. (1982)
(44)

Reference

Set shifting (Wisconsin sorting
task, perseverative errors,
TMT, Brixton task, CatBat
task, haptic illusion task),
detail focus (Rey complex
figure, the group embedded
figure task)

Attention (digit span forward,
choice reaction time, TMT A),
executive function (span of
visual memory, verbal
interference, TMT B, maze
errors)

WAIS, RAVLT, TMT A and B

Iowa gambling task: a
decision making test measure
of executive function

Psychomotor (tap test,
transfer coordination test,
traverse speed test), time
cognition (time judgment
estimation, and reproduction)
– both as self-cued or
externally cued

WAIS, TMT A and B, category
test – non-verbal measure of
new concept formation and
high cognitive problem
solving

Danish intelligence test
named BPP-53: four subsets
concerning letter matrices,
verbal relations, number
series, and figure analysis

Cognitive tests

None

Estimated intelligence,
years of education, sex,
and self-reported
measures of anxiety,
depression and stress

Age, BMI, family history of
AD, APOE genotype, total
cholesterol, systolic and
diastolic BP, gender,
education

Emotional over-eating

Matched on intelligence,
age, height and education

None

Time and place of
examination

Covariates/exclusions

Table 2 Fifteen cross-sectional and four prospective studies on the association between obesity and cognition in adults aged 18 to 65 years

Moderate to strong effect sizes are seen
for the tasks measuring detail focus with
the overweight having lower scores.
Small effect sizes are seen for the
set-shifting tasks, measure of executive
function.

Overweight and obese individuals
performed worse on tests of executive
function compared with normal-weight
individuals

No associations between BMI and
cognitive performance were found

Participants with high BMI performed
poorly on the Iowa gambling task, a test
of executive function

Obese women showed impaired manual
coordination in tapping, dexterity and
responsiveness tasks. In the time
cognitive test, speed of the obese
subjects was much longer when they
were self-cued as opposed to externally
cued.

24% and 21% of obese patients had
TMT A and B scores (respectively) that
fell within the impaired range. 50% of the
patients were impaired in the Category
test. All tests of executive function.

Obese men had significantly lower
scores than normal-weight men on all
test scores, including tests of executive
function

Results
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Normal-weight
participants

Age and
education
matched
normative data

2,675 participants
aged from 35 to 90
years divided by
middle-age (35–55
years); young old
(60–70 years) and
old-old (75–90 years),
and by male and
female. Only results
for the young and
middle age are
presented in this table
– population-based
cohort.
169 morbidly obese
adults with mean age
of 42 years
– obesity clinic setting

BMI > 25 kg m-2 for men,
BMI > 23.8 kg m-2 for
women WHR > 0.8 for
women, WHR > 1 for men

Average
BMI = 49.24 kg m-2

Nilsson and
Nilsson
(2009) (46)

Lokken et al.
(2010) (40)

Compared within
weight groups in a
regression

Compared within
weight groups in a
regression
analysis

207 individuals aged
19–65 years
(median = 39)
– community setting

917 individuals aged
23–98 years (mean
age 62 years)
– population-based
cohort

Normative data,
Bonferroni
correction used
0.006

68 patients seeking
surgical treatment of
obesity, average age
41 years
– obesity clinic setting

BMI > 30.0 kg m-2

WC and WHR

Dore et al.
(2008) (49)

Controls

Study population
and ascertainment

Age and education
matched normative data

Education (as age and
sex were independent
variables)
Secondary analyses:
excluded demented,
those who suffer high
blood pressure, diabetes
or stroke

Age, sex, hypertension,
CVD, diabetes, insulin
resistance, smoked

Age, education, gender,
examinations, smoking,
cholesterol, prevalent
CVD, CRP, systolic blood
pressure, depression,
glucose and physical
activity

Matched for age and
education

Covariates/exclusions

Obese individuals scored significantly
lower on the Wisconsin sorting card test
and on the Rey complex figure test
(measures of executive function)
compared with normative data

The overweight performed worse on
semantic memory compared with normal
weight. Before the exclusion: All
overweight (WHR) performed worse on
the block design test, a test of motor
function, than normal weight. Overweight
(BMI) middle-age participants also
performed worse on block-design test
than the normal weight.

Results found that obese individuals had
low cognitive performance on executive
function (as measured by the TMT B).
Higher risk was found in women.

WC was inversely related to global
composite, scanning and tracking, and
abstract reasoning (executive function)
after controlling for all covariates except
physical activity. Only similarities
remained inversely related when also
including physical activity. WHR was
inversely related to global composite,
visuospatial organization and working
memory, after controlling for all
covariates except physical activity. When
physical activity was included as a
covariate these associations
disappeared.

Obese individuals performed worse on
measures of executive function
compared with normative data. No
significant differences emerged between
obese individuals with and without
comorbid medical conditions of
hypertension, type II diabetes, and
obstructive sleep apnoea on the tasks of
executive function.

Results
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Wide range achievement test
(reading subset), Wechsler
(similarities, block design,
digit span, digit symbol),
Wisconsin sorting card test,
Rey complex figure test

Vocabulary test, memory tests
(episodic and semantic),
fluency tests, Wechsler block
design test, immediate and
delayed free recall test

Clock drawing test, TMT A
and B

Global composite, verbal
memory, visuospatial
organization, scanning and
tracking (TMT A and B, digit
symbol, symbol search),
working memory (digit span
forward and backward, letter
number sequence, control
oral word associations),
abstract reasoning
(similarities from WAIS),
MMSE

TMT A and B, Wisconsin
sorting test, verbal fluency
(controlled oral word
association test and animal
naming test), verbal learning
(California verbal learning
test-II), reading ability (Wide
range achievement test),
WAIS (similarities, block
design, digit span, and digit
symbol), Rey complex figure
test

Cognitive tests

Obesity and cognitive function across lifespan

Fergenbaum
et al. (2009)
(39)

Average
BMI = 51.18 kg m-2 (range
35–80 k m-2)

How was obesity
measured?

Boeka and
Lokken
(2008) (36)

Reference

Table 2 Continued
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BMI, WC and WHR

Gunstad
et al. (2010)
(50)
Cross-sectional
and
Prospective
Compared within
weight groups in a
mixed effects
regression
analysis

Compared within
weight groups in a
regression
analysis

Global cognitive function
(MMSE, blessed
information-memory-concentration
test), attention and executive
function (WAIS digit span
forward and backward, TMT
A and B), memory (verbal
learning test, Benton retention
test, prospective memory
test), language (letter and
category fluency, Boston
naming test), visuospatial
(card rotations test)

MMSE, short-term verbal
memory, executive function
(AH4-I for reasoning, verbal
and semantic fluency)

Excluded if they had
stroke, dementia,
myocardial infarction,
atrial fibrillation. Controlled
for age, sex, education,
hypertension, glucose
diabetes, anti-lipid
medication.

Age, sex, education,
smoking, weekly alcohol
consumption, frequency
of fruit and vegetables,
moderate activity per
week, MIA, angina, stroke,
diabetes, cholesterol and
blood pressure

Variables were regressed
on age and educational
attainment

Age, sex, education,
diabetes, systolic blood
pressure and perceived
health score

Covariates/exclusions

High BMI, WC and WHR were associated
with poorer performance on global
cognitive function, memory and
language. Higher WHR was associated
with slower performance in the TMT B, a
test of executive function, as age
increased. Memory declined over time as
a function of increasing weight. WC and
BMI were associated with faster
performance on the TMT A as age
increased.

Obese had lower MMSE, memory and
executive function than normal-weight
individuals. These associations were
stronger when individuals were old (e.g.
44 or 61 years) than when they were 25
years. An increase on BMI predicted
lower performance on executive
function tests. Similar results were
encountered with underweight
participants.

Upper quartile on WHR in midlife
predicted poor performance on
executive function and visuomotor skills
12 years later. No significant difference of
BMI > 30 kg m-2 versus BMI < 30 kg m-2
on cognitive function.

Higher BMI was associated with poor
cognitive performance (all tests,
including tests of executive function).
Higher BMI at baseline was associated
with higher cognitive decline. No
association between changes in BMI and
cognitive function.

Results
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Underlined references did not find an association between obesity and cognition.
AD, Alzheimer’s disease; APOE, Apolipoprotein E; BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; WAIS, Wechsler Adult Intelligence Scale; WC, waist circumference;
WHR, waist-to-hip ratio; MIA, myocardial infarction; MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning Test; TMT, Trial Making Test.

1,703 individuals aged
19–93 years (mean
age 55.5 years)
– population-based
cohort

5,641 Caucasian
individuals aged 25
years at baseline and
then measured again
every few years
– population-based
cohort

BMI > 30.0 kg m-2

Sabia et al.
(2009) (42)
Cross-sectional
and
Prospective

Visual reproductions
(immediate and delayed),
paired associates (immediate
and delayed), logical memory
(immediate and delayed)

BMI < 30 kg m-2,
WHR, quartiles
1–3

1,814 participants
aged 40–70 years
(mean age: 52.6
years) at the baseline
– population-based
cohort

Word list learning, immediate
and delayed free recall, WAIS
(digit symbol substitution
test), selective attention test

Cognitive tests

Quintiles of BMI
(each group was
comprised of 445
people)

Controls

2,233 participants
(291 obese) aged 32,
42, 52 or 62 years at
baseline
– population-based
cohort

Study population
and ascertainment

WHR: top quartile
BMI = 30 kg m-2

Quintiles of BMI were
used

How was obesity
measured?

Wolf et al.
(2007) (43)
Prospective
(12 years)

Prospective studies
Cournot
et al. (2006)
(47)
Cross-sectional
and
Prospective
(5 years)

Reference

Table 2 Continued
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2,684 individuals aged 65–94 years
(mean age approx 73 years)
– population-based cohort

90 individuals aged 54–81 years
(mean age 66.2 years)
– community sample

408 adult participants aged 20–82
years (separated young: 20–50
years, vs. old: 50–82 years). Only
results for the old are presented in
this table
– population-based cohort.

BMI > 30 kg m-2
WC > 102 cm for men,
WC > 88 cm for
women

BMI > 25 kg m-2

Waldstein
and Katzel
(2006) (59)

Gunstad
et al. (2007)
(41)

551 men and 872 women aged
55–88 years (mean age 66 years)
– population-based cohort

BMI > 30 kg m-2

BMI > 30 kg m-2

504 men aged 69–74 years (mean
age 72.2 years)
– population-based cohort

Study population

BMI > 28.6 kg m-2

How obesity was
measured

Attention (digit span forward,
choice reaction time, Trial
Making Test A). Executive
function (Span of visual
memory, verbal interference,
Trial Making Test B, Maze
errors).

WAIS (digit forward, digit
backward), immediate and
delayed recall or verbal and
non-verbal memory. Trial
Making Test A and B. Stroop
test, grooved pegboard,
judgment of line orientation
test, block design

Memory (three tests),
reasoning (three tests), speed
of processing (two tasks)

Logical memory, immediate
and delayed recall, visual
reproductions, paired
associate learning, digit span
forward and backward,
similarities and word fluency

Total cognitive score: sum of
the 13 results: WAIS (digit
span forward and backward,
block span forward and
backward, vocabulary),
Claeson-Dahl’s test (verbal
learning and retention), Rey
complex figure, verbal fluency
task, Trial Making Test A, B, C
and D

Cognitive tests

Estimated intelligence
quotient, years of
education, sex, and
self-reported measures of
anxiety, depression and
stress.

Age, education, gender
and any other measures
that correlated with DV.
Excluded those with
cardiovascular disease,
diabetes, neurological
disease, stroke, or major
medical disease

Age, race, sex, study site,
education, smoking,
history of diabetes, stroke,
myocardial infarction,
hypercholesterolemia,
blood pressure

Age, education, level of
occupation, alcohol
consumption, mean
cigarettes per day,
cholesterol level and type
II diabetes

Age, sex, stroke,
education and occupation

Covariates/exclusions

Overweight and obese
individuals performed worse on
tests of executive function
compared with normal weight

Higher WC and BMI were
associated with low scores in
the Grooved Pegtest and
Stroop test, measures of motor
and executive function. This
effect was mediated by
diastolic and systolic blood
pressure.

Overweight participants had
better performance on a
reasoning task than
normal-weight participants.
Overweight and obese
participants performed better
on the visuospatial speed of
processing than normal weight.

Obese men performed
significantly worse on logical
memory (immediate and
delayed), visual reproductions,
digit span backward and word
fluency. An effect on total test
score was also significant. A
marginal effect was seen for
similarities. No significant
results were found for obese
women.

Obesity and smoking were
related to impaired cognitive
function, independent of stroke,
education and occupation

Results
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Normal-weight
adults

Multiple regression
models

Bonferroni
correction to
0.0033

Non-obese
controls

BMI < 28.6 kg m-2

Controls

Obesity and cognitive function across lifespan

Kuo et al.
(2006) (62)

Elias et al.
(2003) (57)

Cross-sectional studies
Kilander
et al. (1997)
(61)

Reference
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2,675 participants aged 35–90 years
divided by middle-age (35–55 years),
young old (60–70 years) and old-old
(75–90 years). Only results for the
old-old are presented in this table
– population-based cohort.
95 women aged 52–92 years (mean
age 67 years)
– community sample

Overweight:
BMI > 25 kg m-2,
WHR > 1 for men;
BMI > 23.8 kg m-2,
WHR > 0.8 for women

BMI > 30 kg m-2

Nilsson and
Nilsson (2009)
(46)

Walther et al.
(2010) (60)

3,885 participants (2,371
African–American participants) 65
years or older (mean 73.8 years)
– population-based cohort

721 Asian individuals aged 60–84
years (mean 68 years)
– population-based cohort

BMI > 30 kg m-2

BMI > 25 kg m-2
For men: WC > 90 cm,
WHR > 0.90
For women:
WC > 80 cm,
WHR > 0.85

Sturnman
et al. (2008)
(65)
Prospective
6 years

© 2011 The Authors
obesity reviews © 2011 International Association for the Study of Obesity 12, 740–755

Han et al.
(2009) (64)
Prospective
2 years

Regression
models and
ANCOVA using
categorical
adiposity
parameters

Mixed effect
regression model

Non-obese
controls

53 normal weight,
22 overweight and
20 obese

Normal-weight
participants

Controls

Word fluency test, Boston
naming test, MMSE, word list
memory, constructional
praxis, word delay recall,
word recognition, construction
recall

MMSE, immediate memory
and delayed recall, symbol
digit test, composite measure
of global function was
computed by combining the
four tests

Logical memory, immediate
and delayed recall, visual
reproductions, paired
associate learning, digit span
forward and backward,
similarities and word fluency

MMSE, WAIS (vocabulary),
Trails A (visuomotor speed).
Memory factors: logical
memory recall, verbal pair
associated, face recognition,
visual paired associates,
long-delay cued recall.
Executive factors: Wisconsin
card sorting test, mental
arithmetic total score, verbal
fluency task, digit span
backwards, mental control.

Vocabulary test, memory tests
(episodic and semantic),
fluency tests, Wechsler block
design test, immediate and
delayed free recall test

Cognitive tests

Age, sex, education,
depression, smoking,
hypertension

Age, sex, race, education.
Adjusting for comorbid
illnesses (stroke, diabetes,
hypertension and heart
disease) did not change
the findings

Age, education,
occupation, native
language, alcohol,
smoking, total cholesterol,
diabetes, hypertension.
Excluded those with
stroke, dementia or
cardiovascular disease

None reported for the
cognitive scores

Education
Secondary analyses:
excluded demented,
those who suffer high
blood pressure, diabetes
or stroke

Covariates/exclusions

For men: increased obesity (BMI,
WC, WHR) over time, when
obese at baseline, was
associated with a positive change
in cognition. For women:
decreased obesity (WHR) over
time, when obese at baseline,
was associated with cognitive
decline.

Cognitive function scores were
found to be lower at both the
lower and upper ends of BMI,
this was especially so for
African–American individuals.
Higher BMI levels were
associated with less decline in
cognitive function.

Obese men showed decrements
on digit span backward, visual
reproductions and global
composite after correction for
multiple covariates. Women also
showed decrements on a few
cognitive measured but none
reached significant after inclusion
of covariates.

Obese women had significantly
lower scores in tests of executive
function compared with
normal-weight participants

Overweight (BMI) old-old
performed significantly better at
the block design test, a test of
motor function, than the old-old
normal weight.

Results
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Underlined references did not find an association between obesity and cognition or found opposite associations than expected.
BMI, body mass index; DV, dependent variable; MMSE, Mini-Mental State Examination; WAIS, Wechsler Adult Intelligence Scale; WC, waist circumference; WHR, waist-to-hip ratio.

551 men and 872 women aged
55–88 years (mean age 66 years)
– population-based cohort

BMI > 30 kg m-2

Prospective studies
Elias et al.
(2005) (63)
Prospective
approx 4–8
years

Study population

How obesity was
measured

Reference

Table 3 Continued
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of socioeconomic factors, depression and cardiovascular
factors. Although it is evident that obesity impacts on
different areas of cognitive function, the most consistent
findings have been with measures of executive function.
Because executive function tends to be associated with
domain-specific processes, such as language, motor function and attention, a deficit in any of these could also
suggest a mild executive dysfunction. Thus, more research
is needed in this area to ensure that obesity is associated
solely with an executive dysfunction or with a number of
deficits.
Past researchers have assumed that adiposity itself does
not contribute to poor cognitive performance but merely
exacerbates cardiovascular disease, which in turn has an
impact on cognition. This hypothesis is not supported by
the evidence from young samples who are not likely to have
cerebrovascular sequelae. It seems that increased adiposity
may be a sufficient condition to affect cognitive performance by mechanisms described later in this review. It is
also possible that low levels of executive function are a risk
factor for an increased BMI and trigger a bidirectional
relationship. The studies in support for this hypothesis are
outlined in the next section.

Cognitive deficits predict obesity
Two studies support the premise that cognitive dysfunction
predicts or causes increased levels of adiposity. One longitudinal study found that low scores on tests of executive function at age 4 predicted a high BMI at age 6 (67). In addition,
higher verbal abilities assessed at 4 years old were associated
with decreased odds of being overweight at age 6. Another
study used a longitudinal birth cohort of 7,990 children
which were first assessed at age 7, then at age 11 and finally
at 33 years of age (68). Teachers’ report of poor hand control
and poor coordination at age 7, and actual tests of motor
coordination and hand control at age 11, both predicted
obesity at age 33, even after adjusting for social class, sex,
mother’s age, standardized birth weight, maternal smoking
during pregnancy, social adjustment score, general motor
disability, mental retardation, epilepsy and BMI at age 7.
These studies show that poor performance in executive
function and motor function are risk factors for an
increased BMI. This suggests that the cognitive deficits may
precede obesity. In fact, one study showed that low levels of
executive function predicted low fruit and vegetable intake
and less physical activity in children (69). To try to understand the possible bidirectional relationship between
obesity and cognition, it would important to examine
whether a poor diet has an effect on cognition. Equally
important would be to examine whether losing weight has
any impact on cognition in the obese. The studies assessing
change in cognition after weight loss and after a poor diet
are described in the next section.
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Cognitive performance after diet or weight loss
Research has shown that a 7-d consumption of a high-fat
diet (74% kcal as fat) impairs cognitive function, processing speed and attention, in sedentary men (70). Other
studies in humans with increased high-fat intake produced
similar results (71,72). As described in the introduction,
these findings have also been found in rats (9–13). This
suggests that the type of diet, rather than obesity, could be
responsible for the cognitive deficits.
In addition, other studies have shown that obese individuals who lost a significant amount of weight had an
improvement of their cognitive performance, unrelated to
improved mood, which could signify that obesity causes the
cognitive dysfunction. One study found that obese individuals after an 8-week diet had an average of 7 kg of
weight loss and improved scores in working memory (73).
Similarly, another study randomized participants with
abdominal obesity to two different diets for 1 year. Participants lost an average of 13 kg and showed improvement in
short-term memory a year later, with no significant difference between groups (74). Obese individuals who underwent bariatric weight loss surgery had improved memory
performance 12 weeks later compared with obese individuals who did not have surgery (75). The three studies
mentioned above show an improvement in memory after
weight loss, but not an improvement in executive function
(although, as said above, working memory has been proposed to be part of executive function) (24). It is possible
that persisting deficits in executive function could exacerbate weight regain long term. Contrary to these findings, a
study randomly allocated 72 obese women aged around 50
years old to a 15% fat weight-reducing diet or to a no diet
condition for 12 weeks (76) and found that weight loss had
no significant effect on cognition, even though their depression scores had significantly reduced and individuals had
lost between 2 kg and 12 kg, with an average weight loss of
7.9 kg.
These studies show that weight loss has the potential of
reversing some negative effects obesity has on cognition.
However, because these studies did not measure any biological variables, nor did they control for exercise which
has been shown to improve cognition, it is impossible to
say whether changes in cognition were modified by the
actual weight loss, exercise or change in metabolic or
inflammatory factors.

Genetic vulnerability
One last hypothesis that needs to be evaluated is whether
obesity and low cognitive performance have a common
genetic vulnerability. That is, there could be a gene(s) for
both obesity and cognitive impairment triggered by the
environment. Research has repeatedly shown a strong

© 2011 The Authors
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association between attention deficit hyperactivity disorder
(77–82) and obesity and has suggested that there are two
facets of the same disease (78). Interestingly, low executive
function has been shown to be a predictor of inattentive
behaviour (83,84), suggesting that executive dysfunction
could be a precursor of attention deficit hyperactivity
disorder.
Recently, a prospective study showed that the obesityrelated gene, FTO, is associated with reduced brain volume
in cognitively healthy subjects and with Alzheimer’s disease
(AD) risk, even after adjusting a wide number of metabolic
and cardiovascular factors (85). It is very possible that this
or other genetic factors could impact both obesity and
cognition, but more research is urgently needed.

Obesity and cognition in the elderly
Studies described above show that obese individuals of 72
years have cognitive deficits compared with age-matched
normal-weight individuals, whereas individuals past 72
years appear to benefit from the extra weight. This is possibly because BMI is not a good measure of body composition in the old. However, two possible biological
mechanisms may explain these findings. One is that obese
men retain more testosterone in their body fat and this in
turn helps prevent cognitive impairment (possibly via conversion to oestrogen). In fact, research has shown that
decline in testosterone in older men results in functional
impairments in the brain (86) as does early oestrogen loss
in women. The other mechanism is that higher leptin in
participants may protect cognition (87). However, it is also
possible that this is a survival effect in an elderly sample.
This means that those individuals who are obese at middle
age are more likely to die at younger ages compared with
individuals with elderly onset obesity, and those who did
not die may have survival genes.
Obesity in the old has been reported to be both detrimental and protective; however, it seems that weight
change in age may be a better predictor of cognitive decline.
In fact, the use of BMI in the elderly needs to be
re-examined. For example, while a BMI of 25 may still be
a healthy BMI, weight loss in the elderly can be a consequence of neurodegeneration and cognitive decline, thus
studies late in life are difficult to interpret. Gender differences are greater and lean mass differences are covert
within the same BMI and are magnified with age. Thus,
weight maintenance or rather lean mass maintenance (i.e.
positive effect of exercise and negative effect of actual
weight loss and nutritional deficit) in old age should be
encouraged. Weight loss (by calorie restriction alone)
should be discouraged, to prevent loss of lean mass. It is
important that guidelines that recommend a certain weight
range for a specific age range take into account these findings. More research is needed in older people with BMI of
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30 or more; however, it seems rapid weight loss should be
discouraged. Regular weight bearing activity (walking, Tai
Chi, water classes, etc.) will sustain mobility, joint function
and improve body composition at the same BMI.

Biological mechanisms, as suggested by research
in the elderly or in rats
Three mechanisms in which obesity could impair cognition
are suggested in the literature. However, these have only
been examined in the elderly or in rats and may not be
associated in the young, which is why we urge more
research in this area. These mechanisms are not suggested
to be independent and there may be significant overlap
between them.
Systemic inflammation
Obesity is considered to be a low-grade pro-inflammatory
state as numerous studies have reported low-grade elevation of C-reactive protein, tumour necrosis factor and/or
serum amyloid A in obese individuals (88–90). C-reactive
protein has also been associated with low cognitive performance in obese elderly women (91). Other inflammatory
markers have been linked to cognitive impairment (92,93).
Triglycerides
Elevated triglycerides have been found in obese rats and
this disrupts leptin transport across the blood-brain barrier
(94). Another experiment tested whether triglycerides
could be responsible for the impaired learning and memory
seen in obese rats by treating obese and normal-weight
mice with gemfibrozil, a drug that lowers triglycerides, or a
vegetable oil vehicle (7). Gemfibrozil did improve performance of the obese rats compared to the vegetable oil
vehicle, but this effect was not found in the normal-weight
rats. This study also found that injecting the triglyceride
triolein into the brain impaired acquisition in normalweight mice, compared with those injected with palmitate
or saline. Because triglycerides are not consistently elevated
in obese humans, future research could easily examine
whether having high triglycerides mediates the relationship
between obesity and cognition. In addition, this hypothesis
could be tested by measuring cognitive performance in
non-obese hypertriglyceridaemia.
Impaired insulin regulation
Insulin helps to regulate brain function and cognitive processes. Data also supports a significant role of insulin
in memory. Insulin-sensitive glucose transporters are
expressed in the medial temporal region of the brain that
supports memory formation (95). Improved memory is
induced by raising plasma insulin levels of AD patients
(96,97). Recently intranasal insulin administration produced improvements in memory and functioning among
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patients with mild cognitive impairment and AD compared
with a placebo (97). However, contrary to these findings,
higher fasting insulin levels and reduced cerebrospinal
fluid-to-plasma insulin ratios, suggestive of insulin resistance, have been observed in patients with AD without
apolipoprotein e4 alleles (98). Individuals with insulin
resistance are more likely to suffer from AD (99–102) and
those with AD have higher plasma insulin (102). These
contrasting results could be explained by the evidence
showing that acute hyperinsulinaemia facilitates memory
whereas chronic hyperinsulinaemia (usually associated
with insulin resistance) may impair it (95,98–102).

Obesity and the brain
Studies have investigated the association of BMI with both
grey matter and white matter volume. For example,
Walther et al. (60) found that, after controlling for hypertension, BMI was associated with decreased grey matter
volume in the orbitofrontal cortex, associated with executive function, and right cerebellum, an area that plays an
important part in motor function. Other studies have found
comparable results in adults of all ages (56,103–106). In
addition, BMI has been positively associated with greater
white matter volume (60,106), suggesting that obesity may
increase myelin. This is another possible mechanism in
which old individuals may benefit from obesity. However,
BMI has also been associated with large volumes of white
matter hyperintensities (107), which may explain why
obesity is a risk factor for dementia.

Public health issues
Although obesity is significantly associated with impaired
cognition, especially in those individuals aged up to 65 years
old, we are still unsure whether these deficits affect the
individual and maintain, or exacerbate, the weight. Although
prospective research has identified that normal weight is a key
factors for longevity with obesity shortening life significantly
(2,108), the impact of these deficits on other aspects of
health, on the economy and the community in general have
not been measured. This review highlights the urgency to
invest in novel obesity research and institute informed public
health programmes. It is also important to consider the
possibility that obesity is, at least in part, a neurological
condition, not only a so-called ‘lifestyle’ disorder. In fact, we
propose a common genetic vulnerability for obesity and
cognitive impairment which is triggered by lifestyle issues.
Potential effective ways of preventing and treating obesity
based on this review are discussed in the next section.

Future research and conclusion
Several new directions of research have been suggested by
this review article. For example, improving aspects of indi-
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vidual cognitive function may prevent and treat obesity.
Cognitive remediation therapy has been shown to be useful
to treat cognitive deficits in anorexia nervosa, and in turn
correcting these deficits helped individuals gain weight and
maintain it long term (109–111). Individuals with anorexia
nervosa have cognitive deficits which maintain the disorder.
Similarly, we propose that, in the specific domain of feeding
behaviour, obese individuals are too flexible, cannot plan a
diet, and fail to associate health outcomes with food
choices (all aspects of impaired executive function).
Although hypothetical, it is possible that cognitive remediation could treat obesity, by helping individuals maintain
a healthy lifestyle long term.
In addition, current strategies for obesity prevention
(including providing healthier choices, educating parents,
encouraging physical activity) have not proved successful in
the long term (112,113). Therefore, we propose a new
approach, cognitive remediation therapy, designed to
improve neurocognitive abilities such as attention, memory
and executive function, which may prevent weight gain.
Indeed, by increasing the levels of cognitive function this
may aid in helping individuals make suitable lifestyle decisions and stop the vicious cycle.
Longitudinal studies are also needed to confirm whether
cognition in children and adolescents predicts adiposity in
adults, particularly after controlling for covariates such
as exercise, socioeconomic status, age, sex, inflammation,
nutritional habits, among others. Studies examining the
mediating relationships of inflammation, glucose and triglycerides in the relationship between obesity and cognition
will also increase insight about the mechanisms.
In conclusion, the evidence supports a hypothesis of an
early association between obesity and poor cognitive performance. Although more research is needed to understand
the mechanisms and bidirectional relationships between
adiposity and cognition, novel treatments aimed at correcting these deficits could be trialled as a test of the hypothesis.
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