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Abstract

Rationale—While dementia affects 6–10% of persons aged 65 years or older, the industrialized 

world has witnessed an alarming rise in obesity. However, obesity’s influence on dementia 

remains poorly understood.

Methods—We conducted a systematic review and meta-analysis. Pubmed search between 1995 

and 2007 resulted in 10 relevant prospective cohort studies with endpoints being dementia or its 

sub-types and main predictors including adiposity measures, particularly body mass index (BMI). 

Seven of them were included in our meta-analysis.

Results—Findings from previous cohort studies are mixed. The effect of obesity on Alzheimer’s 

Disease (AD) and vascular dementia (VaD) was stronger in studies with long follow-up time (>10 

years) and young baseline age (<60 years). Weight gain and having a high waist circumference 

(WC) or skinfold thicknesses increased the risk of dementia. Our meta-analysis indicates a U-

shaped association between BMI and dementia, as dementia risk was increased for obesity and 

underweight, though obesity’s effect on AD but not VaD was statistically significant (RR for AD: 

1.80, 95% CI: 1.00, 3.29).

Conclusions—Findings from previous cohort studies are mixed and our meta-analysis shows a 

moderate association between obesity and the risks for dementia. Future studies are needed to 

understand the biological mechanisms.
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Introduction

As populations age, all cognitive disorders, including dementia, become more common. 

Dementia affects 6–10% of people aged 65 years or older, two-thirds of which are accounted 

by Alzheimer’s Disease (AD) 
1
. In fact, Alzheimer’s disease currently ranks as the eighth 

leading cause of death among the elderly in the United States 
2
 and a pooled analysis for 
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mortality risk by dementia status yielded a risk ratio of 2.63 (2.17, 3.21), independently of 

age, sex and education 
3
. Despite its strong association with age 

1, 4, dementia is still 

considered as a preventable condition and a large number of modifiable risk factors have 

been studied in relation to its occurrence. Vascular disease and its risk factors (such as 

smoking, alcohol, physical inactivity, high intake of saturated fats and low intake of 

antioxidants and n-3 fatty acids) are receiving increasing attention as potentially modifiable 

factors associated with cognitive decline and dementia in older adults 
5–18

. Stroke, 

cardiovascular disease, peripheral vascular disease, hypertension and diabetes have each 

been associated with cognitive deficits or dementia in various elderly population 

cohorts 
19–28

 and in cross-sectional studies 
29–32

. Dementia, particularly of the vascular type 

(VaD), is conceptually linked with cardiovascular complications. Recent research efforts 

have included AD as a potential outcome for poor cardiovascular profile 
33

. One group of 

risk factors were measures of adiposity and weight status, particularly body mass index 

(BMI in kg/m2), obesity (BMI≥30) and central obesity as measured by waist circumference 

(WC) among others. However, there is still no consensus as to their direct impact on 

dementia, independently of other cardiovascular factors, such as type 2 diabetes, 

hypertension and dyslipidemia.

The industrialized world has witnessed an alarming rise in the prevalence of obesity. 

Currently, almost two-thirds of American adults (66.3%) are overweight or obese, 32.4% are 

obese. In Americans aged 60 and over, around 72% are overweight or obese, while over 35% 

are obese 
34

. Among this age group, the prevalence of central obesity is around 50% among 

men and around 70% among women 
35

. Consequently, even a small impact of these 

adiposity measures on risk of dementia and its sub-types carries great public health 

implications.

The main objective of this paper is to systematically evaluate recent studies that examined 

the association between BMI and other measures of adiposity on incident dementia, VaD 

and AD in later life. Further, we conducted a meta-analysis to pool our findings and compare 

results across exposure-outcome dyads. Although two recent systematic reviews examined 

the association between obesity and dementia 
33, 36

, they share several main limitations, 

such as not including two more recent important cohort studies
36, 37

, and not reaching 

consistent conclusions. More importantly, they did not provide a formal meta-analysis to 

quantify the strength of the association based on different studies.

Materials and Methods

Data Extraction

Our study inclusion criteria for our meta-analysis are: (a) prospective cohort studies; (b) 

baseline age should be at least 40 years or older; (c) sample size at baseline >100; (d) 

follow-up time ≥ two years; (e) outcomes of are either incident dementia, or incident 

subtypes of dementia (AD or VaD) or a combination of these; (f) exposure recorded as either 

BMI, obesity/overweight or a measure of central obesity or a combination; (g) A measure of 

association was provided as relative risk (RR), odds ratio (OR) or hazard ratio (HR), or can 

be estimated from the published results.

Beydoun et al. Page 2

Obes Rev. Author manuscript; available in PMC 2016 May 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A PUBMED search (January, 1995 to June, 2007) was conducted to identify English-

language human studies which included keywords (MESH) of “dementia” and “obesity”. Of 

the 61 references that were retrieved, only seven studies met our selection criteria. Using the 

‘related article’ capabilities of PUBMED, we found three additional relevant studies. 

Therefore, ten studies were included in our systematic review, and seven 
36–42

 had adequate 

data (e.g. OR or RR or HR) for our meta-analysis, while the other three studies did not 

provide measures of association that could be used to obtain pooled estimates. A database 

was built accordingly using Endnote ver. X 
43

. The characteristics of these ten studies are 

summarized in Table 1.

Statistical Analysis

We conducted a meta-analysis to assess the strength of the association between selected risk 

factors and our main outcomes. While outcomes included incident AD, VaD or dementia, 

risk factors considered were obesity, overweight, central obesity and BMI or weight 

changes. In this analysis, the original reported effect measures such as HR were pooled 

using random effects models when test for homogeneity between studies was significant or 

fixed effect models when otherwise. The pooled RR was obtained by averaging the natural 

logarithm of the relative measure in question, weighted by the inverse of their respective 

variances
44

. DerSimonian and Laird’s method was used in the random-effects model to 

further incorporate between-study variability
45

.

Next, in stratified meta-analyses, we examined potential sources of heterogeneity, including 

sex, baseline age group (<60 years vs. ≥60 years), follow-up time (<10 years vs. ≥10 years). 

In all our meta-analyses, we only considered fully adjusted models in each study which most 

often adjusted for measures of association for socio-demographic factors (age, sex, 

education, marital status, race) in addition to either lifestyle factors (e.g. smoking, physical 

inactivity), several co-morbid conditions (e.g. diabetes, hypertension, dyslipidemia, 

cardiovascular or cerebrovascular disease), a genetic factor (usually ApoEε4 carrier status), 

or a combination of all these factors.

Moreover, after estimating pooled measures of effect (RR), we computed the population 

attributable risk (PAR) whenever the analysis was based on at least two datapoints, given the 

current estimates of adult obesity prevalence (Pr) in the United States 
34

. PAR was computed 

as follows:

Eq. 1

with point estimates and confidence limits of RR being applied to this formula and Prexp 

being the prevalence of the exposure (e.g. obesity).

In addition, we assessed publication bias using the Begg’s funnel plots. The measures of 

association (RR) were plotted on a logarithmic scale against their corresponding SEs for 

each study 
46, 47

. We also assessed publication bias by two formal tests, the Begg-adjusted 

rank correlation test, and the Egger’s regression asymmetry test. Our meta-analysis was 
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conducted using STATA 9.0 (StataCorp, College Station, TX)
48

. Statistical significance of 

regression coefficients associated with risk or hazard ratios was set at P<0.05.

RESULTS

Systematic Review

Table 1 describes the ten studies included in our systematic review. Four of the ten retrieved 

studies were conducted in the United States and all ten were recently published except for 

one in the 1990s. Most studies (8 out of 10) involved a balanced number of men and women 

while two included only men. Baseline ages in four studies included subjects in their 40s, 

while the other six studies started out with the elderly group (≥65 years). Follow-up time 

ranged from 3.2 to 36 years. Sample size ranged from 382 to 10,136 subjects. In total, the 

average person-time of follow-up from all the studies was 1,007,911. Many studies adopted 

a three-step process in diagnosing dementia and its subtypes, starting with a screening phase 

(using tools such as the Mini-Mental State Exam or MMSE), then a diagnostic phase (using 

DSM-IV or DSM-IIIR or ICD8,9 or 10) and finally a differential diagnosis phase which 

detects sub-types of dementia (mainly using tools such as NINCDS-ADRDA for AD and 

NINDS-AIREN or WHO or CADTS for VaD) (see Table 1 for references).

Eight out of the ten studies assessed the effect of adiposity measures on incident AD, while 

six assessed their influence on incident VaD and eight examined overall incident dementia as 

the endpoint. In terms of exposures, obesity was of interest in eight studies, and continuous 

BMI in four, central obesity in two and weight change in one.

BMI and dementia—BMI was studied as a continuous variable in four of the selected 

cohort studies. In one study, mean BMI±SD was significantly larger among subjects with 

dementia as primary diagnosis for hospitalization compared to those who did not have 

dementia (26.0±3.1 vs. 25.5±3.3; p<0.05). This study cohort consisted of 7,402 men aged 

47–55 years who were followed for an average of 25 years up till hospitalization 
41

. Another 

study conducted among 3,734 middle-aged Japanese-American men who were followed up 

for an average of 25 years found that 1 SD (2.9 kg/m2) higher BMI was associated with an 

RR of 1.21 (95% CI: 1.05–1.40) for dementia, after adjusting for age and education 
49

. In a 

third study 
50

, a representative cohort of 392 non-demented Swedish adults was followed up 

from age 70 to 88 years. It was found that among women, for each unit increase in baseline 

BMI at age 70, AD risk increased by 36% (RR=1.36 (1.16, 1.59)). The RR tended to be 

weaker but statistically significant when BMIs at ages 75 and 79y were considered. No 

significant association was found among men or for VaD outcome, which may be due to the 

smaller sample size. However, an earlier study conducted among 828 subjects aged 65 years 

or more at baseline found after 7 years of follow-up no significant association between 

baseline and incident AD (RR=0.75 (0.54, 1.03)) or with VaD (RR=1.31 (0.98–1.74)) 
51

.

Obesity, overweight and dementia: a dose-response relationship?—Using 

variable cutoffs for BMI, eight studies assessed the effect of obesity and/or overweight at 

baseline on incidence of dementia, AD and/or VaD. For overall dementia, obesity was found 

to be associated with this incident outcome in two 
41, 42

 out of five studies with available 

data 
36, 39–42

. The first study that found a positive association followed up a sample of 
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10,276 middle-aged US men and women for 27 years and is to date the largest cohort study 

to test our hypothesis of interest. This study indicated that the risk of incident dementia was 

increased by 74% among obese subjects at baseline (HR=1.74 (1.34 to 2.26)), while 

overweight people (BMI=25.0–29.9) had a 35% greater risk of dementia (1.35, 1.14 to 1.60) 

compared with those of normal weight (BMI=18.6–24.9), indicating a dose-response 

relationship 
42

. In the second study which was conducted among 7,402 middle-aged 

Swedish men who were followed-up for 25 years, results were even stronger, particularly 

among the obese when compared to the normal weight (HR: 1.98, 95% confidence interval 

1.10–3.56) 
41

. However, obesity, whether defined by the 30 or 27 kg/m2 cutoff point was not 

a significant risk factor of dementia according to three large cohort studies. Compared to the 

two studies cited above, those three cohorts had smaller sample sizes, baseline age was 

higher on average including the 65 years and over group in two studies of the three, and the 

number of dementia cases was less than 200 
36, 39, 40

. Thus, limited statistical power might 

have prevented significant associations.

In contrast, for incident AD, a positive association with obesity was found in two 
37, 41

 out 

of five studies 
36–39, 41

. The Cache County Study showed that obesity increased the risk of 

AD in women (adjusted HR=2.23 (1.09–4.30)), but not among men (1.48 (0.41–4.18)). It is 

worth noting that in this analysis, adjustment was made for sodio-demographics (age, 

education) as well as genetic (ApoE genotype) and health-related factors (hypertension, high 

cholesterol, diabetes, stroke, CABG and MI)
38

. Using a similar methodology for assessing 

incident AD, the Kaiser Permanente study found that when the model was adjusted for age 

and education only, HRs were weaker than when additional adjustment was made on race, 

sex, marital status, smoking and chronic conditions (hyperlipidemia, hypertension, diabetes, 

ischemic heart disease and stroke). In the fully adjusted models, the HR for obesity and 

incident AD among both sexes was 3.10, 95% CI: 2.19, 4.38. Among men and women, the 

HRs were 2.60, 95%CI: 1.44, 4.69 and 3.38, 95% CI: 2.20, 5.19, respectively, indicating a 

stronger effect among women. In the case of overweight, the age and education adjusted 

model yielded a HR of 1.27, 95% CI: 1.04, 1.54. Adjusting further for all other covariates, 

gave an HR of 2.09, 95% CI: 1.69, 2.60. Similar to obesity, overweight had a stronger 

impact on the incidence of AD among women compared to men (HRs 2.45 vs. 1.74, 

respectively)
37

.

Finally for incident VaD, the association was significant in one 
37

 out of three studies
36–38

. 

In that study and in terms of obesity (BMI≥30), age, sex, and education adjusted models 

yielded an HR for incident VaD of 3.01 (1.86, 4.85), while the fully adjusted model 

increased the HR [5.01 (2.98, 8.43)]. There were no significant gender differences in the 

association. But regarding overweight, women showed a stronger association than men, the 

HRs being 2.45 and 2.09 respectively 
37

.

In summary, findings from the available studies are mixed, and only a few indicate a dose-

response relationship.

Central obesity, weight change, body fat and dementia—Aside from BMI, other 

measures were used in various studies to assess the effect of central obesity on incident 

dementia, including WC, as well as the effect of body fat measured with triceps skinfold 
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thickness (TST) and subscapular skinfold thickness (SST). The earliest study conducted 

among 828 non-demented Japanese subjects aged 65 years or more and followed up for 7 

years suggested that SST/TST ratio was not associated with incidence of AD or VaD 
51

. In 

contrast, another study followed 3,734 Japanese-American middle-aged men for 25 years 

and found that an increase in SST by 6.5 mm increased the risk of dementia by 21% (RR: 

1.21, 95% CI: 1.06–1.40). This effect was almost identical to an increase in BMI by 2.9 

kg/m2 49
. Moreover, another shows that the upper quintiles of TST and SST increased the 

risk of dementia by around 50% after adjustment for age, education, race, marital status and 

sex (RR for SST: 1.54, 95% CI: 1.23, 1.94; RR for TST: 1.49, 95% CI: 1.04, 1.97). 

Additional control for co-morbid conditions yielded higher average effects (RR for SST: 

1.72; RR for TST: 1.59)
42

.

Another recent study explored the impact of central obesity and weight gain on risk of 

dementia and followed 980 elderly subjects for 5 years and suggested that WC as a 

continuous variable was not associated with dementia (HR, 1.0; 95% CI, 0.9–1.0), nor was it 

associated with incident AD or VaD. However, the upper quartile of WC (>97 cm.) increased 

the risk of VaD (RR: 2.3, 95% CI:1.0, 5.1). Their analysis controlled for age, sex, education, 

ethnicity and ApoEε4 status. The study also shows a positive association between weight 

gain and the risk of VaD (RR: 2.8, 95% CI: 1.0, 7.9) 
36

.

Meta-analysis

Our meta-analysis was conducted on seven studies which had adequate measures of 

association that could be pooled together, with 138 data points consisting of HRs, ORs or 

RRs with their confidence intervals and with focus on categorical adiposity measures, 

mainly BMI, WC, skinfolds and weight change in relation to total incident dementia, AD or 

VaD. For each study we entered between 4 and 45 data points for our meta-analysis. 

However, for our main analyses we selected those data points in which the model within 

each study was fully adjusted for the potential confounders considered. Taking all those data 

points together (n=70), we assessed publication bias using Begg’s funnel plot which is 

presented in Appendix A. While there seems to be some clustering at the low SE end, two 

statistical tests (Begg-adjusted rank correlation test and the Egger’s regression asymmetry 

test) indicated no significant publication bias.

Weight status and dementia: Figure 1 shows the association between BMI categories and 

incident dementia for the fully adjusted models in each study and findings of our pooled 

analysis. Our pooled RR for obesity and overall dementia for both men and women 

indicated an increased risk by 42% compared to normal weight, though the effect was not 

significant (RR: 1.42, 95%CI: 0.93, 2.18). The pooled RR for overweight in relation to 

dementia did not indicate a significant association (RR=0.88; 95% CI: 0.60, 1.27). 

Comparing underweight with normal weight, however, there was a 42% increase in the risk 

of dementia based on a pooled RR (RR: 1.42, 95% CI: 1.07, 1.87).

Obesity and subtype of dementia: Looking specifically at each type of diagnosis, Figure 2 

attempts to pool data on the association between obesity and incident AD or VaD, using the 

fully adjusted models. For both genders, the pooled RR for AD was estimated at 1.80 with a 
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95% CI of 1.00 to 3.29, indicating that compared to normal weight subjects, obese people 

have an 80% higher risk for incident AD. However, in the case of VaD when both sexes were 

pooled together, obesity did not have a significant effect. This was not the case when each 

gender was considered separately. Among men, the pooled RR for obesity and dementia was 

2.32 with a 95% CI of 1.37 to 3.9, while among women, the effect was even stronger: pooled 

RR=3.01 with a 95% CI of 2.09 to 4.33. Based on the same studies 
37, 38

, though imprecise, 

the effect of obesity on incident VaD indicated an appreciable and statistically significant 

increased risk among both men and women (RR>3).

Subgroup analyses: Table 2 presents further subgroup analyses for the pooled RR of 

obesity and incident dementia and sub-types. The stratifying variables included baseline age, 

sex and follow-up time, and only data points for fully adjusted models were considered. RRs 

of obesity and dementia did not differ significantly across strata. In the case of AD, a 

positive association was found with obesity which had a stronger effect when baseline age 

was <60 years and follow-up time ≥10 years (Significant Q-test, p<0.05). The same pattern 

was observed for VaD. For models adjusted only for socio-demographic variables such as 

age, sex, race/ethnicity and marital status, the overall RR pooled estimates for all outcomes 

were greater in magnitude compared to those in the fully adjusted models, even though the 

Q-test comparing those two models (fully vs. partially adjusted) was not statistically 

significant.

Population Attributable Risk: Figure 3. shows PAR which estimates the proportion of 

disease (dementia and its sub-types) in the study population that is attributable to the 

exposure (measures of obesity). Overall, while around 12% of dementia risk was attributed 

to obesity. PAR was even higher in the case of AD (21.1%).

DISCUSSION

The influence of obesity on dementia has been a subject of controversy for many years. Our 

systematic review of large prospective cohort studies with at least five years of follow-up 

time shows that previous findings are mixed and inconclusive. Our meta-analysis of these 

findings suggest that obesity and central obesity seem to play an independent role in the 

etiology of AD and in some cases of VaD, even when control is made on socio-

demographic, lifestyle and health-related co-morbid factors. Overall, there seems to be a U-

shaped relation between BMI status and dementia, both obesity and underweight increasing 

the risk of dementia. Our pooled analyses show that obesity’s effect on AD but not VaD was 

statistically significant (RR for AD: 1.80 (1.00, 3.29)). The effect of obesity on AD and VaD 

was particularly strong and significant in studies with follow-up time greater than 10 years 

and baseline ages lower than 60 years. RRs for obesity and AD were slightly stronger among 

women and the opposite was true for obesity and VaD. Moreover, research indicated that 

adiposity measured using skinfold thicknesses increased the risk of dementia in a few 

studies 
42, 49

, while central obesity (high WC) may increase the risk of VaD but not AD 
36

. 

In the US population, about 21% of AD incidence was attributed to obesity. It is worth 

noting that obesity and abdominal obesity (defined using waist-hip-ratio cutoffs) in later life 

have been strongly associated with prevalent AD based on at least one recent case-control 
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study. In this study, adding metabolic disorders to the logistic regression models further 

increased the strength of the association as was found in our meta-analysis
52

.

It is well-established that obesity in general and central obesity in particular is only one 

component of an etiologic cluster known as the metabolic syndrome. Up to this point, it was 

still unclear whether having high adiposity is an independent risk factor for dementia and its 

sub-types when we take into account the other components of this syndrome. Our meta-

analysis suggests that obesity is an independent risk factor for AD in analyses adjusted for 

other components such as hypertension, type 2 diabetes and dyslipidemia among others. 

Some of the independent biologic mechanisms for the effect of adiposity on cognitive 

functioning include the fat-brain axis 
53

 and the hypothalamic-pituitary-adipose axis 
54

. 

Recent experimental data proved that compounds secreted by adipose tissues such as leptin 

and adiponectin may regulate energy expenditure and hyperphagic responses by interacting 

with the hypothalamus. Leptin, when administered directly into the hippocampus of mice, 

improves memory processing and may also shape the hypothalamus during the earliest 

stages
55

.

It is possible that part of the effect of obesity on dementia risk is mediated by the other 

components of the metabolic syndrome. First of all, obesity increases the risk of 

hypertension 
56

, and some previous studies suggest an association between hypertension and 

cognitive decline in middle age and later 
57–59

, although these studies provided inconsistent 

results. These differences seem to arise mostly from methodological and sampling variations 

between studies. However, in general, they have indicated that cognitive function tends to be 

poorer and decline to be faster with increased blood pressure (BP). In addition, this positive 

association was seen both among the elderly and middle-aged adults. For instance, a 

longitudinal study over a period of 25 to 30 years on older adults and concluded that people 

who maintain elevated systolic BP throughout their adult lives are at increased risk for 

reduced verbal learning and memory function
20

. Another recent study 
21

 conducted among 

the Established Populations for Epidemiologic Studies of the Elderly (EPESE) cohort of 

East Boston aged 65 to 102 years at baseline suggested a U-shaped association between BP 

and cognitive decline.

Second, several prospective studies have assessed type 2 diabetes mellitus as a risk factor for 

incident Alzheimer disease (AD) and decline in cognitive function. A recent study 
25 

examined 824 older Catholic nuns, priests and brothers annually for up to 9 years to assess 

their cognitive function. After adjusting for age, sex and educational level, the HR was 1.65 

(1.10–2.47). Moreover, the presence of type 2 diabetes increased the risk of cognitive 

decline in perceptual speed by 44% (P=0.02) but not in other cognitive systems. Similar 

findings were replicated in another recent study 
26

, which found that risk of developing 

cognitive impairment -- based on five standardized tests -- among women with Impaired 

Fasting Glucose (IFG) or diabetes was increased by almost twofold (age and treatment-

adjusted OR = 1.64; 95% CI 1.03 to 2.61 for IFG; OR = 1.79; 95% CI 1.14 to 2.81 for 

diabetics). Finally, in a longitudinal study of 258 elderly subjects, a significant interaction 

was found between hypertension and diabetes and the presence of both diseases tended to 

produce pronounced Mini-Mental State Examination (MMSE) cognitive decline
28

.
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Third, the relation between plasma lipid levels and the risks for AD and VaD remains 

unclear. Cholesterol alters the degradation of the amyloid precursor protein, which plays a 

major role in the pathogenesis of AD 
60

. Moreover, cerebrovascular disease which is 

associated with dyslipidemia, may be related to the risk of AD 
61

. Previous literature showed 

that reduced HDL-C 
62, 63

 and apolipoprotein A-I levels 
62

 as well as increased levels of 

lipoprotein A 
64

 were observed among VaD patients. However, this association was not 

found in other studies 
65, 66

. Conflicting results were also noted in studies relating total 

cholesterol 
67, 68

, HDL-C 
7, 64, 69

 and LDL-C 
7, 67

 levels with AD. A recent cohort study 
70 

among 4,316 Medicare recipients, 65 years and older, residing in Northern Manhattan, NY, 

showed a weak association between lipid levels and the risk of VaD. Similarly, the risk of 

AD was independent of both lipid levels and use of agents to lower them.

The metabolic syndrome was recently studied as a risk factor for cognitive decline among 

1,616 elders
71

, and found that among high-functioning elders, those with metabolic 

syndrome exhibit an increased risk of developing cognitive impairment and decline over 4 

years. This association remained after adjusting for demographic and lifestyle variables as 

well as chronic health conditions. The increased rate of cognitive impairment was primarily 

observed in those elders who had high levels of serum markers of inflammation, suggesting 

that at least some of the increased risk associated with the metabolic syndrome is modified 

by inflammation. Other recent studies linking metabolic syndrome to incident or prevalent 

dementia, AD and VaD came to similar conclusions, though various measurements of the 

metabolic syndrome were used 
49, 72–74

. In fact, in one study only hyperinsulinemia and 

diabetes were associated with increased risk of incident AD and VaD rather than the 

metabolic syndrome as a whole
73

. However, in another study which used the NCEP ATP III 

definition for metabolic syndrome, the whole syndrome was significantly associated with 

prevalent AD, particularly among women
74

.

While disentangling the effect of adiposity from that of the metabolic syndrome as a whole 

has been a major obstacle in fully understanding the etiology of dementia, other 

complexities should be addressed as well. In fact, BMI is also associated with physical 

inactivity 
31, 75–83

 and depressive symptoms 
15, 25, 84, 85

, both of which are linked to 

cognitive impairment as well. First, in terms of physical inactivity, a recent cohort study 
75 

conducted on 4,615 men and women aged 65 years or more (the 1991–92 Canadian Study of 

Health and Aging) who were cognitively healthy at baseline found that high levels of 

physical activity were associated with reduced risk of cognitive impairment (OR= 0.59 

(0.41–0.83)), AD (OR=0.50 (0.28–0.90)) and dementia of any type (OR=0.63 (0.40–0.98)). 

Similar findings were obtained by other recent prospective studies 
31, 76–83

 and one cross-

sectional study
86

. Several mechanisms may underlie the potentially protective effects of 

physical activity on cognitive function, including sustained cerebral blood flow 
87

, improved 

aerobic capacity and cerebral nutrient supply 
88, 89

 as well as growth factors, specifically the 

brain-derived neurotropic factor, which is a molecule that increases neuronal survival, 

enhances learning, and protects against cognitive decline 
90, 91

.

Second, in terms of depressive symptoms’ effect on cognition, a recent study conducted on 

4,392 older people in Chicago suggested that for each depressive symptom, the rate of 

cognitive decline increased by about 5%. Hence, it was suggested that depressive symptoms 
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predict cognitive decline in old age 
92

. Several other studies came to similar conclusions in 

the overall population of older adults 
84, 85, 93

, while other studies did not find an 

association 
94, 95

 and still others found the association only in those with baseline cognitive 

impairment 
96

 or relatively more education 
97

. Thus, lack of control for such variables 

constitute a major limitation in assessing the independent effect of BMI on the risks for 

dementia.

It is worth noting that in addition to the moderately strong association between obesity and 

incident AD (RR=1.80), we found a weak to moderate association between underweight and 

incident dementia (pooled RR=1.36) based on two cohort studies 
40, 42

, which was 

consistent with several cross-sectional and case-control studies
52

. In addition, a number of 

other cohort studies suggested that weight loss and BMI loss were associated with incident 

AD or dementia 
98–100

 as well as cognitive decline
101

. The possible mechanisms include 

change in eating habits and access to adequate nutrition due to memory impairment 
102–105

, 

and increase in anorectic adipokines or inflammatory cytokines with frailty contributing to 

loss in BMI among subjects with AD 
106–108

.

In conclusion, findings from recent cohort studies from diverse populations are mixed. Our 

meta-analysis suggests an independent effect of obesity on dementia in general and incident 

AD in particular, but the associations are relatively weak. While the effect of BMI on 

dementia is a U-shaped one, reducing the prevalence of obesity is a promising strategy in 

preventing progression from normal aging into AD. Future cohort studies should attempt to 

disentangle the effect of BMI from other components of the metabolic syndrome, address 

residual confounding by other covariates such as physical activity and depressive symptoms 

and attempt to fully understand the related biological mechanisms.
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Figure 1a

Figure 1b
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Figure 1c

Figure 1. 
The association between BMI categories and incident dementia*

* Based on fully adjusted models (sociodemographic+lifestyle and/or co-morbid conditions 

and/or genetic factors), for both genders together, and normal BMI range being the reference 

category.
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Figure 2a

Figure 2b

Figure 2. 
The association between obesity and incident AD and VaD*

* Based on fully adjusted models (sociodemographic+lifestyle and/or co-morbid conditions 

and/or genetic factors), for both genders together, and normal BMI range being the reference 

category.

AD: Alzheimer’s Disease; VaD: Vascular Dementia.
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Figure 3. 
Population Attributable Risk with 95% CI for obesity and dementia and its subtypes using 

current estimates of adult obesity prevalence (NHANES, 1999–2002)*

Source: 
34

*Estimates of obesity prevalence were applied to the PAR formula as the average for the age 

groups (40–59 and 60+), which was 33.35%.
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Appendix A. 
Funnel plot for all RR, HR and OR measures used for meta-analysis: assessment of 

publication bias for fully adjusted models with BMI (categories) as main exposure (n=52 

datapoints)*

* Egger’s regression asymmetry test: −0.14±0.54, P=0.791;

Begg-adjusted rank correlation test: z=0.62; P=0.533.

† RR: Relative Risk; HR: Hazard Ratio; OR: Odds Ratio; s.e.: standard error.
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