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Background. The association between obesity and dementia has been inconsistent, possibly due to changes in 
body composition often seen in old age. Leptin may be associated with better cognitive function. However, neuro-
protection may be inhibited among obese subjects possibly due to leptin resistance. We sought to determine (i) if 
leptin is associated with risk of dementia or mild cognitive impairment (MCI) in a cohort of very old women, (ii) if 
this association is modified by obesity, and (iii) if leptin is a stronger risk factor compared with traditional anthro-
pometric measures.

Methods. We studied 579 older women (mean age 82.6  years) from the ongoing prospective cohort Study of 
Osteoporotic Fractures, who were dementia-free at year-16 examination (our study baseline). Leptin (ng/mL) was 
measured using year-16 frozen serum, and anthropometric measures were collected during the same visit. Diagnosis of 
dementia/MCI was determined at year-20 examination.

Results. There was evidence for a multiplicative interaction between log leptin and categorical body mass index 
(p =  .03). Among women with body mass index <25 kg/m2 (n = 190), 1SD difference in log leptin (0.91 ng/mL) was 
associated with 32% lower odds of dementia/MCI (OR = .68; 95% CI = .46, .99), after adjustment. The association was 
not significant among women with body mass index ≥25 kg/m2 (n = 377). Traditional anthropometric measures such as 
weight, height, and body mass index were not associated with dementia/MCI.

Conclusions. In this cohort of very old women, higher serum leptin was prospectively associated with lower odds of 
dementia/MCI in women with normal body mass index, but not in overweight or obese women. Leptin may be a better 
predictor of dementia/MCI than traditional anthropometric measures.
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WITH the rapidly aging population, dementia will 
become an ever greater public health concern (1,2). 

Identifying modifiable risk factors for prevention of cog-
nitive impairment is thus extremely important. Body mass 
index (BMI) and waist circumference at mid-life may be 
associated with dementia (3–6). However, this associ-
ation is more controversial in older adults, possibly due to 
age-related changes in body composition such as loss of lean 
mass and increases in fat mass (7–9). Indeed, the prospect-
ive associations of obesity measures, such as BMI and waist 
circumference, and dementia differed by age (<76 years vs  
≥76 years) among the elderly population residing in north-
ern Manhattan (10). Furthermore, the pooled association 
between high BMI and increased dementia risk was moder-
ate (RR = 1.42; 95% CI = .93, 2.18), according to a recent 
meta-analysis (3). Therefore, the link between body com-
position and dementia risk in older adults is very complex. 
Additionally, the associations between traditional obesity 

risk factors and dementia risk may differ according to mean 
age of the baseline cohort such as a very old cohort versus a 
younger–older adult cohort.

Adipose tissue is a primary source for the production and 
secretion of leptin, a metabolic biomarker of body fat (11). 
Although leptin was originally considered an antiobesity 
protein because of its regulatory role in maintenance of body 
weight (12); a growing body of evidence suggests that leptin 
is implicated in cognitive decline and dementia processes. 
The majority of work has been limited to animal models 
(13–17). The few observational studies of older adults have 
reported that higher leptin was associated with less risk of 
cognitive decline and dementia (18–21). General obesity, 
measured by BMI, is a common risk factor for cognitive 
impairment (22). Subjects with high BMI often develop 
hyperleptinemia, ie, increased serum leptin concentration in 
proportion to body fat, and thus leptin resistance (23). Leptin 
resistance may interfere with the action of leptin on the brain 
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(24,25), which may be a possible explanation for the lack of 
associations of leptin with risk of dementia and Alzheimer’s 
disease (AD) among participants of the Framingham study 
with high BMI and high waist-to-hip ratio (20).

We sought to explore the associations between leptin and 
risk of mild cognitive impairment (MCI) and dementia in a 
very old cohort of women enrolled in an ongoing study of 
aging. We also were interested in exploring whether over-
weight or obesity status modified this association, possibly 
due to leptin resistance.

Methods

Study Population
Participants were enrolled in the Study of Osteoporotic 

Fractures (SOF), a prospective cohort study of women 
aged 65 years and older at baseline (1986–1988). SOF is 
a multicenter prospective study with four sites across the 
United States: namely, Baltimore, Maryland; Minneapolis, 
Minnesota; Portland, Oregon; and Monongahela Valley, 
Pennsylvania. Study participants were followed for an aver-
age of 20  years. Every 2–4  years, biological and clinical 
data were collected from the participants who attended the 
clinics at the various sites. The study was approved by the 
appropriate committees on human research. All participants 
provided a written consent form. Further details on the study 
design and recruitment have been published elsewhere (26). 

A total of 1,040 participants had serum leptin measured 
using frozen serum at year 16 (our study baseline). The 
1,040 participants were randomly selected from those who 
completed the sleep ancillary study. Of these 1,040, a total 
of 250 were not examined at year 20 due to death (20.0%), 
termination (3.8%), or loss-to-follow up (0.2%). The 250 
participants who were not examined at year 20 did not dif-
fer from the remaining 790 participants on the main covari-
ates of interest such as BMI and leptin (data not shown). Of 
the remaining 790 participants, we excluded 15 participants 
because they had prevalent dementia at baseline based on 
a self-reported diagnosis of dementia or AD or use of AD 
medications. We further excluded 196 participants because 
they were not at the sites that participated in the cognitive 
assessment. A total of 579 participants thus constituted our 
analytic cohort.

Measures
Leptin level was measured at year 16 (2002–2004: our 

study baseline). Blood was drawn into tubes using the veni-
puncture technique. Collected blood was then centrifuged 
and stored in tubes at cold temperature of −20°C within 2 
hours of collection. Frozen samples were then shipped to 
be analyzed at the University of Maryland Cytokine Core 
Laboratory (Baltimore, MD) using the DuoSet ELISA assay 
with a coefficient of variation of 5%. Leptin was measured 
in pg/mL and reported in ng/mL (1 ng/mL = 1,000 pg/ml).

At year 20 examination (2006–2008), dementia/MCI 
diagnosis was determined using a two-stage process. First, 
participants were screened for cognitive impairment using 
an expanded neuropsychological test battery. Those who 
screened negative were considered cognitively normal. 
Those who screened positive were further clinically adjudi-
cated by a panel of clinical experts. Criteria for a diagnosis 
of dementia were based on the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV) (27) and that of MCI 
were based on the modified Peterson criteria (28). Further 
details on the two-stage process of dementia/MCI diagnosis 
and definition criteria have been published elsewhere (29).

At baseline (year 16), participants self-reported their age, 
education, race (white vs African American), marital status, 
smoking status, current alcohol consumption (defined as 
number of glasses/week), and physical activity (defined as 
number of blocks walked per day for exercise). Height and 
weight were measured, and BMI was calculated as weight 
divided by height squared (in kg/m2). BMI was categorized 
into normal (BMI <25 kg/m2) versus overweight or obese 
(BMI ≥25 kg/m2). Less than 1% of our study sample was 
underweight (BMI <18.5 kg/m2). Participants self-reported 
whether they had ever been diagnosed by a physician with 
a variety of medical conditions including dementia or AD, 
diabetes, stroke or transient ischemic attack, and hyperten-
sion. Using the 15-item Geriatric Depression Scale, partici-
pants with a score of 6 or higher were considered to have 
elevated depressive symptoms (30).

Statistical Analysis
To meet the normality assumptions, we analyzed leptin 

on the log scale (natural logarithm). Analysis of variance 
and chi-square tests were used to test for the associations 
of baseline covariates with tertiles of leptin (Table  1). In 
regression models, we analyzed leptin as continuous. 
Logistic regression models were used to examine the 
associations of leptin (per standard deviation, SD) and 
anthropometric measures with risk of dementia/MCI status. 
We also tested for effect measure modification by BMI of the 
association between leptin and dementia/MCI by including 
an interaction term (BMI × leptin) in the statistical models. 
The interaction was statistically significant at an alpha level 
of .05 and therefore the multivariate results illustrated in the 
Figure 1 were stratified by BMI (<25 kg/m2 vs ≥25 kg/m2). 
At the multivariate level, we adjusted for covariates that 
were associated with leptin at the bivariate level at an alpha 
significance of .05, as shown in Table 1, except for weight 
due to colinearity with BMI. All statistical analyses were 
performed using SAS v.9.2 (31).

Results
Table 1 shows the descriptive characteristics for the over-

all sample and by leptin tertile. The mean age of women at 
baseline was 82.6 years (SD = 3.1), 89% were white and 
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Table 1.  Baseline Characteristics of Participants, Stratified by Leptin Tertile

 

Covariates
Overall (N = 579)

Mean ± SD or N (%)

Leptin Tertile (ng/mL)*,†

Low Medium High p value‡

Age (y)  82.6 ± 3.1  83.1 ± 3.1 82.3 ± 3.2  82.4 ± 3.1 .02
White 516 (89) 187 (97) 169 (88) 160 (83) <.01
Education (y)  12.9 ± 2.6  13.2 ± 2.5  13.0 ± 2.8  12.3 ± 2.6 <.01
Married 181 (31)  66 (34)  60 (31)  55 (28) .78
Alcohol consumption  
(glasses/week)

 1.2 ± 3.3  1.5 ± 3.2  1.0 ± 2.7  1.2 ± 3.9 .34

Current smokers  10 (2)  3 (2)  1 (1)  6 (3) .14
Number of blocks walked/day for 
exercise

 10.3 ± 8.7  11.4 ± 10.3  10.0 ± 7.3  8.6 ± 7.1 .15

Weight  66.5 ± 11.3  59.1 ± 9.2  68.0 ± 9.7  72.9 ± 10.3 <.01
Body mass index (BMI, kg/m2) <.01
 Overweight (25 ≤ BMI <30) 235 (41)  56 (29)  96 (50)  83 (43)
 Obese (BMI ≥ 30) 139 (24)  11 (6)  46 (24)  82 (43)
Diabetes  64 (11)  16 (8)  23 (12)  25 (13) .31
Depression  47 (8)  14 (7)  14 (7)  19 (10) .56
Stroke  50 (9)  18 (9)  14 (7)  18 (9) .70
Hypertension 340 (59)  95 (49) 111 (58) 134 (69) <.01

*The range of values for leptin tertiles (ng/ml) is: low (.7, 11.4); medium (11.5, 24.8); high (25.0, 123.9).
†Leptin was analyzed on the log scale.
‡Analysis of variance or chi-square tests.

Figure 1. The association of 1 standard deviation (SD) difference in leptin with dementia/MCI, stratified by body mass index. This association was assessed in a 
logistic model, adjusted for age, race, education, and hypertension. Leptin (ng/mL) was analyzed on the log scale. 1SD log leptin = .91 ng/mL. The overall p value 
for interaction between body mass index and log leptin was .03 in the adjusted model.

had a mean of 12.9  years of education, and slightly less 
than one third of them were married. Women consumed 
on average 1.2 glasses of alcohol per week and walked an 
average of 10 blocks per day. The majority of women did 
not smoke. A total of 35.4% of the participants had a nor-
mal BMI, 40.6% were overweight, and the remaining 24% 
were obese. Of the total sample, 11.1% reported a diagnosis 
of type 2 diabetes, 8.1% had depression, 8.6% reported a 
stroke, and more than half of the sample had hypertension. 
Compared with those in the lower leptin tertile, women 
in the higher leptin tertile were younger, non-white, less 
educated, and had higher BMI and hypertension. Being 

married, alcohol consumption, smoking, physical activity, 
and diagnoses of type 2 diabetes, depression, and stroke 
were not associated with leptin.

There were 236 dementia/MCI cases at year 20 (93 
dementia and 143 MCI). Table  2 shows the associations 
of baseline log leptin and anthropometric risk factors with 
dementia/MCI. Log leptin, BMI, weight, and height were 
not associated with dementia/MCI in unadjusted models. 
The results remained similar after adjustment for age, race, 
education, and hypertension.

The results from multivariate models examining the 
association between log leptin and dementia/MCI showed 
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a significant statistical interaction between log leptin and 
categorical BMI (p value  =  .03), adjusting for age, race, 
education, and hypertension (data not shown). Thus, we 
further examined the associations between log leptin and 
dementia/MCI stratified by BMI (BMI <25 kg/m2 and BMI 
≥25 kg/m2). In unadjusted models, 1 SD difference in log 
leptin was associated with lower odds of dementia/MCI for 
women with BMI <25 kg/m2 (OR = .72; 95% CI .51–1.02) 
but not for women with BMI >25 kg/m2 (OR = 1.21; 95% 
CI .90–1.63). After adjustment for age, race, education, and 
hypertension, the odds of dementia/MCI associated with 
1 SD difference in log leptin was significant for women 
with normal BMI (OR  =  .68; 95% CI  =  .46, .99). After 
multivariate adjustment, the results remained nonsignificant 
for women with high BMI (OR = 1.17; 95% CI = .85, 1.60) 
(see Figure 1).

Discussion
We examined the relationship between leptin and the odds 

of dementia/MCI after a mean of 5 years of follow-up in a 
community-dwelling cohort of very old women. Traditional 
anthropometric measures including weight, height, and 
BMI did not predict the odds of dementia/MCI. However, 
leptin, a sensitive marker of adiposity, was associated with 
32% lower odds of dementia/MCI among women with nor-
mal BMI <25 kg/m2. Higher leptin was not associated with 
dementia/MCI among overweight or obese women.

Rodent studies shed light on several potential mecha-
nisms through which leptin is suggested to influence brain 
structure and function. First, through its influence on the 
synaptic plasticity of the hippocampus, leptin was found 
to improve memory and learning functions (17,32). For 
example, dysfunction in leptin receptors has been associ-
ated with impaired performance on spatial memory tasks 
(13,33). Furthermore, when leptin was directly adminis-
tered into the hippocampus of leptin-deficient or resistant 
rats, it was associated with enhanced memory and learning 
processes (15). Second, leptin was suggested to enhance 

N-methyl-d-aspartate receptor function, which modulates 
short-term potentiation into long-term potentiation in the 
hippocampus (14,17). Third, leptin was suggested to influ-
ence apolipoprotein-E-mediated uptake of beta-amyloid, a 
major genetic risk factor for AD (16).

Our findings are consistent with these experimental 
studies as well as with a few recent population-based 
observational studies demonstrating a protective effect of 
leptin on cognitive function and dementia. Cross-sectional 
results from a small case–control study have shown that 
patients with AD have lower levels of serum leptin than 
patients without AD (21). Recent cross-sectional find-
ings from the National Health and Nutrition Examination 
Survey III have shown that participants <60 years old with 
the middle tertile of leptin have fewer number of errors 
on the symbol digit substitution test compared with those 
with the lowest tertile (18). The highest tertile of leptin was 
not associated with cognitive performance. Further results 
from a prospective study among older adults of Health, 
Aging, and Body Composition study (Health ABC) sug-
gested an inverse relationship between serum levels of 
leptin and rate of cognitive decline, such that higher leptin 
level was associated with lower odds of cognitive impair-
ment over 4 years of follow-up (19). Finally, results from 
the Framingham study also provided evidence for a pro-
spective association between higher leptin and lower risks 
of dementia and AD (20).

Our results corroborate evidence suggesting that obe-
sity may interfere with the neuroprotective effect of leptin 
on the brain, possibly by leptin resistance. Consequently, 
acquired leptin resistance may constitute a potential mecha-
nism through which obesity influences cognitive function. 
Leptin resistance may result in compromised leptin trans-
port across the blood–brain barrier as well as reduced leptin 
signaling (24,25,34,35) which in turn may interfere with the 
action of leptin on the brain. Furthermore, obesity is well 
recognized as a state of inflammation in which increased 
levels of inflammatory biomarkers may interfere with leptin 

Table 2.  Association of Baseline Leptin and Anthropometric Characteristics with Dementia/MCI (N = 579)

Unadjusted Adjusted*

Variable OR 95% CI OR 95% CI

Body Mass Index (kg/m2)
 Normal (BMI <25) 1.0 – 1.0 –
 Overweight (25 ≤ BMI <30) .85 .57, 1.25 .77 .51, 1.15
 Obese (BMI ≥30) .92 .59, 1.43 .85 .53, 1.38
Weight (kg)‡ .90 .76, 1.06 .99 .97, 1.01
Height (cm)‡ .90 .76, 1.06 .99 .96, 1.02
Leptin (ng/mL)†‡ .92 .78, 1.08 .87 .72, 1.04

Notes: CI = confidence interval; OR = odds ratio.
*Adjusted for age, race, education, and hypertension.
†Leptin was analyzed on the log scale.
‡ Results are associated with 1SD difference in weight (SD = 11.3), height (SD = 5.4), and log leptin (SD = .91). 
§There are 236 dementia/MCI cases: 93 cases of dementia and 143 cases of MCI. 
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receptors and inhibit the neuroprotective effect of leptin 
on the brain (36,37). Our findings are consistent with the 
results from the Framingham study in which higher leptin 
was associated with lower risk of dementia and AD among 
subjects who were not obese (BMI <30 kg/m2 or with the 
lowest three quartiles of waist-to-hip ratio) but not if obese 
(20). Our results were not consistent with those from Health 
ABC, which found the association to be independent of 
BMI and percent body fat (19).

The association of obesity, as measured by BMI, with 
dementia risk is complex. Although high obesity in midlife 
has been associated with increased risk of dementia (4,5), 
studies that examined the association of late-life obe-
sity with risk of dementia have yielded conflicting results 
(10,38,39). Recent findings from the Cardiovascular Health 
Study evaluated the association between BMI and the risk 
of dementia for the same subjects at two different life stages 
(40). The latter study found a u-shaped association between 
midlife BMI and risk of dementia and an inverse association 
between late-life BMI and risk of dementia. Thus, available 
evidence suggests that the association of BMI with demen-
tia changes with age (10). At older ages, in particular, BMI 
may not be an accurate measure of adiposity. Therefore, the 
predictive ability of leptin at older ages, the level of which 
increases with adiposity, may present an opportunity to 
examine in a more accurate way the relation between adi-
posity and cognition.

This study has some limitations that are worth not-
ing. Our study sample is primarily a white population 
(89.1%), which limits our ability to generalize our results 
to other racial or ethnic groups. Our sample comprised 
of women only and thus our findings may not be gener-
alized to men. Although we adjusted for potential con-
founders, the possibility of residual confounding cannot 
be completely ruled out. However, this study has many 
strengths. Importantly, our results take advantage of a 
unique prospectively followed cohort of very old women 
who have been followed for nearly 20 years. Furthermore, 
clinical and biological data were collected and the diag-
nosis of dementia/MCI followed a thorough two-stage 
examination process.

In conclusion, in our community-dwelling cohort of very 
old women, higher levels of leptin were prospectively asso-
ciated with lower odds of dementia/MCI for women with 
low BMI. Higher levels of leptin did not confer any neuro-
protective benefit for overweight or obese women. We have 
provided evidence that leptin plays an important role in 
cognitive function and may constitute a potential pathway 
through which obesity influences cognitive function. This 
is of particular importance, given that anthropometric and 
obesity measures such as height, weight, and BMI may be 
inconsistent in their prediction of cognitive function among 
older adults. Further prospective studies need to confirm 
our results on the role of leptin and obesity in shaping cog-
nitive function and dementia.
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