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bstract

Leptin is a peptide hormone secreted by adipocytes. It has been shown to modulate production and clearance of amyloid beta (A�) in rodent
odels. We sought to determine if serum leptin was associated with cognitive decline in the elderly.
We studied 2871 well-functioning elders, aged 70–79, who were enrolled in a prospective study. Serum leptin concentrations were measured

t baseline and analyzed by mean ± 1S.D. Clinically significantly cognitive decline over 4 years was defined as ≥5-point drop on the Modified
ini Mental State Exam (3MS).
Compared to those in the lower leptin groups, elders in the high leptin group had less cognitive decline, 20.5% versus 24.7% (OR = 0.79;

5% CI 0.61–1.02, p = 0.07). After adjustment for demographic and clinical variables, including body mass index and total percent body fat,
hose in the high leptin group had significantly less likelihood of cognitive decline, OR = 0.66 (95% CI 0.48–0.91).
We conclude that in elderly individuals, higher serum leptin appears to protect against cognitive decline, independent of comorbidites and
ody fat.

2007 Elsevier Inc. All rights reserved.
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. Introduction
Leptin is a protein, secreted predominantly by adipocytes,
hat regulates appetite, energy balance, and neuroendocrine
unction. It has also been implicated in bone and brain devel-
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pment (Harvey, 2003). A growing body of research suggests
hat leptin may play a role in learning and cognition.

Leptin receptors and mRNA are widely expressed in
he human brain, including the hippocampus and neocortex

Funahashi et al., 2003). In animal models, leptin facilitates
earning, spatial memory and long-term potentiation (Li et
l., 2002), and has been shown to enhance NMDA receptor
unction and modulate synaptic plasticity in the hippocampus
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Shanley et al., 2001). Recent work by Fewlass et al. (2004)
eveals that leptin may be linked to Alzheimer’s disease (AD)
hrough modulation of A� production and clearance. Leptin
as found to reduce production of A�, apparently through
reduction in �-secretase activity, as well as to increase

polipoprotein-E (ApoE)-mediated clearance of A� fibrils.
ost interestingly, leptin administered to AD transgenic mice

ed to a significant reduction in total brain A� load.
Aging is associated with declining serum leptin levels,

ndependent of body mass index (BMI), as well as with the
evelopment of leptin resistance (Isidori et al., 2000; Ma
t al., 2002; Nogalska et al., 2003; Scarpace et al., 2001;
ang et al., 2001). In case-controlled studies, patients with
D have lower leptin levels than controls, also independent
f body mass index (Power et al., 2001). Weight loss is a
ommon feature of AD, and is found to occur before the
nset of dementia (Barrett-Connor et al., 1998), suggesting an
nderlying metabolic abnormality in the pathogenesis of AD.

The present study sought to determine the relationship
etween serum leptin level and cognition in humans, as
here have been no studies to date addressing this directly.
iven the compelling findings potentially linking leptin to
D pathogenesis, our hypothesis was that higher leptin would
e associated with less cognitive decline.

. Methods

.1. Study population

Participants were part of the Health, Aging and Body
omposition (Health ABC) Study, a prospective cohort study,
eginning in 1997, of 3075 community-dwelling elders then
ged 70–79 years old and living in Memphis, TN or Pitts-
urgh, PA. To identify potential participants, a random sample
f white and all the black Medicare-eligible elders within des-
gnated zip code areas were contacted. To be eligible for the
tudy, participants had to report no difficulties with walking a
uarter of a mile or climbing 10 steps without resting, and no
ifficulty with mobility-associated activities of daily living.
hey also had to be free of life-threatening cancers and could
ot be intending to move out of the study area for at least 3
ears. All elders participating in the study signed an informed
ritten consent, approved by the institutional review boards

t the clinical sites. This study was approved by the University
f California San Francisco Committee of Human Research.

Of the 3075 Health ABC participants, 204 were miss-
ng serum leptin concentration data at baseline, leaving 2871
articipants in our analytic cohort. Those without leptin data
ended to be older, of Black race, and have higher BMI at
aseline.
.2. Measurements

The Modified Mini Mental State Examination (3MS) was
dministered to all participants during the baseline visit and

f

o
m
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epeated at the Years 3 and 5 follow-up visits. It is a brief,
eneral cognitive battery with components for orientation,
oncentration, language, praxis, and immediate and delayed
emory (Teng and Chui, 1987). The maximum (best) score

s 100. Cognitive decline was defined as a decline of 5 or
ore points at either follow-up visit as has been previously

ecommended (Yaffe et al., 2003).
Venous blood samples were collected in the morning from

asting subjects at baseline, and leptin concentrations were
easured in duplicate using the Sensitive Human Leptin
IA Kit (product number SHL-81K) from Linco Research,

nc. (St. Charles, MO). The assay is a competitive radioim-
unoassy in which the concentration of leptin is determined

y competition with 125I-Human Leptin, with a maximum
etectable leptin level of 50 ng/ml. The intra-assay CV is
.7–7.5% and the inter-assay CV is 3.2–8.9%.

Potential covariates included variables previously shown
n the literature to be associated with cognitive function or
eptin levels. Participant age, race, gender, and whether or
ot they achieved a high-school level of education were
elf-reported at baseline. BMI was calculated by dividing
direct weight measurement (in kilograms) by the squared

verage of at least two height measurements (in millime-
ers converted to meters). Total body mass (total weight) and
ody composition were measured at baseline by using fan-
eam DXA (QDR4500A) with DXA software (version 8.21)
both: Hologic, Bedford, MA), allowing for determination of
ercent body fat. The presence of diabetes mellitus and hyper-
ension, and history of myocardial infarction (MI), stroke
r transient ischemic attack (TIA) were determined using a
ombination of self-reported physician diagnoses, clinic data
nd medication use. The number of days that people spent
n the hospital in the five-year period prior to baseline was
ncluded as an indication of health status, and determined
rom Medicare records. Depressive symptoms were assessed
ith the Center for Epidemiologic Studies-Depression Scale

CES-D), with higher scores indicating greater number of
ymptoms and a score ≥16 consistent with possible depres-
ion (Orme et al., 1986). Apolipoprotein-E (APOE) genotype
as analyzed using standard techniques and coded as APOE
4 or no �4 (Hixson and Vernier, 1990).

.3. Statistical analyses

We coded participants with less than one standard devia-
ion (S.D.) below the mean level as having low leptin level,
hose within one S.D. of the mean as having medium leptin
evel, and those with more than one S.D. above the mean
s having high leptin level. We tested for trend associations
etween leptin group and baseline characteristics using lin-
ar regression for those that were normally distributed, and
n extension of the Wilcoxon rank sum test (Cuzick, 1985)

or all other characteristics.

To test for an association between leptin group and devel-
pment of cognitive decline, we used logistic regression
odels. Leptin values were divided into three categories,
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Fig. 1. Serum leptin levels are associated with odds of cognitive decline:
Model A is unadjusted; Model B is adjusted for race, gender, education,
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ow, medium, and high, based on the mean ± 1S.D. of the
og transformed leptin values. Multivariate logistic regres-
ion models were used to adjust for characteristics shown to
e associated with leptin and cognitive decline in bivariate
nalyses (p < 0.05). These were age, race, gender, educa-
ion, hypertension, diabetes and MI history. In addition, we
djusted for baseline cognitive score. Because we were inter-
sted in examining how BMI and percent body fat may
ediate the relationship with leptin and cognitive decline, we

dded these two variables to the multivariate logistic analyses
n the fully adjusted model.

. Results

The mean age of the study population was 73.7 years
S.D. = 2.9 years); 40.6% were black and 51% were women.
he mean serum leptin level for the study population was
3.0 ng/ml (S.D. = 10.6 ng/ml). The lowest leptin group was
omposed of 479 individuals with a mean leptin level of
.3 ng/ml (S.D. = 1.0 ng/ml) and range of 0–3.7 ng/ml. The
iddle group was composed of 1915 individuals with a
ean leptin level of 10.9 ng/ml (S.D. = 5.2 ng/ml) and range

f 3.7–22.8 ng/ml. The highest group was composed of
76 individuals, and had a mean leptin level of 32.3 ng/ml
S.D. = 8.0 ng/ml) and range of 22.8–4.7 ng/ml.

Bivariate analysis revealed that several demographic and
linical factors varied significantly among the leptin groups
Table 1). In general, higher leptin was associated with
ounger age (p < 0.01), black race (p < 0.01), female gender
p < 0.01), less education (p < 0.01), greater BMI (p < 0.01)
nd total percent body fat (p < 0–0.01), and the presence of

ypertension (p < 0.01), diabetes (p = 0.02), and a prior MI
p < 0.01). ApoE �4 carrier status, depression, a history of
troke or TIA, the number of days spent in the hospital during
he 5 years prior to enrollment, and baseline 3MS score were

g
n
9
b

able 1
aseline characteristics of the Health ABC participants by leptin group

haracteristic Leptin group

Low (n = 479)

ge (mean, S.D.) 73.8 (2.9)
lack (%) 36.7
emale (%) 16.1
ducation ≤ high-school (%) 54.4
epression score ≥ 16 (%) 3.8
ody mass index, (kg/m2) (mean, S.D.) 23.3 (3.1)
otal % body fat (mean, S.D.) 25.3 (4.6)
ypertension (%) 38.7
iabetes (%) 10.5
yocardial infarction history (%) 15.0

troke/TIA history (%) 7.0
umber of days in hospital (%)
0–7 84.3
>7 15.7

poE �4 carrier (%) 28.5
aseline 3MS score (mean, S.D.) 92.2 (7.4)

p-Value for trend.
aseline cognitive score, hypertension, prior MI, diabetes, and number of
ays spent in the hospital in the prior 5 years; and Model C is adjusted for
MI and percent body fat in addition to all of the factors in Model B.

ot significantly associated with leptin group. At 5 years, 14%
f those in the low leptin group, 8% of those in the middle
eptin group, and 6% of those in the high leptin group had
ied.

There was no difference in cognitive decline between the
ow and medium leptin groups, so these groups were com-
ined to form a single low leptin group. Compared to those
n the low leptin group, people in the high leptin group
ad less cognitive decline (20.5% vs. 24.7%, unadjusted
R = 0.79; 95% CI 0.61–1.02, p = 0.07). After adjustment

or age, race, gender, education, baseline cognitive score,
ypertension, prior MI, diabetes and number of days spent
n the hospital in the prior 5 years, those in the high leptin

roup had almost half the likelihood of developing cog-
itive decline than those in the lower group (OR = 0.58;
5% CI 0.43–0.77) (Fig. 1). When BMI and total percent
ody fat were added to the multivariate logistic regression,

Middle (n = 1915) High (n = 476) p-Value*

73.7 (2.9) 73.2 (2.8) <0.01
37.7 56.1 <0.01
47.3 89.5 <0.01
56.6 64.1 <0.01
6.1 5.3 0.31

27.0 (4.0) 31.1 (4.8) <0.01
34.6 (5.8) 43.0 (4.9) <0.01
50.8 60.9 <0.01
15.4 18.2 0.02
12.1 7.6 <0.01
7.9 5.1 0.25

82.8 84.2 0.59
17.2 15.8
28.7 26.5 0.50
93.0 (6.3) 92.7 (6.3) 0.31
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ig. 2. A lowess plot of leptin level vs. log odds of cognitive decline.

he association between leptin group and cognitive decline
as attenuated slightly but remained statistically significant

OR = 0.66; 95% CI 0.48–0.91) (Fig. 1). We tested for inter-
ctions between gender and leptin and between race and
eptin on risk of cognitive decline but did not find statistically
ignificant interactions.

A lowess plot of leptin level versus log odds of cogni-
ive decline confirmed that it was at the extremes of leptin
istribution that the relationship between leptin and cogni-
ion took on distinct patterns, and that there was no clear
hreshold for the association between leptin and cognition
Fig. 2).

. Discussion

We examined the relationship between serum leptin
evel and cognitive decline in a large population of well-
unctioning, community-dwelling, elderly individuals. At 5
ears, we observed less cognitive decline in individuals with
igh leptin versus low leptin levels. After adjustment for
otential confounding factors, this association remained and
as statistically significant, with the high leptin group nearly
0% less likely to develop cognitive decline compared to the
ow leptin group.

To our knowledge, there have been no studies to date
xamining leptin and cognition in humans. However, our
ndings are in line with the basic research literature, which
enerally supports a positive role for leptin in memory
nd learning processes in rodents. Molecular mechanisms
mplicated in this process include actions that modulate
ynaptic plasticity. Genetically obese rodents with dysfunc-
ional leptin receptors have impaired hippocampal long-term
otentiation (LTP) and long-term depression (LTD), and per-

orm poorly on spatial memory tasks (Gerges et al., 2003;
i et al., 2002). Moreover, direct administration of leptin

nto the dentate gyrus enhances LTP in rats (Wayner et al.,
004), while direct leptin administration into the CA1 region

i
d
s
a
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f the hippocampus improves spatial memory and learning in
ice (Farr et al., 2006). At the cellular level, leptin has been

hown to enhance NMDA receptor function (Shanley et al.,
001), possibly through rapid trafficking of NMDA receptors
o the plasma membrane (Harvey et al., 2006), in a man-
er analogous to insulin (Skeberdis et al., 2001). Thus leptin
ay enhance memory and learning through mechanisms that
odulate synaptic plasticity in the hippocampus.
In addition to leptin’s role in modulating synaptic plastic-

ty, recent work by Fewlass et al. (2004) demonstrates that
eptin alters brain A� levels through modulation of ApoE-

ediated uptake of A� fibrils. Moreover, leptin decreased the
otal brain A� load in rodents by up to 50%. These findings
uggest that leptin levels may play a role in the pathogene-
is of AD. As noted previously, patients with AD have been
ound to have lower serum leptin levels compared to con-
rols, independent of BMI (Power et al., 2001). Interestingly,
n a 20-year prospective study of 299 community-dwelling
lder adults, Barrett-Connor et al. (1998) found that weight
oss precedes mild and moderate dementia, suggesting that
arly weight loss is unlikely to be a consequence of AD
tself, and that AD may be linked to underlying metabolic
bnormalities.

The potential link between leptin, nutrition and cognition
as examined in a recent study by Dagon et al. (2005), in
hich it was observed that leptin reverses the deleterious

ffects of severe diet restriction, modulating cognitive ability
hrough AMPK signaling pathways. Indeed, leptin has been
ound to act as an anti-apoptotic hormone under stress con-
itions (Russo et al., 2004). A role for leptin in neurogenesis
nd neurodevelopment is strengthened by the observations of
dagawa et al. (2006) that leptin stimulates the proliferation
f precursor cells committed to neuronal differentiation, and
romotes neuronal terminal differentiation. Recent work by
uo et al. (2007) suggests that leptin serves a neurotrophic

unction in the developing and adult hippocampus by enhanc-
ng mitochondrial resistance to apoptosis and excitoxicity.
urther supporting leptin’s antiapoptic function, leptin has
een shown to be neuroprotective against ischemic cell injury
s well as dopaminergic cell death (Weng et al., 2007; Zhang
t al., 2007). Leptin’s anorexic action in the hypothalamus
as been shown to be enhanced by high systemic estrogen
evels in rats (Clegg et al., 2006). The possibility that estro-
en may potentiate leptin signaling in cognitive processes is
articularly intriguing.

In our study, leptin levels were positively correlated with
MI and percent body fat, an unsurprising result consistent
ith previous work (Sinha and Caro, 1998). This raises the
uestion that low leptin might simply reflect a state of under-
ourishment or comorbid medical illness, and that it is these
atter conditions that are impacting cognitive performance.
owever, when BMI and percent body fat were included
n our multivariate analysis, the association of cognitive
ecline with leptin levels remained statistically significant,
uggesting that additional factors may play a role in the
ssociation of leptin and cognition. Similarly, our results
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emained significant after adjusting for medical comorbidi-
ies.

In this population, both diabetes and hypertension were
ore prevalent in individuals with high serum leptin lev-

ls. In prior studies, insulin resistance, diabetes, and the
etabolic syndrome have been associated with elevated lep-

in levels, independent of fat indices (Armellini et al., 2000;
i et al., 2004; Wauters et al., 2003; Zamboni et al., 2004;
oico et al., 2004). The direct effects of leptin on glucose
etabolism and insulin signaling have not yet been fully

lucidated. However, in vivo studies have shown that lep-
in improves insulin sensitivity (Ebihara et al., 2001; Lin et
l., 2002; Ogawa et al., 1999; Yamauchi et al., 2001) and
ormalize glucose metabolism in rodents (Chinookoswong
t al., 1999; Masuzaki et al., 1999). Transgenic expression
f neuron-specific leptin receptor in receptor-deficient mice
eads to amelioration of diabetes (de Luca et al., 2005).
dditionally, leptin has been shown to have an antidia-
etic function through control of intracellular fatty acid
etabolism, maintenance of glucose sensitivity, and pre-

ention of islet lipotoxicity (Shimabukuro et al., 1997;
himokawa and Higami, 2001; Unger, 2005). Peripheral

nsulin resistance and hyperleptinemia are associated with
eptin resistance and reduced expression of leptin receptor

RNA in aging rats (Fernandez-Galaz et al., 2001). Obesity
nd aging are also associated with hyperleptinemia and leptin
esistance (Chu et al., 2001; Ma et al., 2002). Considering this
onstellation of findings, it would appear that the association
f diabetes and hyperleptinemia is likely a function of some
egree of leptin resistance, but we have no ability to confirm
his with our data. It is interesting to note that recent work has
inked diabetes to mild cognitive impairment (Arvanitakis et
l., 2006; Bent et al., 2000; Gregg et al., 2000; Nguyen et al.,
002; Yaffe et al., 2004, 2006). Indeed, after adjustment for
he presence of diabetes, the association between high serum
eptin level and less cognitive decline becomes more robust,
rguing that diabetes functions as a negative confounder in
his study. This also suggests that leptin resistance may play
role in the cognitive impairment noted in diabetes.

Our study has several limitations, including an inability
o measure possible leptin resistance in our study subjects.
ecent work has linked leptin resistance to both reduced lep-

in transport across the blood brain barrier as well as reduced
eptin signaling (Arch, 2005; Banks et al., 2004; Banks and
arrell, 2003; Feng, 2006; Steinberg et al., 2006). However,

he presence of leptin resistance in our study population
ould most likely serve to negatively confound our analy-

is, masking an even more robust association between higher
eptin levels and reduced likelihood of cognitive decline.
nother limitation of this study is the lack of clinical evalu-

tion of the type of cognitive decline measured by the 3MS,
hich does not provide a complete assessment of all cog-

itive domains. Also, although we adjusted for age, race,
ender, education, several medical comorbidities, and both
ercent body fat and BMI, we cannot rule out the presence
f residual confounding.

C
D
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. Conclusion

This study is the first population-based study examin-
ng the association between serum leptin level and cognitive
ecline in older persons. Our main finding, that individuals
ith high serum leptin level have reduced odds of cognitive
ecline, is in line with rodent models and cellular studies.
urther work is needed to corroborate a definitive role for

eptin in human cognition.
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