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Abstract

Background: animal studies suggest a neuroprotective role for leptin, but human studies have shown mixed results. We exam-
ined whether plasma leptin levels in individuals with mild cognitive impairment (MCI) were related to cognitive function at
baseline and whether higher leptin levels were associated with reduced risk of dementia.
Methods: we categorised 352 MCI participants into sex-specific tertiles based on log-transformed fasting plasma leptin levels.
In sex-stratified analyses, we investigated whether cognitive ability differed by leptin tertile. We also examined whether the risk
of dementia over a 3-year follow-up period differed by leptin level. Analyses controlled for numerous potential confounding
variables, including body mass index, hypertension and levels of blood insulin and C-reactive protein.
Results: baseline cognitive ability did not differ as a function of leptin level, nor were higher leptin levels associated with
reduced hazard of developing dementia. Controlling for related co-variates did not reveal any significant associations between
leptin and dementia risk.
Conclusion: in this cohort of older adults with MCI, plasma leptin level was not associated with cognitive function at baseline,
nor did it predict risk of dementia. Other biological measures, such as volumetric MRI and cerebrospinal fluid protein levels,
have demonstrated robust dementia prediction in this cohort. Thus, the current negative findings suggest that plasma leptin,
on its own, is unlikely to become a useful clinical biomarker for Alzheimer’s disease. Efforts to develop other blood-based
biomarkers are needed.
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Introduction

With the growing realisation that Alzheimer’s disease (AD)
pathology begins to accumulate years prior to the onset of

dementia, there is strong interest in developing reliable tests
to predict dementia risk. A blood-based test would be ideal
for reasons of cost, convenience and availability. One poten-
tial serum measure that has received much recent attention is
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leptin, an adipocyte-secreted hormone involved in appetite
regulation [1], and cognitive function (for review, see Ref.
[2]). In animal models, leptin has been shown to promote
synaptogenesis and neurogenesis in the hippocampus [3, 4]
and to facilitate long-term potentiation—the physiologic
basis of memory [5]. Leptin has been shown to be positively
associated with memory performance [3] and to reverse cog-
nitive impairment in mouse models of AD [6]. Leptin has
also been shown to reduce amyloid and tau pathologies, the
key pathologies of AD [7, 8]. Plasma leptin levels have thus
been proposed as an early indicator of AD risk and as a
potential therapeutic target [7, 9].

The association of leptin with cognitive performance in
humans is not clear, however. Higher leptin levels have been
associated with reduced risk of cognitive decline and demen-
tia in some studies, but not in others [10–15]. Some studies
have even reported an inverse association, with higher leptin
levels associated with greater cognitive decline [15, 16].
Leptin levels have been reported to be lower in individuals
with AD than in age-matched healthy controls and to correl-
ate with disease severity in those with severe dementia [17].
However, since weight loss is common in AD [18], it is not
clear whether differences in leptin levels precede or follow
the onset of dementia. Few studies have examined the associ-
ation of leptin with cognitive ability in individuals with mild
cognitive impairment (MCI) who may be in a prodromal
stage of the disorder. Here, we examined whether serum
leptin levels are associated with cognitive function and
dementia risk in a cohort of individuals with MCI in whom
neuroimaging and CSF measures have demonstrated robust
prediction of dementia risk [19–21].

Methods

Alzheimer’s disease neuroimaging initiative

Data used in the preparation of this article were obtained from
the Alzheimer’s Disease Neuroimaging Initiative (ADNI;
http://adni.loni.usc.edu/). As such, the investigators within
the ADNI contributed to the design and implementation of
ADNI and/or provided data, but they did not participate in
analysis or writing of this report. A complete listing of ADNI
investigators can be found at http://adni.loni.usc.edu/wp-
content/uploads/how_to_apply/ADNI_Acknowledgement_
List.pdf. ADNI was launched in 2003 by the National
Institutes of Health, the Food and Drug Administration
(FDA), private pharmaceutical companies and non-profit
organisations, as a 5-year public/private partnership. ADNI’s
primary goal is the determination of sensitive and specific
markers of very early AD progression to aid researchers and
clinicians to develop new treatments and monitor their effect-
iveness, as well as lessen the time and cost of clinical trials.
ADNI is the result of efforts of many co-investigators from a
range of academic institutions and private corporations.
Participants have been recruited from over 50 sites across the
United States and Canada. Participants with MCI were

reassessed at �6-month intervals for 3 years. For further in-
formation, see www.adni-info.org.

Participants

We analysed data from 352 MCI participants who had had
blood drawn for analysis of plasma proteins potentially asso-
ciated with AD risk and who underwent cognitive testing
and structural imaging at baseline. The criteria for a diagnosis
of MCI included Mini-Mental State Exam score between 24
and 30, subjective memory complaint corroborated by an
informant, objective memory loss, a Clinical Dementia Rating
scale (CDR) score of 0.5, preserved activities of daily living
and absence of dementia. Further details of ADNI’s inclu-
sion/exclusion criteria can be found at http://adni.loni.usc.
edu/wp-content/uploads/2010/09/ADNI_GeneralProcedures
Manual.pdf

The research protocol was approved by each local institu-
tional review board, and written informed consent was
obtained from each participant or participant’s guardian.

Plasma proteins

Plasma samples were obtained in the morning following an
overnight fast. Samples were frozen, most within 120 min of
collection. Plasma proteins were assessed with the Human
Discovery Multi-Analyte Profile panel developed by Rules-
Based Medicine (RBM, Austin, TX, USA) on the Luminex
xMAP platform. Details of the quantification of plasma pro-
teins are available at http://adni.loni.usc.edu/wp-content/
uploads/2010/11/BC_Plasma_Proteomics_Data_Primer.pdf.
We downloaded the quality-controlled plasma measures
from the public ADNI website. As part of quality control,
measures that were not normally distributed, such as leptin,
were log-transformed. Log-transformed insulin and C-reactive
protein (CRP) levels were included as co-variates in adjusted
analyses.

Assessment of cognitive function

A battery of cognitive function tests were administered to
ADNI participants. We focus here on measures that are par-
ticularly vulnerable to early AD, including global measures of
function (the Clinical Dementia Rating Scale, Sum of Boxes
Score, CDR-SB) and cognition (the Alzheimer’s Disease
Assessment Scale, Cognitive Subscale, ADAS-Cog). We also
included measures of learning and memory assessed with the
Rey Auditory Learning Verbal Test (AVLT). Learning was
assessed as the sum of the correct responses across the five
AVLT learning trails; recall was assessed as the number of
words correctly recalled after a 20-min delay.

Statistical analysis

Since prior evidence suggests that leptin may not be linearly
related to cognitive function [11], we categorised partici-
pants into sex-specific leptin tertiles. We used analyses of
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co-variance (ANCOVAs) to examine differences in demo-
graphics, clinical measures and neuropsychological task per-
formance across leptin tertile groups. Since leptin levels differ
by sex, we analysed data from men and women separately.
Since cognitive performance is affected by age and education,
we controlled for these effects by including age and education
as co-variates. In secondary analyses, we examined whether
control for additional factors plausibly related to leptin or cog-
nitive function affected the results by including, in separate
ANCOVAs, body mass index (BMI), hypertension as assessed
by the use of any antihypertensive medication, CRP and
insulin levels as co-variates. To explore whether the association
of leptin with cognitive performance differed by obesity [13,
14], we classified participants into normal weight (BMI < 25)
and overweight groups (BMI≥ 25) and included BMI group
as an interaction term in the models.

We examined risk of developing dementia over 3 years
across leptin tertiles using Cox regression models, with age
as a co-variate. Hazard ratios (HRs) of developing dementia
were calculated for the two lowest leptin tertiles relative to
the highest tertile. In secondary analyses, we examined
whether inclusion of any of the co-variates described above
(BMI, hypertension, CRP and insulin level) affected the
results of the Cox regression analyses.

To determine whether results differed when leptin was
treated as a continuous rather than categorical variable, ana-
lyses were repeated treating leptin as a continuous measure.
These analyses used linear regression models and included
the same co-variates as described above.

Results

Participant characteristics

In this sample of 222 men and 128 women, leptin levels were
higher in women than in men (F(1,347) = 209; P< 0.001;

controlling for age and BMI) and strongly correlated with
BMI (Pearson’s partial r= 0.63; P< 0.001; controlling for sex
and age) and insulin levels (Pearson’s partial r= 0.43;
P< 0.001 controlling for sex and age). More men than
women in this study were overweight (χ2 = 9.15; P= 0.002;
63.8% of men and 47.2% of women had a BMI≥ 25), and
more men than women were taking antihypertensive medica-
tions (χ2 = 16.66; P= 0.001; 54.9% men and 48.4% women).

Table 1 shows participant demographics as a function of
sex-specific leptin tertiles. Age and education levels did not
differ across leptin levels for men or women. As expected,
BMI increased with increasing leptin level, as did insulin
levels. In men, the proportion of participants being treated
for hypertension increased with increasing leptin level. For
women, this effect approached significance. In women, CRP
level increased with increasing leptin tertile; in men, CRP
level did not differ across leptin tertiles.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Mean (standard deviation) scores on clinical and
cognitive tests across sex-specific leptin tertiles (T)

T1 T2 T3 Significance, P

Men
CDR_SB 1.62 (0.93) 1.45 (0.93) 1.65 (0.93) 0.349
ADAS-cog 12.15 (4.07) 11.99 (4.05) 10.63 (4.07) 0.047
Learning 28.82 (7.99) 29.55 (7.93) 29.69 (7.96) 0.777
Delayed recall 2.26 (2.99) 2.49 (2.97) 3.091 (2.99) 0.224
Women
CDR_SB 1.54 (0.83) 1.57 (0.83) 1.72 (0.81) 0.554
ADAS-cog 11.24 (4.77) 12.21 (4.75) 11.08 (4.72) 0.492
Learning 34.57 (9.94) 32.11 (9.89) 32.01 (9.82) 0.415
Delayed recall 3.29 (3.83) 3.22 (3.82) 3.20 (3.79) 0.995

Analyses included age and education level as co-variates.
CDR-SB, Clinical Dementia Rating Scale, Sum of Boxes; ADAS-Cog, Cognitive
Subscale of the Alzheimer’s Disease Assessment Scale; T, leptin tertile.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1.Demographic and clinical characteristics of participants by sex-specific leptin tertiles

Leptin tertile T1 T2 T3 Significance, P

Men (N) 75 75 74
Age 75.45 (7.48) 75.17 (7.36) 75.36 (7.22) 0.972
Education 16.39 (3.22) 15.85 (2.79) 15.35 (3.09) 0.117
BMI 24.12 (2.59) 26.16 (2.75) 29.08 (3.46) <0.001
Hypertension (%) 40.00 52.00 72.97 0.001
Log CRP (µg/ml) −0.01 (0.55) 0.04 (0.48) 0.14 (0.50) 0.267
Log insulin (µIU/ml) 0.16 (0.36) 0.33 (0.25) 0.47 (0.27) <0.001
Log leptin (ng/ml) 0.39 (0.23) 0.79 (0.08) 1.15 (0.15) –
Women (N) 42 45 41
Age 73.26 (6.76) 74.09 (8.13) 73.08 (7.73) 0.803
Education 16.19 (2.44) 14.71 (3.38) 15.17 (3.04) 0.067
BMI 22.46 (3.35) 24.29 (2.36) 28.90 (3.61) <0.001
Hypertension (%) 38.09 46.66 60.97 0.109
Log CRP (µg/ml) −0.10 (0.56) 0.15 (0.47) 0.40 (0.40) <0.001
Log insulin (µIU/ml) 0.17 (0.27) 0.33 (0.28) 0.47 (0.27) <0.001
Log leptin (ng/ml) 0.74 (0.21) 1.17 (0.11) 1.56 (0.16) –

Unless otherwise indicated, values are mean (standard deviation).
T, leptin tertile; tertiles are not equal due to tied values.
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Association of leptin with cognitive function

The relation of leptin tertiles to measures of global cognitive
(ADAS-Cog) and functional (CDR-SB) impairment, learning
and recall is shown in Table 2. In primary analyses, with age
and education as co-variates in the ANCOVA, the only signifi-
cant association to emerge was for ADAS-Cog score in men
(P= 0.047). Men with leptin levels in the highest tertile showed
less impairment than men with leptin levels in the two lower
tertiles. However, with BMI included as a co-variate, ADAS-
Cog score did not differ across leptin levels (P= 0.271). For
women, none of the test scores showed significant differences
across leptin tertiles, with or without control for additional
co-variates. Inclusion of body weight (normal versus over-
weight) as an interaction term revealed no significant interac-
tions of leptin with body weight for any outcome measure, in

men or women. Treating leptin as a continuous rather than a
categorical variable did not reveal any significant associations
between leptin level and any outcome measure for men or
women.

Association of leptin with 3-year risk of dementia

Over the 3-year follow-up period, 38% of men and 45% of
women with MCI developed dementia. In men, 35% of those
in the lowest leptin tertile, 30% of those in the middle tertile
and 38% of those in the highest tertile developed dementia. In
women, the corresponding percentages were 60, 40 and 37%.
HRs of developing dementia with lower leptin levels were not
significant in men or women (Figure 1). The HR of develop-
ing dementia was 0.90 (95% CI = 0.48–1.70) for men with
leptin levels in the lowest tertile, and HR= 0.95 (0.54–1.65)
for men with leptin levels in the second tertile, relative to the
highest tertile. For women, the corresponding HRs were 1.71
(0.74–3.95) and 1.25, (0.56–2.77). Including additional
co-variates in the Cox regression analyses did not yield signifi-
cant findings, nor did treating leptin as a continuous rather
than a categorical variable.

Discussion

We examined the relation of baseline serum leptin levels to
measures of cognitive impairment at baseline and with risk
of decline to dementia among individuals with MCI. Leptin
levels were weakly associated with general cognitive function
at baseline in men, as evidenced by better performance on
the ADAS-Cog in men with the highest level of leptin relative
to those with lower levels. However, this effect was not inde-
pendent of BMI. Leptin levels did not predict risk of demen-
tia over the 3-year follow-up period in either men or women.
Thus, unlike several other biological measures that have been
found to significantly predict dementia in this cohort, such
as structural brain atrophy, regional cerebral hypometabo-
lism, amyloid and tau levels in cerebrospinal fluid [19, 20, 22,
23], serum leptin levels do not appear to be a robust
measure, on their own, for identifying those individuals with
MCI who are at a highest risk of developing dementia.

Despite evidence from animal studies that higher leptin
levels are associated with better memory task performance [3,
6], evidence that leptin protects against cognitive decline in
humans has been less consistent. Higher plasma leptin levels
were associated with reduced risk of cognitive decline over a
4-year period in one study of older adults [11] and with
reduced risk of AD over an 8-year period in another study
[10]. In two other studies, an association of high leptin level
with reduced risk of dementia or cognitive decline was found
only among normal weight but not among overweight indivi-
duals [13, 14]. A study of middle-aged women found that
mid-life leptin levels were not associated with risk of dementia
over a 32-year follow-up [12]. A study of middle-aged men
and women reported that leptin levels were not associated
with cognitive performance in women, but showed an

Figure 1. Survival curves from the Cox regression analysis
showing risk of developing dementia over the 3-year follow-up
period by sex-specific leptin tertile (T) for men (A) and women
(B). Analyses controlled for age and BMI. There were no signifi-
cant differences in hazard of developing dementia across leptin
tertiles.
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inconsistent relation with cognitive performance in men, with
high leptin levels associated with better cognitive performance
8 years later in white men but with worse cognitive perform-
ance 8 years later in black men [15]. A large study of older
adults with Type II diabetes found that higher leptin levels
were associated with worse cognitive function in men, but they
were not associated with cognitive function in women [16].
Thus, across studies, the association of leptin with cognitive
function or risk of dementia varied by age, sex, race and health
status.

Since leptin is secreted in proportion to adipose mass,
leptin levels are positively correlated with obesity and with
obesity-related health conditions, such as cardiovascular and
metabolic diseases. The prevalence of cardiovascular and
metabolic diseases varies by age, race and sex. Many cardiovas-
cular and metabolic risk factors have themselves been found
to relate to cognitive impairment and dementia risk [24–26].
There is thus strong potential for these risk factors to
mask any beneficial effect of leptin on cognition. Although
most studies control some of these risk factors, it is not pos-
sible to control all potentially related factors. The variability
in the co-variates included in the analyses and in the preva-
lence of these diseases across study samples likely contributes
to the inconsistent results across studies and within study
subsamples.

Another factor that makes it difficult to assess the relation
of serum leptin to cognitive function in humans, and that is
likely to contribute to discrepancies across studies, is leptin
resistance. Leptin is transported into the brain through a
saturable mechanism involving triglycerides [27, 28]. In con-
ditions associated with high-circulating leptin levels, such as
obesity, leptin transport across the blood–brain barrier is
reduced [28].Within the central nervous system, leptin resist-
ance arises from reduction of leptin receptors and impaired
leptin signalling [2]. Obesity, age and oestrogen insufficiency
have all been associated with central leptin resistance [29].
Thus, the relation between peripheral leptin levels and central
leptin activity likely differs by age, sex and disease states. We
found that leptin levels were positively correlated with CRP
in women but not in men, a finding that has been reported
previously [30]. CRP binds to leptin, potentially contributing
to leptin resistance [30], and this may contribute to the sex
difference observed here in the relation of leptin to baseline
cognitive function. The phenomenon of leptin resistance
poses challenges for the viability of therapies aimed at
increasing leptin levels to prevent or treat AD.

A strength of this study is the use of a cohort that was
highly selected to increase the probability that participants
are in a prodromal stage of AD, allowing us to examine the
predictive ability of leptin in a population at high risk for
dementia, and for whom the predictive ability of other bio-
logical measures has been assessed. However, the sample
size is relatively small compared with larger population-based
studies, and the length of follow-up is limited. Given the
findings of a weak association of leptin level with baseline
cognitive function in men, and an orderly, albeit insignificant,
increase in HR of developing dementia with decreasing leptin

level in women, it is possible that a study with a larger
sample size and longer follow-up would have observed sig-
nificant effects. It is also possible that the combination of
leptin with other blood biochemical measures would show
greater association with baseline cognitive impairment and
greater ability to predict dementia risk.

Nevertheless, the results of this study, along with the
inconsistencies of results across prior studies, suggest that
plasma leptin levels are not useful, on their own, for predict-
ing dementia risk in older adults. Further efforts to develop
other blood-based tests of AD, potentially involving combi-
nations of measures, are needed.

Key points

• Neuroimaging and cerebrospinal fluid biomarkers exist for
predicting dementia risk in older adults with MCI.

• A blood-based test of dementia risk would be more eco-
nomical and have greater availability.

• Evidence suggests that leptin may facilitate cognitive func-
tion and may play a neuroprotective role in AD.

• Serum leptin levels in older adults with MCI were weakly
associated with cognitive ability at baseline in men but not
in women.

• High serum leptin levels were not associated with reduced
risk of dementia in patients with MCI.
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