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Academic Editors: T. Kovács, C.-R. Lai, E. Mukaetova-Ladinska, and P. J. Twomey

Copyright © 2011 Mary Beth Spitznagel et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Unintentional weight loss in Alzheimer’s disease (AD) predicts morbidity and mortality, but effectiveness of dietary
supplementation is reduced in those with low body mass index. Exercise may be beneficial, particularly if started early.
Thirty-one participants with mild cognitive impairment (MCI) completed measures of cardiovascular fitness, eating behavior,
cognitive function, and body composition before and following a 6-month exercise program. Ghrelin, leptin, and brain-derived
neurotrophic factor were measured to elucidate the relationship between cognition and response to exercise. Significant baseline
relationships emerged among appetite and both cardiovascular fitness and neurocognition. Following the exercise program,
improvements in cardiovascular fitness and healthy eating habits occurred, body composition and biomarkers remained stable, and
cognition declined. This study suggests exercise may benefit persons with MCI by promoting healthier eating habits and possibly
stabilizing body composition and biomarkers. Although increased fitness did not stabilize cognitive decline in MCI, exercise may
positively impact eating behavior.

1. Introduction

Unintentional weight loss is associated with Alzheimer’s dis-
ease (AD) [1] and often precedes onset of cognitive decline
and diagnosis [2]. Significant weight loss (greater than 4%
of body weight in 1 year) independently predicts morbidity
and mortality in older adults [3]. Loss of lean mass has re-
cently been linked to brain atrophy and decreased cognitive
performance in AD [4]. In contrast, an attenuated loss of
body mass in older adults is associated with neuroprotection
[5].

The mechanisms linking weight loss and AD are not fully
understood, but persons with early stage AD demonstrate de-
creased food intake and eating behavior disturbances [6].
Poor nutritional status and appetite loss are common in
persons with AD [7], and recent research suggests a direct
link between AD and dietary patterns [8]. High-energy nu-
tritional supplements are often utilized with individuals at

risk for weight loss; however, supplementation appears to
offer reduced benefit for individuals with very low body mass
[9], underscoring the need for other interventions.

One possible intervention targeting both weight loss and
the cognitive decline of AD may be exercise. Physical activ-
ity may improve the sensitivity of the body’s satiety system,
in turn increasing appetite [10]. Although the body’s initial
response to exercise may be weight loss, food intake typically
increases to compensate for expended energy [11]. In ad-
dition, physical fitness and activity are linked with better
neurocognitive outcome in older adults, including better
neuropsychological test performance and decreased pathol-
ogy on neuroimaging [12–16]. Increased cardiorespiratory
fitness is associated with reduced brain atrophy in AD [17],
and a recent population-based study shows that moderate
exercise in mid- and late life is associated with decreased
risk of developing MCI [18]. No study has directly assessed
prevalence of sedentary lifestyle in persons with AD, though
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only 2.5% of healthy older adults achieve recommended
activity levels [19]. This pattern of inactivity may exacerbate
weight loss, whether through decreased appetite or loss of
lean muscle mass.

In this context, the relationship between declining cog-
nition and weight loss may be further elucidated by bio-
markers associated with eating behavior. Ghrelin, leptin, and
brain-derived neurotrophic factor (BDNF) all have demon-
strated relationships with eating behavior, appetite, or weight
maintenance [20–22]. These biomarkers may be positively
impacted by exercise or weight loss; research links obesity
to increased leptin [23], and exercise decreases ghrelin [24]
while increasing BDNF [13]. However, these biomarkers not
only appear to be related to eating and weight, but are also
linked with cognition. Specifically, there is evidence that
increased ghrelin [25] and leptin [26] and decreased BDNF
[27] are associated with poorer cognitive performance in
healthy older adults. BDNF, a protein important for neuronal
development, maintenance, and function, is reduced in pa-
tients with AD and vascular dementia relative to healthy
older adults [28, 29]. In addition, higher serum BDNF is
associated with better cognitive test performance in healthy
older adults [26]. High levels of leptin, an adipokine hor-
mone typically linked to eating behavior through its action
in the hypothalamus and striatal regions, are associated with
smaller volumes of some frontal structures [30]. Consistent
with these structural findings, elevated leptin levels are as-
sociated with reduced cognitive task performance, specifi-
cally frontal systems cognitive function [26]. Finally, the or-
exigenic hormone, ghrelin, is associated with increased dis-
inhibition [31] and negatively correlated with several cog-
nitive domains, including verbal memory, working memory,
and naming [25]. Each of these biomarkers also has a dem-
onstrated association with inflammation [32–34], and in-
flammation, in turn, has been linked to dementia including
AD [33].

Given these findings, it is possible that structured exercise
may help to stabilize weight loss in persons at risk for AD
and perhaps attenuate the risk of mortality or disability in
this population; these biomarkers may further inform these
relationships. To clarify this possibility, older adults with
mild cognitive impairment (MCI) participated in a struc-
tured exercise program for 6 months. Measures of cardiovas-
cular fitness, cognitive function, body composition, eating
behavior, and circulating biomarkers ghrelin, leptin, and
BDNF were completed at baseline and upon completion of
the exercise program. We hypothesized that baseline eating
behavior and body composition would be positively asso-
ciated with cardiovascular fitness, cognition, and associated
biomarkers. Further, we hypothesized that the structured
exercise program would be associated with improvement or
stability in cardiovascular fitness, cognitive function, body
composition indices, eating behavior, and the circulating
biomarkers.

2. Method

The following procedures were approved by the local Institu-
tional Review Board and conform to the provisions of the

Table 1: Participant demographic and clinical characteristics.

Demographic characteristics Mean (SD)

Age (years) 83.71 (3.59)

Education (years) 15.70 (3.34)

Female (%) 58.1

Clinical characteristics %

Hypertension 41.9

CABG 9.7

Myocardial infarction 12.9

Diabetes 6.5

CABG: Coronary artery bypass graft surgery.

Declaration of Helsinki. All participants provided written
informed consent prior to study involvement. Participant
anonymity was maintained throughout the research proto-
col.

2.1. Participants. Thirty-one English-speaking individuals
residing in a structured living facility participated. All
participants had a global Clinical Dementia Rating (CDR)
[35] score of 0.5 (questionable dementia or Mild Cognitive
Impairment) rated by an experienced neuropsychologist fol-
lowing a battery of standard clinical neuropsychological tests.
The 0.5 CDR designation results in a broadly defined cate-
gory of cognitive impairment, including both amnestic and
nonamnestic cognitive profiles. Table 1 shows demographic
and clinical characteristics of the sample. Participants were
excluded from study if they (1) demonstrated a CDR rating
above or below 0.5, (2) could not participate in exercise
sessions due to physical limitations, (3) were younger than
55 years of age, or (4) were unable to independently provide
informed consent.

2.2. Measures

2.2.1. Cardiovascular Fitness. Cardiovascular endurance was
assessed with the 2-Minute Step Test [36]. In this task, par-
ticipants were asked to march in place for two minutes,
bringing each knee up to a marked target on the wall set at the
individual’s own midpoint between their hip and knee. The
number of times the right knee met this point was counted.

2.2.2. Eating Behavior. Two self-measures related to eating
behavior were utilized: the Council on Nutrition Appetite
Questionnaire (CNAQ) [37] and Starting the Conversation:
Diet (STCD) [38]. The CNAQ is an 8-item self-report meas-
ure that utilizes a Likert-type scale that provides an estimate
of day-to-day appetite levels. It is psychometrically validated
for use with the geriatric population [39]. A lower total score
on this measure indicates poorer appetite. The STCD is a 7-
item self-report measure that also utilizes a Likert-type scale
to provide a quick estimate of how healthy an individual’s
eating habits are. This measure examines food intake habits
including healthy food intake such as lean protein, fruits, and
vegetables, as well as indicators of poor food health habits,
such as consumption of fast food, sugary beverages, desserts,
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and high-fat snacks. A lower total score on this measure
indicates healthier eating habits.

2.2.3. Physical Composition Indices. Two measures of physical
composition were taken: body mass index (BMI) and waist-
to-hip ratio (WHR). BMI is used to assess weight relative
to height and is calculated by dividing body weight in kil-
ograms by height in meters squared (kg/m2). For the WHR
measure, waist and hip measurements of the individual are
measured, and waist measurement is divided by that of the
hip. For the measurement of the waist, the participant stands
with both hands at his or her sides, feet together, with re-
laxed abdominals; horizontal measure is then taken at the
narrowest part of the torso above the umbilicus and below
the xiphoid process. For the measurement of the hips, the
participant stands erect with feet together; horizontal mea-
sure is taken at the widest part of the buttocks. All meas-
urements were taken in centimeters, on the skin surface,
without compression of adipose tissue. All measures were
completed in duplicate and the average utilized as the final
measure.

2.2.4. Blood Markers. Biomarkers associated with exercise
(i.e., the orexigenic hormone-ghrelin [24]; brain-derived
neurotrophic factor (BDNF)—a protein important for neu-
ronal function [13]), eating behavior (i.e., ghrelin) [20], obe-
sity and appetite (i.e., the adipokine hormone-leptin) [21,
23] were conducted by collecting 12-hour fasting venipunc-
ture blood draws. All specimens were stored at −80◦C until
assayed. Serum leptin levels were determined using the R&D
Systems Quantikine Human Leptin ELISA kit (R&D Sys-
tems, Minneapolis, MN), which sandwiches human leptin
between two monoclonal antibodies reacting against differ-
ent epitopes on the leptin molecule. Serum ghrelin levels
were determined using the LINCO Research Human Ghrelin
(active) ELISA kit, a quantitative procedure with ghrelin sen-
sitivity of 8 pg/mL. Acidified specimens (final concentration
of 0.05 N HCL) were tested. Serum BDNF levels were
determined using the ChemiKine BDNF ELISA assay kit
(Chemicon International, Temecula, CA), which sandwiches
BDNF between a rabbit polyclonal antihuman BDNF anti-
body and a biotin labeled mouse monoclonal anti-human
BDNF antibody. For all blood marker analyses, manufac-
turer’s directions were followed, and specimens were tested
in duplicate.

2.2.5. Neurocognitive Screening. Neurocognitive screening
was conducted using the Modified Minimental State Exam
(3MS) [40], an extended form of the MMSE which includes
verbal fluency, abstract reasoning, and delayed word recall
tasks. It has a maximum total score of 100 points. This mea-
sure is well validated and has excellent test-retest reliability
(r = .93) and good sensitivity (88%) and specificity (90%)
[41].

2.3. Procedure. Prior to beginning and upon completion of
the exercise program, participants completed neurocognitive
screening, cardiovascular fitness measure, physical measures,

12-hour fasting blood draw, and self-report questionnaires.
Participants took part in structured exercise sessions twice
per week. Each exercise session was 60 minutes in length
and included warm-up (15 minutes), aerobic exercise (15
minutes), resistance training (10 minutes), balance (5 min-
utes), and flexibility/cooldown (15 minutes). Different levels
of each activity were demonstrated so that participants were
able to begin at a level of personal comfort. Over the course
of the intervention they were encouraged to progress to the
next level as tolerated. All exercise sessions were supervised
by a certified exercise physiologist and conducted over a 6-
month period.

2.4. Analyses. Pearson and bivariate correlations were first
employed to examine relationships between appetite, eating
patterns, BMI, and all other variables at baseline. Repeated
measures ANOVA examined baseline to posttest changes in
neurocognition and cardiovascular fitness. Repeated mea-
sures MANOVA was utilized to analyze measures within
physical, self-report food intake questionnaires, and blood
marker domains. Missing data was excluded pairwise.

3. Results

3.1. Relationships among Variables. A series of Pearson
bivariate correlations determined the association among
variables. Analyses showed that poorer reported appetite was
associated with greater cognitive impairment (3MS; r = 0.53,
P < 0.01) and reduced cardiovascular fitness (2-minute step
test; r = 0.40, P < 0.05). In addition, a significant positive
relationship between BMI and leptin (r = 0.59, P < 0.01)
was observed. No significant relationships between eating
patterns and other variables emerged.

3.2. Comparison of Baseline and Post-6-Month Structured
Exercise Program. See Table 2 for descriptive statistics.

3.2.1. Physical Fitness. Repeated measures ANOVA from
baseline to followup demonstrated improvement in cardio-
vascular fitness, as measured by the two-minute step test
(λ = .77, F(1,26) = 7.86, P = 0.009).

3.2.2. Self-Report Eating Behavior, Physical Composition
Indices, and Biomarkers. Repeated measures MANOVA
examining self-report eating behavior (CNAQ and STCD)
was significant [λ = .75, F(2,27)= 4.61, P = 0.02]. Follow-
up ANOVAs revealed that eating habits became healthier
[F(1,28) = 9.51, P = 0.005], while no change in appetite
was observed [F(1,28) = 0.22, P = 0.64]. Repeated measures
MANOVA of physical composition (BMI and WHR) showed
that these indices remained stable [λ = .95, F(2,28) = 0.71,
P = 0.50]. Repeated measures MANOVA of BDNF, leptin,
and ghrelin showed no change in these biomarkers following
the structured exercise intervention [λ = .87, F(3,27) = 1.40,
P = 0.26].

3.2.3. Neurocognition. A repeated measures ANOVA com-
paring baseline to follow-up neurocognitive performance as
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Table 2: Descriptive Statistics for Baseline and 6-Month follow-up of Cardiovascular Fitness, Neurocognitive Screen, Eating Behavior, Body
Composition, and Blood Markers.

Baseline 6-Month

M(SD) M(SD) F P

Cardiovascular fitness 7.86 0.009∗

2-minute step test 75.56 (17.97) 85.11 (17.58)

Neurocognitive screen performance 4.61 0.04∗

Modified minimental state exam 90.03 (7.14) 87.83 (8.53)

Self-report eating behavior 4.61 0.02∗

Eating patterns 4.72 (2.17) 3.86 (1.92) 9.51 0.005∗∗

Appetite questionnaire 29.28 (2.70) 29.45 (2.71) 0.22 ns

Body composition 0.71 ns

Body mass index 26.90 (5.02) 26.84 (5.00)

Waist-to-hip ratio 0.86 (0.09) 0.87 (1.00)

Blood markers (pg/mL) 0.87 ns

Ghrelin 16.633 (9.01) 15.63 (8.60)

Leptin 17.96 (13.68) 17.11 (12.30)

Brain-derived neurotrophic factor 17.37 (9.01) 16.10 (8.39)
∗

Indicates significance at P < 0.05 level; ∗∗ indicates significance at the P < 0.01 level.

measured by the 3MS showed reduced overall performance
[λ = .86, F(1,29) = 4.61, P = 0.04].

4. Discussion

The current study examined the baseline relationships
among variables associated with eating and weight main-
tenance, including physical fitness, eating behavior, neu-
rocognitive function, body composition, and biomarkers in a
sample of persons with MCI. In addition, the impact of a
structured six-month program of aerobic and resistance
training exercise on these variables was analyzed. Significant
baseline relationships emerged among appetite and both
cardiovascular fitness and neurocognition, as well as BMI
and leptin. Following the exercise program, improvements
in cardiovascular fitness and healthy eating habits occurred,
while body composition indices and circulating biomarkers
(leptin, ghrelin, and BDNF) remained stable. In contrast,
decreased global cognition was observed following the
exercise program.

As hypothesized, increased appetite was associated with a
higher level of initial cardiovascular fitness and better base-
line performance on a screening test of global cognition in
our MCI sample. The positive association between appetite
and fitness is consistent with research suggesting that physi-
cal activity increases food intake [11] and encourages further
examination of whether a structured exercise intervention
may promote appetite and other possible positive health
outcomes in this population. In addition, the relationship
between appetite and global neurocognitive performance
indicated that appetite loss was associated with more severe
cognitive impairment. This pattern is also consistent with
past research indicating poor nutritional status and appetite
in AD [7] and implicates the neuropathological changes
associated with MCI as an important contributor to appetite
loss. Thus, the beneficial effects of exercise on appetite may

diminish over time in this population, underscoring the im-
portance of early intervention.

Analyses examining the change from baseline to com-
pletion of the 6-month exercise program demonstrated the
effectiveness of structured exercise in facilitating physical
fitness and improving eating patterns, as significant improve-
ment was observed in cardiovascular fitness and healthy
eating habits from beginning to end. While appetite did
not change significantly following completion of the exercise
program, eating patterns did become healthier, and BMI
and WHR remained stable. The reason for lack of appetite
change is not entirely clear, but may be a product of this
particular sample. Baseline appetite was within healthy ran-
ges (i.e., above the cut-off indicating risk of weight loss) in all
participants, suggesting a possible ceiling effect. Taken to-
gether, improved fitness, healthier eating patterns, and stable
body composition indices suggest that the increased physical
activity promoted healthy eating in this sample, while al-
lowing weight to remain stable. Thus, increasing physical
fitness through an exercise intervention may be of benefit in
establishing healthy eating habits and stabilization of body
mass in persons with MCI.

Despite improved cardiovascular fitness, neurocognitive
screening performance declined in this group. Although dif-
fering from what has been found in cognitively healthy older
adults [12–14], this result is consistent with what many have
been observed in individuals who are already demonstrating
degenerative impairment (e.g., nursing home participants)
[42, 43]. While exercise may be of cognitive benefit in the
healthy aging process, the exercise program utilized in the
current study did not appear to improve cognition in indi-
viduals for whom onset of pathological cognitive impairment
had already begun.

Further, baseline to follow-up comparison of circulating
biomarkers (leptin, ghrelin, and BDNF) showed no signif-
icant change. Given that previous research suggests exercise
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decreases ghrelin [24] while increasing BDNF [13] and leptin
is associated with eating behavior [21], it was anticipated that
the exercise program might decrease both ghrelin and leptin,
while increasing BDNF. As cardiovascular fitness and eating
behavior improved in the group, the stability of these blood
markers is somewhat unexpected. It is noted that the current
analyses did not control for possible effects of medical history
or pharmacologic treatment on these biomarkers, and future
work should investigate the possible contributions of such
factors. However, as previously noted, these biomarkers have
all been linked with neurocognitive processes. In light of the
nature of the sample (i.e., persons with MCI), as well as the
evidence for overall cognitive decline in the group, it may be
that the positive impact of the exercise program could not
overcome the already declining cognition in this group.

Replication of these findings is necessary, as the current
study is not without limitations. The sample of the current
study was small, somewhat homogenous in premorbid char-
acteristics (i.e., high level of education, highly active group),
and heterogeneous is cognitive profile (i.e., including both
amnestic and nonamnestic MCI, suggesting multiple eti-
ologies of cognitive impairment, including cerebrovascular
disease as well as AD); as such, findings may not be entirely
generalizable to other samples. Another limitation of the
current study is that it was an exploratory study lacking a
control group; this type of intervention should optimally be
compared between individuals with MCI and other groups,
including sedentary individuals with MCI and healthy older
adults participating in an exercise program. Future directions
include expanded sample size, variations in exercise (e.g.,
more intense or more frequent exercise), greater detail re-
garding participant previous dietary and exercise history,
pharmacologic, medical, and family histories, genetic testing,
and neuroimaging. In addition, future studies should also
examine whether more objective measures of appetite (e.g.,
detailed caloric intake assessment) produce differential find-
ings.

Taken together with previous research, results of this
study suggest that although exercise is beneficial for cogni-
tion and cognitive biomarkers in the healthy aging process, it
may not benefit individuals for whom onset of pathological
cognitive impairment has already begun. Regardless, increas-
ing physical fitness through an exercise intervention may be
of benefit to this population in its association with healthier
eating habits and stabilization of body compositions.
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