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Abstract
Background: Older adults with Alzheimer’s disease (AD) may be unable to perform treadmill testing due to balance issues. We
investigated whether older adults with AD could successfully complete a peak cycle ergometer test. Methods: Peak oxygen
consumption (peak _VO2) assessed via a cycle ergometer test in 44 participants with AD (age 78.4 + 6.8). Physical function was
assessed via the incremental shuttle walk, 6-minute walk, and the Short Physical Performance Battery (SPPB). Results: All
participants completed the cycle ergometer test successfully. Peak _VO2 was correlated with SPPB (r¼ .35, P¼ .023), shuttle walk
(r¼ .35, P¼ .024), 6-minute walk (r¼ .31, P¼ .05), and inversely with age (r¼�.4, P¼ .009). There was no correlation between
peak _VO2 and cognition. Conclusion: Older adults with AD are able to safely complete a peak cycle ergometer exercise testing
protocol. We provide an individualized cycle ergometer test for determining aerobic capacity in older adults with AD who may be
unable to perform treadmill testing due to balance or gait issues.
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Introduction

Aerobic exercise and aerobic capacity have been associated

with improved or maintained brain structure and cognitive

function in healthy individuals and in people with mild cogni-

tive impairment.1-5 Recent studies found associations between

aerobic capacity and cognitive and cerebral structural changes

in persons with Alzheimer’s disease (AD) as well, suggesting

that aerobic exercise training may play a therapeutic role in AD

through biologically sound pathways, although this remains to

be fully elucidated.6,7 However, the current understanding of

aerobic capacity in persons with AD is limited to a few studies

that have investigated peak oxygen consumption ( _VO2 peak)

obtained via graded treadmill testing in patients with relatively

mild AD.1,2,4,8,9 Less is known about _VO2 peak using other

methods such as cycle ergometer testing in older adults with

mild to moderate AD. More importantly, older adults with AD

have significant gait instability and balance problems which are

partially attributable to both the process of aging and the per-

vasiveness of cognitive impairment present in persons with

AD, raising safety concerns during treadmill walking.10-16 In

addition, gait instability could artificially reduce _VO2 peak due

to handlebar gripping, despite the walking familiarity of tread-

mill testing. This is particularly important because older adults

represent the majority of the AD population. Alternative forms

of exercise testing in this population are therefore required to

ensure safety and accurate assessment of aerobic capacity.

Hence, the purpose of this study was to determine whether

older adults with mild–moderate AD can successfully complete

an individualized peak cycle ergometer exercise test with

assessment of _VO2 peak and to assess the relationship of
_VO2 peak with physical and cognitive function. We hypothe-

sized that at least 80% of persons with AD would be able to

complete the peak cycle ergometer test and that aerobic capac-

ity would be associated with measures of physical and cogni-

tive function.

Methods

Of the first 57 participants who completed all screening tests in

the FIT-AD trial, 44 who met the eligibility criteria were
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included for this study. The FIT-AD trial is an ongoing exercise

intervention study that aims to enroll a total of 90 participants

and its protocol and inclusion/exclusion criteria have previ-

ously been described in detail.17 Briefly, English-speaking

older (>66 years) community-dwelling adults with diagnosed

mild to moderate AD (defined as 0.5-2 on the Clinical Demen-

tia Rating [CDR] scale and a score of 15-26 on the Mini-Mental

State Examination [MMSE]) were enrolled in the study. Parti-

cipants were recruited via a variety of methods including mail-

ings, advertisements, and clinical referrals. Potential

participants who have a resting heart rate of <50 or >100

beats/min, cardiac ischemia, significant arrhythmias, neurolo-

gical/psychiatric disorders other than AD, chemical depen-

dency, inability to cycle, or any contraindications to exercise

per American College of Sports Medicine (ACSM) guidelines

were excluded.18 This study was approved by the local univer-

sity’s institutional review board, and informed consent or

surrogate consent/participant assent was obtained during an

in-person screening visit. All testing procedures took place at

the University’s Clinical Translational Science Institute and the

School of Nursing Laboratory of Clinical Physiology.

Outcome Variables and Their Measures

All assessors were trained and certified by the investigators. The

training included 3 months of readings, lectures, demonstration

testing, practice testing, and supervised test runs with the initial

participants. All assessors participated in ongoing training to

maintain proper procedures. Fidelity checks were conducted on

a regular basis and assessors were briefed and debriefed to ensure

compliance with the study protocol. All peak exercise testing

was conducted by a team that consisted of a trained exercise

technician, study staff, and a physician coinvestigator. All phys-

ical function tests were conducted by trained research staff.

Aerobic capacity and fitness levels were measured by a peak

cycle ergometer test, the incremental shuttle walk test

(ISWT),19 and the 6-minute walk test.20 Peak cycle ergometer

test: Participants began pedaling at a speed comfortable to them

(40-60 rpm). The intensity of cycling was then increased every

3 minutes by increasing the watt to achieve an increase in

energy expenditure of 1 metabolic equivalent (MET; 1 MET

¼ 3.5 mL oxygen/kg body weight/minute: estimated resting

oxygen consumption). The Borg rating of perceived exertion

(RPE) was used to assess the perceived level of exercise exer-

tion based on participant’s report during the last minute of each

stage and at peak exercise. The participants continued to exer-

cise until meeting one of the predefined stopping criteria or

reaching volitional fatigue/asked to stop or had symptoms that

indicated test termination as outlined by the ACSM.18 The

predefined stopping criteria were: (a) inability to maintain the

required 40 to 60 rpm with increasing exercise intensity above

ventilatory threshold; (b) achieving an RPE (Borg RPE) of

�17/20; or (c) no increase in oxygen consumption or heart rate

with increasing exercise intensity. The test was performed in

the postabsorptive state with no tobacco or caffeinated bev-

erages in the previous 8 hours. Heart rate and blood pressure

were assessed at rest, during the last minute of each stage, at

peak exercise, immediately after cessation of exercise, and

every 3 minutes until return to baseline levels. Heart rhythm

was continuously monitored via electrocardiogram. Expired

gases were measured continuously by mouthpiece and nose

clip using breath-by-breath analysis averaged by 5 to 7 sec-

onds. The metabolic cart was calibrated prior to each testing

session using known precision calibration gases according to

manufacturer’s instruction. Peak oxygen consumption was

defined as the median oxygen consumption during the last 30

seconds before cessation of exercise. Outcome variables of

interest obtained from the cycle ergometer tests were peak
_VO2 (considered aerobic capacity), peak MET (multiples of

resting energy expenditure and considered to be a measure of

peak exercise capacity), peak heart rate, and peak RPE.

Shuttle walk test, an externally paced incremental test that

stresses participants to peak performance, was conducted as

following: Participants walked a circuit around a pair of mar-

kers placed 9 m apart while being paced by a recording of

beeps. The participant had to arrive from one marker to another

marker at the time of the beep (1 shuttle). Failure to arrive at a

marker by the time of the beep 2 consecutive times marked the

end of the test. Verbal cues “stop” and “walk” were given to

coincide with the beeps. The distance walked in meters was

considered the outcome variable.19

The 6-minute walk test was conducted according to standard

guidelines. The distance covered in 6 minutes a walking speed

intended to cover as much distance as possible was the used as

the outcome variable. The distance walked in meters was con-

sidered the outcome variable. The 6-minute walk test has a

reported 0.58 to 0.96 validity and 0.65 to 0.92 reliability.20

We have previously tested the symptom-limited peak cycle

ergometer test without measuring _VO2 peak, the shuttle walk

test, and the 6-minute walk test in persons with AD.21,22

Physical function was measured by the Short Physical Per-

formance Battery (SPPB), which has 3 subscales: balance, gait

speed, and sit to stand (each scored 0-4) with a sum score of

0 to 12 (higher score¼ better performance). The test–retest and

interrater reliabilities are both >.90 in older adults.23 The

subscores and total scores on the SPPB were considered the

outcome variables of interests in this study.

The AD stage was assessed using the CDR during the in-

person interview. The AD stage was used as a measure of

dementia severity.

Cognition was measured using the MMSE. The MMSE

assesses orientation, memory, recall, constructional praxia, and

language with a total score of 30. Higher score indicates better

global cognition. The MMSE has a reliability of .98.24

Demographics of interest included age, gender, race, edu-

cation level, comorbidities, and anthropometrics since these

covariates have been linked to exercise capacity.

Statistical Analysis

Continuous variables were summarized by means and standard

deviations (SDs) and categorical variables were summarized by
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frequency and percentage and were used to describe the sam-

ple. Pearson bivariate correlation was used to assess simple

association between variables for the entire sample. Correla-

tional analyses for CDR were conducted by point biserial cor-

relation due to low distribution (see “Results” section). One

participant, an avid cyclist, achieved a substantially higher
_VO2 peak. We subsequently conducted the correlation analyses

involving _VO2 peak and cognitive measures with and without

this participant to ensure that results were not affected by this

individual. A post hoc analysis was performed to investigate

whether associations were different between participants who

met criteria for disability versus participants with adequate

peak _VO2 to perform meaningful work. We separated partici-

pants into 2 groups based on achieving a peak _VO2 of >15 mL/

kg/min or not achieving this level. The peak _VO2 limit of

15 mL/kg/min was chosen because it is considered to be the

criteria for objective evidence of functional disability affecting

activities of daily living (ADLs) and where no meaningful

work can be performed.25 Independent t test was used to com-

pare continuous demographic, cognitive, and fitness variables

between high and low fitness levels. A w2 test was used to

compare categorical variables. We conducted the same corre-

lation analyses as completed for the entire sample using Pear-

son bivariate correlation and point biserial for CDR

correlational analyses.

Results

Demographics are presented in Table 1. Of the 59 participants

screened in person, 10 participants were excluded and referred

for evaluation due to abnormal stress test response and 3 were

further excluded due to not meeting the AD criteria on mag-

netic resonance imaging (also known as having a non-AD

dementia) and 2 were excluded due to an inability to bend the

knees. The final sample consisted of 44 participants (mean age

78.4 [SD 6.8], 55% male, 98% white), with a CDR range of 0.5

to 2 and a mean MMSE score of 21.6 (SD 3.3). The CDR 0.5

(n ¼ 19), CDR 1 (n ¼ 24), and CDR 2 (n ¼ 1) are considered

mild–moderate AD, and the majority of the sample was treated

pharmaceutically for AD (70.5%).

Success of Cycle Ergometer Test Completion

There were no unanticipated adverse events related to exercise

testing procedures. We were unable to obtain _VO2 peak in 1

participant due to instrumentation failure to assess oxygen con-

sumption and 1 participant refused to wear the mouthpiece. All

participants were able to complete peak cycle ergometer testing

successfully, with all participants (100%) stopping due to meet-

ing one of the predefined stopping criteria for successful com-

pletion of the test. This supports our hypothesis of at least 80%
success rate (Figure 1). Among those with reliable respiratory

exchange ratio (RER) readings (n ¼ 40, 3 participants were

excluded due to faulty CO2 capture and 1 participant refused

the mouthpiece), 11 participants achieved an RER >1.1, the

criterion for achieving an adequate exercise effort per standard

guidelines for determination of peak exercise capacity.18,26

However, reports in the literature suggest that an RER �1.0

should be used for determination of adequate exercise effort

in older adults due to the age-associated shift to an oxida-

tive metabolic profile.27 All 40 participants were able to

achieve an RER >1.0 (mean peak RER ¼ 1.07 [SD

0.06]). Nine participants met ACSM’s criteria for maximal

exercise testing (ie, having met 2 of the following: RER

>1.15, RPE �17, plateau of _VO2 <150 mL/min/kg, heart

rate of 10 bpm of predicted heart rate max).18 The mean

reported RPE was 15.3 (2.1). The most frequently reported

peak RPE were 15 (n ¼ 13) and 17/20 (n ¼ 12). One

participant was unwilling to provide an RPE estimate and

11 participants gave questionable RPE estimates compared

to objectively determined work rate based on RER defined

as an RPE of �14 with an RER >1.0.

Descriptives of Exercise Capacity and Physical Function
Measures

The mean aerobic capacity (peak _VO2) was 16.5 (3.1) mL/

kg/min, mean peak MET was 6.3 (1.2), and mean SPPB

score ¼ 10 (2.3), shuttle walk ¼ 257 (124) m, 6-minute

walk ¼ 381 (105) m (Table 2). One participant refused

to participate in the ISWT and 6-minute walk distance

(6 MWD) and was subsequently excluded from analyses

involving ISWT and 6 MWD.

Table 1. Demographics and Health Characteristics.

Variable n Mean (SD)

Age (years) 44 78.4 (6.8)
Weight (kg) 44 77.1 (18.1)
BMI (kg/m2) 44 28.1 (5.4)
CDR 44 0.81 (0.31)
MMSE 44 21.6 (3.3)
Education (years) 43 15.7 (3.3)
Variable n %
Hypertension 24 55
Dyslipidemia 21 48
Diabetes 8 18
CVD 9 21
b-blocker 6 14
ACEI 11 25
ARB 6 14
Diuretic 4 9
Statin drugs 16 36
ASA 16 36

Abbreviations: ACEI, currently on angiotensin-converting enzyme inhibitor;
ARB, currently on angiotensin receptor blocking agent; ASA, currently on
aspirin; b-blocker, currently on b-blocking agent; BMI, body mass index; CDR,
Clinical Dementia Rating scale (0-3, higher score is worse dementia); CVD,
cardiovascular disease, reported yes on medical history; diabetes, reported yes
on medical history; dyslipidemia, reported yes on medical history;
hypertension, reported yes on medical history; MMSE, Mini-Mental State
Examination (0-30, lower score is worse cognitive function); SD, standard
deviation; statin, currently on statin drug.
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Associations of Aerobic Capacity With Physical
Functioning and Cognitive Functioning

Peak _VO2 was strongly correlated with peak MET levels (r ¼
.67, P� .001); moderately correlated with SPPB score (r¼ .36,

P¼ .023), shuttle walk (r¼ .35, P¼ .024), 6-minute walk (r¼
.33, P ¼ .038), and peak heart rate (r ¼ .36, P ¼ .021); and

inversely correlated with age (r ¼ �.40, P ¼ .01), but not with

peak RPE, weight, cardiovascular disease, or other comorbid-

ities for the entire sample. Subscales of the SPPB showed mod-

erate correlations with the 6-minute walk test and the shuttle

walk. _VO2 peak was correlated with chair rise score but did not

correlate significantly with balance or 4-m walking speed

scores (Table 3).

Associations between aerobic capacity and physical func-

tion measures are presented in Table 3. The SPPB score was

inversely correlated with age and strongly correlated with peak

heart rate during the cycle ergometer exercise test, shuttle walk

distance, and 6 MWD. The shuttle walk distance was inversely

correlated with age, moderately correlated with peak MET

achieved during the cycle ergometer exercise test, and strongly

correlated with 6 MWD. The 6 MWD correlated moderately

with peak MET achieved during the cycle ergometer exercise

test and inversely correlated with age. Age remained the only

Figure 1. Flow diagram of success rate of the cycle ergometer test. *All participants with reliable respiratory gas exchange measures were able
to reach adequate work effort for determining _VO2 peak in older adults. RER indicates respiratory exchange ratio.
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variable that consistently correlated with physical functioning

variables and aerobic capacity, with the exception for the SPPB

subscale score on chair rise.

Correlational analyses between aerobic capacity and AD

severity and cognition indicated no significant correlations for

the entire sample (Table 3). The CDR score was inversely

correlated with peak RPE (r ¼ �.32, P ¼ .035). Analysis

controlling for age did not change outcomes between AD

severity, cognitive function measures, and physical function

and fitness variables.

Participants with a _VO2 peak of <15 had significantly more

hypertension burden, higher body mass index, and lower phys-

ical function on the ISWT (Table 4). There were no statistically

significant differences between groups in age, medication use,

gender, MMSE, or CDR scores. There was a strong inverse

correlation between peak MET level and CDR score in the low

fitness group only (r ¼ �.55, P ¼ .028). This association

remained after controlling for age and gender. Age remained

significantly correlated across all physical fitness variables in

the high fitness group only, except for SPPB score (data not

shown).

Discussion

The results demonstrate that older adults with mild to moderate

AD can successfully and safely perform a peak cycle ergometer

test for determination of peak aerobic capacity, shuttle walk

test, 6-minute walk test, and the SPPB. All participants (100%)

met at least one of the predefined stopping criteria for success-

ful completion of the test. This finding meets our consensus a

priori criteria that at least 80% of enrolled participants would

be able to successfully complete the cycle ergometer test. All

participants with reliable respiratory gas exchange measures

were able to reach an RER of >1.0, suggesting that adequate

work effort was reached for determining _VO2 peak in older

adults. These findings support the use of cycle ergometer exer-

cise testing in older adults with AD. Previous studies have

shown that treadmill testing in persons with early AD is safe

and reliable but have not focused on older adults with AD.8,9

Treadmill testing has also been more commonly used when

assessing aerobic capacity in persons with AD. However, even

though treadmill testing has the advantage of walking famil-

iarity, older adults with AD have gait, balance, and cognitive

problems that make an electronically powered treadmill pre-

dispose them to falls and injuries.10,11 Moreover, persons with

AD are known to have gait instability and balance issues begin-

ning even before mild AD symptoms are manifested. In fact,

progressive AD pathology in the brain structure appears to

cause gait and motor problems and AD-related brain functional

connectivity further contributes to disorganization in the loco-

motion area of the brain.10-16 Cognitive impairment further

causes persons with AD to become disoriented in the middle

of a task, for example, a person with AD may suddenly stop

walking to do something else. This could potentially affect

outcomes and relationships between aerobic capacity and cog-

nition, especially if persons are allowed to hold the handlebar

for balance purposes and thereby artificially lowering oxygen

consumption.18 The balance problems that may occur with

treadmill testing are effectively eliminated by using a cycle

ergometer exercise test. We specifically chose a recumbent

cycle ergometer to prevent any balance issues that could occur

with an upright cycle ergometer. By utilizing a cycle ergometer

protocol, we were able to strictly control workload, while indi-

vidualizing the exercise test to match each individual’s abilities

in order to reach a peak exercise level. The possible disadvan-

tage of cycle ergometer testing is related unfamiliarity of

cycling leading to participants stopping due to peripheral fati-

gue rather than central fatigue and thereby lowering achieved

peak aerobic capacity, which has been observed in other

populations.18

We also experienced an unanticipated problem with parti-

cipants’ range of motion preventing them from completing a

full revolution, related to participants being poststatus total

knee replacement and an inability to keep feet firmly on the

pedal and in the pedal straps. We addressed this problem by

allowing slower rpms (40 rpm) than initially anticipated and

adjusting the cycle ergometer to allow for less than optimal

knee flexion and by adjusting the pedal straps to allow unu-

sually large footwear and ankle angles to fit securely in the

pedal straps.18 Despite these adjustments, we were unable to

test 2 participants due to an inability to perform sufficient knee

flexion to allow for cycle ergometer testing or training; these

participants were subsequently excluded from the study and not

counted as part of the study sample. Our findings that people

with AD can safely and successfully perform the SPPB,

6-minute walk test, and the ISWT are supportive of previous

reports. However, to our knowledge, this is the first study that

Table 2. Physical Fitness and Physical Functioning Measures.a

Variable n Mean (SD)

Peak _VO2 (mL/kg/min) 42 16.5 (3.1)
Peak MET 44 6.3 (1.2)
Peak RPE 44 15.3 (2.1)
Peak RER 40 1.07 (0.06)
Peak heart rate (beats per minute) 44 115 (17)
Double product (mm Hg�bpm) 44 20 498 (4693)
SPPB score 44 10.0 (2.3)
SPPB balance 44 3.6 (0.69)
SPPB gait speed 44 3.6 (0.65)
SPPB chair rise 44 2.8 (1.3)
ISWT (m) 43 257 (124)
6-MWD (m) 43 381 (105)

Abbreviations: peak _VO2, peak oxygen consumption; ISWT, incremental
shuttle walk test; 6 MWD, 6-min walk distance; Peak MET, peak metabolic
equivalent (1 MET¼ 3.5 mL/kg/min in oxygen consumption and is considered a
measure of multiples of resting energy expenditure); RER, respiratory
exchange ratio (ratio of carbon dioxide produced/exhaled and oxygen used);
RPE, rating of perceived exertion (6-20, higher is more exertion); SD, standard
deviation; SPPB, Short Physical Performance Battery (0-12, higher score ¼
better physical function); SPPB balance score, 0-4, higher is better balance;
SPPB chair rise score, 0-4, higher is better; SPPB gait speed score, 0-4, higher is
better gait speed.
aSee text for the commonly reported age-appropriate normative values.
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have compared peak _VO2 obtained via cycle ergometer testing

to the SPPB, 6-min walk test, and the ISWT in this population

that included older participants with more advanced AD and

worse cognition than previously assessed.

Aerobic capacity and physical function in our study sample

were all below age- and sex-matched normative levels,

suggesting that older adults with AD have reduced physical

fitness levels contributing to early loss of independence.28-30

Normative values at the study sample mean age of 78 are

commonly considered to be 514 m on the 6-minute walk test,

with the 10th percentile reported at approximately 334 to

361 m.28,29 The 25th percentile is commonly reported as

<430 for women and <470 for men.29 Importantly, any score

lower than the 25th percentile is considered as low functioning

status.18 Our mean 6-minute walk test was substantially lower

than the 25th percentile, suggesting low physical functioning

status with only 17% of men and 40% of women scoring over

the 25th percentile. The normative values for the ISWT in

healthy adults over age 70 has been reported to be 633 m.30

The mean of our sample was 59% below the ISWT normative

value, with all participants scoring well below the normative

value of 633 m, further underscoring the reduction in the

physical fitness levels in older adults with AD. Moreover,

36% of the study sample scored <10 on the SPPB and would

be considered at moderate risk of functional disability.31,32

However, the range of SPPB scores was large with participants

ranging from a score of 4 to 12 (total score possible ¼ 12),

suggesting that physical functioning varies substantially in this

population and according to our data is mostly related to age.

The SPPB scores were similar to the Finnish Alzheimer disease

exercise trial (FINALEX) study.33

Aerobic capacity that is adequate to allow individuals to

perform ADLs is essential to maintain independence. A large

subgroup (37%) of older AD patients were not able to achieve a

cardiorespiratory fitness level above the minimum of 15 mL/

kg/min required for maintenance of independent ADLs, sug-

gesting that more effort should be placed on maintaining phys-

ical fitness levels via exercise training.25 Moreover, only 15%
of participants were able to achieve a peak _VO2 >20 mL/kg/

min, suggesting that the older people with AD have overall

poor aerobic capacity predisposing them to premature loss of

independence.4 Peak _VO2 in older adults and octogenarians is

commonly reported to range between 23 and 30 mL/kg/min,

although there are no definitive normative _VO2 values in older

Table 4. Demographics of Participants With a Peak _VO2 <15 mL/kg/
min or >15 mL/kg/min.

Peak _VO2 <15
(n ¼ 16),

Mean (SD)

Peak _VO2 >15
(n¼ 28), Mean

(SD)

Significance
Independent

t Test P Value

Age (years) 80.3 (6.7) 77.4 (6.7) .18
BMI (kg/m2) 31 (6) 27 (4.5) .03
Physical

functioning
6-minute walk

distance (m)
348 (85) 401 (112) .08

ISWT (m) 206 (95) 288 (131) .02
SPPB score 9.4 (2.4) 10.4 (2.2) .19

Cognitive
functioning

CDR
(score)

0.81 (.25) 0.80 (.34) .92

MMSE
(score)

21.9 (3.0) 21.4 (3.5) .61

n (%) n (%) Significance (w2)
P Value

Gender (male) 9 (56) 15 (54) .87
Hypertension

(yes)
12 (75%) 12 (43%) .04

Presence of CVD
(yes)

4 (33%) 5 (18%) .58

Abbreviations: BMI, body mass index; CDR, Clinical Dementia Rating scale
score (0-3, higher score ¼ more dementia); CVD, cardiovascular disease
reported yes on medical history; hypertension, reported yes on medical
history; ISWT, incremental shuttle walk test; MMSE, Mini-Mental State
Examination score (0-30, lower score¼ lower cognitive function); SPPB, Short
Physical Performance Battery total score (0-12, higher score better physical
function).

Table 3. Correlational Analyses.

Peak _VO2 MET ISWT 6 MWD SPPB SPPB-CR SPPB-Bal 4-m walk CDR MSSE Age

Peak _VO2 XX .67b .36a .33a .35a .32a .28 .30 .22 �.25 �.40a

Peak MET .48b .51a .35a .33a .25 .29 �.05 �.04 �.37a

ISWT .89b .65b .62b .42b .59b �.11 .01 �.52b

6 MWD .58b .57b .30a .55b �.08 .03 �.46b

SPPB .92b .77b .84b .07 �.22 �.35a

SPPB-CR .51b .65b .12 �.19 �.27
SPPB-Bal .59b .02 �.17 �.32a

4-m walk �.03 �.19 �.36a

CDR �.60b �.05
MMSE .16

Abbreviations: CDR, Clinical Dementia Rating; ISWT, incremental shuttle walk test; peak MET, peak metabolic equivalent; peak _VO2, peak oxygen consumption;
MMSE, Mini-Mental State Examination; 6 MWD, 6-minute walk distance; 4-m walk, Short Physical Performance Battery–4-m walking speed; SPPB, Short Physical
Performance Battery total score; SPPB-CR, Short Physical Performance Battery–chair rise.
aP < .05.
bP < .01.
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adults firmly established as of yet.18,34,35 Our sample had sub-

stantially lower mean _VO2 peak compared to previous reports

in patients with AD using treadmill testing. Burns et al1

reported a mean _VO2 peak of 34.7 mL/kg/min and Vidoni

et al2 reported a mean _VO2 peak of 20.5 mL/kg/min. Anderson

et al9 also reported mean _VO2 peak levels at 20 to 20.3 mL/kg/

min, while Billinger et al8 reported levels ranging from 18 to

21 mL/kg/min. The differences between these reports and the

findings in the present study may be related to the use of tread-

mill testing versus cycle ergometer testing in the present study.

Moreover, our study sample was older and included a sample

with over 50% CDR-1, which were more cognitively impaired

on the MMSE compared to these studies.

The significant correlations between aerobic capacity and

physical function suggest that the SPPB, 6-minute walk test, and

the shuttle walk may be useful in identifying individuals who

have low aerobic capacity in a clinical setting. Determination of
_VO2 peak requires specific equipment and expertise commonly

not available in the usual clinic setting, and although the 6-

minute walk test and the shuttle walk test are feasible to com-

plete in a usual clinical setting, it still requires space and provider

time, making it less likely for regular clinical use. It is possible

that the SPPB or even the SPPB subscale of chair rise alone, as

suggested by the correlation with _VO2 peak in our study, can be

used for identification of individuals with poor aerobic capacity

in a short clinic visit. Moreover, the finding that age is the only

continuously correlated variable emphasizes the need for clini-

cians to evaluate physical function in older people with AD and

initiate behavioral therapies such as exercise when needed in

order to maintain physical function and ADLs.

Contrary to our hypothesis, there were no significant corre-

lations between aerobic capacity and cognition, possibly due to

the small sample size and limited range of AD severity. Our

findings are in support of previous studies that have shown no

correlations between cardiorespiratory fitness and CDR.1,2

However, other studies have indicated a moderate correlation

between cognitive function measures, brain structure, and aero-

bic capacity in healthy persons and persons with AD.1,3,5,36,37

One possible explanation of our finding may be related to the

use of a cycle ergometer test instead of treadmill testing. Tread-

mill testing is known to result in higher _VO2 peak values, but is

also dependent on participants being able to maintain balance

while walking on an incline.18 Thus, the use of a cycle erg-

ometer test may be more reflective of aerobic capacity inde-

pendent on balance issues. However, the use of the measures of

CDR, MMSE, instead of brain imaging may also have contrib-

uted to the present findings. The MMSE and the CDR may not

be sensitive enough to pick up on neurocognitive changes con-

sistent with AD (such as delayed recall measures or the Trails

B). The FIT-AD study plans on using a battery of neuropsy-

chological measures that are more sensitive to domain-specific

cognitive changes following intervention. It is plausible that a

larger study with more sensitive neuropsychological and ima-

ging measures would yield different results.

The observation of a significant correlation between peak

MET level and CDR in the low fitness group suggests that the

association between AD severity and aerobic capacity may not

become apparent until aerobic capacity has deteriorated below

levels required for meaningful work to be performed. This is in

support of previous studies that suggest that aerobic capacity is

related to cognitive function and that an increase in physical

fitness levels may moderate age-related brain changes and pos-

sible AD-related brain changes, the so-called cardiorespiratory

fitness hypothesis.36,38,39 It is also possible that people with AD

subconsciously reduce usual physical activity levels, which

results in lower aerobic capacity and physical fitness levels.

This in turn increases the risk of frailty and loss of indepen-

dence. The results from this study do not support this hypoth-

esis for the entire sample, but rather only in the low fitness

sample. It is also plausible that patients with AD are unwilling

to reach uncomfortable levels of effort and thereby artificially

reduce peak aerobic capacity levels. A large group of partici-

pants in this study did not reach a peak RPE >15 (n ¼ 11), and

we observed a moderate correlation with RPE and AD severity

as measured by CDR score. This suggests that AD severity may

affect peak testing outcomes due to apathy or an inability or

unwillingness to perform exercise at an uncomfortable

effort level or an inability to cognitively understand peak

effort.40 This finding is different from Burns et al who did not

find a correlation between RPE and dementia.1 This difference

was likely due to our study sample having a larger range of AD

severity and included participants with more severe AD.

Researchers should take these considerations into account when

designing exercise testing and training programs40 and possibly

use criteria other than RPE for determination of exercise inten-

sity (eg, heart rate or metronome pacing).

Although much research is needed, there is evidence sug-

gesting that the AD disease process follows a biological path-

way (the biological hypothesis) that contributes to a reduction

in aerobic capacity. Specifically, there appears to be a reduc-

tion in both peripheral and central mitochondrial capacity in

AD, which may result in low aerobic capacity.41 Moreover,

animal and human studies have shown that an increase in fit-

ness levels leads to enhanced survival of brain neurons follow-

ing neuronal insults and that exercise training increases brain

vascularization and growth factors and thereby stimulates hip-

pocampal and cortical neurogenesis as reviewed by Paillard

et al6 and Bherer et al42 Future studies should focus on these

areas of research.

Strength and Limitations

We enrolled a sample consisting of older adults with AD that

has been largely neglected in the majority of published AD

studies and we introduced a battery of testing procedures not

performed in previous studies in order to fully investigate aero-

bic capacity and physical function in this population. We pres-

ent the first study comparing peak _VO2 obtained via cycle

ergometer testing to the 6-minute walk test, the ISWT, and the

SPPB and we provide a safe alternative to treadmill-assessed

aerobic capacity in older adults with AD. The results are lim-

ited due to a small sample size, which does not allow for
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generalization nor temporal associations. The use of the MMSE

and CDR may not have been sensitive enough to detect subtle

changes in neurocognition associated with AD. The sample

was a convenience sample of participants taking part in a ran-

domized controlled exercise intervention trials with mild to

moderate AD, and we were not able to compare the results to

a treadmill test. Lastly, the study design does not allow for

causal determination of these correlations.

Conclusions

This is the first study to our knowledge that have investigated
_VO2 peak achieved during a peak cycle ergometer test in older

adults with AD and its association with physical and cognitive

function. Older adults with AD can safely and successfully

complete a peak cycle ergometer exercise testing and physical

function assessment. These data suggest that older adults with

AD have a below population norm aerobic capacity and phys-

ical functioning and that aerobic capacity is associated with

physical function, but not cognitive function. Although the

aerobic capacity and physical function measures are correlated,

we suggest that all measures be used to adequately quantify

physical functioning in this population. Future studies are

clearly needed to elucidate and define the role of aerobic capac-

ity and physical function in AD progression and to clarify the

use of exercise training as an adjunctive therapeutic modality in

the prevention and management of AD. The FIT-AD trial is

poised to provide the starting point to many of these unan-

swered questions.
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