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ABSTRACT

Evidence is growing for aerobic exercise training as a viable
means to attenuate cognitive losses associated with Alzhei-
mer’s disease. The mechanism of action for aerobic exercise’s
cognitive benefits is likely enhanced cardiorespiratory fitness
and its response to incremental aerobic exercise have been
incompletely evaluated in Alzheimer’s disease. The aim of this
analysis was to establish cardiorespiratory fitness reference
values in older adults with mild to moderate Alzheimer’s dis-
ease using a cardiopulmonary graded exercise testing. Ninety-
seven community-dwelling older adults with mild to moderate
Alzheimer’s disease underwent a symptom limited cardiopul-
monary graded exercise test on a cycle ergometer. Differences
between sexes and between Alzheimer’s disease participants
with and without diagnosis of cardiovascular diseases were as-
sessed by independent T-tests. Peak oxygen consumption was
10-20% lower than those achieved by similar clinical popula-
tions on treadmill tests. As expected, males produced signifi-
cantly higher peak oxygen consumption compared to females
(p=0.02). However, the presence of concurrent cardiovascular
disease did not result in statistically significant lower peak oxy-
gen consumption compared to those without cardiovascular
disease. These data provide a frame of reference for metabolic,
cardiovascular, and ventilatory function during cardiopulmo-
nary graded exercise testing performed on cycle ergometerin
older adults with mild to moderate Alzheimer’s disease.

Introduction

Cardiorespiratory fitness (CRF) measured by peak oxygen uptake
(VO3peak) during cardiopulmonary exercise testing (CPET) has been
shown to be the biggest predictor of future cardiovascular disease
(CVD) and mortality [1]. The importance of CRF measurement is
reflected by recommendations made in the last 5 years by the
American Heart Association (AHA) that a national data bank be es-
tablished for the establishment of CRF normative values [2]. Like-
wise, there is an increasing interest in exercise and fitness in Alzhei-
mer’s disease (AD) given the accumulating evidence supporting
the potential therapeutic effects of aerobic exercise and fitness and
the maintenance of cognitive health [3]. However, little data exist
on the objective measurement of CRF in older adults with AD. Fur-
thermore, the current understanding of CRF in persons with AD is

limited to a few studies that have investigated VO, ., obtained via
CPET using treadmill protocols in patients with relatively mild AD
only, with ranges of 19.4-21.6 ml/kg/min most commonly report-
ed [4-8]. What partially makes the measurement of CRF using
treadmill-based CPET challenging in individuals with AD is the in-
creased prevalence of falls. In contrast, CPET using a cycle ergom-
eter represents a safe and feasible mode for performing aerobic fit-
ness testing in persons with AD.

Until recently, very few studies obtaining CRF parameters de-
rived from cycle ergometry-based CPET have been published in
older adults. Reported average VO, values in healthy older
adults in the seventh decade of life are 23.1 (sedentary men) and
21.2 ml/kg/min (sedentary women) on cycle ergometer tests [9].
Thus, available data on CRF and valid reference data in persons with
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AD particularly for cycle ergometer-based CPET are needed. The
aim of this study was to provide reference values for CRF from cycle
ergometry-based CPET in persons with AD and compare the differ-
ences in CRF by sex and the presence of concurrent cardiovascular
disease (CVD). It was hypothesized that: 1) VO,pe,, Wwould be lower
in our sample that completed CPET on cycle ergometer compared
to historical averages that utilized treadmill-based CPET; 2) com-
pared to women, men with mild to moderate AD would demon-
strate significantly higher VO,pe,, and other CRF indicators; and 3)
concurrent CVD would further reduce VO pea and other indicators
of CRF independent of sex.

Materials and Methods

Design

This study used a cross-section design to analyze baseline data from
the FIT-AD Trial [10]. The FIT-AD trial is a randomized, controlled
trial and is evaluating the effects of 6 months of aerobic exercise
training on cognition and hippocampal volume in older adults with
AD. This study complied with the current ethical regulations for re-
search [11] and was approved by the university’s Institutional Re-
view Board (IRB). Both participants and caregivers gave written in-
formed consent and assent respectively prior to any study proceed-
ings.

Participants

The inclusion/exclusion criteria of the FIT-AD trial have previously
been described in detail [10]. Briefly, older (> 65 years) English-
speaking community-dwelling adults with diagnosed AD at a mild
to moderate stage (defined as 0.5-2 on the Clinical Dementia Rat-
ing [CDR] scale and a score of 15-26 on the Mini-Mental State Ex-
amination [MMSE]) were enrolled in the study. Potential partici-
pants who had neurological/psychiatric disorders other than AD,
chemical dependency, inability to cycle, or any contraindications
to exercise per American College of Sports Medicine (ACSM) guide-
lines were excluded [12].

One hundred participants participated in baseline testing. Nine-
ty-seven completed full CPET with gas exchange, three were ex-
cluded from analysis because of testing non-compliance (i. e., did
not want to wear the mouthpiece needed for breath-by-breath
CPET measurement). The average age of the study sample was 77.3
(6.7) with 57 % men (> Table 1). Thirty-two percent of the sample
had a diagnosis of CVD in their medical history, including 37.5 % of
men and 24.4 % of women. Of these, nine had coronary artery dis-
ease, 14 had an arrhythmia, 9 had carotid artery atherosclerotic
disease resulting in stroke or transient ischemic attack, and 3 had
a coagulopathy. In general, females were older and had higher BMI
and MMSE scores compared to males, however these differences
were not statistically significant.

Procedures

Pre-exercise instructions

Medical clearance from the primary care providers was obtained
for the participants to take part in the CPET. Participants were in-
structed to refrain from performing strenuous exercise 24-48 h
prior to the day of the CPET and to arrive in the post-absorptive
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state, with no smoking or caffeinated beverages permitted in the
3 h prior to the scheduled start of the CPET. Participants were ad-
vised to take all morning medications as directed by their primary
care provider, with the exception of insulin.

Symptom-limited peak cycle-ergometer test

Participants began pedaling at a comfortable pedal frequency (40-
60 rpm) at low resistance on a recumbent cycle ergometer (Precor
842i; Precor, Woodinville, WA, USA). The intensity of cycling was
then increased every 3 min (one stage) by increasing the cycle re-
sistance (and therefore watts [W]) to achieve an increase in energy
expenditure of one metabolic equivalent (MET) (1 MET=3.5mL
oxygen/kg body weight/minute: estimated resting oxygen con-
sumption). MET calculations were based on metabolic calculations
for the estimation of energy expenditure during leg cycling that
are published by the ACSM [12]. Per the equation, MET calculations
were individualized based on body mass and the distance per
revolution of the flywheel of the Precor cycle ergometer [12]. This
procedure was maintained until the participant was unable to
maintain cycling rate or reached volitional fatigue (asked to stop)
(VOypeak), met predefined stopping criteria indicative of a VO, max
test, or had symptoms that indicated test termination as outlined
by the ACSM. The predefined stopping criteria used for determin-
ing a max test included achieving at least 2 of the following: (a)
heart rate in excess of 90 % of the age-predicted max heart rate
(APMHR); (b) rating of perceived exertion (RPE - Borg RPE) of 17/20;
(c) noincrease in oxygen consumption with increasing exercise in-
tensity; or (d) respiratory exchange ratio (RER) = 1.10. Peak heart
rate (HRak) was recorded as the highest heart rate recorded by
electrogram during the test.

Outcome variables and assessment

Expired gases were measured continuously using breath-by-breath
analysis averaged by 5-7 s by a respiratory mass spectrometer
(MGA 1100, Beck’s Physiological Systems, St. Louis, MO, USA). All
measurements followed O, and CO, gas and airflow calibration
using known precision calibration gases (MGC Diagnostics, St. Paul,
MN, USA) and a 3L syringe (Hans Rudolph, Shawnee, KS, USA), re-
spectively. The primary CRF outcome data assessed was VOypeak.

»>Table 1 Demographic data.

Variable Value

Male 56 (57.4)

Age (yrs) 77.3(6.7)

Height (cm) 164.8 (9.7)

Weight (kg) 75.8(16.2)

BMI 28.7 (5.2)

MMSE 21.5(3.4)

cVvD 31(32.0)

B-blocker 10(10.3)

Ach-1 60 (61.9)

Continuous variables expressed as means (SD); categorical variables
as number (%). BMI, body mass index; MMSE, Mini-Mental State
Examination; CVD, cardiovascular disease; Ach-1, acetylcholinester-
ase inhibitor.
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Additional CRF indicators measured and assessed at peak exercise
included: volume of carbon dioxide produced (VCO,pe,k), minute
ventilation (Vepeak), RERpeak, breathing frequency (BFe4), tidal vol-
ume (TVpeak), O, pulse (O, pulse,,i), ventilatory equivalents for
oxygen (EqVO,) and carbon dioxide (EqVCO,), and VO,/work rate
ratio. VO,peak and VCO e, Were defined as the median oxygen con-
sumption and carbon dioxide production during the last 30's be-
fore cessation of exercise. Vepeaks RERpeak, and BF 5 were also de-
termined from the median expired gases during the last 30 s of ex-
ercise. BFpeak and Vepea were used to calculate TV eak. O pulsepeqi
was calculated by dividing VOypea (ml/min) by HRpeqi, and ex-
pressed as ml/beat. Peak ventilatory efficiency was calculated as
ECIV02 (VEpeak/ Vozpeak) and EqVCO2 (VEpeak/ VCOZpeak)- The VOZ/
work rate relationship was determined by dividing VOpe, (Ml/min)
with peak W output on the cycle ergometer and expressed as ml/
min/W.

Statistical analysis

Descriptive statistics were performed first for each variable, using
means and standard deviations (SD) for continuous variables and
frequency for categorical variables. Variables were tested for nor-

mality using the Shapiro-Wilk test, and variables that did not follow
a normal distribution, including VO, peak, VCO2peaks Vepeaks RERpeaks
BFpeaks TVpeaks and watts, were log-transformed. When running the
independent samples t-tests with variables on the logarithmic
scale, there were no differences compared to running the inde-
pendent samples t-tests without log transformation. Hence, non-
transformed data were analyzed using independent sample t-tests
to assess the difference between sex and between participants with
and without a diagnosis of CVD. Differences were considered sig-
nificant at p<0.05. All statistical analyses were performed using
SPSS 22 (IBM Corp., Armonk, NY, USA).

Results

The average VO, achieved in this sample of individuals with mild
to moderate AD was 1253 ml/min (16.9 ml/kg/min). When strati-
fied by sex, VO peak Was 1402 ml/min (17.8 ml/kg/min) for men and
1060 ml/min (15.8 ml/kg/min) for women, respectively (p=0.02)
(> Table 2). Men with AD had significantly higher VO,peai (12.1%)
(p=0.02), Vepeak (26.6 %) (p<0.01), TV ok (37.5%) (p<0.01), and
0, pulsepesk (33.0%) (p<0.01) but significantly lower BF,eq¢

»Table 2 Cardiopulmonary exercise testing reference values in persons with mild to moderate Alzheimer’s disease with and without cardiovascular dis-

ease.
Women Men

All With CVD No CVD All With CVD No CVD
Subjects 41 10 31 56 21 35
Age 77.3(6.2) 77.5(6.8) 77.3(6.1) 77.2(7.0) 77.6 (6.1) 77.4(7.6)
MMSE 21.9(3.5) 22.0(3.5) 21.9(3.3) 213 (3.4) 21.0(2.7) 21.5(3.6)
BMI 28.9(5.2) 30.0 (3.0) 28.8 (5.6) 28.5(5.2) 29.7 (5.1) 27.5(5.2)
Test Duration (min) 8.2 (3.0) 7.3(2.3) 8.6 (3.2) 11.6(3.3)* * 10.4 (3.6) 12.1(2.8)
Watts 93.4(29.7) 87.7 (34.5) 95.4 (28.2) 1221 (37.1)* * 115.8 (35.4) 123.3(38.9)
HRpeak (bPmM) 121.8 (14.3) 124.0 (10.5) 121.1 (15.5) 116.0 (19.0) 111.1 (17.4) 117.5(19.4)
%APMHRpes 86.3(10.8) 87.7 (10.0) 86.6 (11.0) 79.2 (16.7) * * 75.7 (21.2) 80.6 (13.4)
RPE eak 15.6 (1.7) 16.0 (1.6) 15.6 (2.0) 15.5 (2.3) 14.9 (2.2) 15.8 (2.3)
METS peak 6.1(1.4) 5.4 (0.6) 6.2 (1.4) 6.8(1.4)** 6.4(1.2) 6.9 (1.5)
VE peak (L/min) 40.1(7.1) 40.5 (5.3) 39.8(7.8) 52.4(13.8)** 50.6 (13.3) 52.7 (14.1)
RRpeak (breaths/min) 323(7.4) 32.8(8.5) 32.0(7.3) 28.3(4.8) 28.1(5.0) 28.5(4.9)
V1 peak (Ve/RR) 1.3(0.3) 1.3(0.2) 1.3(0.3) 1.9 (0.4)* * 1.8 (0.4) 1.9 (0.4)
VO, peak (L/min) 1.05 (0. 20) 1.07 (0. 19) 1.06 (0.24) 1.40 (0.35) * * 1.36 (0.33) 1.40 (0.36)
VO, pesk (mlfkg/min) 15.8 (3.7 14.6 (3.2 16.1(3.9) 17.8(4.6)* * 16.8 (3.7) 18.3 (5.0)
VCO, peak (L/min) 1.12 (0 22) 1.07 (0 22) 1.14(0.23) 1.56 (0.50) * * 1.50 (0.46) 1.56 (0.51)
VCO, peak (Ml/kg/min) 16.8 (4.5) 14.7 (2.8) 17.2 (4.6) 19.9 (6.4) * * 18.6 (5.7) 20.4 (6.7)
RERpeak 1.08 (0.10) 1.06 (0.06) 1.07 (0.09) 1.11(0.11) 1.10(0.10) 1.10(0.11)
EQVO3 peak 38.6(7.0) 39.6(8.2) 37.8(4.2) 38.1(5.9) 37.4(5.4) 38.4(6.4)
EQVCO, peak 36.2(5.7) 39.0(8.1) 35.3(4.7) 34.8(5.2) 34.4 (4.2) 35.4(5.8)
0,Pulsepesi (Ml/beat) 8.6 (1.6) 8.7 (2.3) 8.6 (1.4) 12.0(3.3)* 11.6 (4.1) 12.3(2.7)
VO, Work Ratepea (ml/ 11.8(3.3) 12.4(2.8) 11.6 (3.5) 11.9 (2.1) 12.2 (2.5) 11.8(1.8)
min/W)
Values are expressed as means (SD). * Significantly different from individuals (within the same sex with CVD) (P=0.05). * * Significantly different
from women (P=0.05). MMSE, Mini-Mental State Examination; BMI, body mass index; HR, heart rate; APMHR, age-predicted max heart rate; RPE,
rating of perceived exertion; METS, metabolic equivalent of task; V¢, minute ventilation; RR, respiratory rate; V1, tidal volume; VO,, volume of oxygen
consumed; VCO,, volume of carbon dioxide produced; RER, respiratory exchange ratio; EQVO, ventilatory equivalents oxygen; EqVCO,, ventilatory
equivalents carbon dioxide; O, Pulse, oxygen pulse.
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(-13.2%) (p<0.01) compared to women. Both men and women
with CVD had reduced VO,c, compared to their counterparts
without CVD diagnosis; however, these differences were not sig-
nificant.

Ninety-four (97 %) of participants achieved a RERpe, = 1.0. For-
ty-five (46 %, 26 men and 19 women) of the participants met cri-
teria for VO, ., test (> Table 3). Additionally, 82 % of the total sam-
ple met at least one criteria used to determine if VO, max was ob-
tained. Specifically, 38 % achieved RERpg, = 1.1 and 34 % reached
an HRpeax = 90 % APMHR (or 37 % of persons not taking beta block-
ers), whereas 25 % had evidence of O, plateau, and 41 % reported
an RPE ey 2 17.

Discussion

To our knowledge, this is the first study that has fully investigated
and reported parameters of CRF in older adults with mild to mod-
erate AD completing a peak cycle ergometer CPET. Comparisons
among other studies investigating VO, in older adults with AD
are challenging because 1) previous studies that have implement-
ed CPET have utilized treadmills [4-6, 13, 14], and 2) data have not
been presented as sex differences. In persons with AD with an
MMSE range of 23.1-28.8, CPET performed on treadmills yielded

VO;peak Values ranging from 19.4-21.6 ml/kg/min [4, 5, 14]. How-
ever, two studies yielded substantially higher VO, levels of 33.7
and 34.7 ml/kg/min [6, 13]. It should be pointed out that the indi-
cators used in the determination of maximal tests in this sample
are similar to those previously reported including RERpe, (1.07-
1.1)[6, 13], but are lower pertaining to HRpe, (128-141bpm) [5, 6]
and RPEpe, [4-6]. In healthy, middle-aged adults, CPET performed
on a cycle ergometer generates VO,,eak that is typically 10-20%
lower than when performed on the treadmill [15]. Therefore, when
a10-20% increase in VOypeak is applied to our data set, men would
expect to have a corresponding VO, e, 0of 19.6-21.4 ml/kg/min,
whereas in women VO, values would increase to 17.3-19.0 ml/
kg/min. Such extrapolations align with VO,pe, values gathered
from older adults with AD who completed treadmill-based CPET
[4,5,14]. However, historical VO,pe, averages in cognitively
healthy septuagenarians completing peak cycle ergometer CPET
were 23.1 and 21.2 ml/kg/min in males and females, respectively
[16]. In comparison to these age-matched, otherwise healthy, his-
torical averages, our sample had a 26 and 29 % lower VO e,y for
males and females respectively. Interestingly, both men and
women with CVD had reduced VO, compared to their counter-
parts without CVD diagnosis; however, these differences were not
significant.

> Table 3 Cardiopulmonary exercise testing reference values in persons with mild to moderate Alzheimer’s disease who reached criteria for VO, max.

Women Men

Yes No Yes No
Subjects 19 22 26 30
Age 77.3(7.1) 77.4 (5.4) 75.5(7.3) 78.8 (6.6)
MMSE 22.8 (3.3) 20.9 (3.5) 21.1(3.8) 21.5(3.1)
BMI 29.3(5.7) 28.5(5.1) 28.5(5.2) 28.5(5.4)
Test Duration (min) 8.6 (2.6) 8.9 (3.9) 13.3(3.2) 11.5(2.8)
Watts 92.4(32.3) 94.3 (28.0) 129.9 (34.5) 115.2 (39.6)
HR pek (bpm) 130.3(10.7) * 114.6 (13.1) 127.5(17.4) * 106.2 (14.4)
%APMHRpeai 0.93(.09) " 0.80(0.1) 0.87 (.13)* 0.75(0.10)
RPE sk 16.8(1.2)* 14.6 (1.9) 16.2 (1.9)* 14.9 (2.4)
METS peak 5.9 (1.6) 6.2(1.2) 7.2(1.4)* 6.4 (1.3)
VE peak (L/min) 41.7(7.3) 38.7(7.0) 59.2(13.7)* 46.3(11.1)
RRpeak (breaths/min) 33.0(8.4) 31.7 (6.6) 29.7 (4.4) 26.9 (4.8)
V7 peak (VE/RR) 1.3(.3) 1.2(.2) 2.0(.5)" 1.7 (.4)
VO3 peak (L/min) 1.05(.21) 1.06 (.19) 1.48 (.38) 1.31(.31)
VO, peak (Ml/kg/min) 16.0 (4.2) 15.6(3.3) 19.5(5.1)* 16.3 (3.4)
VCO; peak (L/min) 1.18(.26) 1.07 (.18) 1.74 (.60) 1.41(.36)
VCO; peak (Ml/kg/min) 17.8 (4.7) 16.0 (4.2) 22.9(7.0)* 17.3 (4.6)
RERpeak 1.11 (.09) 1.05(.11) 117 (.11)* 1.05 (.08)
EQVO; peak 40.1(7.7) 37.3(6.2) 40.7 (6.2) * 35.8 (4.7)
EGVCO, peak 36.2(7.1) 36.2(4.2) 35.1(6.1) 34.5 (4.4)
0,Pulsepesy (ml/beat) 7.9(1.6)* 9.2(1.4) 12.0(2.8) 12.5(3.0)
VO, Work Ratepey (ml/min/W) 11.9(3.3) 11.7 (3.4) 11.9(1.8) 11.9 (2.4)
Values are expressed as means (SD). * Significantly different from individuals (within the same sex with CVD) (P=0.05). MMSE, Mini-Mental State
Examination; BMI, body mass index; HR, heart rate; APMHR, age-predicted max heart rate; RPE, rating of perceived exertion; METS, metabolic
equivalent of task; Vg, minute ventilation; RR, respiratory rate; V7, tidal volume; VO,, volume of oxygen consumed; VCO,, volume of carbon dioxide
produced; RER, respiratory exchange ratio; EQVO,, ventilatory equivalents oxygen; EqVCO,, ventilatory equivalents carbon dioxide; O, Pulse, oxygen
pulse.
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The pathophysiology of AD is incompletely understood, how-
ever growing evidence suggests a multifactorial pathology of AD
and that cardio- and cerebrovascular dysfunction coexists in most
older adults with AD [17]. This heart-brain pathology hypothesizes
that because the brain is limited by intracellular energy substrates
to sustain neuronal metabolism and critically depends on the car-
diovascular system’s ability to deliver oxygen and glucose, age-re-
lated impairment of cardiovascular function may impair cerebral
blood flow regulation and disrupt neuronal homeostasis [18]. Like-
wise, VOypeqi is limited by physiological deficiencies within the lung-
heart-arterial-muscle axis, but in its simplest model, it is the prod-
uct of cardiac output and arteriovenous oxygen difference [19].
Therefore, it is plausible that deficiencies in cardiac output, arte-
rial delivery of oxygen, orits utilization would create a micro-envi-
ronment primed for AD pathology (i. e. the cardiorespiratory fit-
ness hypothesis [20]). Indeed, research findings in older persons
without dementia have shown that cerebrovascular conductance
is enhanced in those with higher VO a1, suggesting that the car-
diovascular benefits that have been reported previously in the sys-
temic circulation are also conferred to the brain [21]. Furthermore,
researchers have established the independent prediction of both
mean arterial pressure and cerebrovascular conductance by VO,
peak [21]. Furthermore, researchers have established the inde-
pendent prediction of both mean arterial pressure and cerebrovas-
cular conductance by VO, peak [21], suggesting that CRF may have
some protective effects on the vasculature.

Although there are genetic contributors to VO,,eak[22], physi-
cal activity levels also play an important role in the attenuation of
the typical decline of VO,,e, seen with aging. Indeed, there is
strong epidemiological evidence suggesting a linkage of higher
midlife physical activity levels and reduced AD risk later in life. Like-
wise, itis well documented that older adults with AD are less phys-
ically active relative to age- and sex-matched, cognitively healthy
older adults [23, 24]. Hence, it is likely that reduced CRF parame-
ters in older adults with AD are at least partially attributable to re-
duced habitual physical activity. In addition, AD pathology in the
brain decreases prefrontal lobe function, which leads to executive
dysfunction, reduced motivation, and disorganization [25]. These
changes further reduce the participation in physical activity and
exercise. Last, reduced physical activity and impaired cognition
form a vicious cycle that exacerbates physical inactivity and cogni-
tive decline, causing continuing deterioration in CRF.

Another important finding in the study was that there were
expected, statistically significant sex differences among peak CRF
variables measured during CPET in older adults with mild to mod-
erate AD. Our findings further show that there is a sex difference in
VOjpeaks Which is consistent with the literature, as women typically
have a 20-25 % lower VO e, compared to men [26]. Despite over-
all reductions in VOype,i seen in older adults with AD, it is evident
that men with AD still possess the capacity to generate higher
VO;peak than women with AD. This relationship is similar to what is
seen in healthy adults across the lifespan [22], even after values
are adjusted to body size. Our findings also suggest that older men
with mild to moderate AD may still have larger stroke volumes as
indicated by the significantly higher (p<0.01) O, pulsepe, (12.0 ml/
beatvs. 8.6 ml/beat). However, it should be noted that O, pulsepe.k

in both males and females was still lower than what has been clas-
sically reported in cognitively healthy, older adults in their seventh
decade of life who have completed symptom-limited, peak cycle
ergometry CPET [16]. Specifically, our finding of a reduced O,
pulsepea may provide initial evidence of a reduced stroke volume
in older adults with mild to moderate AD, independent of concur-
rent cardiovascular disease status, and may provide insight to
mechanisms contributing to the lower VO, seen in this popula-
tion.

In line with previous literature, our study shows that there are
also sex differences in pulmonary function at peak exercise. Men
had both significantly higher Vg peak (52.4 vs. 40.1 L/min) and TVpeay
(1.9 vs. 1.3) (p<.01), but lower BFpea (p<0.01) compared to
women with mild to moderate AD. Although limited in compari-
sons, the Vg peak reported in our sample is substantially lower than
reference values obtained in both cognitively healthy males and fe-
males (ages 70-79) completing peak cycle ergometer CPET (81.0
and 49.91/min, respectively) [16]. Blunted respiratory response to
CPET has been documented previously in persons with AD [4]. how-
ever, the mechanisms have only recently began to be explored in
animal models [27].

Interestingly, there were no significant differences among indi-
cators of CRF in persons with CVD compared to those without CVD.
Although men and women without CVD did demonstrate greater
VO;peak compared to counterparts with CVD, these differences did
not reach significance (p=0.25 and p=0.27, respectively). This find-
ing contrasts that of large studies where men and women without
CVD had significantly higher indicators of CRF (including VOypeak)
compared to non-CVD counterparts [28]. The lack of statistical sig-
nificance shown in this study may be the result of a small sample
size or may be due to systemic changesin AD [25], which like CVD,
can negatively influence the physiological function of the lung-
heart-arterial-muscle axis.

Collectively, and of clinical importance, the lower VO, values
seen in persons with mild to moderate AD result in a lessened
“physiologic reserve,” or the physiologic capacity to increase VO,
during activities. It is possible that reduced CRF values seen in our
cohort at peak exercise could be related in part to the lower work
effort. However, many of the CRF parameters at peak exercise were
still lower in our subset of participants (n=45) who met ACSM cri-
teria for VO, max compared to historical averages of healthy older
adults [16] (> Table 2). There are several physiologic systems that
could potentially contribute to low VO, s€en in this sample in-
cluding reduced cardiac and pulmonary function as indicated by
lower O, pulsepeak and Ve peal. respectively. Although, it should also
be noted that other AD studies have shown reduced skeletal mus-
cle atrophy [29], which could also negatively affect aerobic exer-
cise performance via associated reductions in mitochondria con-
tent.

This study is the first to attempt to establish CRF reference pa-
rameters stratified by sex and CVD in persons with AD. Further-
more, this study provides an established CPET protocol that can be
employed by future studies that existing studies in AD often fail to
clearly describe. Lastly, this study fully reports the majority of rel-
evant output from the metabolic cart and provides a thorough de-
scription and breakdown of both subjective and objective data to
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allow the reader to gauge the quality of the CPET. This study was
limited by its sample size. Although this is one of the largest sam-
ple sizes to date reporting CRF parameters in persons with AD, lon-
gitudinal studies investigating CRF values in older populations with-
out AD and across the lifespan have used substantially larger sam-
ples [28]. Nonetheless, it is well known that recruiting persons with
AD is very challenging and this study may provide a model to ex-
plore CRF norms in older adults with mild to moderate AD. Anoth-
er limitation was the single group (AD only) design without the use
of a cognitively healthy, aged-matched control group. This was out-
side the scope of the parent randomized, controlled trial (The FIT-
AD Trial) and therefore we relied on historical controls for compar-
ison purposes. Lastly, the use of some CRF parameters such as O,
pulse and VO,/work rate ratio have limitations pertaining to use as
surrogate markers of stroke volume and muscle O, extraction ca-
pacity.

Future research is needed to further augment the establishment
of normative values of CRF using peak cycle-ergometer exercise
tests in persons with AD. Such studies are essential to unveil the
mechanisms of aerobic exercise in AD by establishing whether an
improvement in CRF is essential for any therapeutic effects of aer-
obic exercise in AD and for determining dose-response relation-
ships. Establishing normative values obtained during CPET will also
help elucidate changes in metabolic, cardiovascular, and ventila-
tory function seen as AD develops and progresses.

Conclusion

Our study established the initial reference values for CRF in older
adults with mild to moderate AD within sex and the presence of
CVD. These data provide a frame of reference for assessing the nor-
malcy of the response profiles for standard indices of metabolic,
cardiovascular, and ventilatory function during CPET performed on
acycle ergometer. Older adults with mild to moderate AD achieved
VOjpeak values that are 10-20 % lower than those achieved in tread-
mill tests and appear to have reduced CRF parameters (including
VO;peak) compared to peers without AD. Because epidemiological
studies have shown that reduced physical activity and exercise in
midlife contributes to AD onset, it will be important for future stud-
ies to examine if reduced VO,, is the underlying physiological
mechanism.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Lee DC, Sui X, Ortega FB et al. Comparisons of leisure-time physical
activity and cardiorespiratory fitness as predictors of all-cause
mortality in men and women. Br | Sports Med 2011; 45: 504-510

[2

Kaminsky LA, Arena R, Beckie TM et al. The importance of cardiorespi-
ratory fitness in the United States: The need for a national registry: A
policy statement from the American Heart Association. Circulation
2013; 127: 652-662

[3] Salisbury D, Yu F. Aerobic fitness and cognition changes after exercise
training in Alzheimer’s disease. | Clin Exerc Physiol 2017; 5: 7-12

[4

Billinger SA, Vidoni ED, Honea RA et al. Cardiorespiratory response to
exercise testing in individuals with Alzheimer’s disease. Arch Phys Med
Rehabil 2011; 92: 2000-2005

Anderson HS, Kluding PM, Gajewski BJ et al. Reliability of peak
treadmill exercise tests in mild Alzheimer disease. Int | Neurosci 2011;
121:450-456

5

6

Burns JM, Cronk BB, Anderson HS et al. Cardiorespiratory fitness and
brain atrophy in early Alzheimer disease. Neurology 2008; 71:
210-216

[7

Vidoni ED, Billinger SA, Lee C et al. The physical performance test
predicts aerobic capacity sufficient for independence in early-stage
Alzheimer disease. | Geriatr Phys Ther 2012; 35: 72-78

Vidoni ED, Gayed MR, Honea RA et al. Alzheimer disease alters the
relationship of cardiorespiratory fitness with brain activity during the
stroop task. Phys Ther 2013; 93: 993-1002

Neder JA, Nery LE, Peres C et al. Reference values for dynamic
responses to incremental cycle ergometry in males and females aged
20-80. Am | Respir Crit Care Med 2001; 164: 1481-1486

[10] Yu F, Bronas UG, Konety S et al. Effects of aerobic exercise on cognition
and hippocampal volume in Alzheimer’s disease: study protocol of a
randomized controlled trial (The FIT-AD trial). Trials 2014; 15: 1-13

8

[9

[11] Harriss D), Macsween A, Atkinson G. Ethical standards in sport and
exercise science research: 2020 update. Int ] Sports Med 2019; 40:
813-817

[12] American College of Sports Medicine, Guidelines for Exercise Testing
and Prescription. 10th Edition Philadelphia, PA: Lippincott Williams, &
Wilkins; 2018

[13] Morris JK, Vidoni ED, Johnson DK et al. Aerobic exercise for Alzheimer’s
disease: A randomized controlled pilot trial. PLoS One 2017; 12:
e0170547

[14] Varma VR, Watts A. Daily physical activity patterns during the early
stage of Alzheimer’s disease. | Alzheimers Dis 2017; 55: 659-667

[15] Balady GJ, Arena R, Sietsema K et al. Clinician's guide to cardiopulmo-
nary exercise testing in adults: A scientific statement from the
American Heart Association. Circulation 2010; 122: 191-225

[16] Herdy AH, Uhlendorf D. Reference values for cardiopulmonary exercise
testing for sedentary and active men and women. Arq Bras Cardiol
2011; 96: 54-59

[17] Viswanathan A, Rocca WA, Tzourio C. Vascular risk factors and
dementia: how to move forward? Neurology 2009; 72: 368-374

[18] de la Torre JC. Alzheimer's disease is a vasocognopathy: a new term to
describe its nature. Neurol Res 2004; 26: 517-524

[19] Betik AC, Hepple RT. Determinants of VO, ,.x decline with aging: an
integrated perspective. Appl Physiol Nutr Metab 2008; 33: 130-140

[20] Barnes DE, Yaffe K, Satariano WA et al. A longitudinal study of
cardiorespiratory fitness and cognitive function in healthy older adults.
J Am Geriatr Soc 2003; 51: 459-465

[21] Brown AD, McMorris CA, Longman RS et al. Effects of cardiorespiratory
fitness and cerebral blood flow on cognitive outcomes in older women.
Neurobiol Aging 2010; 31: 2047-2057

[22] Bouchard C, Daw EW, Rice T et al. Familial resemblance for VO pa in
the sedentary state: the HERITAGE family study. Med Sci Sports Exerc
1998; 30: 252-258

[23] Hartman YAW, Karssemeijer EGA, van Diepen LAM et al. Dementia
patients are more sedentary and less physically active than age- and
sex-matched cognitively healthy older adults. Dement Geriatr Cogn
Disord 2018; 46: 81-89

E6 Salisbury D, Yu F. Establishing Reference Cardiorespiratory Fitness ... Sports Medicine International Open 2020; 4: E1-E7



[24] van Alphen H], Volkers KM, Blankevoort CG et al. Older adults with [28] Stensvold D, Bucher Sandbakk S et al. Cardiorespiratory reference data

dementia are sedentary for most of the day. PLoS One 2016; 11: in older adults: The Generation 100 Study. Med Sci Sports Exerc 2017;
e0152457 49:2206-2215
[25] Morris K, Honea RA, Vidoni ED et al. Is Alzheimer’s disease a systemic [29] Burns M, Johnson DK, Watts A et al. Reduced lean mass in early
disease? Biochim Biophys Acta 2014; 1842: 1340-1349 Alzheimer disease and its association with brain atrophy. Arch Neurol
[26] Wilmore ], Costill D. Physiology of Sport and Exercise. 3™ ed. 2010; 67: 428-433

Champaign, IL: Human Kinetics; 2005

[27] Ebel DL, Torkilsen CG, Ostrowski TD. Blunted respiratory responses in
the streptozotocin-induced Alzheimer's disease rat model. | Alzheimers
Dis 2017; 56: 1197-1211

Salisbury D, Yu F. Establishing Reference Cardiorespiratory Fitness ... Sports Medicine International Open 2020; 4: E1-E7 E7



