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ABSTRACT
International Journal of Exercise Science 13(3): 18-35, 2020. Exercise has many benefits for
physical and cognitive health in older adults, yet there are many barriers to exercise adherence
in this population. Subjective perception of exercise difficulty, or rate of perceived exertion
(RPE), may especially be a barrier to exercise in individuals with Alzheimer’s disease (AD), due
to changes in initiation and motivation that accompany changes in cognition and brain function.
RPE is the most commonly used measure of subjective effort in exercise research, yet the
relationship between RPE and objective fitness is not fully understood in older adults. A better
understanding is needed to support initiation, engagement, and maintenance of exercise and
determine the appropriateness for use of RPE as a measure in this population. Our study aimed
to 1) evaluate the degree to which objective measures of cardiorespiratory fitness correlates with
the most commonly used subjective measure of effort, RPE and 2) examine any difference in the
relationship between objective cardiorespiratory fitness and RPE between individuals with and
without AD. We explored these relationships during a graded exercise test. Objective fitness
and subjective effort were negatively associated. Independent of cardiorespiratory fitness, older
age, female gender, cognitive impairment, and use of heart medications predicted greater selfreported effort during exercise. Results are discussed in terms of social psychological
phenomena and potential neuropsychological deficits leading to increased subjective feelings of
effort. These findings establish that the RPE measure may not be appropriate and may even
detract from effort during graded exercise testing among older adults with AD.
KEY WORDS: Exercise, subjective effort, workload, graded exercise test
INTRODUCTION
Older adults are the most sedentary of all age groups (20, 52), and those with cognitive
impairment are even more sedentary (74, 73). This pattern of behavior leads to many deleterious
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health and cognitive effects (49). It is estimated that at least one third of Alzheimer’s disease
(AD) cases worldwide are attributable to modifiable risk factors, including physical inactivity
(69). Therefore, increasing physical activity, including structured exercise, is a promising
strategy to improve health and cognitive functioning in older adults with AD (24, 48). The
present study will focus on barriers related to perceived difficulty of physical exertion and
evaluate the appropriateness of the most commonly used measure of perceived exertion in older
adults with and without AD.
The most common measure for assessing subjective difficulty of exercise is Borg’s scale, Rating
of Perceived Exertion (RPE). RPE uses a numerical and verbal expression scale of how hard a
participant feels their body is working. Self-evaluation of physical effort is thought to rely on
the interpretation of the current exercise experience where the participant is asked to estimate
the perceived exertion at intervals dictated by the researcher. This draws on perceptual,
psychological, physiological, and performance or situational gestalt factors (27). The bodily
sensations and feedback, and the actual performance of a specific physical activity all inform the
expression of RPE. The assessment of RPE integrates information from various bodily sensations
and processes (34, 55), yet exactly how these factors impact RPE is not fully understood.
Accurate memory of a previous exercise experience, verbal memory ability, and recognition and
matching of numerical and verbal anchors on the scale are cognitive skills required for the
expression of RPE. Notably however, there are assumptions made for the use of RPE in those
with cognitive impairment that may not be valid compared to those who are cognitively intact.
RPE is commonly used in research along with complimentary objective measures of strain such
as heart rate, blood pressure, and oxygen consumption. Psychological factors may contribute
uniquely to this self-report measure in older adults, especially those with cognitive impairment.
In the estimation of RPE, participants are asked to evaluate their perceived level of exertion.
When focusing on the internal state of exertion during exercise, RPE has been shown to increase
in adults, but contrary to expectation, when being distracted from pain and muscle fatigue, RPE
has also been shown to increase (47).
Similar mixed results are also seen with older adults. In one study, active older adults’ heart rate
did not correlate with RPE while snow skiing (64), but other studies reported a correlation
between heart rate and RPE during an underwater treadmill test (59). In some studies, RPE was
found to increase with HR and VO2 among older adults (23, 65), leading to the assumption that
RPE is an effective monitoring index of physical exertion, yet coronary artery disease (CAD),
common in older adults, has been found to reduce the correlation between objective and
subjective evaluations of effort (31, 45). The mixed results of traditional objective exercise
markers highlight the need to explore whether it is appropriate to use RPE as a measure of
perceived effort for all older adults including those with AD, which is the primary focus of the
current study.
Researchers have reported found that exercise is associated with a negative affective state or a
decline in positive affect in older adults (67). This pattern of affect and perceived effort during
exercise likely informs motivation and perceived strain to start and continue an exercise session.
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It stands to reason that reliance on cognitive processes, memory of past exercise experiences, as
well as felt experiences in the body relating to RPE may be negatively impacted in individuals
with cognitive impairment. Some evidence suggests RPE can be interrupted by cognitive
impairment or injury (15, 22). Given the cognitive demands of generating subjective ratings of
exertion, using RPE to assess perceived exertion in individuals with cognitive impairment may
be unwarranted. Deficits in executive function, (53), memory, attention, abstract reasoning, and
language (33), may impact self-assessment and expression of perceived strain related to RPE.
People with AD may not be able to make necessary adjustments to physical effort, unlike people
who are cognitively intact. Impaired judgment due to semantic impairment, awareness, insight,
and communication difficulties likely impact exercise behavior and the ability to subjectively
rate the experience (18, 41, 50). Thus, people with AD may not be able to make necessary
adjustments to physical effort, compared to people who are cognitively intact. Due to a lack of
studies regarding the relationship of RPE and cognitive impairment, it is hard to draw clear
conclusions. Though there is initial support that RPE measures may not correlate as strongly
with objective measures of physical exertion in older adults with AD (77, 78), firmly establishing
this relationship in older adults with and without AD is a necessary first step. The current study
is one of very few to evaluate RPE in older adults, and if the first to include both male and female
participants, and to explore what the relationship between appropriate objective and subjective
measures of exercise effort looks like at the early stages of AD (24, 48). The first aim of the
present study is to evaluate the degree to which exercise testing correlates with the most
commonly used subjective measure of effort. We hypothesize that the objective and subjective
measures will be correlated, though more weakly than younger adults (12, 14). The second study
aim is to examine differences in the relationship between objective cardiorespiratory fitness and
subjective ratings of exertion between individuals with and without AD. We hypothesize that
the correlation between objective and subjective measures will be weaker in individuals with
AD. That is, we expect participants without AD to show a stronger stepwise match between VO2
peak and subjective ratings with increased workload on the graded exercise test; whereas we
expect participants with AD to show more discrepancy between these two measures on the
graded exercise test.
METHODS
Participants
The sample was drawn from a large registry of well-characterized AD patients and older adult
controls without cognitive impairment. Participants in the sample had previously undergone a
full physical exam, neurological testing, and a review of medical history before being recruited
into any studies. This research was carried out fully in accordance to the ethical standards of the
International Journal of Exercise Science (60). Our study was approved by the Institutional
Review Board and all participants or their designated representatives provided consent for
participation in the research. All participants completed a treadmill GXT using the Modified
Bruce Protocol (37) providing objective (VO2 peak, heart rate) and subjective (RPE) measures.
Participants (n = 237; AD = 96; non-AD = 141) attended a baseline clinical and exercise
evaluation. We included participants with no cognitive impairment, mild cognitive impairment,
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or dementia with etiology diagnosis of probable AD based on clinical and cognitive test results
using standard criteria (2, 54): Clinical Dementia Rating (CDR) of 0.5, or 1 (very mild to mild
dementia); (57), at least 55 years of age, community dwelling, adequate visual and auditory
ability to perform cognitive testing, stable medication dose, and ability to participate in a
scheduled exercise evaluation. Exclusion criteria included clinically significant psychiatric
disorder, systemic illness or infection likely to affect safety, clinically-evident stroke, or
significant musculoskeletal symptoms that prohibit exercise testing. Individuals with active (<
2 years) ischemic heart disease (myocardial infarction or symptoms of coronary artery disease)
or uncontrolled diabetes mellitus were also excluded.
Protocol
Whole body mass was determined using a digital scale accurate to ± 0.1kg (Seca Platform Scale,
Seca Corp., Columbia, MD), and height (in cm) was measured by stadiometer with shoes off,
from which body mass index (BMI; weight (kg)/height (m2)) was calculated.
Cardiorespiratory capacity (VO2 peak) was measured by a graded treadmill exercise test (GXT)
using a modified Bruce protocol (37) designed for older adults, in which participants began
walking at a pace of 1.7 miles per hour at 0% incline, and the grade and/or speed was increased
at each subsequent 2-minute interval. Participants were attached to a 12-lead electrocardiograph
(ECG) to continuously monitor heart rate rhythm. Distal leads were placed on the torso. A 2way, on-rebreathing valve, headgear, mouthpiece, and nose clip were worn and blood pressure
and RPE were acquired during the last 30 seconds of each stage. Expired gases were collected
continuously, and oxygen uptake and carbon dioxide production were averaged at 15-second
intervals. (TrueOne 2400, Parvomedics, Sandy, UT). Peak oxygen consumption during the GXT
(VO2 peak) was used as an index of cardiorespiratory fitness.
An exercise physiologist familiarized each participant with the exercise equipment and testing
protocol and explained the Borg Rating of Perceived Exertion (RPE) Scale. The exercise test was
terminated if the participant reached volitional exhaustion by expressing the need to stop or if
three ACSM criteria for maximal oxygen consumption were reached (4); plateau in oxygen
consumption despite increase in workload, Borg scale rating of > = 17, heart rate within 10%
rate of age predicted maximum, and RER > = 1.1. Only participants reaching or exceeding an
RER of 1.1 were included for analysis in this study.
Cognitive measures for immediate and delayed recall were assessed with The Craft Story 21Item Recall (immediate and delayed; 25) or Logical Memory I and II (immediate and delayed
recall; Wechsler Memory Scale 3rd edition, 75). Verbatim words recalled are scored with a point
and summed separately for both time points. Equivalent scores for both tasks were normed and
validated by the Alzheimer’s Disease Centers (ADC) in 2015 opting for a newer non-proprietary
version of the test battery and allowing for comparison of both tasks together (56, 44). All
immediate and delayed recall scores regardless of test were adjusted accordingly for a single
score for comparison.
Covariates included age, sex, years of education, and use of heart and lung medication as
covariates in the models. Some medications can affect this ratio such as medications that increase
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or decrease the output of the heart and lungs (e.g., beta agonists such as albuterol, beta blockers
such as propranolol (61, 72, 76)).
Statistical Analysis
Analyses were performed with a total of 237 participants. Multilevel modeling (MLM) was used
to establish the relationship between the objective measure VO2 peak, and the subjective (RPE)
measures for each person at each stage during the 10-stage GXT. In estimation of statistical
power for MLM, it is generally accepted that with over 50 participants, sufficient power can be
assumed (38). Random effects for the intercept and slope of VO2 peak were tested for model fit
using restricted estimated maximum likelihood (REML; 11, 62), guarding against type I error.
Fixed factors age, gender, heart medication use, and CDR were tested for model fit using
maximum likelihood (ML). Our measure of effect size, R2, was calculated with REML. Both a
marginal R2 and conditional version of R2 are reported. The marginal R2 denotes the variance
explained in RPE by only fixed effects and the conditional R2 denotes the entire model, including
fixed and random effects (58).
Within-person variables are objective (VO2 peak) and subjective (RPE) measures of fitness
nested within people. VO2 peak, a continuous variable, was mean centered for interpretation.
AD status of CDR (0, 0.5, and 1) and immediate and delayed story recall scores are betweenperson variables that were tested separately as moderators. Age, gender, and heart medication
use were included in the model as between-person covariates. Immediate and delayed recall
were included as between-person covariates. Race and education were not included in the
analyses due to lack of variation in the sample to account for model fit. Statistical significance of
fixed and random effects were determined by deviance of residuals using chi-square-versusdegrees-of-freedom analyses to test model differences. Descriptive statistics and group
differences for all variables of interest were calculated (see Table 1). P-values were obtained by
t-tests using Satterhwaite approximations to degree-of-freedom. Chi-square tests were used for
each fixed and random effect for model fit.
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Table 1. Participant Characteristics.
Descriptives

Age
Gender (Female)
Reached VO2 max
On Heart
Medication
CDR = 0
CDR = 0.5
CDR = 1

Total Sample
(n = 237)
M
(SD)
71.47
(6.85)

%

CDR = 0
(n = 141)
M
(SD)
72.12
(6.45)

48.1
82.8
25.3

CDR = 0.5
%

M
(SD)
69.34
(6.68)

CDR = 1
%

58.0
94.7
30.6

M
(SD)
73.49
(7.56)

42.4
68.3
19.7

%

CDR =
0.5 or 1
(n = 96)
M
(SD)
70.67
(7.23)

21.9
67.2
16.8

55.5
30.0
14.5
Sample that Reached RER ≥ 1.1 (n = 167)
CDR = 0
CDR = 0.5
CDR = 1
(n = 91)
(n = 49)
(n = 27)

VO2 max
VO2 peak

M
(SD)
23.22*
(5.37)
17.30*
(5.28)

M
(SD)

M
(SD)

16.85*
(5.16)

15.98*
(5.24)

CDR =
0.5 or 1
(n = 76)
M
(SD)
21.35*
(4.93)

Note: * p < .01

RESULTS
For all analyses, we used R (R Core Team, 2012) and lme4 (7) to perform linear mixed effects
analyses. Visual inspection of residual Q-Q plots indicated a normal distribution of residuals for
all analyses. An intraclass correlation (ICC = 0.0) indicated no variation within the sample on
RPE across the GXT stages. The ICC value indicated even with the non-independence of these
data, it would be possible to treat these data as independent measures. However, there are still
benefits to using MLM, especially given the nested structure of these data (36).
For all analyses, the difference in the -2 log likelihood of the random intercepts model and
random slopes model were significantly different, thus the VO2 peak was allowed to vary for
individuals and across stages of the GXT. We explored the relationship between objective and
subjective measures of fitness and whether cognitive status had a moderating effect on the
relationship between VO2 peak and RPE (see Table 2).
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Table 2. Predictors of Subjective Fitness (RPE).
Fixed
Model 1 Model 2 Model 3d
Componentsa
Intercept
12.88
13.161
𝛾"## 12.534
(0.114)*** (0.173)*** (0.184)***
VO2 peak
0.693
0.794
𝛾"$#
(0.693)*** (0.022)***
Age
𝛾"#$
Gender

𝛾"#%

CDR = 0.5

𝛾"#&

CDR = 1.0

𝛾"#'

Model 4

Model 5

Model 6

Model 7

Model 8

6.929
(1.842)***
0.792
(0.022)***
0.086
(0.025)***

5.059
(1.853)**
0.786
(0.022)***
0.102
(0.025)***
1.176
(0.336)***

3.921
(1.738)*
0.783
(0.021)***
0.103
(0.023)***
1.765
(0.324)***
1.542
(0.361)***
2.812
(0.474)***

4.213
(1.693)*
0.783
(0.021)***
0.094
(0.023)***
1.709
(0.315)***
1.616
(0.351)***
2.920
(0.463)***
1.140
(0.322)***

4.260
(1.686)*
0.798
(0.026)***
0.093
(0.093)***
1.711
(0.314)***
1.588
(0.361)***
2.609
(0.497)***
1.134
(0.321)***
-0.019
(0.048)
-0.119
(0.072)

4.816

4.491

4.266

On Medication 𝛾"#(
VO2 peak X
CDR = 0.5
VO2 peak X
CDR = 1.0

𝛾"$$
𝛾"$%

Random
𝜏̂##
Intercept
Random Slope 𝜏̂$#
(VO2 peak)
𝐶𝑜𝑟(𝜏̂## , 𝜏̂$# )
Sigma (e)
𝜎" %
Deviance (-2LL)
∆2 (df)

0.00

16.44

Variance of Random Componentsb
5.978
6.818
6.375
5.700

5.439

0.046

0.046

0.046

0.044

0.043

0.042

0.41
4.332

0.38
4.338

0.28
4.354

0.33
4.372

0.32
4.380

0.31
4.395

7153.0

6195.9
6112.1
6093.5
6082.6
6043.4
6031.3
6028.5
957.12*** 92.003*** 11.129*** 10.843*** 39.191*** 12.17***
2.733
(1)
(2)
(1)
(1)
(2)
(1)
(2)
R2 marginalc
0.529
0.576
0.579
0.581
0.599
0.602
0.602
(conditional)
(0.775)
(0.852)
(0.847)
(0.838)
(0.831)
(0.826)
(0.825)
Note: * p < 0.05, ** p ≤ 0.01, *** p < 0.001, aFixed effects estimated using maximum likelihood, gamma, standard
error, and significance reported; bRandom components estimated using restricted estimation maximum likelihood
c pseudo R2 was estimated using REML, d Deviance and corresponding χ2 difference test calculated using REML;
CDR = Clinical Dementia Rating, Bolded model = final model

VO2 peak random intercept and random slope were each supported for better model fit. Models
3-7 indicated VO2 peak, age, gender, medication usage, and CDR status affected RPE, each with
unique contributions to variance explained. There was not a statistically significant interaction
effect of VO2 peak x CDR. Thus, the relationship between VO2 peak and RPE did not differ by
dementia status (see Figure 1).
The full model including a random intercept and random slope accounted for 82.6% of the
variance, such that increasing VO2 peak led to greater reported RPE values. Older age, female
gender, use of heart medication, and cognitive impairment (CDR 0.5 or 1), all led to greater
reported RPE. The interaction term was not significant, suggesting cognitive status did not
moderate the relationship between objective and subjective measures of fitness in our sample.
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Figure 1. Main Effect for Alzheimer’s Disease Status on RPE. No interaction on the relationship between VO2 peak
and RPE. The use of random intercept and random slope in the model allowed for the illustration of greater RPE
starting points with greater cognitive impairment despite controlling for objective fitness level.

We evaluated whether memory performance moderated the relationship between objective and
subjective measures of fitness. Immediate Story Recall (ISR) and Delayed Story Recall (DSR)
scores were centered and analyses were performed on all cognitively healthy participants (CDR
= 0) (see Table 3). Models 7 and 8 indicated ISR and the interaction term, VO2 peak x ISR were
not significant predictors in the model. The same process was performed in models 7 and 8, with
DSR, and the interaction term VO2 peak x DSR yielding non-significant results. The full model
including a random intercept and random slope of relationship between VO2 peak and RPE,
such that increasing VO2 peak, older age, female gender, and use of heart medication, all led to
greater reported RPE. However, memory, including immediate or delayed recall, was not a
predictor of RPE and the relationship between VO2 peak and RPE was not dependent on
memory.
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Table 3. Predictors and Memory Recall of Subjective Fitness (RPE) for Cognitively Healthy Participants (CDR = 0).
Fixed
componentsa
Intercept

𝛾"##

VO2 peak

𝛾"$#

Age

𝛾"#$

Gender

𝛾"#%

On Medication

𝛾"#&

ISR

𝛾"#'

DSR

𝛾"#(

VO2 peak X ISR

𝛾"$$

VO2 peak X DSR

𝛾"$%

Model 1

Model 2

Model 3d

Model 4

Model 5

Model 6

Model 7

Model 8

12.270
12.347
12.639
(0.146)*** (0.215)*** (0.230)***
0.720
0.804
(0.019)*** (0.025)***

6.802
(2.422)**
0.802
(0.025)***
0.080
(0.033)*

3.963
(2.433)
0.794
(0.025)***
0.105
(0.032)**
1.539
(0.427)***

4.276
4.083
(2.348)
(2.684)
0.794
0.642
(0.025)*** (0.120)***
0.096
0.094
(0.031)** (0.032)**
1.411
1.422
(0.414)*** (0.419)***
1.259
1.254
(0.401)** (0.400)**
.017
(0.066)

5.319
(2.531)*
0.668
(0.094)***
0.088
(0.032)**
1.489
(0.417)***
1.312
(0.400)**

.010
(0.008)
Variance of random componentsb

Random intercept 𝜏̂##
Random slope
(VO2 peak)
𝐶𝑜𝑟(𝜏̂## , 𝜏̂$# )
Sigma (e)
Deviance (-2LL)
∆2 (df)
R2 marginalc
(conditional)

0.00

5.582

𝜎"

17.01
4496.5

0.009
(0.006)

6.477

6.153

5.158

4.757

4.734

4.725

0.034

0.033

0.032

0.032

0.032

0.032

0.60

0.59

0.46

0.46

0.44

0.46

5.202

4.382

4.389

4.419

4.432

4.430

4.422

3828.0

3789.2

3776.7

3765.6

3756.1

3754.4

3752.3

5.691*
(1)
0.592
(0.845)

11.159***
(1)
0.599
(0.831)

9.503**
(1)
0.604
(0.826)

1.650
(2)
0.604
(0.826)

3.721
(2)
0.603
(0.826)

𝜏̂$#

%

-0.042
(0.053)

668.49*** 46.204***
(1)
(2)
0.561
0.591
(0.788)
(0.849)

Note: * p < 0.05, ** p ≤ 0.01, *** p < 0.001, aFixed effects estimated using maximum likelihood, gamma, standard
error, and significance reported; bRandom components estimated using restricted estimation maximum likelihood
c pseudo R2 was estimated using REML, d Deviance and corresponding χ2 difference test calculated using REML;
CDR = Clinical Dementia Rating; ISR = Immediate Story Recall; DSR = Delayed Story Recall, Bolded model = final
model

We repeated the analyses for those with a CDR equaling 0.5 (very mild dementia) and CDR = 1
(mild dementia) to explore whether memory explained or moderated the relationship between
objective and subjective measure of fitness and a similar pattern of results were seen (see Table
4 for ISR and DSR). VO2 peak random intercept and random slope were each supported for
better model fit. Models 3-5 indicated VO2 peak, age, and female gender affected RPE each with
unique variance. Models 6-8 indicated medication, ISR, and the interaction term VO2 peak x ISR,
were not significant predictors of the change in RPE, not supporting our exploratory Aim 3.
The same process was performed in models 6-8 where medication, DSR, and the interaction term
VO2 peak x DSR were not significant factors in the model. The full model including a random
intercept and random slope explained 83.1% of the variance, such that increasing VO2 peak,
older age, and female gender, all led to greater reported RPE. However, memory, including
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immediate or delayed recall, did not explain change in RPE in participants with very mild and
mild dementia, not supporting this hypothesis.
Table 4. Predictors and Memory Recall of Subjective Fitness (RPE) for Participants (CDR 0.5 and 1).
Fixed
Model 1 Model 2 Model 3d Model 4
Model 5
Model 6
Model 7
componentsa
Intercept
13.639
13.927
6.945
4.408
4.725
5.676
𝛾"## 12.973
(0.179)*** (0.367)*** (0.235)*** (2.597)**
(2.453)
(2.417)
(2.514)*
VO2 peak
0.641
0.765
0.762
0.752
0.753
0.670
𝛾"$#
(0.025)*** (0.039)*** (0.039)*** (0.039)*** (0.039)*** (0.075)***
Age
0.096
0.120
0.112
0.109
𝛾"#$
(0.036)** (0.033)** (0.033)** (0.033)**
Gender
2.063
2.067
2.020
𝛾"#%
(0.508)*** (0.499)*** (0.500)***
On Medication 𝛾"#&
0.982
(0.556)
ISR
-0.071
𝛾"#'
(0.053)
DSR
𝛾"#(
VO2 peak X ISR 𝛾"$$
VO2 peak X
DSR

𝛾"$%

Random
intercept
Random slope
(VO2 peak)
𝐶𝑜𝑟(𝜏̂ ## , 𝜏̂$# )
Sigma (e)

𝜏̂##

0.011
(0.009)

0.00

Variance of random componentsb
5.514
6.366
5.795
4.509

𝜏̂$#

𝜎"

Deviance (-2LL)
∆2 (df)

%

15.21

5.786

Model 8
5.601
(2.509)*
0.692
(0.056)***
0.107
(0.033)**
2.043
(0.500)***

-0.053
(0.050)
0.012
(0.008)

4.338

4.453

4.468

0.069

0.068

0.071

0.072

0.073

0.072

0.26
4.209

0.20
4.209

0.05
4.216

0.03
4.207

0.08
4.195

0.09
4.201

2645.6

2345.9
2303.0
2290.7
2276.4
2273.4
2272.8
2272.8
299.69*** 49.197***
6.898**
14.286***
3.033
3.643
3.615
(1)
(2)
(1)
(1)
(1)
(2)
(2)
R2 marginalc
0.494
0.562
0.566
0.574
0.573
0.578
0.577
(conditional)
(0.741)
(0.850)
(0.844)
(0.831)
(0.829)
(0.833)
(0.832)
Note: * p < 0.05, ** p ≤ 0.01, *** p < 0.001, aFixed effects estimated using maximum likelihood, gamma, standard
error, and significance reported; bRandom components estimated using restricted estimation maximum likelihood
c pseudo R2 was estimated using REML, d Deviance and corresponding χ2 difference test calculated using REML,
Bolded model = final model

DISCUSSION
Few studies have evaluated the relationship between RPE and VO2 (23,65); however, no studies
to our knowledge have evaluated the relationship between VO2 peak and RPE measures of
fitness to determine whether cognitive status moderates this relationship in older adults. The
relationship between objective and subjective measures of fitness is important to determine
whether the felt experience during exercise in this population matches physiological ability and
whether RPE is an appropriate measure in older adults with and without AD. Given the benefits
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of exercise, specifically in this population, it is important to identify physiological and
psychological barriers to regular exercise engagement.
In the full sample, lower cardiorespiratory fitness (VO2 peak), older age, female gender,
impaired cognitive status, and use of heart or lung medication predicted higher levels of
perceived effort. The objective physiological measure of fitness (VO2 peak) accounted for the
largest proportion of the variance (57.6%) in RPE suggesting that self-perceptions are highly
dependent on physiological ability levels. All of the other predictors accounted for substantially
lower proportions of variance, with dementia status accounting for 1.8% unique variance in
reported RPE, such that greater impairment led to increased reported effortful feeling. Older
age, female gender, and use of heart or lung medication each accounted for less than 1% of the
variance. The relationship between VO2 peak and RPE was not dependent on cognitive status
or scores on a test of verbal memory. This suggests that the nature of the relationship between
objective and subjective measures of effort are the same for individuals with and without AD or
varying levels of memory performance. The physiological response to aerobic exercise
undergoes important changes with aging, even in the absence of cardiovascular disease (28).
The linear pattern of increasing VO2 peak and increasing RPE seems intuitive -- the harder the
exercise test, the more demand on the cardiorespiratory system. However, when objective
fitness is accounted for, certain demographics predicted a greater effortful feeling. It is therefore
important to evaluate the utility and appropriateness of RPE use as a measure of subjective effort
in older adults with and without AD. Though RPE may be an appropriate measure in adults it
may present undue burden on older adults or at the very least not effectively monitor the
intended outcome.
Despite evidence that aerobic capacity decreases starting at age 30 (5), with even greater rates
observed over the age of 50 (63), our data suggest when controlling for fitness level, older age
still predicted a reported increased effortful feeling. Although physiological fitness decreases
with older age, many factors influence attitudes and prejudices about aging (30), such as
expectations and stereotypes. Indeed, positive expectations regarding aging have been found to
be associated with more engagement in physical activity and better physical function among
older adults (10). Negative beliefs about aging are pervasive in Western society. Diminished
social roles have led to negative biases of aging and low expectations can be internalized by
older adults. Furthermore, others then project these biases and expectations about decreased
physical ability and function with older age on this population (for a full review, see 51). The
internalized negative beliefs about function among older adults are associated with a variety of
negative outcomes for physical and psychological health (43, 46). Aging self-stereotypes have
been shown to influence walking behavior, such that participants exposed to positive aging
stereotypes showed a significant increase in swing time (i.e., time spent with one foot off the
ground while walking) and gait speed compared to participants with negative aging stereotypes
(35). The average increase in speed was comparable to the gain observed when older adults
participated in rigorous exercise programs for several weeks (e.g., 3, 16). In the current study, it
is possible that negative internalized beliefs about physical function primed the expectation that
greater subjective feelings of effort should occur when engaging in exercise. It is not a common
social expectation for individuals between 60 and 80 years of age to be exercising. Furthermore,
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these negative internalized beliefs may lead individuals to be less active, in turn making the
exertion feel more effortful.
Internalized beliefs of decreased physical ability with older age may also trigger stereotype
threat. Stereotype threat occurs when cues in the environment make negative stereotypes
associated with an individual’s group status salient, triggering physiological and psychological
processes that have detrimental consequences for behavior (68). Negative stereotype threat has
been associated with older adults including physiological arousal (26, 9) decreased effort (70),
and reduction in performance expectations (19, 21). The current findings that older age, women,
and people taking heart or lung medication reported the treadmill test as more effortful despite
controlling for actual fitness level might be attributed to negative expectations or stereotype
threat. RPE highlights the exertion one feels during exercise, which in itself may make salient
negative expectations and stereotypes about older adults and fitness level. Perhaps performing
in a medical setting prompted a psychological process that led to self-report greater effortful
feelings when engaging in exercise. Another stereotype threat may have included participating
in an exercise test similar to that of a stress test for diagnosis of heart disease commonly
prescribed for older adults. It is possible that concern about heart disease may also prompt
internalized negative beliefs about increased age and decreased function leading to self-report
greater effort while exercising. Given these results, we therefore conclude that Borg’s RPE may
not adequately or accurately measure or monitor changes during exercise in older adults with
and without AD.
A future study can specifically address RPE usage during a GXT for this population that may
provide support for or against using this measure. Although we did not measure them here,
future studies may benefit from explicit evaluation of the role of expectations regarding aging
and stereotype threat in this process. Aligned with stereotype threat literature among older
adults (43), testing whether social expectations and beliefs are contributing to greater selfreported effortful feelings are warranted. Such studies can include inoculation via positive aging
stereotypes, lowering anxiety, psychoeducation about stereotype threat, or by attributing
difficulty to external circumstances rather than ability (1, 6, 17, 32, 42), which may ameliorate
negative consequences if stereotype threat is contributing to a greater effortful feeling, as actual
fitness level is not the explanation.
These data contribute an important view of understanding that limited physiological ability is
not the only potential barriers to exercise in older adults with and without cognitive impairment.
The finding that AD cognitive status explained a significant proportion of variance in reported
RPE, even when actual fitness level was controlled for, suggests a pathological brain process
related to AD is an important possible explanation.
Heart medication usage physiologically lowers cardiac output during increased demand on the
body. This may contribute to a more effortful feeling during exercise. However, not all
medications in the same class of drugs result in the same cardiac responses. Thus, the literature
is moving toward testing specific heart and respiratory medications’ effect on metabolic and
respiratory exchange rate. For example, a common medication prescribed to treat high blood
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pressure, bisoprolol, was found to have no effect on heart rate, VO2 max, and RPE with the RER
threshold exceeding 1.10 in men compared to a placebo (76). It is reasonable that someone on
cardiac mediation may be physiologically limited in their cardiac output and could explain the
experience of greater subjective effort during the GXT. Conversely, someone on respiratory
medication may increase oxygen consumption and could explain some differences in subjective
effort. For some, negative expectations about being on heart or lung medication and exercise
may play a role in increased subjective feeling, which can be specifically evaluated again via
inoculation or psychoeducation of heart and lung medication’s effect on exercise.
One limitation of the current study is a homogeneous sample made up of mostly White, highly
educated older adults in the Midwest. Thus, these findings are not generalizable to a more
diverse population. The present study did not directly measure several possible explanatory
mechanisms that may contribute to differences in RPE. These include interoception work load
tests (29), stereotype threat innoculation (6, 35, 43), and exercise self-efficacy (39). Interoception
is the ability to consciously perceive internal bodily states that inform felt experiences, which
has a regulatory function of homeostatis (71). Normal aging brain changes may affect
interoception as it relates to RPE, but specifically with pathological aging, brain areas most
commonly affected overlap with interoception (e.g., insula), and warrant further study.
On the basis of these data, physiological ability does not explain the increased subjective feeling
of exercise in people with AD compared to healthy older adults, nor does verbal memory. The
verbal memory measure we used captures the recall of a story and may not be appropriate for
evaluating memory of physical events that require body awareness. We are not aware of any
memory measure for recall of physical sensations. Perhaps a measure of executive function such
as task switching performance would better tap into the cognitive demand of an exercise test
and simultaneous RPE rating for older adults (8, 40).
An area that has not been studied in older adults with and without AD is stereotype threat
innoculation. During a GXT, reading, watching or listening to a short snipet about the ease of
the test and how older adults did much better than anticipated may prime older adults with
a postive valance as opposed to a potentially negative prime to begin with (6, 35, 42). Examining
this frame may lend insight into stereotype threat and expectations related to the subjective RPE
scale. The felt expereience is an important factor in the engagement of exercise for anyone,
especially older adults, and even more so for those with cognitive impairment.
If the felt experience acts as a barrier for exercise engagment for people with cognitive
impairment, this is a promising platform for interventions. Extra support and encouragment
during an exercise session for this populuation may prove helpful for exercise adherence.
Psychoeducation and prediction of subjective difficulty about exercise may reduce the effortful
feeling. Greater exercsie self-efficacy has been shown to influence RPE (39). Exposure and
positive experiences of exercise may improve exercise self-efficacy through progressive mastery
of exercise behavior in older adults. Thus, exposure and support may help initiate and sustain
exercise behavior.
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These data are the first to indicate that the relationship between physiological fitness and social
constructs contribute to perceived difficulty of exercise in male and femaile older adults with
and without early stages of AD. These data have implications for understanding how AD may
impact how exercise feels and related exercise behavior and adherence. These findings can guide
future research to explore factors related to beliefs, expectations, and interoceptive abilites,
because physiological fitness may not be the only limiting factor in exercise behavior. The field
of psychology has a unique opportunity to intervene on exercise change among older adults
with and without AD known to increase overall health and brain health.
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