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The talk test (TT) is subjective method to measure exercise intensity in 
costless and feasible manner, compared to sophisticated laboratory 
equipment. We attempted to investigate whether the TT was a valid 
method for evaluation of exercise intensity, by comparing with values 
derived from various physiologic markers during cardiopulmonary ex-
ercise testing on treadmill in healthy population. A total of 17 healthy 
subjects (12 males and 5 females) participated in this study. The TT was 
applied, which consisted of 3-stages difficulties demanding respiratory 
load while they performed the cardiopulmonary exercise testing on 
treadmill. In each of the TT stages, ergospirometric and psychophysio-
logic response marker were collected such as heart rate, oxygen con-
sumption, respiratory exchange ratio, minute ventilation, carbon dioxide 
output, tidal volume, respiratory rate, and rating of perceived exertion of 
breathing. Statistical analyses revealed a significant difference of all 

dependent variables in each of three TT stages, comparing with the 
resting phase before the TT. The TT showed strong correlation coeffi-
cient with all variables except for rating of perceived exertion during 
the resting phase before the TT. According to increase of exercise in-
tensity, all dependent variables showed a linear tendency with the 
stages of the TT. Our findings indicated that each of the TT stages was 
strongly correlated with ergospirometric variables as well as psycho-
physiologic response during cardiopulmonary exercise testing on 
treadmill. We suggested that the TT can be used to evaluate and pre-
scribe exercise intensity of aerobic activity in cardiovascular and pul-
monary rehabilitation settings.
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INTRODUCTION

Cardiopulmonary rehabilitation is a comprehensive multidisci-
plinary intervention to manage individuals who need a systemati-
cally tailor-based therapeutic strategy with cardiovascular and lung 
disease (Servey and Stephens, 2016; Spruit, 2014). It is acknowl-
edged as integrated approach aimed at optimizing various aspects 
such as physical, psychological, vocational, and social condition, 
which are not limited to exercise training, education and behaviour 
change (Nici et al., 2012; Spruit, 2014). As the elderly population 
increases rapidly, it is crucial to evaluate cardiovascular and pulmo-
nary function due to changes of their parenchymal structures in 
accordance with the aging (Cho and Stout-Delgado, 2020). Re-
cently, assessment of cardiopulmonary function has become an 
important factor in medical and well-being areas, using easily ac-

cessed and cost-effective manner.
Individual exercise prescription is an essential element of cardio-

pulmonary rehabilitation to evaluate and optimize personal fitness 
level, using FITT principle that stands for frequency, intensity, time 
and type of exercise (Reed and Pipe, 2014). Exercise intensity is 
usually acquired from maximal exercise testing as physiologic thresh-
old values when ergospirometric data is not available (Reed and 
Pipe, 2014; Saini et al., 2018). However, maximal exercise testing 
is less common in clinical setting because the expensive purchasing 
cost and high technical skill are required. Therefore, valid, reliable, 
practical, and inexpensive methods are needed to assess and pre-
scribe exercise intensity (Gondoni et al., 2010; Grace et al., 2016; 
Tsai et al., 2015). As alternative methods, the talk test (TT), the 
rating of perceived exertion (RPE), and heart rate (HR) monitoring 
are generally used by patients and clinicians (Reed and Pipe, 2014).
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The TT has been used as an alternative method to standard ex-
ercise intensity testing in healthcare professions, healthy active in-
dividuals, competitive athletes, etc. (Foster et al., 2008; Rodriguez- 
Marroyo et al., 2013). It is performed as an incremental method 
where the participants’ ability to still allows for comfortable con-
versation is evaluated (Brawner et al., 2006; Rodriguez-Marroyo 
et al., 2013; Woltmann et al., 2015). The RPE has been often used 
as subjective methods to evaluate and prescribe exercise intensity 
during aerobic activity, whereas the TT has been not popular in 
cardiovascular and respiratory rehabilitation settings. In addition, 
many literatures revealed that the TT showed the reliable and equiv-
alent results compared to ventilatory threshold information (Foster 
et al., 2008; Persinger et al., 2004; Reed and Pipe, 2014).

However, less study has analyzed if the TT outcomes is correlat-
ed with gas exchange data during cardiopulmonary exercise test-
ing. Therefore, the purpose of this study was to find whether each 
of the TT stages could reflect the difference of exercise intensity 
during treadmill walking, using caridiopulmonary parameters 
and psycophysiologic response. In addition, we investigated that 
the stages occurred at the equivocal state compared to ventilatory 
threshold in young adults.

MATEREALS AND METHODS

Participants
Seventeen healthy volunteers (12 males, 5 females) were recruit-

ed from a college and university in local community in this study. 
Inclusive criterions that noticed for recruitment were as followings: 
(1) no previous history of cardiovascular and pulmonary illness; (2) 
possibility of performing normal daily activities without difficul-
ty; (3) no impairment in posture or gait; (4) no contraindications 
to a maximal cardiopulmonary exercise testing as per American 
Thoracic Society recommendations. All subjects understood the 
purpose of this study and provided written informed consent prior 
to participation of this study in the study, in accordance with the 
ethical standards of the Declaration of Helsinki. This protocol was 
approved by the Institutional Review Board of a College (YNC 
IRB/201904-04).

Respiratory gas analysis
All tests were performed on automatic treadmill with breath-by- 

breath expired gas analysis, to conduct respiratory gas analysis. The 
measurement and analysis, which consisted of HR, oxygen con-
sumption (VO2), respiratory exchange ratio (RER), minute venti-
lation (VE), carbon dioxide output (VCO2), tidal volume (VT), re-

spiratory rate (RR), and RPE were performed, to confirm the ex-
ercise intensity of the participants during the TT. All acquisition 
of gas analysis data was taken at the resting phase before the TT, 
the TT phases (I, II, III), and postresting phase. The tests were 
conducted at the same time between 4 p.m. and 6 p.m., maintain-
ing a temperature of 20°C–25°C and humidity of 50%–55%.

TT procedure
Participants were instructed to refrain from exercise for 24 hr 

prior to the experiment. They were asked to recite the pledge of 
allegiance while simultaneously performing the treadmill exercise, 
and to answer whether they could recite comfortably or not. All 
participants were familiar with the pledge of allegiance that sent 
to each of them for complete memorization before the test. The 
TT using a treadmill utilized a modified Modified Bruce Protocol 
and general procedure used in many previous studies (Brawner et 
al., 2006; Foster et al., 2008; Reed and Pipe, 2014). If RER was 
achieved at over 1.10, we considered that participants were exam-
ined at their peak effort. Workloads were consecutively increased 
as follows, each lasting 4 min. First stage involved walking for  
4 min at a self-selected comfortable speed with a 0% incline, fol-
lowed by an increase in incline of 2% every 2 min. At the end of 
the exercise, the participants were asked to recite the pledge of al-
legiance and the intensity of the exercise was increased based on 
their response to the question, ‘Can you speak comfortably?’ asked 
by the examiner. The TT was started from stage I when partici-
pants spoke comfortably. The test was progressed to stage II when 
the participant could read but found it difficult, and progressed to 
stage III when the participant reported difficulty or had an exer-
tion rating of 15 or higher on the RPE. The first and last trials at 
which the individuals were not completely certain about their 
ability to talk comfortably were divided to stage I and II. Finally, 
the first exercise at which the participants could not talk comfort-
ably was defined as stage III. The test was concluded after com-
pleting all stages of the protocol.

Statistical analysis
All numerical parameters were expressed as the mean±standard 

deviation. One-way analysis of variance with repeated measures 
was used to compare and analyze differences in HR, VO2, RER, 
VE, VCO2, VT, RR, and RPE. Independent t-tests were used for 
post hoc analysis to compare the differences in dependent variables 
at each stage of the TT. Pearson correlation analysis was used to 
analyze the correlation between variables at each stage of the TT. 
All statistical analyses were performed using IBM SPSS Statistics 
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ver. 22.0 (IBM Co., Armonk, NY, USA), with a statistical signifi-
cance level set at α=0.05.

RESULTS

Table 1 shows demographic information of the participants, in 
terms of gender, age, height, weight, and body mass index. The 
average age of the participants was 26.53±2.70 years, with an av-
erage height of 171.29±8.24 cm, weight of 71.12±14.2 kg, and 
body mass index of 23.99±3.10 kg/m2 (Table 1). Main variables 
were HR, VO2, RER, VE, VCO2, VT, RR, and RPE. Repeated 
measures analysis of variance was used to compare the differences 
in all of dependent variables to the stages of the TT. The group 
interaction effect was significant for all variables with P=0.000 
(Table 2, Fig. 1). The correlation analysis between variables showed 
a statistically significant high correlation among all variables ex-
cept for RER during the resting phase before the TT. During three 
stages of the TT and the postresting phase, statistically significant 
high correlation was observed only between VO2 and VCO2.

DISCUSSION

In the current study, we measured ventilatory variables during 
cardiopulmonary exercise testing with treadmill in young adults 
using cardiovascular parameter (HR, VO2), ventilatory and pul-
monary gas exchange parameters (RER, VE, VCO2, VT, RR), and 
psycophysiologic response. The main results suggested that each 
stage of the TT is strongly correlated with response markers relat-
ed to exercise intensity, which corresponds to cardiovascular and 
pulmonary load. In addition, all of dependent variables showed 
significant difference at each of the TT stages, when compared with 
the resting phase before the TT. On the basis of these results, the 
TT can be recommended as visible alternative method to evaluate 
and prescribe exercise intensity of aerobic activity in various pop-
ulations, including healthy adults, sports athletes, and patients 
with cardiopulmonary disease.

The TT is a broad measurement associated with the ability to 
talk comfortably in response to speech provoking stimulus, such 
as answering questions, reciting aloud a paragraph, and counting 
number (Reed and Pipe, 2014; Woltmann et al., 2015). The con-
cept of the TT derived from advice given to British mountaineers 
to ‘climb no faster than you can speak’ by Professor John Grayson 
in 1937 (Reed and Pipe, 2014). The TT was classified into three 
different stages, according to the exercise intensity that the partic-
ipants felt by themselves by progressively increasing the intensity 
from a level where the subject can speak comfortably, a level where 
it is clear to speak with somewhat difficulty, and a level where it is 
very difficult to speak. Since the late 1990’s, it has been considered 
as a validate marker of the ventilatory threshold and as a prescrip-
tive method in normal adults and patients with cardiopulmonary 
disorder (Foster et al., 2008; Woltmann et al., 2015).

In this study, we adapted ergospirometric and psychophysiolog-
ic variables describing cardiac and respiratory conditions of the 
participants. Numerous prior studies using cardiopulmonary ex-
ercise testing have used objective tools successfully to monitor 
participant’s condition and to prescribe exercise intensity, in terms 
of HR, gas analysis, metabolic equivalents, the RPE, and so forth 
(Abell et al., 2017; Hansen et al., 2012; Reed and Pipe, 2016; 
Saini et al., 2018). HR has linear relationship with VO2 due to 
autonomic regulation. VO2 and VCO2 are defined as its volume 
extracted from inspired and exhaled air in a given period time. 
VO2max is the gold standard to estimate participant’s aerobic ca-
pacity. The RER that described the energy expenditure for metab-
olism, is calculated with the ratio VCO2 and VO2, whereas VE is 
defined as the volume of air exhaled from the lungs in 1 minute. 
The increased VE and RR is basically associated with a rise in ven-
tilatory threshold during exercise of low-level intensity. In addi-
tion, RPE is self-reported and feasible tool for exercise prescription 
in home-based and low-budget environments (Saini et al., 2018). 
It is a scale of 6–20, where 6 indicates no exertion and 20 means 
maximal exertion (Ritchie, 2012).

Main findings of this study are consistent with those of many 
previous investigations related to physiologic marker of exercise 
intensity, suggesting that three phases of the TT have largely been 
correlative with a variety of physiologic responses during incremen-
tal exercise test (Brawner et al., 2006; Reed and Pipe, 2014; Saini 
et al., 2018; Woltmann et al., 2015). Similarity to our results show-
ing the significant difference among the three phases of the TT in 
cardiovascular parameter and gas exchange parameters, prior stud-
ies demonstrated that the TT had a close relationship with various 
quantified values in terms of HR reserve, maximal VO2, ventilatory 

Table 1. The general characteristics of the participants

Characteristic Value

Gender, male:female 12:5
Age (yr) 26.53± 2.70
Height (cm) 171.29± 8.24
Weight (kg) 71.12± 14.2
Body mass index (kg/m2) 23.99± 3.10

Values are presented as number or mean± standard deviation.
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and lactate threshold, etc. Ventilation surges in direct ratio with 
exercise intensity up to 50%–75% VO2max, at which point is 
known as the ventilatory threshold, whereas the lactate threshold 
appears in the blood as outcome of production and/or low clearance 

of lactate at a similar point. Significant difference in the both pa-
rameters was attributable to the increased carbon dioxide concen-
tration, which resulted from stimulation from signal of the inspi-
ratory center to increase ventilation in an effort to eliminate surplus 

Table 2. Statistic results of comparison between the resting phase before the talk test (TT) and the stages of the TT

Variable Mean± SD 95% CI F -value df P-value ES

HR
RPb vs. Stage I 20.18± 2.21 15.50–24.86 70.78 13.00 0.000 0.96
RPb vs. Stage II 41.35± 3.90 33.10–49.61 70.78 13.00 0.000 0.96
RPb vs. Stage III 64.18± 4.52 54.60–73.76 70.78 13.00 0.000 0.96
RPb vs. Stage RPa 17.71± 3.12 11.10–24.32 70.78 13.00 0.000 0.96

VO2

RPb vs. Stage I 0.42± 0.04 0.33–0.51 28.13 13.00 0.000 0.90
RPb vs. Stage II 0.81± 0.07 0.66–0.96 28.13 13.00 0.000 0.90
RPb vs. Stage III 1.30± 0.12 1.05–1.56 228.13 13.00 0.000 0.90
RPb vs. Stage RPa 0.02± 0.03 0.04–0.08 28.13 13.00 0.000 0.90

RER
RPb vs. Stage I 0.09± 0.03 0.15–0.03 11.59 13.00 0.000 0.78
RPb vs. Stage II 0.06± 0.03 0.11–0.01 11.59 13.00 0.000 0.78
RPb vs. Stage III 0.01± 0.03 0.06–0.05 11.59 13.00 0.000 0.78
RPb vs. Stage RPa 0.15± 0.04 0.06–0.23 11.59 13.00 0.000 0.78

VE
RPb vs. Stage I 6.38± 1.01 4.23–8.53 24.61 13.00 0.000 0.88
RPb vs. Stage II 14.26± 1.79 10.45–18.06 24.61 13.00 0.000 0.88
RPb vs. Stage III 25.74± 2.60 20.22–31.25 24.61 13.00 0.000 0.88
RPb vs. Stage RPa 0.32± 0.87 -1.52–2.16 24.61 13.00 0.000 0.88

VCO2

RPb vs. Stage I 0.32± 0.03 0.25–0.38 23.92 13.00 0.000 0.88
RPb vs. Stage II 0.68± 0.07 0.53–0.82 23.92 13.00 0.000 0.88
RPb vs. Stage III 1.18± 0.13 0.91–1.44 23.92 13.00 0.000 0.88
RPb vs. Stage RPa 0.07± 0.02 0.03–0.12 23.92 13.00 0.000 0.88

VT
RPb vs. Stage I 0.34± 0.06 0.21–0.46 23.22 13.00 0.000 0.88
RPb vs. Stage II 0.61± 0.06 0.49–0.73 23.22 13.00 0.000 0.88
RPb vs. Stage III 0.95± 0.11 0.73–1.17 23.22 13.00 0.000 0.88
RPb vs. Stage RPa 0.05± 0.04 0.04–0.14 23.22 13.00 0.000 0.88

RR
RPb vs. Stage I 0.56± 1.05 1.66–2.78 6.16 13.00 0.000 0.66
RPb vs. Stage II 2.17± 1.47 0.93–5.28 6.16 13.00 0.000 0.66
RPb vs. Stage III 5.25± 1.42 2.25–8.25 6.16 13.00 0.000 0.66
RPb vs. Stage RPa 0.67± 1.08 2.97–1.63 6.16 13.00 0.000 0.66

RPE
RPb vs. Stage I 1.71± 0.31 1.06–2.36 92.47 13.00 0.000 0.97
RPb vs. Stage II 4.24± 0.33 3.54–4.93 92.47 13.00 0.000 0.97
RPb vs. Stage III 7.41± 0.43 6.50–8.32 92.47 13.00 0.000 0.97
RPb vs. Stage RPa 0.88± 0.33 0.18–1.58 92.47 13.00 0.000 0.97

SD, standard deviation; CI, confidence interval; ES, effect size; HR, heart rate; VO2, oxygen consumption; RER, respiratory exchange ratio; VE, minute ventilation; VCO2, carbon 
dioxide output; VT, tidal volume; RR, respiration rate; RPE, rating of perceived exertion; df, degree of freedom; RPb, the resting phase before the TT; RPa, the resting phase after 
the TT.



https://www.e-jer.org    167https://doi.org/10.12965/jer.2346170.085

Kwon Y, et al.  •  Talk test monitoring

Fi
g.

 1
. E

rg
os

pi
ro

m
et

ric
 a

nd
 p

sy
ch

op
hy

sio
lo

gi
c d

at
a 

du
rin

g 
th

e 
re

st
in

g 
ph

as
e 

(R
P)

 b
ef

or
e 

th
e 

ta
lk 

te
st

 (T
T)

, t
hr

ee
 st

ag
es

 o
f t

he
 T

T 
ph

as
e,

 a
nd

 re
st

in
g 

ph
as

e 
af

te
r 3

 m
in

ut
es

 o
f t

he
 T

T. 
HR

, h
ea

rt 
ra

te
; V

O 2
, o

xy
ge

n 
co

ns
um

pt
io

n;
 R

ER
, r

es
pi

ra
to

ry
 e

xc
ha

ng
e 

ra
tio

; V
E,

 m
in

ut
e 

ve
nt

ila
tio

n;
 V

CO
2, 

ca
rb

on
 d

io
xid

e 
ou

tp
ut

; V
T, 

tid
al

 vo
lu

m
e;

 R
R,

 re
sp

ira
tio

n 
ra

te
; R

PE
, r

at
in

g 
of

 p
er

ce
ive

d 
ex

er
tio

n.
 D

at
a 

ar
e 

m
ea

n±
st

an
da

rd
 d

ev
ia

tio
n.

 
*S

ig
ni

fic
an

t w
ith

 P
<0

.0
5 

co
m

pa
re

d 
to

 th
e 

re
st

in
g 

ph
as

e 
be

fo
re

 th
e 

TT
.

18
0

15
0

12
0 90 60 30 0

HR (bpm) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

He
ar

t r
at

e

2.0 1.5 1.0 0.5 0

VCO2 (L/min) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

Ca
rb

on
 d

io
xid

e 
ou

tp
ut

50 40 30 20 10 0

VE (L/min) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

M
in

ut
e 

ve
nt

ila
tio

n

18 15 12 9 6 3 0

RPE of breathing (score) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

Ra
tin

g 
of

 p
er

ce
ive

d 
ex

er
tio

n

2.0 1.5 1.0 0.5 0

RER (VCO2/VO2) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

Re
sp

ira
to

ry
 e

xc
ha

ng
e 

ra
tio

35 30 25 20 15 10 5 0

RR (breaths per minute) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT
Re

sp
ira

tio
n 

ra
te

2.5 2.0 1.5 1.0 0.5 0

VO2 (L/min) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

Ox
yg

en
 c

on
su

m
pt

io
n

2.5 2.0 1.5 1.0 0.5 0

VT (mL/kg) RP before th
e TT

Stage I o
f th

e TT
Stage II o

f th
e TT

Stage III
 of th

e TT RP afte
r th

e TT

Tid
al

 vo
lu

m
e



https://doi.org/10.12965/jer.2346170.085

Kwon Y, et al.  •  Talk test monitoring

168    https://www.e-jer.org

carbon dioxide. In additional, Zanettini et al. (2013) reported that 
the TT showed a high intraclass correlation coefficient value in HR 
and RPE. Several investigators have systemically examined the 
validity and reliability of the TT for prescribing and monitoring 
exercise intensity (Anderson et al., 2016; Casillas et al., 2017; 
Grace et al., 2016; Pednekar et al., 2011; Persinger et al., 2004; 
Reed and Pipe, 2014).

Recently, as patients with heart and respiratory diseases increas-
es according to life extension, the need for evaluation and treatment 
in cardiorespiratory rehabilitation is getting significant (Rabe et al., 
2018). In cardiovascular and pulmonary rehabilitation, it is im-
portant to measure and analyze patients’ psycho-physiological re-
sponse indicators according to exercise intensity. In addition, is 
necessary to acquire knowledge and skills for various objective or 
subjective measurement methods. Many previous studies have al-
ready proven the validity and reliability of the TT, and it is used 
in clinical applications and studies in various fields (Reed and Pipe, 
2014; Saini et al., 2018). This study suggests that the TT is cost- 
effective method to measure exercise intensity, which can replace 
sophisticated and expensive equipment in variety of clinical and 
healthcare settings. In particular, usage of the TT permits exercise 
guidance to be provided easily and effectively for healthcare pro-
fessions counseling their clients. In this study, a high correlation 
was found with the psycho-physiological response in aerobic exer-
cise, and it was confirmed that the biological response according 
to the exercise intensity was consistent. However, we acknowledge 
that our limitation is the small sample size and no application of 
patients with cardiopulmonary disease. Thus, further studies will 
be required to measure additional biological response indicators 
related to cardiovascular and respiration with a large number of 
samples for more generalized conclusions.
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