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SHORT COMMUNICATION

What is real change in submaximal 
cardiorespiratory fitness in older adults? 
Retrospective analysis of a clinical trial
Michelle Hall1*  , Yuri Lopes Lima1, Zoya Huschtscha2, Fiona Dobson1 and Ricardo J. S. Costa2 

Abstract 

Objective:  To assess the test–retest reliability of submaximal cardiorespiratory fitness in healthy active older adults.

Methods:  This was a retrospective analysis of 41 adults enrolled in a clinical trial [mean (sd) aged 59 yrs (7); 29% 
females; and body mass index 24.5 kg/m2 (3.3)]. Cardiorespiratory fitness was assessed using a cycle ergometer 
6 weeks apart. The initial workload was 1 W per kilogram of free fat mass (W/kg FFM) and increased by 0.5 W/kg FFM 
every 3 min until participants could not maintain the speed at ≥ 60 rpm, they reached a rating of perceived exer-
tion of 15–17, and/or obtained a respiratory exchange ratio (RER) of 1.000. Reliability of VO2, heart rate and RER was 
assessed for each workload, and for VO2, when RER reached 1.00. Reliability was examined as the intraclass correlation 
coefficient (ICC(2,1)), Bland–Altman plots, standard error of measurement (SEM and SEM%), and the minimal detectable 
change (MDC).

Results:  Test–retest agreement ranged between (ICC(2,1) 0.44–0.84) with no discernible systematic differences 
between assessments. The SEM% for absolute and relative VO2 ranged between 13.0 to 20.2%, and 13.8 to 26.3%, 
respectively. The MDC90% for absolute and relative VO2 ranged between 30.4% to 47.1%, and 32.2% to 61.4%, respec-
tively. The lowest SEMs% and MDCs% for both absolute and relative VO2 were observed for workloads at 2.5 W kg/FFM 
(~ 13% and ~ 31%, respectively).

Conclusions:  Although at least modest relative reliability was consistently demonstrated, the smaller measurement 
error associated with absolute and relative VO2 at 2.5 W kg/FFM may indirectly suggest that submaximal cardiorespira-
tory fitness can be monitored more confidently at higher workloads. Findings provide critical information to deter-
mine how much change is considered ‘real change’ in repeated measures of cardiorespiratory fitness using a submaxi-
mal graded exercise testing protocol in healthy active older adults.

Keywords:  Test–retest reliability, Aerobic economy, Cycle ergometer, Oxygen uptake, Respiratory exchange ratio
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Key points

•	 Measures of submaximal cardiorespiratory fitness 
are at least ‘modestly’ reliable over 6 weeks

•	 Lowest measurement errors are associated with sub-
maximal V̇O2 at highest workloads

•	 Largest measurement errors are associated with 
submaximal V̇O2 when respiratory exchange ratio 
reaches 1.000
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Introduction
Cardiorespiratory fitness (CRF) is a predictor of car-
diovascular disease and all-cause mortality [1]. Hence, 
improving cardiorespiratory fitness is the aim of many 
interventions. An incremental exercise test to volitional 
exhaustion (e.g. V̇O2max test) is considered the gold 
standard to assess CRF [2]. However, maximal exercise 
testing is typically limited to specific healthy athletic pop-
ulations that habitually exert effort to maximal exhaus-
tion. Moreover, the use of maximal exercise testing is 
limited in many older adults due to pain or fatigue rather 
than exertion and is contraindicated in older adults to 
undergo maximal exercise testing due to excessive cardi-
ovascular strain [3]. Thus, submaximal exercise testing is 
the approach of choice by physical therapists for patients 
who are limited by pain or fatigue [3].

Two types of reliability include relative and absolute 
reliability. Relative reliability can be described using 
intraclass correlation coefficient (ICC) and is the extent 
to which individual maintain their position in a sam-
ple with repeated measurement [4]. Absolute reliability 
is the extent to which repeated measurements vary for 
individuals [4] and can be expressed as the absolute lim-
its of agreement [4], the standard error of measurement 
(SEM) [4] and minimal detectable change (MDC). Abso-
lute limits of agreement provide assessors with a range 
within which to expect differences between the test and 
retest for 95% of the population to lie between [5]. The 
SEM provides a range of values, which encompasses a 
true score on measure of interest, and can be expressed 
in the same units as the original measurement [6]. The 
MDC provides limits such that changes greater than the 
MDC can be interpreted as real change [7]. Knowledge 
of real change is particularly useful for monitoring and 
evaluating interventions [8]. This study aimed to assess 
test–retest reliability and real change in submaximal CRF 
over 6 weeks in older healthy active adults.

Methods
Data from 41 participants (Table  1) enrolled in a ran-
domised controlled trial evaluating the effects of a 
high-protein dairy milk beverage with or without pro-
gressive resistance training on anthropometric, power, 
strength, functional capacity, and pathophysiological 
variables of sarcopenia in healthy active older adults pre-
viously reported were used [9]. There were no within- 
or between-group effects on submaximal CRF [9]. The 
human ethics from the Monash University Research Eth-
ics Committee approved the study in accordance with 
the standards of ethics outlined in the Declaration of 
Helsinki, and all participants provided written informed 
consent. The original clinical trial was registered with the 

Australian and New Zealand Clinical Trial Registry as 
ANZCT12618001088235.

Participants
People were eligible if they were: (1) participating 
in ≥ 3 structured exercise sessions per week equivalent 
to ≥ 90 min/week. People were not eligible to participate 
if they: (1) had dairy protein allergy or lactose intoler-
ances; (2) were currently taking protein supplements; (3) 
had any injuries preventing safe exercise; (4) had any sur-
gery in the past 12  months; (5) had any cardiovascular-
related complications; (6) had any thyroid conditions; (7) 
had weight loss of more than 5% body weight over last 
6  months; (8) on medications that could interfere with 
muscle structure or function (e.g. corticosteroids); (9) 
undergoing immunosuppressive therapy or hormone 
replacement therapy; (10) consume more than two stand-
ard drinks of alcohol per day or 14 per week; (11) smoke; 
(12) had body mass index > 30 kg/m2; and (13) structured 
resistance exercise in the past 12 months.

Descriptive measures
Age, biological sex, height, body mass (BM), body mass 
index (BMI) and submaximal cardiovascular fitness were 
assessed. BMI was measured (Seca 515 MBCA, Seca 
Group, Hamburg, Germany) to the nearest 0.1 kg, using 
standardised anthropometrical procedures. Submaximal 
cardiovascular fitness was assessed according to proce-
dures described below.

Procedures
Participants were asked to wear an activity monitor (Acti-
Graph wGT3X-BT, Actigraph, Pensacola, FL, USA) on 
their non-dominant wrist for 6 weeks after the first CRF 
assessment. Participants were asked to wear the activity 
monitor each day from waking up to going to bed and 
take the monitor off only when participating in aquatic 

Table 1  Participant characteristics presented as mean (SD) 
unless, otherwise stated

n = 41

Age, year 59.1 (7.2)

Females, n (%) 12 (29%)

Height, m 1.72 (0.10)

Body weight, kg 73.2 (13.1)

Body mass index, kg/m2 24.5 (3.3)
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pursuits. Throughout this period, participants were asked 
to engage in their usual lifestyle activities.

CRF was assessed on two separate testing sessions 
approximately 6  weeks apart using a cycle ergometer 
(Corival, Lode, Groningen, The Netherlands) and a meta-
bolic cart (Vmax Encore Metabolic Cart, Carefusion, San 
Diego, CA). For each testing session, participants arrived 
at the laboratory between 7:00am and 9:00am in a fasted 
state and euhydrated state [plasma osmolality = 296 (5.4) 
mOsmol/kg (Osmomat 030, Gonotec, Berlin, Germany)]. 
All participants were instructed to avoid strenuous exer-
cise for a 24-h period before attending laboratory assess-
ments. Free fat mass (kg, FFM) was assessed by a single 
trained radiographer using a dual-energy X-ray absorp-
tiometry (iDXA; Prodigy, GE Lunar, Madison, WI, USA) 
with analysis software 14.0. The initial workload was 
1 W per kilogram of FFM (W kg/FFM) and increased by 
0.5 W/kg FFM every 3 min until participants could not 
maintain the speed at ≥ 60 rpm, they reached a rating of 
perceived exertion (RPE) [10] of 15–17 and/or obtained 
a respiratory exchange ratio (RER) of 1.000. Heart rate 
(HR) (Polar, Electro, Kempele, Finland), RPE, V̇O2 and 
RER were measured in the last minute. Cardiorespiratory 
fitness was assessed as relative V̇O2 when RER reached 
one, in addition to HR, RPE, absolute and relative V̇O2 , 
and RER for each workload.

Data analysis
Data were checked for normal distribution using the Sha-
piro–Wilk test and visual inspection of Q–Q plots. Test–
retest reliability was not determined for RPE, as it did not 
conform to normal distribution across workloads despite 
efforts to transform the data using various techniques 
(e.g. log transform, etc.). Paired t-test was used to deter-
mine whether there were significant difference for any of 
the measures between two time points. Bland–Altman 
plots were used to examine heteroskedasticity and sys-
tematic changes in the mean and illustrate absolute limits 
of agreement. Absolute limits of agreement were calcu-
lated as the mean difference × 1.96 (standard deviation). 
The degree of heteroskedasticity was also measured by 
calculated the Kendall’s tau correlation between the abso-
lute differences and corresponding means. In the event of 
a statistically significant correlation coefficient at p < 0.05, 
the data were denoted as heteroskedastic, and data were 
subsequently transformed by logarithms to the base 10 
and re-assessed for heteroskedasticity.

Agreement between measures (relative reliability) was 
calculated using intraclass correlation coefficient (ICC2,1) 
with 95% confidence intervals (CI) for a two-way ran-
dom effects model and absolute agreement. Point esti-
mates of the ICCs were interpreted as follows: excellent 
(0.75–1.00), modest (0.40–0.74), or poor (0–0.39) [11]. 

Measurement errors were evaluated using the standard 
error of measurement (SEM) and SEM%. The SEM was 
calculated as the square root of the mean square error 
term from the ANOVA, with 95% CI around SEM [6]. 
The SEM percentage (SEM%) was calculated by divid-
ing the mean value and multiplying by 100. To estimate 
the smallest change that indicates a ‘real change’ in 90% 
of individuals, the MDC90 and MDC90% were calculated. 
The MDC90 was calculated as SEM × 1.65 (z score of 90% 
interval) × √2. The MDC90 percentage (MDC90%) was 
calculated by dividing the MDC by respective mean value 
and multiplying by 100. SPSS (version 24, SPSS Chicago, 
IL USA) was used to preform analyses.

Results
There was no evidence of significant differences for any 
of the measures between the two time points (p > 0.05). 
Test–retest reliability data are presented in Table 2. Time 
spent in physical activity according to intensity did not 
significantly change in the 6-week study period com-
pared to the 6 weeks prior to the first CRF assessment 
(Additional file 1), although time in very vigorous activity 
per day changed by 4 min (p = 0.05).

Absolute and relative V̇O2

Based on visual inspection of the plots in Fig.  1, little 
evidence of systematic error was observed. Except for 
relative V̇O2 assessed at 2.5  W  kg/FMM when agree-
ment reached excellent (ICC2,1 = 0.84), there was modest 
agreement between measures for absolute V̇O2 (ICC2,1 
range 0.44 to 0.79) and relative V̇O2 (ICC2,1 range 0.64 
to 74). The SEM% for absolute and relative V̇O2 ranged 
between 13.0% to 20.2%, and 13.8% to 26.3%, respectively. 
The MDC90% for absolute and relative V̇O2 ranged 
between 30.4% to 47.1%, and 32.2% to 61.4%, respectively. 
The lowest SEMs% and MDCs% for both absolute and 
relative V̇O2were observed for workloads at 2.5  W  kg/
FFM.

Heart rate
Based on visual inspection of the plots in Fig. 2A–C, lit-
tle evidence of systematic error was observed. There was 
some evidence of heteroskedasticity for heart rate at 
workload 2.0 W kg/FFM, which was confirmed by corre-
lation coefficient of 0.28, (p < 0.05). Hence, heart rate data 
at workload 2.0  W  kg/FFM were log-transformed, but 
still heteroskedasticity remained (0.24, p < 0.05). There 
was modest agreement between measures for heart rate 
at workloads 1.0  W  kg/FFM, and when RER = 1.000 
(ICC2,1 range 0.57 to 0.65) with excellent agreement at 
workloads 1.5 W kg/FFM and 2.5 kg/FFM (ICC2,1 range 
0.80 to 0.84). For heart rate, the SEM% ranged between 
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Table 2  Test–re-test reliability and measurement error rate estimates at baseline and 6 weeks

CI: confidence interval; FFM: free fat mass; CV: coefficient of variation; ICC intraclass correlation; MDC: minimal detectable change; RER: respiratory exchange ratio SD: 
standard deviation; SEM: standard error measurement

*One outlier removed

**Two outliers removed

Workload Parameter Baseline mean 
(SD)

6-week mean 
(SD)

Mean 
difference 
(95% CI)

Tau-
correlation 
(absolute 
difference v 
mean)

ICC(2,1) (95% CI) SEM (95% CI) SEM % MDC90 (%)

Original meas-
urements

 1.0 W kg/FFM

  (n = 41) V̇O2 (ml/kg/
min)

12.68 (3.14) 12.47 (3.61) 0.21 (− 0.92, 
1.34)

< 0.01 0.44 (0.16, 0.66) 2.54 (2.08, 3.94) 20.2 5.93 (47.1)

  (n = 41) V̇O2 (L/min) 0.87 (0.29) 0.84 (0.29) 0.03 (− 0.04, 
0.10)

0.12 0.67 (0.45, 0.81) 0.17 (0.14, 0.21) 19.8 0.40 (46.1)

  (n = 38)* Heart rate 
(bpm)

89.11 (12.43) 86.97 (13.74) 2.13 (− 0.95, 
5.21)

− 0.11 0.74 (0.56, 0.86) 6.67 (5.50, 8.62) 7.6 15.6 (17.7)

  (n = 41) RER 0.92 (0.08) 0.92 (0.08) 0.01 (− 0.02, 
0.03)

0.13 0.57 (0.32, 0.75) 0.05 (0.04, 0.07) 5.4 0.12 (12.7)

 1.5 W kg/FFM

  (n = 34) V̇O2 (ml/kg/
min)

16.06 (3.86) 16.28 (3.92) − 0.21 (− 1.54, 
1.11)

< 0.01 0.53 (0.23, 0.73) 2.69 (2.17, 3.54) 16.1 6.28 (37.6)

  (n = 34) V̇O2 (L/min) 1.11 (0.36) 1.12 (0.36) − 0.01 (− 0.14, 
0.12)

0.23 0.69 (0.46, 0.83) 0.20 (0.17, 0.27) 17.7 0.47 (41.3)

  (n = 33)* Heart rate 
(bpm)

98.45 (10.78) 97.91 (13.18) 0.54 (− 2.20, 
3.29)

0.13 0.80 (0.63, 0.89) 5.48 (4.41, 7.25) 5.6 12.8 (13.0)

  (n = 32)** RER 0.95 (0.06) 0.95 (0.06) − 0.00 (− 0.02, 
0.02)

− 0.12 0.63 (0.37, 0.80) 0.03 (0.02, 0.05) 3.2 0.07 (7.4)

 2.0 W kg/FFM

  (n = 25) V̇O2 (ml/kg/
min)

20.87 (4.84) 20.29 (5.04) 0.58 (− 1.16, 
2.33)

0.15 0.64 (0.33, 0.82) 2.99 (2.34, 4.16) 14.5 6.98 (33.9)

  (n = 25) V̇O2 (L/min) 1.49 (0.51) 1.43 (0.48) 0.06 (− 0.09, 
0.21)

0.23 0.74 (0.49, 0.87) 0.25 (0.20, 0.35) 17.1 0.58 (40.0)

  (n = 25) Heart rate 
(bpm)

109.88 (15.63) 109.88 (15.65) 0.00 (− 6.63, 
6.63)

0.28 – – – –

  (n = 25) RER 0.98 (0.07) 0.98 (0.07) − 0.00 (− 0.03, 
0.02)

0.08 0.57 (0.22, 0.78) 0.04 (0.03, 0.06) 4.1 0.09 (9.5)

 2.5 W kg/FFM

  (n = 17) V̇O2 (ml/kg/
min)

24.63 (4.86) 24.75 (6.15) − 0.11 (− 2.46, 
2.22)

− 0.01 0.67 (0.29, 0.87) 3.22 (2.40, 4.91) 13.0 7.51 (30.4)

  (n = 17) V̇O2 (L/min) 1.74 (0.76) 1.75 (0.59) − 0.01 (− 0.18, 
0.16)

0.21 0.84 (0.60, 0.94) 0.24 (0.18, 0.36) 13.8 0.56 (32.2)

  (n = 16)* Heart rate 
(bpm)

119.31 (9.28) 120 (12.48) − 0.69 (− 4.05, 
2.67)

0.13 0.54 (0.11, 0.81) 9.80 (7.30, 14.92) 8.1 22.9 (18.9)

  (n = 17) RER 0.98 (0.06) 0.98 (0.06) − 0.00 (− 0.03, 
0.02)

− 0.01 0.57 (0.13, 0.82) 0.04 (0.03, 0.07) 4.1 0.09 (9.5)

 RER = 1.00

  (n = 40) V̇O2 (ml/kg/
min)

19.88 (8.39) 19.83 (8.18) 0.05 (− 1.37, 
1.46)

− 0.01 0.86 (0.75, 0.92) 3.56 (2.92, 4.55) 17.6 8.31 (41.1)

  (n = 40) V̇O2 (L/min) 1.45 (0.61) 1.52 (0.65) − 0.06 (− 0.23, 
0.10)

0.08 0.65 (0.43, 0.80) 0.40 (0.33, 0.51) 26.9 0.93 (62.9)

Log-transformed 
measurements

 2.0 W kg/FFM Heart rate 
(bpm)

2.03 (0.01) 2.03 (0.01) 0.01 (− 0.01, 
0.02)

0.24 – – – –
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5.6% and 10.3%, and the MDC90% ranged between 13.0% 
and 24.1%.

Respiratory exchange ratio
Based on visual inspection of the plots in Fig. 2D–F, lit-
tle evidence of systematic variation was observed. There 
was modest agreement between measures for RER (range 
0.57 to 0.65). For RER, the SEM% ranged between 3.2% 
and 5.4%, and the MDC90% ranged between 7.4% and 
12.7%. The SEMs% and MDCs% were comparably low for 
all workloads assessed.

Discussion
This study describes measures test–retest reliability of 
submaximal CRF at incremental workloads and when 
RER was equivalent to 1.000 in healthy active older 
adults. We found that relative reliability related to meas-
ures associated with submaximal CRF (absolute and 
relative V̇O2 , heart rate and RER) was generally modest 
(ICC2,1 ≥ 0.44) according to previously described criteria 
[11]. Measurement error for heart rate and RER is argu-
ably sufficiently low (≤ 10.3% SEM, ≤ 18.9 MDC90%) to 
detect real change across the workloads assessed. How-
ever, measurement errors in V̇O2 ranged up to 63% 
when RER was equivalent to 1.000, with an incremental 
decrease in measurement errors (SEM% and MDC90%)  
as workloads increased. The smallest measurement errors 
in V̇O2 were observed at the highest workload assessed 
(e.g. 2.5  W  kg/FFM). Taken together, although at least 
modest relative reliability was consistently demonstrated, 
the smaller measurement errors associated with absolute 
and relative V̇O2 at 2.5 W kg/FFM may indirectly suggest 
that examining submaximal CRF at higher workloads is 
more useful to monitor changes more confidently.

Some studies have defined a non-response in CRF  
( ̇VO2peak ) in older adults (> 50 years) as a change < 0 L/
min [12], others as less than 5% [13] or 204  mL/min 
[14]. Other research has used day-to-day variability 
within participant coefficient of variation of 5.6% to 
define V̇O2  response [15]. However, data on V̇O2max or 
V̇O2peak may have limited practical application to older 
adults. Many older populations, including the active age-
ing population, cannot undergo maximal exercise testing 
to volitional exhaustion (e.g. capability and/or safety). 
Our findings suggest that much larger changes than pre-
viously used in the literature for peak CRF are required 
to ensure that change in V̇O2 submaximal in response 
to a treatment exceeds possible measurement error. The 
MDC is the minimum amount of change in a measure 
unlikely to be due to chance variation in measurement 
and is interpreted as the minimum amount of change 
required to designate the change as real and beyond the 
bounds of measurement error. We computed the MDC 

at the 90% confidence interval, and the interpretation of 
MDC90 is that 90% of truly stable individuals will dis-
play random variation on subsequent testing equal to or 
less than the MDC90 value. Therefore, our data suggest 
that if changes in submaximal CRF do not exceed the 
MDC90, the assessor cannot be confident that observed 
changes are beyond measurement error associated with 
the testing protocol evaluated in the current study. As 
workload increased, the measurement error appeared 
to lower such that our maximum workload was associ-
ated with the lowest MDC90 of ~ 30%. These data suggest 
V̇O2submax2 beyond 30% ensures real change at an indi-
vidual level. Given that detecting a 30% change may be 
difficult in practice, researchers and health professionals 
may opt to focus on measures other than submaximal fit-
ness, such as healthy behaviours (regular physical activ-
ity) for healthy individuals.

A strength of this study is the assessment of minutes 
spent in physical activity in the 6  weeks prior to the 
6-week study period, where the time in physical activity 
remain unchanged. In addition, we implemented stand-
ard assessment procedures taking into account relative 
workload (W/kg), body composition (i.e. fat free mass 
and fat mass) that may influence power output. Another 
strength of our study is the utility of our results to two 
different approaches of determining submaximal CRF. 
Namely, submaximal CRF can be extracted based on 
V̇O2 at the relative workload and supported by heart rate 
and RPE data [2]. Alternatively, submaximal V̇O2 can be 
determined at the point where the RER reaches 1.000, 
which is considered the aerobic-to-anaerobic crossover 
[2]. Notably, the relatively large measurement error asso-
ciated with the latter option may influence researchers 
and/or clinicians towards the former approach.

There are several limitations to our study that warrant 
consideration. First is the arbitrarily chosen level of sta-
tistical significance (p < 0.05) level to discern the pres-
ence or absence of heteroskedasticity. In the absence of 
well-established cut-off points correlation coefficients, 
this was done to create objectivity regarding whether 
data were heteroskedastic or not. It is possible that 
interpretation of our results would differ if different cri-
teria were used to discern the presence or absence of 
heteroskedasticity. Similarly, different ICC cut-offs have 
been used in the clinical literature to determine the 
agreement between measures. Second, participants in 
the current study were limited to 17 active older adults 
at higher work loads. Hence, we caution generalising 
our finding to other samples (e.g. free-living seden-
tary, pathological) and recommend clinimetric evalua-
tion in adequately powered studies. Third, time in very 
vigorous activity per day changed by 4  min (p = 0.05), 
which may influence our findings, given that intensity 
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Fig. 1  Bland–Altman plots representing the comparisons between baseline and 6 weeks for V̇O2 (ml/kg/min) and V̇O2 (L/min) at different 
workloads and when RER (respiratory exchange ratio) reached 1.00. The black horizontal line in each plot represents the mean difference between 
the two timepoints, with the upper and lower representing the limits of agreement (1 standard deviation)
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Fig. 2  Bland–Altman plots representing the comparisons between baseline and 6 weeks for heart rate (bpm) and respiratory exchange ratios at 
different workloads and when RER (respiratory exchange ratio) reached 1.000. The black horizontal line in each plot represents the mean difference 
between the two timepoints, with the upper and lower representing the limits of agreement (1 standard deviation)
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modulates fitness. Fourth, our data do not provide 
information about the minimal clinically important dif-
ference. Although we determined the MDC, which tells 
assessors the amount of change needed to be sure of 
real change beyond that associated with measurement 
error, it not necessarily the same as the minimal clini-
cal importance difference. Future research is needed to 
determine the minimal clinical importance difference 
so that researchers and clinicians can determine the 
amount of change in submaximal CRF is required with 
interventions to achieve meaningful clinical improve-
ments in health status for the patient.

Conclusions
In summary, at least modest relative reliability was con-
sistently demonstrated. Measurement error for abso-
lute and relative V̇O2 improved as workload increased, 
with largest measurement errors found when RER was 
equivalent to 1.000. The smaller measurement errors 
associated with absolute and relative V̇O2 at 2.5 W kg/
FFM may indirectly suggest that examining submaxi-
mal CRF at higher workloads is more useful to monitor 
changes more confidently.
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