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Brief Reports

Abstract
This Brief Report describes a pilot study of the effect of 12 weeks of 
stationary bicycle high-intensity interval training, stationary bicycle 
moderate-intensity continuous training, and resistance training on 
cardiorespiratory, muscular, and physical function measures in 
insufficiently-active older adults (N=14; 66.4±3.9 years; 3 male, 11 
female). After baseline testing, participants were randomly assigned 
to one of the exercise groups. High-intensity interval training and 
moderate-intensity continuous training had small-to-large effect sizes 
on cardiorespiratory/endurance and physical function measures, but 
very small effect sizes on muscular measures. Resistance training had 
small-to-large effect sizes on cardiorespiratory, muscular, and physical 
function measures. This pilot study should be interpreted cautiously, but 
findings suggest that resistance exercise may be the most effective of 
the three studied exercise strategies for older adults as it can induce 
beneficial adaptations across multiple domains. These effect sizes can 
be used to determine optimal sample sizes for future investigations. 
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Abbreviations: 4SST: four-square step test; 6MW: six-minute walk;  
ES: effect size; HIIT: high-intensity interval training; KE: knee extensor; 
MICT: moderate-intensity continuous training; RT: resistance training; 
VO2max: maximal oxygen consumption.

Introduction

De s p i t e  w e l l - d o c u m e n t e d  m u s c u l a r  a n d 
cardiorespiratory health benefits that accompany 
regular exercise participation, most older adults 

are not engaging in exercise with the volume and/or intensity 
sufficient for maintaining physical function (1, 2). In fact, 
fewer than 13% of older adults meet the aerobic (150 minutes 
moderate intensity/week; e.g., walking, stationary bicycling) 
and muscle strengthening (2 days/week; e.g., weight lifting) 
guidelines concurrently, while only 31% meet one of the two 
(3). A more pragmatic approach that emphasizes a single 
exercise strategy with the greatest effect on overall health may 
be a reasonable solution to optimize outcomes and improve 
adherence (4). 

High-intensity interval training (HIIT) is an exercise 

strategy consisting of short periods (10 seconds to 4 minutes) 
of vigorous exercise interspersed with low-intensity rest 
periods. It can improve cardiorespiratory fitness and lower 
cardiovascular disease risk equal to, or greater than, traditional 
aerobic training (5), and has also been shown to improve 
muscle strength in young adults (6). However, the potential 
for HIIT to induce muscular benefits in older adults has 
not been adequately explored. The aim of this study was to 
examine whether stationary bicycle HIIT was a more efficient 
standalone exercise strategy to improve cardiovascular and 
lower extremity muscular function than established muscle 
strengthening (resistance training; RT) or aerobic (moderate-
intensity continuous training; MICT) programs in older adults.  

Methods

An in-depth protocol for this study has been published 
previously (7), and only essential information is provided in 
this section. It should be noted that a sample size of 24 (n=8/
group) was initially planned for this pilot study. However, 
restrictions on human subjects research associated with the 
COVID-19 pandemic prevented attainment of the recruitment 
goal. Thus, we only present descriptive statistics and effect size 
estimates in this Brief Report. 

Participant characteristics

Twenty-two generally healthy but insufficiently active (i.e., 
not meeting either aerobic or muscle strengthening guidelines 
(7)) participants aged 60-75 years were recruited, enrolled, 
and randomized, with 14 (66.4 ± 3.9 years; 3 male, 11 female) 
completing the study. One was removed for starting a new 
blood pressure medication while on the study protocol, and 
seven others were interrupted prior to completion due to the 
COVID-19 pandemic and unable to resume the study. Written 
informed consent was obtained from each participant in 
accordance with the Declaration of Helsinki. Ethical Approval 
for this study has been obtained from the Ohio University 
Institutional Review Board. Baseline characteristics are shown 
in Table 1. 
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Study Design

This study had a screening/baseline assessment period of 
three sessions, randomization into one of the three exercise 
groups, a 12-week exercise training period, and a post-
intervention assessment period of two sessions (7). All 
exercises were performed on site three days per week and 
supervised by an exercise professional. Below we provide a 
brief description of the experimental procedures and training 
programs. We refer the reader to the Supplement as well as 
our previously published detailed protocol (7) for additional 
information.

Procedures

Primary Outcomes

•	 Isokinetic Strength: Obtained at 60°/second from the non-
dominant knee extensors.

•	 Maximal oxygen consumption (VO2max): Obtained during a 
graded cycle ergometry exercise test.

•	 Quadriceps muscle volume: Assessed from magnetic 
resonance imaging scans of the non-dominant leg.

Secondary Outcomes

•	 Isometric Strength: Obtained from the non-dominant knee 
extensors at 90° of knee flexion.

•	 Fatigue Resistance: Assessed through a series of 120 
isokinetic leg extensions at 120°/second.

•	 Total Body Fat Mass: Obtained via whole-body dual-energy 
X-ray absorptiometry scans.

Physical Function Outcomes

•	 Six-Minute Walk (6MW): Completed on a 30-meter course.
•	 Four-Square Step Test (4SST): Performed in a four-foot by 

four-foot square split into quadrants.
•	 Grip Strength: Obtained with a Jamar hydraulic grip strength 

dynamometer at position II.
•	 Five-Time Chair Rise: Performed on a chair with the seat 18 

inches from the ground.

Exercise Intervention 

Each participant performed their prescribed exercise 3x/
week for 12 weeks. Adherence was defined as an  attendance 
rate ≥80% (i.e., attended 29 of 36 exercise sessions), which all 
participants achieved. Participants in the HIIT group performed 
all exercises on a stationary bicycle (Peloton Interactive, Inc. 
New York City, NY, USA). The duration of the HIIT sessions 
were half the duration of the MICT sessions. Participants in 
the MICT group used the same stationary bicycle setup as in 
the HIIT group. Participants in the RT group performed all 
exercises using free weights, machines, or body weight. 

Statistical analysis

The planned analysis for this study was a one-way ANOVA 
to compare group means. However, because we could not 

Table 1. Baseline and post-intervention characteristics
HIIT MICT RT

Pre Post ES Pre Post ES Pre Post ES

Descriptive Characteristics

Age (years) 66.0 ± 3.3 - - 65.3 ± 4.5 - - 67.8 ± 4.5 - -

N (% Female) 5 (80) - - 4 (75) - - 5 (80) - -

Body Mass (kg) 76.1 ± 19.7 75.9 ± 18.4 - 86.7 ± 30.6 88.0 ± 31.8 - 72.5 ± 15.7 71.2 ± 16.3 -

BMI (kg/m2) 28.3 ± 5.5 28.2 ± 5.0 - 30.4 ± 5.1 30.8 ± 5.4 - 27.6 ± 4.2 27.1 ± 4.0 -

Primary Outcomes

Isokinetic Strength (N-m) 99.4 ± 23.0 99.5 ± 24.1 -0.01 105.9 ± 58.2 113.9 ± 64.4 0.11 94.5 ± 6.5 106.2 ± 25.0 0.56

Absolute VO2max (L/min) 1.46 ± 0.35 1.61 ± 0.27 0.44 1.91 ± 0.68 2.04 ± 0.68 0.16 1.41 ± 0.28 1.55 ± 0.33 0.41

Relative VO2max (mL/kg/min) 19.4 ± 1.6 21.7 ± 3.2 - 22.3 ± 3.2 24.0 ± 5.9 - 19.7 ± 2.7 22.2 ± 4.1 -

Muscle Volume (cm3) 411.4 ± 82.4 429.2 ± 86.3 0.19 432.3 ± 194.5 478.9 ± 192.3 0.21 425.9 ± 89.0 456.9 ± 107.0 0.28

Secondary Outcomes

Isometric Strength (N-m) 129.8 ± 45.7 122.8 ± 32.6 -0.17 129.4 ± 58.4 127.0 ± 51.5 -0.04 117.5 ± 23.0 148.7 ± 32.4 0.99

Fatigue Resistance (% of maximal) 48.0 ± 9.7 57.6 ± 5.0 1.13 43.3 ± 8.0 54.0 ± 12.2 0.90 50.0 ± 10.6 55.6 ± 15.0 0.39

Fat Mass (kg) 29.6 ± 8.7 29.4 ± 8.3 0.02 31.3 ± 13.3 31.1 ± 13.6 0.02 25.9 ± 8.0 24.7 ± 7.1 0.14

Physical Function Outcomes

6MW (m) 568.0 ± 34.2 611.2 ± 38.2 1.08 587.3 ± 56.1 600.5 ± 60.1 0.20 557.2 ± 60.3 585.0 ± 67.2 0.39

4SST (s) 6.41 ± 0.71 6.43 ± 0.42 -0.02 6.34 ± 0.79 5.60 ± 1.15 0.65 7.34 ± 2.16 6.60 ± 2.00 0.32

Grip Strength (kg) 26.2 ± 3.7 28.2 ± 3.4 0.51 31.9 ± 5.7 33.3 ± 8.7 0.17 26.2 ± 8.9 26.5 ± 10.3 0.12

Chair Rise (s) 8.80 ± 1.72 7.63 ± 2.82 0.50 9.39 ± 2.15 7.29 ± 1.20 1.21 9.62 ± 1.90 7.41 ± 2.24 1.07

Data are means ± SD. 4SST, four-square step test; 6MW, six-minute walk; BMI, body mass index; ES, effect size; HIIT, high-intensity interval training; MICT, moderate-intensity 
continuous training; RT, resistance training; VO2max, maximal oxygen consumption. Effect sizes are classified as very small (0.01-0.19), small (0.20-0.49), moderate (0.5-0.79), large 
(0.8-1.19), and very large (>1.20)



359

JFA  - Volume 10, Number 4, 2021

complete the study due to COVID-19 our sample size is 
not adequately powered for this type of analysis. Therefore, 
descriptive statistics, percent change from baseline (primary 
and secondary outcomes), absolute change from baseline 
(physical function outcomes), and corrected Hedge’s g effect 
sizes for small samples are reported. Effect sizes were classified 
as very small (0.01-0.19), small (0.20-0.49), moderate (0.5-
0.79), large  (0.8-1.19), and very large (>1.20) (8). 95% 
confidence intervals for descriptive statistics can be found in the 
Supplemental Table S1. 

Results

High-intensity interval training had very small effects on 
muscular strength and mass (ES=-0.17 to 0.19), small-to-large 
effects on cardiorespiratory/endurance measures (ES=0.44 to 
1.13), and moderate-to-large effects on most physical function 
measures (ES=0.50 to 1.08). MICT had very small-to-small 
effects on muscular strength and mass (ES=-0.04 to 0.21), 
very small-to-large effects on cardiorespiratory/endurance 
measures (ES=0.16 to 0.90), and very small-to-very large 
effects on physical function (ES=0.17 to 1.21). RT had small-
to-large effects on muscular strength and mass (ES=0.28 to 
0.99), small effects on cardiorespiratory/endurance measures 
(ES=0.39 to 0.41), and very small-to-large effects on physical 
function (ES=0.12 to 1.07). All results can be found in Table 1 

and Figure 1.  See Supplement for detailed adverse event and 
adherence outcomes.

Discussion

The purpose of this study was to compare the effect of 
stationary bicycle HIIT on cardiorespiratory/endurance and 
muscular strength and size measures, as well as physical 
function adaptations, to MICT or RT in generally healthy but 
insufficiently active older adults. Though terminated early 
due to COVID-19 restrictions, the diverse data that were 
collected allowed us to calculate effect sizes to power future 
investigations. First, HIIT had a greater effect on VO2max than 
MICT (ES=0.44 and 0.16, respectively), and a similar large 
effect on fatigue resistance (ES=1.13 and 0.90, respectively). 
MICT has long been promoted as an essential element in 
healthy aging (9), and it is becoming more and more clear 
that HIIT is also a safe aerobic exercise regimen that is highly 
effective at improving cardiac, respiratory, and metabolic 
function in an older adult population (10). A somewhat 
unexpected finding of this study, however, was the effect of 
RT on VO2max. The benefits of aerobic and resistance training 
have historically been considered independent of each other, 
and as such there has been relatively little attention given to the 
effects of RT on cardiorespiratory variables (4). 

Stationary bicycling is an ideal form of aerobic exercise 

Figure 1. Changes in primary (A-C), secondary (D-F) and physical function outcomes (G-I) after 12 weeks of HIIT, MICT, or RT

Open symbols are values for individual subjects and solid bars indicate group means. A) knee extensor isokinetic strength; B) absolute VO2max; C) muscle volume; D) knee extensor iso-
metric strength; E) knee extensor fatigue resistance; F) total body fat mass; G) six-minute walk (6MW) distance; H) four-square step test (4SST) time; I) non-dominant hand grip strength; 
J) five-time chair rise time.
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for older adults due to its effectiveness at inducing 
cardiorespiratory adaptations and the relative low risk 
of injury (11), and has also been shown to elicit strength 
improvements in older adults when used for MICT (12) or HIIT 
(13). We expected a similar response to our cycling protocols, 
however, our low-volume bicycle HIIT protocol had a very 
small effect on muscular strength and size at the group level. 
There was a diverse response to HIIT at the individual level-- 
some participants showed substantial increases while others 
demonstrated substantial declines in muscle strength and size 
(Figure 1). It is unclear why our cycling protocols did not 
consistently result in improved strength, as has been reported 
previously (12, 13), although there are several methodological 
factors that may affect muscular adaptations (e.g., resistance, 
cadence). 

Due to the relatively recent interest in HIIT for older adults 
there are few studies reporting effects on physical function 
measures, though those that do appear to indicate beneficial 
effects (13-15). This proof-of-concept pilot study demonstrates 
that HIIT had a large effect on 6MW distance and a moderate 
effect on grip strength and chair rise time, indicating that 
HIIT can improve physical functional capacity in older adults 
without overt physical function limitations. This may translate 
into substantial improvements in physical function capacity 
in mobility-limited older adults, and future work should 
investigate this possibility. In this study we chose a pragmatic 
approach wherein our participants followed national exercise 
guidelines; however, we should note that nuanced differences 
in training paradigms (e.g., different intensities or controlling 
for total volume, duration, or caloric expenditure) could have 
yielded different results.

Conclusion

HIIT is a time-efficient exercise strategy that has the 
potential to produce both cardiorespiratory and muscular 
improvements, but few groups have investigated this potential. 
Our low-volume HIIT protocol did not consistently induce 
muscular adaptations but did elicit effects on cardiorespiratory/
endurance and physical function measures comparable to MICT 
with half of the time commitment. Additionally, RT had small-
to-moderate effects on cardiovascular/endurance measures 
along with the expected larger effects on strength. Future work 
should include strength and physical function measures to better 
characterize the adaptations to HIIT in order to determine if it 
is an effective and efficient exercise strategy for healthy and 
mobility-limited older adults. 

Funding: This work was supported, in part, by a pre-doctoral fellowship grant to D 
Tavoian from the American Heart Association (19PRE34380496). The sponsors had no 
role in the design and conduct of the study; in the collection, analysis, and interpretation of 
data; in the preparation of the manuscript; or in the review or approval of the manuscript.

 
Acknowledgements: The authors would like to thank Rachel Clift, Lynn Petrik, 

Cammie Starner, Simon Moskowitz, Caleb Moore, Erica Baker, and Sam McGee for their 
assistance with data collection and exercise supervision. This study is registered with 
clinicaltrials.gov (NCT03978572).

Conflicts of Interest: In the past 5-years, BC has received research funding from NMD 
Pharma, Regeneron Pharmaceuticals, Astellas Pharma Global Development, Inc., and RTI 
Health Solutions for contracted studies that involved aging and muscle related research. In 
the past 5-years, BC has received consulting fees from Regeneron Pharmaceuticals, Zev 
Industries, and the Gerson Lehrman Group for consultation specific to age-related muscle 
weakness. BC is a co-founder with equity of OsteoDx Inc. The other authors declare there 
are no conflicts of interest.

Open Access: This article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), 
which permits use, duplication, adaptation, distribution and reproduction in any medium 
or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons license and indicate if changes were made.

References
	
1.	 Mangione KK, Miller AH, Naughton IV. Cochrane Review: Improving physical 

function and performance with progressive resistance strength training in older adults. 
Phys Ther. 2010;90(12):1711–5. doi:10.2522/ptj.20100270

2. 	 US Department of Health and Human Services. Physical Activity Guidelines for 
Americans, 2nd edition. Washington DC: US Department of Health and Human 
Services; 2018. 

3. 	 NCHS. National Center for Health Statistics. Health, United States, 2016: With 
Chartbook on Long-Term Trends in Health. Hyattsville, MD; 2017. 

4. 	 Tavoian D, Russ DW, Consitt LA, Clark BC. Perspective: Pragmatic exercise 
recommendations for older adults: The case for emphasizing resistance training. Front 
Physiol. 2020;11:799. doi:10.3389/fphys.2020.00799

5. 	 Weston KS, Wisløff U, Coombes JS. High-intensity interval training in patients with 
lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br 
J Sports Med. 2014;48(16):1227–34. doi:10.1136/bjsports-2013-092576

6. 	 Martinez-Valdes E, Falla D, Negro F, Mayer F, Farina D. Differential motor unit 
changes after endurance or high-intensity interval training. Med Sci Sports Exerc. 
2017;49(6):1126–36. doi:10.1249/MSS.0000000000001209

7. 	 Tavoian D, Russ DW, Law TD, Simon JE, Chase PJ, Guseman EH, et al. A 
randomized clinical trial comparing three different exercise strategies for optimizing 
aerobic capacity and skeletal muscle performance in older adults: Protocol for the 
DART study. Front Med. 2019;6:236. doi:10.3389/fmed.2019.00236

8. 	 Sawilowsky SS. New effect size rules of thumb. J Mod Appl Stat Methods. 
2009;8(2):597–9. doi:10.22237/jmasm/1257035100

9. 	 PAGAC. 2018 Physical Activity Guidelines Advisory Committee Scientific Report. 
Washington, DC: U.S. Department of Health and Human Services; 2018. 

10. 	 Keating CJ, Párraga Montilla JÁ, Latorre Román PÁ, Moreno del Castillo R. 
Comparison of high-intensity interval training to moderate-intensity continuous 
training in older adults: A systematic review. J Aging Phys Act. 2020;28(5):798–807. 
doi:10.1123/japa.2019-0111

11. 	 Bouaziz W, Schmitt E, Kaltenbach G, Geny B, Vogel T. Health benefits of cycle 
ergometer training for older adults over 70: A review. Eur Rev Aging Phys Act. 
2015;12(1):8. doi:10.1186/s11556-015-0152-9

12. 	 Harber MP, Konopka AR, Douglass MD, Minchev K, Kaminsky LA, Trappe 
TA, et al. Aerobic exercise training improves whole muscle and single myofiber 
size and function in older women. Am J Physiol-Regul Integr Comp Physiol. 
2009;297(5):R1452-9. doi:10.1152/ajpregu.00354.2009

13. 	 Marzuca-Nassr GN, Artigas-Arias M, Olea M, SanMartín-Calísto Y, Huard N, 
Durán-Vejar F, et al. High-intensity interval training on body composition, functional 
capacity and biochemical markers in healthy young versus older people. Exp 
Gerontol. 2020;141:111096. doi:10.1016/j.exger.2020.111096

14. 	 Boukabous I, Marcotte-Chénard A, Amamou T, Boulay P, Brochu M, Tessier D, et 
al. Low-volume high-intensity interval training versus moderate-intensity continuous 
training on body composition, cardiometabolic profile, and physical capacity in older 
women. J Aging Phys Act. 2019;27(6):879–89. doi:10.1123/japa.2018-0309

15. 	 Buckinx F, Gaudreau P, Marcangeli V, Boutros GEH, Dulac MC, Morais JA, et 
al. Muscle adaptation in response to a high-intensity interval training in obese 
older adults: effect of daily protein intake distribution. Aging Clin Exp Res. 
2019;31(6):863–74. doi:10.1007/s40520-019-01149-y

How to cite this article: D. Tavoian, D.W. Russ, T.D. Law, et al. Effects of Three 
Different Exercise Strategies for Optimizing Aerobic Capacity and Skeletal Muscle 
Performance in Older Adults: A Pilot Study.  Frailty Aging 2021;10(4)357-360; http://
dx.doi.org/10.14283/jfa.2021.21


