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Abstract

Adults with HIV on therapy can live a normal lifespan but exhibit advanced ageing which includes 

reduced cardiorespiratory fitness. Our objective was to determine the feasibility and effects of 

high-intensity interval training (HIIT) combined with resistance training (RT) in older adults with 

HIV. We conducted a cross-over pilot study within a randomized exercise trial in sedentary adults 

with HIV ≥50 years of age. First, participants were randomized to 4 months of continuous high-

intensity aerobic exercise (AEX) and RT 3x/week or standard of care control. Then, the control 

group completed 4 months of HIIT + RT (3x/week). Among the 32 individuals enrolled, 26 

eligible participants were randomized. Most participants were African American (63%) and male 

(95%) with a mean (SD) age of 61.5 (6.7) years and VO2peak of 24.5 (4.9) ml/kg/min. Attendance 

and adherence to both exercise training interventions were high. The clinically significant 

increases in VO2peak (ml/kg/min) after HIIT (3.09 ±1.04, p=0.02) and AEX (2.09 ±0.72, p=0.01) 

represented improvements of 17.1% and 7.7%, respectively. Both groups had improvements in 

exercise endurance (time on the treadmill) and strength (all p< 0.01). This pilot study supports 

HIIT as an efficient means to deliver high-intensity AEX to improve cardiorespiratory fitness 

toward the goal of attenuating the accelerated ageing process in adults with HIV.
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Introduction

Cardiorespiratory fitness (CRF) is a physiological biomarker of ageing that independently 

predicts cardiovascular and all-cause mortality (Sui et al., 2007; Wei et al., 1999). Adults 

living with HIV have significantly reduced CRF that exemplifies the advanced ageing 

phenotype observed in adults with chronic HIV infection (Oursler & Sorkin, 2016). The risk 

of cardiovascular disease (CVD) is higher in adults with HIV and is independent of 

traditional risk factors which is mediated in part by chronic systemic inflammation (Hsue et 

al., 2012). A recent randomized trial in younger adults with HIV shows that the positive 

effect of rosuvastatin on lipid and inflammatory profiles was amplified by the addition of 

aerobic exercise (AEX) and resistance training (RT) (Zanetti et al., 2020). High-intensity 

AEX has a greater impact on ageing-related processes, including loss of CRF, and therefore 

should be a priority in older adults with HIV (Balducci et al., 2010; Chodzko-Zajko et al., 

2009). The combination with RT is important to ameliorate frailty and sarcopenia, also 

observed with the HIV advanced ageing phenotype (Hawkins et al., 2017). Our overall goal 

is to develop exercise strategies that minimize the advanced ageing effect of HIV.

Two recent exercise trials in older adults with HIV (≥50 years of age) demonstrate the 

feasibility and efficacy of high-intensity aerobic exercise (AEX) training to increase CRF 

(Erlandson et al., 2018; Oursler et al., 2018). Yet, durable strategies for exercise training in 

older adults remain a challenge with time and motivation as common obstacles (CDC, 

2013). Additional barriers in those with HIV include HIV symptoms and antiretroviral 

medication effects (Montoya et al., 2019). High-intensity interval training (HIIT) is an AEX 

approach that consists of periods of high-intensity, anaerobic exercise (≥85% heart rate 

reserve) alternating with low-intensity AEX (Batacan et al., 2017). HIIT may offer an 

advantage for sustainable exercise programs given less time commitment with similar or 

greater gains in CRF compared with moderate-intensity continuous training (MICT) 

(Batacan et al., 2017). In older patient populations without HIV (e.g., diabetes, CVD), HIIT 

increases CRF and improves CVD risk factors (Campbell et al., 2019). Further, HIIT 

appears safe across a wide range of populations (Martland et al., 2020) and increases CRF 

across the age span of 20–70 years (Storen et al., 2017). However, experience with HIIT in 

adults living with HIV is limited despite the extensive number of AEX trials and remains 

untested in older persons (O’Brien et al., 2016). The objective of this study was to conduct a 

pilot of HIIT in older adults with HIV. We hypothesized that HIIT combined with RT would 

be feasible and would increase CRF in older adults with HIV.

Methods

Study design

As a pilot study, we used HIIT as the modality of AEX training for the delayed entry 

exercise group in a randomized trial of continuous progressive high-intensity AEX training 

and resistance training (RT) versus sedentary controls. Participants in the HIIT pilot 

represent those individuals who were initially randomized to the sedentary standard of care 

control group and completed follow-up testing. Then, in a cross-over design, these 

participants entered delayed exercise training of 4 months of HIIT and RT and completed 
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post-exercise testing at 32 weeks (Figure 1). In this pilot trial of HIIT, we present results of 

HIIT + RT and high-intensity continuous AEX + RT.

Participants

Sedentary adults living with HIV infection who were ≥50 years of age and receiving 

antiretroviral therapy (ART) were eligible for the exercise trial. To minimize confounding by 

other physical activities, sedentary was defined as participating in no more than one 

structured physical activity session per week. Exclusion criteria were based on safety criteria 

for high-intensity AEX per the American College of Sports Medicine (ACSM) and included 

poorly controlled blood pressure, angina and claudication (American College of Sports 

Medicine, 2018). HIV specific eligibility criteria included a consistent ART regimen and 

absence of AIDS-defining conditions in the prior 6 months. Use of medication that affected 

heart rate (e.g., β-blockers) was also a criterion for exclusion to facilitate HR-based AEX 

training. Patients were recruited from local veteran and community-based clinics and 

provided written informed consent. The study was approved by the Salem VAMC 

Institutional Review Board and the Research and Development Committee and registered 

with clinicaltrials.gov (NCT02101060).

Outcomes

Data on all outcomes are presented before and after the exercise intervention. The primary 

outcome measure was cardiorespiratory fitness defined as the utilization of oxygen at peak 

exercise performance, VO2peak. Participants performed a graded exercise treadmill test 

(GXT) with a modified Bruce protocol while the gas exchange was measured with a True 

One 2400 Metabolic Measurement cart (Parvo Medics, Salt Lake City, UT). VO2peak was 

selected from the highest 10-s averaged value in the last minute of exercise. Exercise 

endurance was measured as the total duration of the GXT. The treadmill test was terminated 

when participants reached voluntary exhaustion or ACSM safety criteria. One participant 

had an initial treadmill test that met Minnesota Criteria for ischemia and was discontinued 

from the study (Figure 1).

Strength was measured by one-repetition maximum (1-RM) on selectorized resistance 

equipment using a standardized approach (American College of Sports Medicine, 2018). 

Participants were asked to lift the maximum weight possible using proper form after a 

warm-up of 6–10 submaximal repetitions. Participants were given 5 trials with 3 min of rest 

between each trial to arrive at 1-RM for each exercise, which included chest press, seated 

row, pull down, dual leg press, knee extension and knee flexion.

Dual-energy x-ray absorptiometry (DXA) (Hologic Horizon-A) was used to measure total 

and regional lean mass and fat mass after an overnight fast. Appendicular lean mass (ALM) 

and per cent body fat were calculated. Waist circumference, weight and height were 

measured using the protocol established in the Third National Health and Nutrition 

Examination Survey (National Health and Nutrition Examination Survey (NHANES) III, 

1988).
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Exercise training

Exercise training consisted of 48 sessions performed 3 times a week over 4 months at the 

Salem VA Medical Center under individual-level supervision by an exercise physiologist. 

Progressive continuous AEX training was performed using heart rate values from the 

treadmill test to calculate heart rate reserve (HRR = maximal HR−resting HR). Target heart 

rate (THR) for exercise sessions was calculated as (HRR × % intensity) + HR rest. In the 

AEX group, over the first 12 training sessions, participants started at 50–60% HRR for 15 

min and were progressed until they reached at least 30 min at 60% HRR. Over the last 36 

sessions, the intensity was increased as tolerated to 70–80% HRR, and duration was titrated 

to the goal of 30–40 min of high-intensity AEX.

Participants randomized to the delayed entry group began HIIT after follow-up testing was 

complete at the end of the 4-month sedentary period. The 4-month treadmill test constituted 

the pre-exercise evaluation and was used to calculate training HRR and HRmax. During the 

first 12 sessions, the same protocol for progressive continuous AEX training was used. 

Starting with session 13, HIIT was performed for a minimum of 36 sessions. Each HIIT 

session consisted of a 10-min warm-up at 50–60% HRmax followed by four 4-min intervals 

at 90–95% HRmax. Each 4-min interval was separated by a 3-min active recovery at 50–70% 

HRmax. The training session concluded with a 3-min cool-down at 50–60% HRmax. Total 

prescribed exercise time of high-intensity AEX during the intervals was 16 min.

For all AEX training sessions, a Polar A300 heart rate monitor (Polar Electro Inc., Lake 

Success, NY) was used to continuously monitor and collect the heart rate. Data collected per 

second were downloaded to the Polar website and aggregated by the target heart rate zones 

per participant. The duration of high-intensity exercise was defined as the time in target 

heart rate zone for each session (HIIT, ≥90%HRmax; AEX, ≥60%HRR). To quantitate the 

amount of high-intensity exercise, we adapted the approach by MacInnis and Gibala 

(MacInnis & Gibala, 2017). Energy expenditure in kilocalories was calculated per session by 

multiplying minutes of exercise by estimated kilocalorie per min. For each participant, an 

estimated kilocalorie per min was derived using the following ACSM formula: (METs × 3.5 

× bodyweight kg)/200 (American College of Sports Medicine, 2018). METs were calculated 

for each session based on heart rate zone as % of baseline VO2peak. The total training 

volume of high-intensity AEX per participant was calculated as the sum of energy 

expenditure in sessions 13–48. In addition, detailed written exercise logs were maintained 

for each session that included target heart rate training zone, exercise type and session 

duration. The primary exercise modality was motorized treadmill. However, the physiologist 

substituted other modalities if needed to minimize joint pain, including elliptical trainers, 

upright bicycle ergometers and recumbent cross trainers (NuStep, Ann Arbor, MI). 

Substitutions were at the discretion of the physiologist and based on the participant’s 

capacity to meet target intensity while considering their preference. Overall, after the first 12 

sessions, these substitutions were not necessary, and high-intensity AEX training was 

conducted by a treadmill in both groups.

Supervised resistance training (RT) followed the AEX training for both groups. Three upper 

body (chest press, seated row, pulldown) and three lower body exercises (leg press, knee 

extension, knee flexion) were performed in each RT session using selectorized strength 
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equipment (Life Fitness, Rosemont IL). Initial intensity was set at 50% of the 1-RM. Each 

exercise was performed for two sets of 8–12 repetitions with 60 s of rest between sets. 

Weight progression was made once a participant could comfortably perform two sets of 12 

repetitions. The increase in training weight was by an amount that caused the muscle group 

to fatigue after 8 repetitions (~10%). This cycle of increasing repetitions and training weight 

was continued over the 4-month training period. If a participant reached their initial 1-RM, 

they were subjected to a re-max test on that exercise using the initial testing procedures to 

allow for continued progression. Supervised stretching of the major muscle groups followed 

each RT session.

Statistical analyses

The Shapiro–Wilk test and histograms were performed to assess the distribution of data. 

Baseline differences between groups were examined using Student’s t-test or rank-sum test 

and Pearson’s chi-squared test or Fisher’s exact test. Differences between groups in 

attendance and high-intensity AEX energy expenditure and time were tested by the 

Student’s t-test or rank-sum test. The effect of exercise training within each group was tested 

using paired t-tests for data with a normal distribution. Data with a skewed distribution were 

tested by the Wilcoxon signed rank-sum test. Based on our observed mean change in 

VO2peak within-group, a comparison trial with 80% power and alpha of 0.05 would require 

more than 100 participants per group to detect a between-group difference in continuous 

high-intensity AEX and HIIT. Since the study was not designed to compare the effect of 

different modalities of high-intensity AEX, no between-group tests were performed 

considering the large type 2 error. A two-tailed p<0.05 was taken to indicate statistical 

significance.

Results

Among the 32 individuals who were enrolled, 26 participants were randomized 1:1 into 

AEX+RT or control (delayed exercise) groups (Figure 1). Among the six participants who 

were not randomized, two were excluded for cardiopulmonary disease, one was not 

sedentary, and three withdrew or were lost to follow-up. These participants were on average 

6 years younger than those randomized (p=0.03) but similar in race and sex. All control 

participants who completed follow-up testing entered 4 months of HIIT + RT. Attrition 

during exercise training was 20% (2/10) for the HIIT group and 15% (2/13) for the AEX 

group. Reasons for discontinuation included cardiopulmonary disease (2) and dizziness (1) 

and one withdrawal due to travel (Figure 1). Exercise training in both groups was well 

tolerated and no serious exercise-related adverse events occurred. Characteristics of the 

participants who completed 16 weeks of exercise training are provided in Table 1. There 

were no differences in demographic, clinical, or lifestyle characteristics by group.

The attendance rate of scheduled training sessions (median (IQR)) was not different between 

the HIIT group (91% (11.5%)) and the AEX group (89% (9.5%), p=0.73). As expected, 

duration of high-intensity AEX per session was different by group during the last 36 

sessions (mean minutes (SE); 12.3 (0.7) vs. 31.4 (1.3), p<0.001). Correspondingly, training 

volume of high-intensity AEX per session was lower in HIIT compared with continuous 
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AEX (median kcal (IQR); 105.3 (23.6) vs. 257.0 (53.2), p<0.01). The mean ±SE of 

outcomes before and after exercise training is provided in Table 2. The per cent change in 

VO2peak (mean L/min ± SE) significantly increased in the HIIT group by 17.1% ±4.5% 

(p<0.01) and in the continuous high-intensity AEX group by 7.7% ±2.4% (p<0.01). There 

was a significant per cent increase in exercise endurance (time on treadmill) in both the HIIT 

group (14.6% ±2.4%, p<0.01) and the AEX group (24.2% ±3.8%, p<0.01). The per cent 

increase in upper and lower body strength was 32% or greater in both groups (all p<0.01). 

The trend for an increase in muscle mass measured by kilograms of appendicular lean mass 

in the HIIT group (0.62 ±0.44, p=0.20) and the AEX group (0.97 ±0.42, p=0.05) was not 

statistically significant. Cardiovascular disease risk factors did not change significantly in 

either group.

Discussion

This pilot study of HIIT provides results on the feasibility and effects of high-intensity 

interval training in older adults living with HIV for the first time to our knowledge. We 

found that HIIT was well tolerated with an attrition rate and attendance rate that was similar 

to continuous high-intensity AEX training conducted within the same study population. 

HIIT produced significant increases in CRF and endurance. In addition, RT conducted in 

conjunction with the HIIT generated substantial gains in strength. This combination of HIIT 

+ RT in an older patient population is an important finding since the combined modality 

targets CRF and weakness, both key for healthy ageing.

The longitudinal decline in CRF with age has not been studied in adults with HIV, despite 

the known associations with poor metabolic health and shorter life expectancy. In a cross-

sectional study of older adults (median age 57 years, range 50–82), we found VO2peak was 

reduced by 42% in adults with HIV compared to healthy adults without HIV, which was 

consistent across the age span (Oursler et al., 2006). A combination of central and peripheral 

factors contributes to the low CRF observed with HIV infection that includes diastolic 

dysfunction (Oursler et al., 2019) and reduced skeletal muscle oxidative capacity (Ortmeyer 

et al., 2016). Numerous AEX trials in younger adults with HIV show an increase in 

VO2peak of ≥2 ml/kg/min (O’Brien et al., 2016). Two recent AEX trials in older adults (≥50 

years) with HIV demonstrate greater gains in VO2 peak with high-intensity AEX compared 

with moderate-intensity AEX (Erlandson et al., 2018; Oursler et al., 2018). Early in the HIV 

epidemic when most adults with HIV were younger (age <40 years), several trials with HIIT 

were conducted. Yet, overall attrition rates were high (32–76%), which likely is explained by 

advanced HIV disease prior to effective ART (MacArthur et al., 1993; Perna et al., 1999; 

Terry et al., 1999). Among those compliant with HIIT in these studies (≥50% sessions 

attended), VO2peak increased 12–24% (MacArthur et al., 1993; Perna et al., 1999). A 

randomized trial of HIIT versus moderate-intensity AEX in adults with HIV (mean age 31 

years) found significant increases in exercise endurance with larger gains in the HIIT group 

but did not measure CRF (Terry et al., 1999). In 1990, LaPerriere et al. conducted a HIIT 

intervention in young men with HIV (n=10) and without HIV (n=19) and found a 9% 

increase in estimated VO2peak in both groups (LaPerriere et al., 1990). More recently, 

Lindegaard et al. conducted a 4-month HIIT intervention of 10 men with HIV and 

lipoatrophy, average age 53 years, but excluded those with age-related diseases, including 

Briggs et al. Page 6

J Sports Sci. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diabetes and arthritis (Lindegaard et al., 2008). They reported a 14% increase in VO2 peak 

and 20% attrition rate. In comparison, we found HIIT increased VO2peak 17% in adults with 

HIV who were on average 10 years older (mean age 63 years), many with age-related 

comorbidities such as diabetes and hypertension. While HIV was well controlled in our 

participants who had a CD4 cell count in the normal reference range, the average duration of 

HIV infection was 20 years, and several had prior AIDS-defining conditions. Therefore, our 

results apply to adults ageing with chronic HIV infection. Overall, our HIIT protocol was 

well tolerated with a high attendance rate and attrition of 20%. We acknowledge that the 

results from our two high-intensity AEX training groups cannot be tested for differences due 

to the small sample size and lack of direct randomization. However, our findings 

demonstrate the feasibility of HIIT in older adults with HIV and suggest at least comparable 

effects on CRF and endurance. Further, data on training volume support the efficiency of 

HIIT. The significant gains in strength in both groups which were combined with RT is an 

important finding since high-intensity aerobic training is seldom combined with resistance 

training in exercise trials of older patient populations.

Recent reviews and meta-analyses demonstrate that HIIT increases CRF in healthy adults 

and other patient populations (Batacan et al., 2017; Campbell et al., 2019). A large single-

arm 8-week intervention of HIIT in 94 healthy adults with age ranging from 20 to 83 years 

shows that baseline fitness, not age, predicted training response and increase in VO2peak 

(Storen et al., 2017). Specifically in healthy older adults, HIIT interventions with intervals of 

2–4 min and intensity of ≥80% VO2peak or ≥90% HRmax show 9–13% increases in 

VO2peak (Bruseghini et al., 2015; Østerås et al., 2005; Storen et al., 2017). Using a similar 

HIIT protocol, we found that VO2peak increased 17% in adults with a mean age of 63 years, 

a robust response which is likely due to their lower baseline fitness.

In the setting of cardiac rehabilitation of adults without HIV, HIIT has clear positive 

physiological effects (Guiraud et al., 2012), but the impact on metabolic CVD risk factors is 

variable and frequently compared to continuous moderate AEX (Keating et al., 2017; 

Kessler et al., 2012). HIIT appears to have the greatest impact on metabolic diseases 

(glucose, lipids) and weight/visceral fat loss in patients with diabetes (Jelleyman et al., 

2015). Our HIIT pilot found no change in fasting glucose and lipids, which is consistent 

with prior reports of continuous high-intensity AEX in older adults with HIV (Erlandson et 

al., 2018; Oursler et al., 2018). However, it is possible that weight loss is necessary 

considering that numerous trials of moderate-intensity AEX with calorie restriction and 

weight loss in younger adults with HIV have demonstrated positive effects on CVD risk 

factors (O’Brien et al., 2016). Further research in older adults with HIV is needed to 

determine the ideal exercise strategies which may need to be tailored to the primary goal of 

the individual with regards to gain of muscle mass and loss of body fat. In particular, 

strategic approaches may be needed for racial and ethnic minorities which represent the 

fastest-growing group of HIV infection in the United States (Centers for Disease Control 

and Prevention, 2020).

Adults with HIV have an increased risk of CVD and heart failure, especially heart failure 

with preserved ejection fraction (HFpEF) (Butler et al., 2018; So-Armah & Freiberg, 2014). 

In the general geriatric population, HFpEF is the most common form of heart failure that 

Briggs et al. Page 7

J Sports Sci. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



appears to be driven by diastolic dysfunction and manifests as exercise intolerance (Kitzman 

et al., 2002). With limited pharmacologic treatment options, exercise training is key but the 

ideal combination of modality and intensity is still being studied (Fleg et al., 2015). 

However, interval training can improve diastolic function and exercise tolerance (Alves et 

al., 2012; Guiraud et al., 2012). This question is a priority in HIV research given the 

increased risk of diastolic dysfunction HFpEF and its association with CRF (Oursler et al., 

2019) and chronic inflammation (Butler et al., 2018). Our results support further research in 

HIIT as an efficient and effective means to deliver high-intensity AEX toward the goal of 

attenuating the accelerated ageing process in adults with HIV.

This study is limited by its small size and narrow demographic characteristics of the 

participants; results may be different in women. Similarly, findings must be interpreted with 

caution in those with more severe cardiometabolic or HIV-related disease. Yet, 

characteristics of the study population, including older age, length of HIV infection and 

prevalent age-related comorbidity strengthens the importance of our findings. While the 

cross-over design limits the comparison of the effects of HIIT and continuous high-intensity 

AEX, it does not impact the integrity of the HIIT results.

Conclusions

Our findings show the feasibility and efficacy of HIIT combined with RT in older adults 

with stable HIV. The rigorous conduct of the intervention with continuous heart rate 

monitoring and workload evaluation adds to the significance of our findings. Our pilot study 

supports HIIT as an efficient means to deliver high-intensity AEX to improve 

cardiorespiratory fitness toward the goal of attenuating the accelerated ageing process in 

adults with HIV. Future research is needed to develop targeted exercise rehabilitation 

strategies for this complex and quickly growing population of older adults with HIV.
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Figure 1. 
Participant flow diagram HIIT, high-intensity interval training; LTFU, loss to follow-up; 

SVT, supraventricular tachycardia.
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