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Abstract

Background: Low cardiorespiratory fitness (CRF) is usually observed in people living with HIV 

(PLWH). The effect of a low-volume high intensity interval training (LV-HIIT) on CRF in HIV+ 

and HIV- Hispanic women was evaluated in this study.

Setting: A non-randomized clinical trial with pre and post-test using a LV-HIIT intervention was 

conducted in the AIDS Clinical Trials Unit (ACTU) and the Puerto Rico Clinical and Translational 

Research Consortium (PRCTRC) at the University of Puerto Rico Medical Sciences Campus.

Methods: 29 HIV+ and 13 HIV- Hispanic women recruited from community-based programs 

and clinics, and able to engage in daily physical activities, volunteered to participate. Of these, 20 

HIV+ (69%) and 11 HIV- (85%) completed the study and were included in the analyses. LV-HIIT 

consisted of 6-weeks, 3 days/week, 8-10 high and low intensity intervals on a cycle-ergometer 

at 80-90% of heart rate reserve. Main outcome measures were CRF (defined as VO2peak), peak 

workload, and time to peak exercise.
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Results: Average peak workload and time to peak exercise increased after training (P<0.05) in 

both groups. However, average CRF was significantly higher after training only in the HIV- group. 

Gains in CRF were observed in 100% of HIV- and 50% of HIV+ women. This was not influenced 

by exercise testing, habitual physical activity, or anthropometric variables.

Conclusion: Given the lack of change in CRF observed in the HIV+ group post LV-HIIT 

intervention, it is important to focus on variations that may occur within groups.
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INTRODUCTION

Life expectancy among people living with HIV (PLWH) is approximating that of the general 

population [1]. However, chronic illness and reduced functionality disproportionately affect 

PLWH [2, 3]. For example, cardiovascular disease is the principal cause of death regardless 

of gender, and its prevalence is increasing in PLWH although it is decreasing in the general 

population [4, 5].

Low cardiorespiratory fitness (CRF) determined by maximal oxygen consumption (VO2max 

or VO2peak), predicts cardiovascular disease and all-cause mortality [6–8]. Aerobic exercise 

improves CRF in healthy and chronic disease populations [9], including PLWH [10]. 

However, PLWH usually present lower CRF than expected [11–14]. Although there is no 

consensus regarding the optimal exercise modality to improve CRF in PLWH, continuous 

or interval aerobic exercise with intensities from 45-80% have been emphasized [10, 15]. 

Aerobic exercise of higher intensities is also effective improving CRF among PLWH, with 

better responses when intensities are from 75-90% of VO2peak or heart rate (HR) reserve 

[16–17].

High intensity interval training (HIIT) is a popular exercise modality combining aerobic and 

anaerobic energy demands with periods of high intensity interspersed with periods of low 

intensity or rest [18]. Low volume HIIT (LV-HIIT) is a less time commitment variation of 

HIIT consisting of low frequency and duration (i.e., 4-12 intervals of 1-4 min duration for 

2-12 weeks), but constant-high load intervals (i.e., 80-90% of HR reserve) [18–21]. LV-HIIT 

has been shown to improve CRF, muscle oxidative metabolism, and glucose control in male 

patients with coronary artery disease and diabetes [19, 22]. To our knowledge, CRF response 

to LV-HIIT has not been documented in HIV+ women. Therefore, the purpose of this study 

was to evaluate the effect of LV-HIIT on CRF among HIV+ and HIV- women.

METHODS

Participants

Twenty-nine HIV+ and 13 HIV- women volunteered for the LV-HIIT intervention. The 

study was approved by the IRB of the University of Puerto Rico Medical Sciences Campus 

(UPR-MSC), and registered in clinicaltrials.gov (NCT02962622). Recruitment ocurred by 

personal contact in clinics and community-based programs. Inclusion criteria for HIV+ 
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women included no opportunistic infections of the central nervous system, no active 

systemic infection, CD4 count at or above 500 cells/mm3, and HIV viral load less than 

200 copies/ml. Inclusion criteria for all participants included being 21 years or older, no 

uncontrolled hypertension, diabetes, or neurodegenerative diseases; also at least 9th grade 

education level, and engagement in normal activities but no formal exercise training.

Nine HIV+ and two HIV- participants withdrew because of inability to adhere to the 

frequency of study visits. Their pre-test results were similar to those who completed the 

study, except for sedentary behavior (6.7 ± 0.6 vs. 8.3 ± 0.2 hr/day, respectively, P=0.02). 

No complaints about the exercise intervention were expressed. Twenty HIV+ (69%) and 11 

HIV- (85%) women completed all study visits.

Study Protocol

Two pre-intervention visits, 18 LV-HIIT sessions, and 2 post-intervention visits were 

scheduled for each participant. LV-HIIT sessions were scheduled during working hours 

on weekdays, and supervised by personnel experienced in exercise training. All pre and 

post-tests were conducted in the same order.

Pre and post exercise tests were conducted on a Monark® 928E (Sweden) cycle-ergometer 

starting at 25 Watts (W), increasing 25 W every 2-minutes at 50 rpm cadence until volitional 

fatigue. Oxygen consumption and ventilation were measured with a COSMED® FitMate 

Med metabolic system (California, USA) with continuous beat by beat HR (Garmin, 

USA) and 12-lead ECG monitoring (Edan® SE-12 Express, Edan Instruments, China). Pre 

and post-training measures also included body weight, bioelectrical impedance (BIA) for 

body composition (OMRON HBF-510, Kyoto, Japan), height (SECA 213, Hanover, USA) 

with participants’ head aligned according to the Frankfurt horizontal plane and holding 

a normal inhalation, waist and hip circumferences (Gulick anthropometric tape, Creative 

Health Products, USA), and lean body mass (LBM) with full-body DEXA (HOLOGIC 

Discovery, Ontario, Canada). Waist-worn accelerometer-determined moderate to vigorous 

physical activity (MVPA) and sedentary time (ActiGraph® GT3X+BT) following a standard 

7-day wear time protocol were analyzed with the ActiLife v.6 software (ActiGraph Corp 

LLC, College Station, FL).

LV-HIIT intervention consisted of 6-weeks, 3-days/week (18 sessions total) on a Monark® 

928E cycle ergometer. All sessions began with a 5 min warm-up at 25 W and 50 rmp. 

During sessions 1-6 (week 1-2), participants completed eight-1-min intervals at 80% of 

HR reserve interspersed with 1-min recovery for a total of 16 min. During sessions 7-18 

(week 3-6), participants completed ten-1-min intervals at 90% of HR reserve interspersed 

with 1-min recovery for a total of 20 min. Workloads were determined using individual HR 

responses during the VO2peak test, and were periodically adjusted to help participants reach 

their prescribed exercise intensity. Cadence was kept at 50 rpm. During recovery, workloads 

were lowered to 25 W at 50 rpm cadence. At the end of each session, participants completed 

5-min cool-down stretching exercises.

Shapiro-Wilk tests for normality were conducted for all variables. T-tests and Wilcoxon­

Signed-Rank tests were used to identify differences between groups at pre and post-test, 
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and differences within group from pre to post-test, when appropriate. Percent change in 

VO2peak from pre to post-test was used to identify those who improved (positive change) 

and those who did not improve (zero or negative change) after the LV-HIIT intervention. 

Multiple logistic regression was used to identify factors at pre and post-test that might 

contribute to changes in VO2peak. Statistical analyses were conducted with STATA 15.1 

(STATA Corp LLC, College Station, Texas) using an alfa equal or less than 0.05 for 

statistical significance.

RESULTS

Participant’s General Characteristics

HIV+ women were on combined antiretroviral therapy (cART), had average CD4 of 774.2 

± 92.2 cells/ml, and 85% had non-detectable viral loads (<20 copies/ml). Age, body mass 

index (BMI), and percent fat were similar at pre and post-test with no difference between 

groups. LBM was not different between groups, but was higher at post-test only in HIV- 

women. Waist circumference and waist to hip ratio (WHR) were higher among HIV+ 

women compared with HIV- women. MVPA was extremely low, and sedentary time was 

high in both groups at pre and post-test, without significant group differences (Table 1).

Training Load, Cardiorespiratory Fitness and Other Exercise Testing Parameters

Workload eliciting 80% of HR reserve during weeks 1-2 was 77.0 ± 4.4 W for HIV+ 

women, and 81.8 ± 7.4 W for HIV- women (P=0.55). Training HR was 120 ± 9 and 125 ± 

13 bpm in HIV+ and HIV- women, respectively. Workload during weeks 3-6 was increased 

(P<0.0001) to elicit 90% of HR reserve (89.0 ± 5.0 W and 94.0 ± 8.3 W, respectively 

[P=0.58]). Training HR for weeks 3-6 were 132 ± 8 bpm for HIV+ and 142 ± 21 bpm for 

HIV-, representing approximately 10 beats above the ventilatory threshold.

No between group VO2peak difference was observed at pre-test (Table 1). After training, 

VO2peak was higher only in HIV- women, with a mean change of 2.24 ± 0.4 compared to 

0.35 ± 0.8 mlˑkg−1ˑmin−1 in HIV+ women (P=0.002). Individual changes in CRF showed 

all HIV- women having higher values compared to pre-test, but 50% of HIV+ women did 

not change or somewhat lowered CRF values at post-test (Figure 1), suggesting possible 

non-responsiveness to LV-HIIT. Yet, HIV+ and HIV- women had similar or higher peak 

workloads at post-test. No anthropometric, exercise testing or physical activity variables at 

pre and post-test explained VO2peak response difference between groups.

DISCUSSION

LV-HIIT improved peak exercise time and workload in HIV+ and HIV- women. However, 

VO2peak was higher at post-test only in HIV- compared to HIV+. All HIV- women but only 

50% of HIV+ women showed gains in VO2peak. This is different from studies conducted 

mostly in HIV+ males, where high intensity exercise significantly improved VO2peak [16, 

17].

Studies measuring VO2peak in HIV+ women are scarce. A study using estimates of CRF 

in PLWH [23] found higher VO2peak for men than women, with values in the lowest 
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range published among PLWH [12, 24]. Those values were lower than our previous 

[14] and current results among Hispanic PLWH. In the present study, pre and post 

VO2peak were lower than reference values for age and sex [25], reflecting poor CRF [26]. 

Potential mitochondrial DNA function and biogenesis impairments due to nucleoside reverse 

transcriptase inhibitors (NRTI) exposure, and chronic immune activation and inflammation 

are possible explanations [27–28].

Our findings of individual VO2peak gains in 100% of HIV- but no gains in 50% of HIV+ 

women, support the idea that some people may not respond to training stimuli. Although 

parameters for VO2max non-response have been proposed [29–30], there is no consensus 

regarding the degree of change needed to identify people with limited ability to improve 

CRF in response to exercise training. Bacon et al. [31] indicated that with high enough 

training intensity (90% of VO2max) all people can improve CRF with HIIT, even when 

no individual responses were documented. Interindividual variations in VO2max trainability 

are expected because the ability for oxygen transport and delivery into active muscles 

dependends on a series of physiological events and confounders such as sex and age [9]. 

Moreover, Weatherwax et al. [32] highlighted the importance of individualizing exercise 

intensity based on ventilatory threshold (VT). They reported that all participants with 

individualized exercise prescription improved VO2max compared with 60% of those with 

a non-individualized prescription, suggesting that some individuals may not respond equally 

to standardized exercise prescriptions.

CRF responders and non-responders in the present study had similar anthropometrics 

(age, BMI, %fat, waist circumference, WHR), exercise testing outcomes (ventilation, HR, 

workload, VO2 at VT, HR at VT), habitual physical activity, and sedentary time. In a 

multiple logistic regression model, none of these variables could explain the differences 

observed in VO2peak response between HIV+ and HIV- women. We also used coefficient of 

variation for change in VO2peak in HIV- women (9.2%) to distinguish VO2peak responders 

from non-responders among HIV+ women. Using this criteria, 70% of HIV+ women were 

categorized as non-responders even when their HR during training were above the VT.

VO2 at VT is considered a stable submaximal CRF value because, compared with VO2peak, 

it is more independent from motivation and exercise duration [33]. In HIV+ women, VO2 at 

VT, similar to VO2peak, was not different from pre to post-test. This was also true in our 

HIV- group, even when they showed an increase in VO2peak at post-test. This is consistent 

with Webel et al. [34] who reported no change in VO2 at VT nor in VO2peak after a 

self-management lifestyle-exercise intervention in HIV+ adults. Also similar to Webel et al. 

[32], the percent of VO2peak achieved at VT was not different between groups or between 

tests (Pre and post: HIV+ = 77.3 ± 2.1 and 79.1 ± 2.0%; HIV- = 76.0 ± 2.6 and 74.2 ± 3.2%; 

P>0.05 in all). Although exercise training is expected to increase the time to VT [35], HIV- 

women did not change this outcome (5.4 ± 0.5 vs. 6.0 ± 0.5 min [P=0.13]) but HIV+ women 

improved at post-test (5.1 ± 0.3 vs. 6.0 ± 0.3 min [P=0.01]). This finding suggest that for 

HIV+ women, time to VT might be a better CRF outcome than VO2peak, VO2 at VT or the 

percentage of VO2peak at VT.
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In conclusion, LV-HIIT was well tolerated and improved exercise capacity in HIV+ and 

HIV- Hispanic women. However, interindividual variations in CRF must be considered when 

adopting or recommending LV-HIIT. It is possible that for HIV+ women, LV-HIIT had 

limited effects on muscle’s capacity for oxygen extraction and/or consumption. Whether 

this limitation is associated with chronic immune activation, inflammation, and/or long 

term exposure to NRTI, needs to be clarified. Considering CRF in HIV+ vs. HIV- women 

at post-test, statistical power appeared adequate (0.85). However, increasing the number 

of participants is important as more variables, including socioeconomic characteristics, 

are explored to further explain the differences observed. CRF response to LV-HIIT must 

be tested in HIV+ men, and testing longer LV-HIIT duration among PLWH is also 

recommended.
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Figure 1. 
Individual participants’ percent (%) change in VO2peak from pre to post low volume – high 

intensity interval training (LV-HIIT) intervention. HIV+ participants (closed circles) and 

HIV- participants (open circles) above the horizontal line had a positive change in CRF after 

the LV-HIIT intervention.
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Table 1.

Characteristics of study participants at pre and post-test: mean ± standard error of the mean (95% Confidence 

Interval)

Characteristic
HIV+ (n=20) HIV- (n=11)

Pre-test Post-test Pre-test Post-test

Age (yrs) 46.9 ± 2.2
(42.2-51.5)

41.6 ± 4.5
(31.5-51.8)

BMI (kg/m2)
28.7 ± 1.4
(25.7-31.6)

28.5 ± 1.4
(25.6-32.5)

26.8 ± 0.9
(24.7-28.9)

26.9 ± 1.0
(24.8-29.0)

BIA-Fat (%) 42.5 ± 2.0
(38.3-46.7)

42.9 ± 2.1
(38.5-47.3)

41.5 ± 1.7
(37.8-45.3)

41.5 ± 1.7
(37.7-45.3)

DEXA-LBM (kg) 42.5 ± 2.1
(37.7-47.3)

42.5 ± 2.1
(37.9-47.1)

37.1 ± 1.5
‡

(33.9-40.4)
37.7 ± 1.4

‡

(34.5-40.8)

Waist C (cm) 98.5 ± 3.1*
(92.1-104.9)

98.1 ± 2.9**
(92.0-104.1)

86.4 ± 2.8*
(80.2-92.5)

85.3 ± 2.8**
(80.0-91.6)

WHR 0.93 ± 0.01*
(0.90-0.95)

0.92 ± 0.02**
(0.89-0.96)

0.86 ± 0.02*
(0.80-0.91)

0.84 ± 0.02**
(0.79-0.90)

MVPA (min/week) 19.9 ± 2.8
(14.0-25.7)

21.7 ± 3.4
(14.5-28.9)

17.1 ± 5.9
(3.8-30.3)

20.0 ± 6.1
(6.1-33.9)

Sedentary (hr/day) 7.9 ± 0.3
(7.3-8.4)

8.2 ± 0.3
(7.5-8.8)

8.4 ± 0.4
(7.4-9.3)

8.4 ± 0.5
(7.7-9.6)

VO2peak
(ml·kg−1·min−1)

19.4 ± 0.78
(17.7-21.0)

19.7 ± 0.6**
(18.4-21.0)

22.1 ± 1.4
(18.9-25.3)

24.3 ± 1.5**
(21.1-27.6)

Workload-peak (W) 96.3 ± 5.5
†

(84.7-107.8)
108.8 ± 4.9

†

(98.5-119.0)
102.3 ± 9.2

‡

(81.8-122.8)
115.9 ± 7.7

‡

(98.7-133.2)

Time to peak (min)
7.2 ± 0.4

†

(6.3-8.0)
7.8 ± 0.4

†

(6.9-8.6)
7.5 ± 0.6

‡

(6.1-8.9)
8.5 ± 0.6

‡

(7.1-9.9)

HR-peak (bpm) 149.6 ± 4.1*
(141.1-158.1)

151.3 ± 4.7
(141.4-161.2)

163.4 ± 5.1*
(152.0-174.7)

163.4 ± 5.0
(152.1-174.6)

VEpeak (L/min) 54.2 ± 3.4
(47.0-61.4)

56.8 ± 3.9
(48.7-64.9)

56.3 ± 4.4
(46.5-66.2)

59.5 ± 4.6
(49.3-69.7)

VO2 at VT
(mlˑkg−1ˑmin−1)

14.9 ± 0.61*
(13.6-16.2)

15.5 ± 0.6
(14.4-16.7)

16.6 ± 0.87*
(14.6-18.5)

17.8 ± 1.0
(15.7-19.9)

HR at VT (bpm) 122.6 ± 3.0*†

(116.4-128.8)
130.1 ± 3.5

†

(125.1-139.7)
132.8 ± 3.8*
(124.1-141.5)

138.1 ± 4.5
(128.1-148.1)

BMI= body mass index, BIA = bioelectrical impedance, DEXA = dual energy x ray absorptiometry, LBM = lean body mass, Waist C = waist 
circumference, WHR = waist to hip ratio, MVPA = moderate to vigorous physical activity. VO2 = oxygen consumption, HR = heart rate, VE = 
ventilation, VT = ventilatory threshold.

Between group values with same symbol (* or **) are significantly different (P≤0.05).

Within group values with same symbol († or ‡) are significantly different.
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