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Human immunodeficiency virus (HIV) is a retrovirus that 
can be transmitted by the exchange of or exposure to bodily 
fluid. If untreated over time, the infection can result in 
acquired immunodeficiency syndrome (AIDS) (1). Through 
advancement in disease management and treatment, people 
with HIV (HIV+) are living longer (>50 years) and experi-
encing deficits in physical function, development of frailty, 
and other age-related comorbidities, similar to what older 
adults living without HIV (HIV−) experience (2). It is esti-
mated that less than 50% of people who are HIV+ have high 
rates of physical inactivity (3,4). Furthermore, persons who 
are HIV+ have greater deficits in aerobic capacity when com-
pared to persons who are HIV−. These deficits are believed 
to be caused by mitochondrial dysfunction because of 
cachexia, impaired cardiac response to exercise, and/or side 
effects associated with use of antiviral therapy, which is 
standard treatment for HIV infection (1).

It is well documented that meeting the current recom-
mendations for physical activity (4) is effective in the reduc-
tion of comorbidities associated with aging and chronic dis-
ease and improves physical function with older adults. When 
appropriate, vigorous (aka high) intensity exercise demon-
strates additional improvements in muscular and cardiovas-
cular fitness in older adults compared to moderate intensity 
exercise (4). There is evidence that resistance training and 
moderate intensity aerobic exercise is safe and effective for 
improving cardiovascular, metabolic, and physical function 
in younger HIV+ adults (5,6). Currently, there are no studies 
available to determine if moderate intensity exercise results 
in the same health-related outcomes in older HIV+ adults. 
Furthermore, the benefits of vigorous versus moderate inten-
sity exercise on management of HIV have not yet been 
investigated (7).

MANUSCRIPT REVIEW

The aim of this study was to determine the impact of moder-
ate versus vigorous intensity exercise on physical function in 
sedentary older adults (>50 years) who are HIV+ and HIV−. 
Inclusion criteria were sedentary lifestyles (< physical activ-
ity recommendations), body mass index between 20 and 40 
kg·m−2, and no contraindications to begin an exercise pro-
gram (e.g., unstable angina). Participants were excluded if 
they had sex hormone supplementation or intramuscular 
testosterone injections <3 months prior. All participants with 
type 2 diabetes had a hemoglobin A1c ≤ 7.5%. HIV+ partici-
pants were on stable antiviral therapy treatments and had a 
CD4+ count > 200 cells.μL−1 (CD4+ < 200 cells.μL−1 is diag-
nostic criteria for AIDS). Eighty-nine individuals completed 
the screening process with only 69 (32 HIV+ [28 men and 4 
women]; 37 HIV− [35 men and 2 women]) meeting inclusion 
criteria (mean age of 56 [±2] years). Thirty-nine percent of 
the participants had >3 comorbidities that included diabetes, 
hypertension, hyperlipidemia, cardiovascular disease, 
depression, anxiety, or bipolar disorder.

All participants underwent baseline testing, which 
included a treadmill-based graded exercise test, muscular 
strength testing, and physical function testing. During the 
graded exercise test, expired air was continuously measured 
via open-circuit spirometry along with heart rate measured 
via telemetry. The graded exercise test concluded when the 
participant requested to stop or any of the American College 
of Sports Medicine’s test termination criteria were detected. 
VO2 MAX was determined when 2 or more of the following 
criteria were met: (1) plateau in VO2, (2) respiratory 
exchange ratio ≥ 1.10, and (3) maximum heart rate ±10 
b·min−1. Muscular strength testing included the 1 repetition 
maximum (1RM) for 4 lifts (bench press, leg press, lateral 
pulldown, and a fourth alternating lift) and hand grip dyna-
mometry. Physical function testing included the Short Physi-
cal Performance Battery (SPPB) (8), repeat chair stands, 400 
m walk, and stair climb (10 steps) tests.

After baseline testing, all participants began an exercise 
intervention of 3 sessions per week for a total of 24 weeks. 
This duration included a supervised 2-week low intensity 
exercise acclimatization, 10 weeks of exercise intensity 
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progression, and 12 weeks of stable moderate or vigorous 
intensity exercise. Baseline testing was repeated at weeks 12 
and 24. Programming for low intensity exercise included 
20–30 minutes of treadmill walking at 30–40% VO2 MAX and 3 
sets of 8 repetitions of resistance training at 40–50% 1RM for 
each lift tested at baseline. The 10-week progression phase 
included increasing aerobic exercise intensity to 40–50% 
VO2 MAX and duration by 5 minutes per week. Resistance 
training intensity increased to 60–70% 1RM and was adjusted 
every 4 weeks based on 1RM retesting. At week 12, partici-
pants were randomly assigned to either a vigorous (60–70% 
VO2 MAX and >80% 1RM) or a moderate intensity group (con-
tinued from first 12 weeks) for the final 12 weeks. Twenty-
eight participants (13 HIV+ and 15 HIV−) were assigned to the 
moderate intensity, and 31 participants (15 HIV+ and 16 
HIV−) were assigned to the vigorous intensity.

Outcome measures for this study were (1) weakness 
(assessed with hand grip), (2) slowness (assessed with 4 m 
walk), (3) low activity (assessed with Short Form 36 ques-
tionnaire), (4) exhaustion (assessed with the Center for Epi-
demiologic Studies Depression Scale), and (5) weight loss 
(unintentional loss ≥ 10 pounds) (9). The 5 outcome mea-
sures were used as criteria to define frailty (9). Levels of 
frailty included (1) frail (3/5 outcome measures), (2) inter-
mediate frailty (1–2/5 outcome measures), or (3) not frail 
(0/5 outcomes measures).

Of the 69 participants who initiated the exercise interven-
tion, 13 (19%) withdrew (4 HIV+ and 6 HIV− in the first 12 
weeks and 1 HIV+ and 2 HIV− in the subsequent 12 weeks). 
The reasons provided for study withdrawal included moving 
out of area, new job, or unable to commit to exercise program. 
Forty-two (24 HIV+ and 18 HIV−) were classified as intermedi-
ate frailty with no participants being classified as fully frail. At 
baseline, the HIV+ cohort had significantly poorer performance 
on the repeat chair raise stands, time to walk 400 m test, stair 
climb, and all 1RM tests when compared to the HIV− group.

When comparing groups based on HIV serostatus, both 
groups improved with all physical function measures in the 
first 12 weeks of exercise. Serostatus was defined as the dif-
ference in severity of the HIV infection according to CD4 
measures. Persons with HIV+ demonstrated a greater improve-
ment in VO2 MAX when compared the HIV− group in the first 
12 weeks. During the second 12 weeks, the HIV+ group had a 
greater improvement in the 400 m walking test, and stair 
climb test. At the conclusion of the 24-week exercise interven-
tion, 10 participants (8 HIV+ and 2 HIV−) improved their 
SPPB scores, with no participants demonstrating poorer SPPB 
scores. After the exercise intervention, 13 HIV+ and 7 HIV− 
had fewer frailty criteria when compared to baseline.

The comparison of physical function changes by exer-
cise intensity demonstrated that both the moderate and vig-
orous intensity groups, regardless of HIV serostatus, signifi-
cantly improved in all 1RM measures, the 400 m walk, and 
repeated chair stands from weeks 12 to 24. The vigorous 
intensity group had significantly faster 400 m walk times as 
compared to the moderate intensity group.

When comparing vigorous to moderate intensity exer-
cise within the HIV+ group, those who engaged in higher 
intensity exercise had significantly more improvements in 
1RM bench press and leg press. HIV+ participants in both 
the moderate and vigorous intensity exercise groups signifi-
cantly improved on the repeat chair stand, with no significant 
differences in any other functional test. Both the moderate 
and vigorous intensity exercise decreased the number of 
intermediate frailty in both HIV+ and HIV− individuals.

CLINICAL IMPLICATIONS

According to the authors, this is the first study to investigate 
the effects of moderate intensity exercise on physical func-
tion in older adults with HIV and the first to compare the 
effects of moderate versus vigorous intensity exercise in 
persons with HIV for strength, aerobic fitness, and physical 
function. A major strength of this study is that nearly 85% of 
the HIV+ participants were able to complete the 6-month 
exercise intervention. This suggests that both moderate and 
vigorous intensity exercise are safe for those who are HIV+. 
Furthermore, both moderate and vigorous resistance and 
aerobic training were effective in improving VO2 MAX, mus-
cular strength, and physical function, with slightly higher 
benefit associated with vigorous intensity exercise, espe-
cially with muscular strength of the upper and lower body.

Some precautions should be taken with interpretation 
of the findings of this study. Although the authors 
recruited both men and women, 91% of all participants in 
this study were men, making it difficult to apply the find-
ings of this study to HIV+ women. Although the authors 
state that this study is focused on older adults, they used a 
lower age limit of 50 years, when older adults are com-
monly defined as ≥65 years. Even though there is an age 
range of 50–75 years reported, the mean age is 56 years, 
which potentially makes the findings of this study less 
applicable to the typical older adult population, with the 
understanding that some HIV+ individuals do not live as 
long, on average, as HIV− individuals. Considering the 
novelty of this study, findings do provide the clinical 
exercise physiologist with some guidance and insight to 
exercise programming when working with persons who 
are HIV+.
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Type 2 diabetes mellitus (T2DM) is one of the most preva-
lent metabolic diseases with 23.1 and 1.2 million cases 
diagnosed in the United States (1) and Australia (2), respec-
tively. There is an increased occurrence of T2DM associated 
with older adults (>65 years), which leads to greater loss of 
muscular strength (dynapenia) and mass (sarcopenia), result-
ing in impairment of physical function (3). When compared 
to older adults who do not have T2DM, these muscle changes 
occur more rapidly (3).

Loss of muscle strength and mass are associated with 
neuromuscular impairments and increased adipose tissue, 
which results in poorer muscle quality (4). Muscle quality is 
defined as either (1) the ratio of strength produced per unit of 
active mass (specific tension) or (2) the measure of echo 
intensity to determine intramuscular noncontractile tissue 
(5). When considering functionality in those with T2DM, 
muscle quality is an important parameter to measure, consid-
ering the disruptions of neuromuscular function, poorer 
glycemic control, and increased rate of intramuscular fat that 
are accelerated by this metabolic disease (5).

Exercise interventions such as resistance (aka weight) 
training are considered an important mode of management 
for T2DM by improving muscle quality, physical function, 
and glycemic control. Although most research focusing on 
improved muscle quality and physical function has been in 
non-T2DM older adults, there are a small number of 

randomized control trials demonstrating improved glycemic 
control in persons with T2DM who engage in resistance 
training (6). With regard to the effects of resistance training 
on neuromuscular and muscle quality outcomes in people 
living with T2DM, there is little available research.

MANUSCRIPT REVIEW

The aim of this randomized, controlled clinical trial was to 
assess the effects of resistance training on neuromuscular 
outcomes in older adults with T2DM. Primary outcome 
measures included muscle quality measured using specific 
tension and echo intensity. Secondary outcome measures 
included muscle strength and thickness, functional perfor-
mance, blood lipid markers, glycemic control (HbA1c), vis-
ceral adipose tissue content, and quality of life. Inclusion 
criteria for all participants were (1) ≥60 years, (2) diagnosed 
with T2DM (HbA1c > 6.5%), (3) body mass index between 
18.5 and 34.9 kg·m−2, and (4) no tobacco use for the last 6 
months. The primary exclusion criteria were (1) use of insu-
lin, (2) major chronic diseases limiting exercise, and (3) 
performing resistance training within the last 6 months. All 
participants were treated with oral antihyperglycemia 
medications.

The study randomized participants to either resistance 
training (resistance group) or static stretching (control 
group) 3 times per week for a 3-month duration. Testing for 
outcome measures was performed at 5 time points at the 
beginning of the study and again at the conclusion of the 
exercise intervention. Testing included measurement of vis-
ceral adiposity, quadriceps femoris thickness, echo intensity 
of the rectus femoris muscle, strength and physical function 
assessments, and fasting blood draws to assess glycemic 
control (HbA1c), cholesterol, and blood lipids. The Diabetes 
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Quality of Life Measure Questionnaire was also adminis-
tered on a weekly basis.

For muscle quality outcomes, ultrasonography was used 
to measure echo intensity of the rectus femoris by use of a 
standard histogram grayscale function. The measurement of 
echo intensity allows for quantification of noncontractile intra-
muscular tissue. Muscle quality measured as specific tension 
was calculated as the ratio between knee extension 1 repetition 
maximum (1RM) strength and quadriceps muscle thickness. 
Visceral adiposity and quadriceps femoris thickness (kg·mm−1) 
were measured via ultrasound while in a supine position.

For muscular strength, 1RM knee extension was per-
formed unilaterally on a variable resistance machine. Rapid 
strength of the knee extensors was measured using maximal 
isometric voluntary contractions on an isokinetic dynamometer. 
The rate of torque production (N·m·s−1) was determined by 
having the participant push against the dynamometer “as hard 
as they can” for 3 seconds. Physical function testing included 
(1) sit-to-stand, (2) timed up and go, and (3) stair climbing tests.

Following baseline measures, participants were ran-
domized to the resistance or control group to perform the 
exercise intervention. The resistance training routine 
included traditional and functional resistance exercises, fol-
lowing a linear periodization model. Traditional exercises 
included the leg press, extension, and curl, hip abduction, 
bench press, seated row, biceps curl, triceps extension, and 
abdominal crunch, and progressed from 2 sets of 12–15 rep-
etitions to 3 sets of 10–12 repetitions with increased weights. 
Functional exercises included squats and step-ups following 
the same set and repetition changes and progressing by 
increasing weight or step height. The control group partici-
pated in 1 session per week of static stretching that included 
stretches for all major muscle groups held at 20–30 seconds 
and repeated 1–2 times.

Of the 44 participants (26 men and 18 women; mean age 
76 [±7] years) who met inclusion criteria, 22 were randomly 
assigned to the resistance group (12 men and 10 women) or 
the control group (14 men and 8 women). Fifty-nine percent 
of the participants split equally between each group com-
pleted >70% of the intervention with no adverse events 
occurring. Disease duration ranged from 0.5–32 years.

There were no differences in muscle quality (echo inten-
sity and specific tension) when comparing baseline with 
postintervention measures. No differences were detected in 
muscle quality between the 2 groups after the completion of 
the exercise intervention. Similarly, no difference was noted 
for rapid strength and physical function within or between the 
groups at the postmeasure. The resistance training group 
demonstrated a significant improvement of the 1RM knee 

extension and quadriceps thickness as compared to the con-
trol group. As expected, the control group did not improve on 
1RM knee extension or quadriceps thickness.

There were no differences within or between groups for 
quality of life, visceral adiposity, glycemic control (HbA1C) 
or cholesterol (LDL and HDL) following the exercise inter-
vention. The resistance training group demonstrated a sig-
nificant reduction in triglycerides.

CLINICAL IMPLICATIONS

Considering the limited amount of randomized clinical trials 
in T2DM that determine the effects of resistance training on 
neuromuscular function and quality of muscle, this study 
provides a basis for future research with this population. The 
findings of this study demonstrate that resistance training is 
an effective method to improve both muscular strength and 
mass in older adults diagnosed with T2DM, similar to the 
improvements seen in older adults who are normoglycemic. 
Resistance training may also be effective in improving blood 
profiles by reducing triglyceride levels in this population. 
This study demonstrates that older adults with T2DM can 
engage in resistance training exercises without adverse 
events occurring. The findings of this study reiterate the 
importance of prescribing resistance training as part of a 
management plan associated with older adults diagnosed 
with T2DM.

Interestingly, this study did not demonstrate improve-
ment in neuromuscular parameters, muscle quality, rapid 
strength production (power), visceral adiposity, or glycemic 
control in the resistance training group. It is possible that the 
duration and/or volume of resistance programming was not 
enough to elicit changes in these parameters of measure-
ment. It is well documented that muscular strength gains do 
not strongly correlate with rapid strength (power) production 
and physical function (4). Since power or explosive move-
ments were not included as part of the training program, it is 
not surprising that these measures related to these move-
ments did not improve. Future research must investigate the 
effects of neuromotor and power-based exercise on neuro-
muscular and muscle quality outcomes in persons with 
T2DM. Other research (6) demonstrating improved glyce-
mic control in participants with T2DM have used younger 
participants (<60 years) who had poorer glycemic control 
(HbA1c > 7.5%) as compared to this cohort of participants. 
A major limiting factor associated with this study was the 
lack of dietary analysis. Both caloric intake and diet compo-
sition could influence the glycemic control and visceral adi-
posity of the participants.
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