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Abstract
  Living with HIV negatively impacts strength which can be measured 
with a validated test of overall total body strength the isometric mid-
thigh pull (IMTP). The objective of this secondary analysis of data 
from 2 cross sectional studies was to compare IMTP performance 
between persons living with HIV (PLHIV) and adults without known 
HIV. IMTP data from 74 PLHIV [average age 55.7 (SD 12.2)] were 
compared to data from adults without known HIV [n = 121; average 
age 34.5 (SD 14.0)]. IMTP maximum force was normalized to body 
weight. To control for age and sex, a multivariable linear regression 
was used, with IMTP performance as the dependent variable and 
independent predictors of age, sex, and duration of HIV infection. 
Age, sex, and duration of HIV infection were all significant predictors 
of strength, accounting for 54.7% of the variance(p<0.001). On 
average, women produced 5.9 less N/kg (p < 0.001, 95% CI: 4.8, 7.1 
N/kg). Each year increase in age was associated with a decrease of 
0.12 N/kg (p < 0.001, 95% CI: -0.16, -0.07). PLHIV for <20 years 
produced 2.2 N/kg less than the comparison group (p = 0.021, 95% 
CI: -4.1, -0.34 N/kg). PLHIV for >20 years produced 3.3 N/kg less 
than the comparison group (p<0.001, 95% CI -5.1, -1.5 N/kg). Adults 
living with HIV produced 2.2 to 3.3 fewer N/kg of total body force 
after adjusting for age and sex. Strength deficits are greater with 
longer HIV infection.

Key words: Strength Outcome Measures, Total Body Muscle 
Performance, Chronic Disease
Introduction
 The use of antiretroviral therapy (ART) has greatly improved 
longevity of people living with HIV (PLHIV). According to the Joint 
United Nations Program on HIV/AIDS, 17 million PLHIV receive 
ART therapy worldwide [1]. Use of ART soon after HIV diagnosis 
has been shown to increase life expectancy by approximately 43.1 
years [2].  

   Impairments in physical function seen in PLHIV have been linked 
to HIV disease severity, comorbidities, inflammation, oxidative 
stress and mitochondrial dysfunction [3]. Furthermore, long term 
use of ART may have adverse side effects including sarcopenia and 
dynapenia and reduced bone density [4]. These negative effects 
on musculoskeletal tissue may predispose PLHIV to frailty, falls, 
and poor overall muscle function [5]. PLHIV are at greater risk of 
compromised physical function, unintentional weight loss, self-
reported exhaustion, and muscle weakness [6,7]. Muscle weakness 
and reduced aerobic capacity in PLHIV can decrease performance and 
daily activity, which may greatly influence the individual’s function 
and social participation [8-10]. Balance and gait impairments, 
including slower walking speed, have also been identified in 
PHLIV, independently of ART use [11]. An overall decreased 
“strengthspan” in PLHIV may make routine everyday tasks difficult 
and may lead some individuals to adopt a more sedentary lifestyle 
[12]. Comparative studies of physical activity have demonstrated 
that individuals with HIV exhibit lower levels of physical activity 
and were less likely to meet WHO-recommended physical activity 
recommendations relative to adults without known HIV [13, 14].
   In order to identify and remediate musculoskeletal decline in 
PLHIV, it is important to accurately measure strength as it relates to 
physical performance, both in the clinical context and in research. 
Measuring overall strength has historically been done with surrogate 
measures like grip strength or isolated strength testing like leg press 
or chest press using isotonic or isokinetic approaches [15]. Though 
grip strength is a biomarker of health and is correlated with morbidity 
and future function, it engages only upper extremity musculature 
[16].
   Grip strength and isolated strength tests do not simulate multi-
joint muscle performance involving all extremities and the trunk 
simultaneously, which occurs with everyday functional tasks like
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rising from a chair, stair climbing, and lifting/carrying objects. The 
isometric mid-thigh pull (IMTP) is a simple and safe multi-joint test 
of strength and power that has been used extensively in athletes [17-
19]. The IMTP requires force generation and total body coordination 
of the extremities and core musculature. To date, the IMTP has not 
been used to quantify strength and muscle performance in PLHIV. 
The purpose of this study is to compare total body strength, as 
measured with IMTP, in PLHIV to adults without known HIV. We 
hypothesized that PLHIV would perform worse than adults without 
known HIV when adjusting for age and sex.
Materials and Methods
  We conducted a secondary analysis of IMTP performance from 
two separate research studies (one involving PLHIV and the other 
involving adults without known HIV) performed in the same 
laboratory. Participants in each study performed the IMTP using the 
same standardized methodology for data collection and processing.  
Participants in the HIV study were recruited from infectious disease 
practices and community groups in New Jersey and Philadelphia. 
PLHIV were eligible if they were between 18-89 years of age 
and receiving ART with a CD4+ count of at least 200 cell/mm3. 
Participants were excluded if they were pregnant, had a current 
opportunistic infection, open wounds or sores on the feet, dementia, 
or an uncontrolled psychiatric disorder.
   Adults without known HIV were recruited from a convenience 
sample in two college communities via flyers and email 
correspondence. Participants were excluded due to musculoskeletal 
injuries in the past 6 months or surgeries in the past 3 months that 
may have limited ability to perform a maximum effort contraction 
or having a systemic illness or condition that could affect ability to 
complete the procedures safely. All participants provided written 
consent. Both studies received approval from the XXXX University 
Institutional Review Board (Pro2020000459, Pro2020003234). This 
study was not registered.

   Testing sessions were conducted in a laboratory setting. PLHIV 
completed the 4-meter walk test, the 5 times sit-to-stand test, and the 
6-minute walk test prior to IMTP Testing.  Adults in the comparison 
group (those without known HIV) completed grip strength testing 
using a Jamar hand dynamometer (JLW Instruments, Chicago, 
Illinois), the 30 second chair rise test, and a standing broad jump 
prior to IMTP testing. Participants were given one minute to recover 
between each test.
   All participants completed three sub-maximal effort “warm-up” 
IMTP trials and three maximum effort IMTP trials. Warm-up trials 
were completed at 50% and 75% of perceived maximum effort and 
near maximum effort (~90%). Warm up trials acclimated participants 
to the verbal cues and the testing instructions that included pulling 
without recoil or counter movements. Participants stood with a 
load cell between their feet at the level of the metatarsal heads. The 
hips and knees were flexed between 20° and 40°, and between 30° 
and 50°, respectively [20,21]. The angles were confirmed using a 
goniometer. The IMTP was set to ensure that the T-bar handle was 
midway between the knee and hip joints with the sternum positioned 
directly over the T-bar. Participants used an unassisted grip to hold 
the bar. Following a standardized countdown, participants pulled as 
hard as possible (for test trials) while maintaining a straight spine for 
5 seconds [22]. Participants were monitored for proper mechanics. 
If excessive arching or extension of the trunk was observed, the trial 
was stopped.  Force data (Newtons) were captured at 100 Hz using 
LoadVUE (LV-1000HS-10K) software connected to an S-Beam 
Load cell (Loadstar Sensors, Fremont, CA, USA). A similar system 
using a single-axis load cell to measure the peak force (PF) during 
IMTP was shown to have acceptable reliability and validity when 
compared to force plates [22].

Figure 1. Example set up of IMTP Testing. Participants were 
positioned with the load cell at the level of the metatarsal heads. 
Hips and knees were flexed within the acceptable range to position 
the bar at mid-thigh.
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  Data were collected and managed using REDCap (Research 
Electronic Data Capture) hosted at XXXXXXXX [23, 24].  Statistical 
analyses were performed with Stata 17.0 (StataCorp LLC, College 
Station, TX). The trial with the highest peak force (PF) was used for 
the analysis. IMTP PF was normalized and expressed as a ratio of 
force produced in N/kg of body weight to control for differences in 
participant size.
   To control for the effect of age and sex on strength, a multivariable 
linear regression was used to estimate the effect of living with HIV 
on total body strength. Normalized IMTP performance was used as 
the dependent variable with independent predictors of age, sex, and 
duration of HIV infection. HIV duration was categorized into those 
with HIV infection of less than 20 years and greater than 20 years, 
to account for chronicity of the disease. The regression equation 
was analyzed for collinearity, variance inflation, and the effect of 
influential points on the overall model.
Results
  One hundred ninety-five individuals completed the IMTP testing 
procedures (n=121 adults without known HIV; n=74 PLHIV). 
Demographic data are presented in Table 1.  In general, the cohort of

adults without known HIV was younger and had a lower body mass 
index (BMI). On average, PLHIV were diagnosed with HIV 22.3 ± 
9.9 years prior to testing (range 0 to 44 years). Average performance 
for the healthy adults without known HIV (comparison group) and 
both sub-groups of PLHIV are listed in Table 2.  Results are divided 
by sex due to the known effect of sex on strength outcomes. Figure 
2 demonstrates the relationship between age and PF for each sub-
group. Regression results are presented in Table 3. The regression 
model including sex, age, and duration of HIV explained 55.4% of 
the variance in IMTP performance (p<0.001). There is an observed 
effect of sex, with women producing 5.9N of force less per pound 
of body weight on average (p < 0.001, 95% CI: 4.8, 7.1 N/kg). Each 
year increase in age was associated with a decrease of 0.12 N/kg (p < 
0.001, 95% CI: -0.16, -0.07). PLHIV for less than 20 years produced 
2.4 N/kg less than the adults without known HIV (p = 0.013, 95% CI: 
-4.2, -0.51 N/kg). PLHIV for 20 years or more produced 3.2 N/kg 
less than adults without known HIV (p<0.001, 95% CI -5.0, -1.4 N/
kg). For sensitivity analysis, we also carried out the same models but 
modeled years with HIV infection as a continuous variable (years).  
The findings were not substantially different.

Adults without 
known HIV

PLHIV (< 20 
years)	

PLHIV (≥ 20 years)

Mean SD Mean SD Mean SD
 N 121 26 48
Age (years) 34.5 (14.0) 48.5 (14.5) 61.2 (8.2)
Age at diagnosis with 
HIV (years) 

N/A N/A 37.2 (13.4) 32.9 (8.9)

Height (centimeters) 147.2 (9.1) 148.6 (8.1) 148.1 (8.6)
Weight (kilograms) 74.4 (14.4) 84.1 (16.5) 88.1 (23.6)
BMI 25.6 (4.0) 28.8 (6.7) 29.9 (6.7)
Years HIV+ N/A N/A 11.3 (5.6) 28.2 (5.8)

Table 1. Demographics

BMI: Body mass index; PLHIV: People living with HIV.

Figure 2.  Relationship between age and IMTP force output normalized to body weight by group. Each dot represents one 
participant. Pearson correlation coefficients are listed in the figure legend.
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  The individual and combined effects of sex, aging, and living with 
HIV is illustrated in Figure 3. The regression equation predicts a 3 
N per kilogram reduction in force output after aging by 26 years for 
both men and women. That drop off is more substantial for women

due to a lower starting value. If the person had contracted HIV at the 
age of 35, the reduction in force production would have doubled to a 
6N per kilogram reduction.

                                            ^Reference: female sex  
*Reference: adults without known HIV

Coefficient Std. err. t P>|t| [95% conf. 
interval]

Age -0.12 0.02 -5.15 <0.001 -0.16 -0.07 
Sex^ 5.94 0.60 9.93 0.000 4.76 7.12 
PLHIV < 20 years* -2.37 0.94 -2.51 0.013 -4.23 -0.51 
PLHIV ≥ 20 years* -3.20 0.91 -3.51 0.001 -4.99 -1.40 
Constant 16.19 0.98 16.57 <0.001 14.27 18.12 
PLHIV: People living with HIV.

Table 3. Regression Analysis

Female Male
Mean SD Mean SD 

Max IMTP Force Norm to BW (N/kg) 
    Adults without known HIV 11.40 (3.18) 18.71 (4.14) 
    PLHIV < 20 years 6.18 (4.39) 14.60 (7.09) 
    PLHIV ≥ 20 years 6.91 (3.28) 10.81 (4.00) 

Table 2. IMTP Performance by Group and Sex
IMTP: Isometric mid-thigh pull, BW: Bodyweight, PLHIV: People 
living with HIV.

Figure 3. A graphical representation of the effect of aging with and without HIV for the average participant based on the regression 
equation from the data. The average age of the group without known HIV in this sample was 34 years, which coincides with the 
average age at the time of diagnosis with HIV in the sample of PLHIV.  We used the regression equation from Table 3 to estimate 
how a 34-year-old , recreationally active man would perform on the IMTP and then simulated how that might change if the man 
were to age by 26 years without contracting HIV, contracting HIV later in life and contracting HIV around the age of 35.  The 
process was repeated for the same scenario for a woman. 
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Discussion  
   Our findings suggest that IMTP peak force decreases with longer 
duration of HIV infection and is less than that of adults without 
known HIV, suggesting that living with HIV has a negative impact 
on total body strength. We recognize that there is a wide array of 
factors that can contribute to strength declines in PLHIV. As previous 
studies have identified, factors that contribute to overall strength and 
physical performance declines include comorbidities, activity levels, 
and existing viral loads [25, 26]. Although our findings do not help 
elucidate the causal factors associated with strength decline, they do 
help confirm previous findings of an overall decrease in strength in 
PLHIV [27]. Specifically, some of the differences found in IMTP 
peak force between those with HIV for less than 20 years or 20 years 
or more might be explained by these long-term effects of living the 
HIV and/or side effects of ART and aging. It is important to note that 
while the decline in force exerted by the radults in the comparison 
group may be interpreted as a typical effect of aging, the slope of the 
decline is steeper in PLHIV <20 years, indicating a quicker decline 
in strength among these individuals (Figure 2). For individuals with 
HIV > 20 years, there was no apparent relationship between aging 
and force produced. While data on timing and type of ART therapy 
were not recorded, individuals in the > 20 year group were more 
likely to have used earlier types of ART, which were known to be 
more toxic. It is possible that the negative effects of these earlier 
ART medications (e.g., distal neuropathy) could offset the expected 
effect of age in this population. More recently infected individuals 
are receiving ART drugs that are better tolerated with less side effects 
than many of the antiretroviral drugs used in the 1990s.
   Declines in physical performance measures including grip strength, 
leg press, chest press, 5x STS, and VO2 max in PLHIV gradually 
occur with aging [28-30]. When comparing regression coefficients 
associated with age (-0.12) and living with HIV for less than 20 years 
(-2.37), living with HIV is roughly equivalent to 19.8 years of aging. 
In our sample, the strength deficit associated with living with HIV, as 
measured by the IMTP, is roughly equivalent to an additional aging 
of 19.8 years. Erlandson et al found similar effects in advanced aging 
metrics citing increased sarcopenia and decreased muscle capacity 
in PLHIV [6].     
   The comparative IMTP absolute peak force results in the  group 
of adults without known HIV were similar to findings of previous 
studies [31, 32]. On average, women (with and without HIV) 
produced 5.9 fewer N/kg than men. This is in line with previous 
research in healthy adults and in other clinical populations where 
women were not as strong as men [33]. Most researchers agree that 
this difference in strength is due to the physiological differences 
in females compared to men including hormonal differences, 
muscle mass and distribution, skeletal structure and neuromuscular 
efficiency [34, 35]. This distinction in strength between sexes is 
important as it has been reported that women with HIV have an 
increased incidence and earlier onset of sarcopenia, decreased grip 
strength, and overall greater impairments [36, 37]. Age also affects 
IMTP performance. Each year of increased age was associated with 
a decrease in IMTP peak force of 0.12 N/kg. Results of our study 
agree with previous studies in healthy adults identifying declines 
in strength with increased age [38]. Our results in PLHIV were 
similar to declines in older subjects with HIV using other strength 
outcome measures like grip strength, 5 times sit to stand and leg 
press [39]. The effect of aging on strength is well documented and 
can be attributed to normal age-related declines in many different 
physiological factors like mitochondrial decline, hormonal declines, 
chronic inflammation and neuromuscular alterations among others 
[40,41]. Our findings support previous research and show that older 
participants are weaker than younger adults.  
   Our regression modeling suggests compounding negative effects 
of aging and diagnosis of HIV on total body strength. Because the

model only explains about 55% of the variance in IMTP performance, 
other factors clearly play a role in how force production will vary 
over the lifespan. This can clearly be seen in the scatter plots in 
Figure 2 which demonstrate that some older adults living with HIV 
for over 20 years can produce nearly 20N of force per kilogram of 
body weight – performance that exceeds the predicted force of the 
base case in the scenario depicted in Figure 3.
   Limitations of this study include that we compared a slightly older 
sample of PLHIV to a sample of younger adults without known HIV. 
However, the regression model accounts for some of that variability. 
We recognize that performing different outcome measures before the 
IMTP may have affected the IMTP performance differently between 
the groups. To mitigate this, we provided a one-minute rest break 
between procedures. Recruitment was voluntary and so the results 
may not be generalizable to the larger population of PLHIV. We did 
not control for viral loads, CD4 counts, stage of HIV disease, activity 
levels, presence of comorbidities, or timing or adherence to ART, 
any of which may all be confounders related to strength and physical 
performance. Our speculation that the unusual relationship between 
age and strength in PLHIV >20 years could be due to patterns in 
ART use needs to be further explored. The causal factors for lower 
IMTP performance in the sample of PLHIV were not explored 
in this study. It is likely that a wide array of factors such as HIV 
medication adherence, HIV-related comorbidities, smoking history, 
immune system status, and physical activity levels, rather than HIV 
serostatus and duration of HIV infection, may be related to the lower 
levels of total body strength we observed in our sample of PLHIV. 
More research is needed to ascertain the factors that adversely impact 
total body strength in PLHIV. Such knowledge may be helpful to 
inform strategies for mitigating the decline in strength we found in 
our sample of PLHIV.
Conclusion
  The clinical implications of this study are many but focus mainly 
around quantifying total muscle performance and understanding 
what contributes to physiological and functional changes in PLHIV 
using a validated measure of total body strength. This study adds 
to the understanding of strength decline in PLHIV using a novel 
approach to quantify total body strength across a wide age range.  
Being older, female and infected with HIV for a longer duration, all 
appear to accelerate this decline in strength. More study is needed to 
examine other factors related to strength and muscle force generation 
differences between PLHIV and persons without known HIV and 
should be addressed in the context of functional performance. This is 
essential for the development of targeted exercise regimens that have 
yet to gain consensus in PLHIV. Exercise prescription for PLHIV 
should address strength and power deficits as identified through 
testing such as IMTP assuming the individual is medically stable 
and cleared for exercise. Future research should consider using the 
IMTP as an outcome measure in interventional studies of exercise 
in PLHIV. 
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