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Symptom distress - the degree of discomfort from symptoms experienced by the patient - 

remains one of the most challenging complications of living with HIV, despite effective HIV 

antiretroviral therapy. As HIV has become a chronic disease, HIV-associated symptoms have 

evolved from being related to illness progression and medication side effects to those 

associated with inflammation, accelerated aging, and age-related co-morbidities (Webel et 

al., 2018; Willig et al., 2015). While symptom distress in people living with HIV (PLHIV) 
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varies by sex and race (Lee, Dziadkowiec, & Meek, 2014; Webel et al., 2015), it 

significantly impacts the daily functioning and quality of life in all.

PLHIV often simultaneously experience multiple distressing symptoms, yet symptom 

management strategies tend only to target one symptom at a time (Schnall et al., 2017). In 

particular, pharmacological interventions individually treat pain, insomnia, and depression 

with varying degrees of success, but their use by PLHIV is limited by pill burden and side 

effects (Gimeno-Gracia, Crusells-Canales, Armesto-Gomez, Compaired-Turlan, & 

Rabanaque-Hernandez, 2016; Siefried et al., 2018). In contrast, non-pharmacological 

strategies such as physical activity and diet may provide symptom relief with a lower side 

effect profile than most prescription drugs.

Indeed, physical activity and a healthy dietary intake can reduce symptoms among 

individuals with a wide variety of chronic diseases. In individuals without HIV infection, 

physical activity reduces chronic pain (Geneen et al., 2017), depression (Harvey et al., 

2018), fatigue (Salmon, Hewlett, Walsh, Kirwan, & Cramp, 2017) and improves cognitive 

function (Barha, Davis, Falck, Nagamatsu, & Liu-Ambrose, 2017),while a diet comprised of 

high fiber, moderate fat, and low in carbohydrates is associated with reduced pain, 

depression and fatigue (Jacka et al., 2017). Similar responses to physical activity have been 

observed among PLHIV in smaller studies (Fazeli et al., 2015; O’Brien, Tynan, Nixon, & 

Glazier, 2016) however, little is known about the relationship between dietary intake and 

symptoms in PLHIV. Further, PLHIV in the U.S. consume diets low in fiber and high in fat 

and carbohydrates (Willig, Wright, & Galvin, 2018; Webel et al., 2017) which may 

exacerbate symptoms. Definitive evidence examining the impact of physical activity and 

dietary intake on symptoms in PLHIV is needed to provide specific physical activity and 

dietary recommendations to improve their health and well-being.

In order to address these gaps in the literature, we are currently conducting the “Impact of 

Physical Activity Routines and Dietary Intake on the Longitudinal Symptom Experience of 

the people living with HIV (PROSPER-HIV)” study. The purpose of the PROSPER-HIV 

study is to understand not just if, but which specific aspects of physical activity and dietary 

intake affect the symptom experience in PLHIV. PROSPER-HIV will be one of the first 

investigations to longitudinally assess physical activity and dietary intake among PLWH 

using gold standard assessment techniques. Specifically, we aim to:

• Characterize longitudinal, objectively measured physical activity and diet 

patterns among PLHIV.

• Determine which aspects of physical activity patterns (e.g., intensity, frequency, 

duration) and diet quality are associated with decreased symptom burden and 

intensity in PLHIV, and if this relationship is moderated by age and sex.

• Explore the potential mediating effects of anthropomorphic and physical fitness 

(waist-hip-ratio, Body Mass Index [BMI], hand-grip strength, Short Performance 

Physical Battery) variables on the relationships between physical activity, diet 

patterns, and symptom burden in PLHIV.
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Methods

Overview

The PROSPER-HIV study is a four-year, prospective, observational study of 850 

participants from the Centers for AIDS Research (CFAR) Network of Integrated Clinical 

Systems (CNICS). Enrolled participants will complete assessments of physical activity, 

dietary intake, and physical fitness once a year for three years (Figure 1). As part of their 

routine clinical care, all participants will also complete a standard CNICS patient-reported 

outcome assessment (which includes the HIV-Symptom Index) and clinical assessment 

procedures (Kitahata et al., 2008).

Setting

Center for AIDS Research (CFAR) Network of Integrated Clinical Systems.—
Any single HIV clinical site typically has insufficient numbers of patients to provide 

adequate physical activity and dietary intake data to understand the associations with 

reported symptoms. As such, the PROSPER-HIV study is being conducted as a CNICS 

(R24AI067039) research protocol. CNICS has incorporated high-quality clinical data from 

PLHIV in care for the past 25 years. CNICS was established to better define relationships 

between patient and treatment factors and long-term outcomes among PLHIV (Kitahata et 

al., 2008). CNICS incorporates new PLHIV as they enter care, ensuring relevance to modern 

HIV care. It has eight HIV clinical care sites with >32,000 PLHIV enrolled since 1995 with 

>35 million clinical observations and >200,000 person-years of follow-up. CNICS is diverse 

in terms of sex, race/ethnicity geography, and age with 18% women, 44% White, 38% 

Black, 12% Hispanic race/ethnicity, and more than 42% are aged ≥50 years. In addition to 

working with a large, diverse, generalizable cohort, nesting the PROSPER-HIV study within 

the CNICS cohort allows us to leverage two other important resources including:

1. Robust yet brief patient-reported outcomes routinely collected on all participants. 

These self-administered data are collected at least annually on encrypted touch 

screen computers and include symptom burden, HIV medication adherence, 

smoking and substance use, quality of life, interpersonal violence, depression 

and anxiety and sexual risk behaviors (Fredericksen et al., 2012) CNICS has also 

recently included measures of housing stability and social support.

2. Established standards for terminology, format, data verification, and quality 

assurance for a variety of laboratory, medication, demographic, and health care 

utilization data that will be used as descriptive variables or co-variates in the 

PROSPER-HIV study. The use of these resources have resulted in dozens of 

important manuscripts that have improved HIV clinical care (e.g., Hartzler et al., 

2017; Nance et al., 2017); thus CNICS is an ideal platform to incorporate 

measures of physical activity and dietary intake into the existing data collection 

framework.

CNICS Approval Process.—Prior to proposing the PROSPER-HIV study to the NIH, a 

concept sheet had to be approved by the CNICS Research Coordinating Committee. This 

carefully delineated process is best described on the CNICS website (https://www.uab.edu/
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cnics) but, in brief, this process involved: (1) Conducting preliminary work demonstrating 

the significance of the unmitigated symptoms in PLHIV and data supporting the hypothesis 

that physical activity and a healthy dietary intake are likely to reduce symptom burden. (2) 

Checking the study feasibility, which included ensuring that PROSPER-HIV was unique 

from other CNICS projects and contained the data elements needed to complete the study. 

(3) Working with a CNICS collaborator to develop a concept proposal application. (4) 

Participating in a review call with the CNICS Research Coordinating Committee to discuss 

the study purpose, overview, procedures, and impact on the individual participating sites 

(goals and content of this call are tailored to type of study proposed). (5) Receiving 

notification of the Research Coordinating Committee’s decision. For the PROSPER-HIV 

study, steps 2–5 of the review process took approximately 4 months with most of that time 

devoted to writing the concept proposal.

PROSPER-HIV Sites.—The PROSPER-HIV study is being conducted at four academic 

medical centers (Case Western Reserve University, University of Alabama at Birmingham, 

University of Washington at Seattle, and Fenway Health Institute) that provide HIV care for 

diverse PLHIV who are broadly representative of the U.S. PLHIV population (Table 1). All 

sites are longstanding members of CNICS and have dedicated space and technological 

infrastructure for research visits. All PROSPER-HIV procedures occur in this existing 

CNICS research space.

Participants

The PROSPER-HIV study enrollment goal is 850 PLHIV. This sample size was determined 

using a power analysis based on our preliminary work describing symptom rates and the 

standard deviations of self-reported physical activity (Webel, et al., 2019). We determined 

that with 850 PLHIV we would be able to detect the odds of symptom reduction being 93% 

higher with an increase of 30-minutes of MVPA with 85% power. To be eligible, participants 

must be (1) an active CNICS participant (i.e., they must have a have a CNICS consent and 

have completed the current patient reported outcome assessment); (2) aged ≥18 years; (3) 

prescribed ART as part of CNICS care; and (4) HIV Viral Load < 200 copies/mL at time of 

enrollment (>90% of PLHIV in CNICS care are undetectable (Nance, et al., 2018)). 

Participants will be excluded if he or she (1) did not complete the HIV Symptom Index in a 

recent assessment, (2) is pregnant, breast-feeding, or planning a pregnancy during the study 

period, (3) does not have telephone or internet access to complete 24-hour diet recalls, (4) 

plans to move out of the area in the next 36 months. Additionally, we plan to have a 

minimum of 50% (n=425) African-American, Hispanic, Asian, and 30% female (n≥255) 

participants, resulting in representative finding that will allow us to examine sex as a 

potential moderator on our outcomes.

Procedures.—At the routine patient clinic visit, participants complete the standard CNICS 

patient reported outcome assessment battery as usual. After participants complete this 

assessment, the Research Assistant explains the PROSPER-HIV study procedures, potential 

risks and benefits, and asks the participant if he or she would like to enroll. If they agree, the 

Research Assistant obtains informed consent and then helps participants complete the 

PROSPER-HIV assessment which includes (1) waist and hip circumference measures, (2) 
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hand-grip strength using the Jamar Hand Grip Dynamometer, (3) Short Physical 

Performance Battery, (4) Food Security Questionnaire, and (5) explain and schedule three 

telephone dietary interviews with the University Hospitals, Cleveland Medical Center’s 

Clinical Research Unit Bionutrition Core over the next 30 days. The Research Assistant then 

initializes the participant’s accelerometer, instructs him or her in the proper use of the 

ActiGraph accelerometer, and provides instructions for returning it ~10 days later (either in 

person or by mail). In the first months of study recruitment, this assessment is taking ~ 20–

25 minutes to complete and is typically done at the end of the participant’s regularly 

scheduled clinic visit. These procedures are repeated once every 12 months for three years. 

The study is approved by the University Hospitals, Cleveland Medical Center’s Institutional 

Review Board (IRB) which is the IRB of record for the PROSPER-HIV study, and the IRB’s 

at the other three sites have sanctioned the study protocol. The PROSPER-HIV study is 

registered at ClinicalTrials.gov #NCT03790501.

Measures

Symptom Distress

The primary outcome in the PROSPER-HIV study is symptom distress which is being 

assessed with the-20 item HIV Symptom Index (Justice et al., 2001). This HIV-specific scale 

assesses the presence and intensity of 20 common symptoms reported by PLHIV (e.g., pain, 

anxiety, fatigue) over the past four weeks. All symptoms are measured on a 1–5 ordinal scale 

where 1 is “I do not have the symptom” and 5 is “I have this symptom and it bothers me a 

lot”. The reliability of the HIV Symptom Index in the CNICS cohort is 0.92 (Webel et al., 

2019). The PROSPER-HIV endpoints are 1) total symptom count (sum all symptoms that 

are reported as having the symptom and it bothers the participant at least a little); and 2) a 

total count of symptoms that bother the participant a lot (high symptom distress).

Physical Activity

Physical activity is measured with the ActiGraph accelerometer (ActiGraph, LLC, Fort 

Walton Beach, FL) (Strath et al., 2013). The intraclass correlation for actigraphy ranges 

from 0.94–0.99 (Sasaki & Freedson, 2011). Participants wear the monitor for 7–10 

consecutive days on their non-dominant hip. A valid wear cycle has data recorded for a 

minimum of 10 hours per day for at least 4 days (Haskell et al., 2012). Non-wear time is 

defined as 0 counts per minute for ≥60 minutes. Participants not meeting wear time 

standards are asked to re-wear the ActiGraph. Data are sampled at 30 Hz, using 60-second 

epochs, and the low frequency filter (Migueles et al., 2017). Activity ≥ 2690 counts per 

minute and ≥10 minutes is defined as exercise. The primary exercise endpoints are (1) time 

spent in moderate-to-vigorous physical activity, and (2) sedentary time. These endpoints are 

set with the Sasaki, John, and Freedson (2011) adult cutpoints.

Diet Intake

Food security status is determined using the two-item Food Security Questionnaire which 

classifies respondents as (1) food secure, (2) food secure with hunger (low food security), or 

(3) food insecure with hunger (very low food security) (Young, Jeganathan, Houtzager, Di 

Guilmi & Purnomo, 2009; Muhammad, Fernandez, Clay, Saag, Overton & Willig, 2019). 
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Diet intake is measured using a standardized triple-pass 24-hour recall (partial correlation 

=0.27) obtained by a trained Registered Dietitian (RD). The recalls capture dietary intake for 

two weekdays and one weekend and within a 30-day window (Moshfegh, Rhodes, Baer, 

Murayi, Clemens, et al, 2008; Satija, Willett, & Hu, 2015). The RD calls each participant to 

conduct a nutrition interview. During this interview, the participant recalls what and how 

much was consumed in the previous 24 hours. Responses are simultaneously entered into the 

Nutrition Data System for Research Nutritional Analysis Software (University of 

Minnesota). The Healthy Eating Index-2015 (HEI-2015), a composite measure of diet is the 

PROSPER-HIV endpoint (Freedman, Guenther, Krebs-Smith, & Kott, 2008; Guenther, 

Reedy, Krebs-Smith, & Reeve, 2008). We will also assess the intake of dietary fiber, protein, 

and simple carbohydrates.

Physical Fitness

Physical Fitness is assessed with two measures, handgrip strength and the Short 

Performance Physical Battery. Handgrip strength is commonly used and correlates to overall 

muscle strength. It is measured with the Jamar hand-held dynamometer. Each completes two 

trials with their self-reported dominant hand (Webel et al., 2019). The maximum strength of 

dominant hand (all attempts) is recorded as the endpoint.

The Short Physical Performance Battery (SPPB) is a brief measure physical performance or 

functional status that includes a timed walk, repeated chair stands, and several balance tests. 

The SPPB is a well-regarded, valid (test-rest reliability =0.87), objective assessment of 

physical function, particularly lower extremity function, and associated with short-term 

mortality, disability, hospitalizations, and nursing home admission (Guralnik et al., 1994). 

Each measure on the SPPB is assigned a score from 0–4, with 0 indicating inability to 

complete the test, yielding a summary score ranging from 0 (frail) to 12 (not frail) (Guralnik 

et al., 1994). This summery score will be analyzed as our endpoint (Willig, Wright, & 

Galvin, 2018; Crane, Miller, Pierce, Willig, Case, et al., 2019).

Analysis

The outcomes for the PROSPER-HIV study are to: (1) characterize longitudinal physical 

activity and dietary intake patterns in PLHIV; (2) determine which aspects of physical 

activity patterns and diet quality are associated with symptom burden; and (3) explore 

mediating effects of other factors that may impact the relationships of activity and diet with 

symptom burden. To characterize physical activity (MVPA) and dietary intake (HEI-2015), 

linear models maximized using the method of generalized estimating equations (GEE) will 

be used. Additionally, individuals will be grouped together based on similar trajectories for 

activity and nutrition using a semi-parametric group-based trajectory estimation (Jones, 

Magin, and Roeder, 2001). These trajectory groups will be investigated as “exposure” 

groups in these analyses.

To determine which physical activity and diet patterns are associated with symptom burden, 

we will implement multiple analyses to determine the relationship between activity and 

nutrition and HIV symptoms. We will utilize GEE, as described above, with auto-regressive 

working correlation and robust standard errors. HIV symptoms in two forms, symptom 
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count and serious symptom count, will be examined with separate Poisson regressions 

within GEE resulting in estimated risk ratios to estimate associations of physical activity, 

nutrition, time and other covariates with HIV symptoms.

Finally, to assess mediating factors on the relationship between physical activity, dietary 

intake and symptoms, a counterfactual approach to mediation analysis will be employed, 

allowing for the estimation of direct and indirect effects (VanderWeele, 2009; Vanderweele, 

2015). Given the assumption of normality for each of the potential mediators (waist-hip-

ratio, BMI, hand-grip strength, and Short Performance Physical Battery score), we anticipate 

using the SAS macro published by Valeri and Vanderweele or the newly created PROC 

CAUSALMED in SAS, and examine potential mediator-mediator interactions.

As in any longitudinal study, it is anticipated that some participants may die, withdraw 

consent, or be lost to follow-up prior to the end of the study and will have missing outcomes. 

To deal with missing data, an investigation of the mechanisms for missing data will be 

conducted. Apart from changing analysis from GEE to mixed models, sensitivity analysis 

will include multiple imputation as described by Schafer (Schafer, 1997). Once missing 

values have been imputed, each multiply-imputed data set can be analyzed. Final parameter 

estimates and their standard errors will be calculated using Rubin’s formula for combining 

results from multiply imputed data sets (Rubin, 2004). We will report final study results with 

and without employing the multiple imputation strategy and examine and describe any 

discrepancies found.

Timeline

The PROSPER-HIV study is prospectively examining symptom burden over time and has 

four years of research procedures. Data collection started in January 2019 at two sites, and 

was scaled up to all four sites in April 2019. Enrollment and baseline procedures are 

expected to continue through March 2020 and all study procedures should be complete by 

March 2023.

Expected Outcomes

At the conclusion of the PROSPER-HIV study, we will have characterized longitudinal 

physical activity and dietary patterns in PLHIV, determined which aspects of physical 

activity and diet quality are associated with decreased symptom burden, and described the 

effect of potential mediating factors on the relationships between physical activity, dietary 

patterns, and symptom burden in PLHIV. Further, while we anticipate limited number of 

participants who identify as transgender, we plan to disaggregate data by sex and gender to 

better understand these relationships and the potential influence of gender affirming 

hormones. This new evidence will fill important gaps in the literature, enabling future 

research on the biological underpinnings of symptoms in PLHIV. These insights will set the 

stage for feasible, targeted, non-pharmacological interventions for use by HIV clinicians and 

patients beyond CNICS to reduce symptom burden and improve quality of life in PLHIV.
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Conclusion

Every day nurses care for patients living with HIV who have a high symptom burden and 

have few tools to help reduce their symptoms. The PROSPER-HIV data have tremendous 

potential to impact care for these patients. This study will provide data on symptom patterns 

that can be used to help HIV clinicians to develop a clinic-based physical activity and diet 

intervention to improve symptom management, physical function, and quality of life among 

PLHIV.
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Figure 1. 
PROSPER-HIVstudy procedure flowchart
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Table 1.

Demographics of PLHIV engaged in the CNICS PROs at the sites selected for this study
1

Total CNICS 
participants Age (SD) % Female % Black % Hispanic

Median Symptom 

Count (IQR)
2

Case Western Reserve 
University 1020 51 (12.8) 21% 54% 4% 7 (3, 12)

University of Alabama at 
Birmingham 2649 47.5 (12.3) 25% 62% <1% 6 (3,10)

University of Washington at 
Seattle 2080 45.1 (10.8) 15% 21% 14% 6 (3,12)

Fenway Health Institute 1147 48.7 (10.9) 2% 10% 16% 7 (3,12)

1:
Data collected from participants seen in the respective clinics in the past 18 months.

2:
Median symptom count was calculated from the PRO’s completed 1/1/2018–4/15/2018; Symptom count range from 0–20 with higher numbers 

indicting more symptoms
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