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Abstract 

 Current HIV treatments extend life expectancy for people living with HIV (PLWH), 

shifting focus to quality of life (QOL).  QOL is a primary focus of healthcare and public 

health and is a key reason people access care.  Low QOL can lead to poor health 

outcomes and low retention in care for PLWH, but recent research on factors impacting 

long-term changes in QOL among PLWH is limited.  Age and gender in particular may 

differentially impact QOL.  Determining their effects on QOL is important as targeted 

clinical approaches could be adopted to address low QOL in these populations.  This 

study utilized data from 1225 HIV-positive participants from the SMART clinical trial 

followed for up to 60 months and employed longitudinal hierarchical mixed effects 

models.   

Participants 50 years and older had lower physical QOL over time (2.41 points 

lower, 95% CI: -3.34, -1.48; p<0.0001) compared to younger participants; this difference 

was statistically significant regardless of how age was modeled.  Participants 50 years 

and older had lower physical QOL at baseline and this difference persisted over time but 

no evidence of a differential rate of change in physical QOL over time by age was found.  

Participants 50 years and older had higher mental QOL over time (0.92 points higher, 

95% CI: 0.12, 1.71; p=0.0239) compared to younger participants; this difference was 

also statistically significant when age was modeled in 10 year categories or continuously 

but not when modeled in quintiles. Participants 50 years and older had slighter higher 

mental QOL at baseline and this difference persisted over time but no evidence of a 

differential rate of change in mental QOL over time by age was found.  Men had higher 

physical QOL (1.54 points higher, 95% CI: 0.32, 2.76; p=0.0131) and mental QOL over 

time (1.84 points higher, 95% CI: 0.79, 2.88; p=0.0006) compared to women.  Men had 
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higher physical and mental QOL at baseline and this difference persisted over time but 

no evidence of a differential rate of change in physical QOL over time by gender was 

found.  A sensitivity analysis using data from only SMART trial participants who were on 

continuous treatment through the study and another sensitivity analysis using multiple-

imputation for missing data did not substantially alter these conclusions.  Additional 

covariates associated with baseline QOL were income, race/ethnicity, current smoking, 

hepatitis C co-infection, prior serious non-AIDS event, diabetes, and body mass index 

(BMI).  QOL was measured using the SF-12 which was found to be a reliable measure 

of QOL in this study population.   

This study was one of the first to use systematically collected QOL data with long 

follow-up to analyze the independent effects of age and gender on QOL changes among 

PLWH.   Despite statistically significant differences results do not suggest that age and 

gender are primary drivers of declining QOL.  Exploratory analyses identified income, 

smoking, hepatitis C co-infection, diabetes, and BMI as potential factors contributing to 

poor QOL and may be factors to drive future hypotheses about populations most at risk 

for poor or declining QOL over time.  
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1. Introduction 

1.1. Problem Statement 

HIV/AIDS affects millions of people around the world, including 1.2 million people 

currently living with HIV and 50,000 people newly infected with HIV each year in the 

United States (US) alone (1), and is a disease that greatly affects individual and public 

health.  Increasing life expectancy and dramatic improvements in antiretroviral therapy 

(ART) for HIV disease have shifted the field from focusing only on the clinical and 

physical effects of HIV infection to considering long-term effects of HIV infection on life 

quality.  One of the primary factors which may lead a person to seek medical care is 

poor quality of life (QOL) (2) and medical decisions are often based on the impact they 

will have on a person’s life quality.  QOL is a multidimensional concept incorporating 

many aspects of a person’s life and experience, including physical and mental health.  

Since HIV disease can significantly affect life quality it is important to consider QOL as 

an outcome in and of itself as poor QOL can lead to poor retention in care (3) and low 

adherence to HIV medications (4). These issues in turn may lead to poor HIV disease 

management and increased HIV-related illnesses, so improving QOL may help improve 

health and survival for people living with HIV (PLWH) (5).  

 Research on long-term changes in QOL in the modern era of highly effective HIV 

treatments has been limited (6) and two particular HIV-positive populations for which 

poor life quality is a potential issue are people 50 years and older (7) and women (8). As 

people age with HIV, as treatment options and access improve, and as the effects of HIV 

disease, medications, and life circumstances may vary over time for HIV-positive people 

and have differential effects on QOL, it is important to study how and at what rate QOL 

changes for HIV-positive people and to identify factors associated with poor life quality.  
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However few studies to date have measured changes in QOL over long periods of time 

or have included sufficient numbers of people to allow for statistically powered 

comparisons by age or gender.   

 
1.2. Research Questions and Specific Aims 

The purpose of this study was to investigate methodological issues related to and 

factors effecting longitudinal changes in QOL over time among PLWH.  Data were used 

from the Strategies for Management of Antiretroviral Therapy (SMART) randomized 

clinical trial which enrolled 1225 HIV-positive participants in a QOL substudy and 

followed them for up to 5 years.  This data was used to address the following research 

questions and aims: 

1) Do imputation methods need to be used for missing data in this study and 

if so how does the using the imputed data change the primary results?   

Aim 1: To conduct a sensitivity analysis imputing missing data to determine how this 

may alter primary conclusions.  

2) Is the SF-12 a reliable measure of QOL among PLWH in this study 

population? 

Aim 2: To evaluate one measure of reliability, internal scale consistency, using the  

SF-12 to measure QOL among PLWH in the SMART study. 

3) Is there a difference in QOL by age when controlling for time and other 

covariates? Does the rate of change in QOL differ by age when controlling 

for time and other covariates? 

Aim 3: To examine the independent effect of age on QOL over time among PLWH in the 

SMART study.  
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4) Is there a difference in mean QOL by gender when controlling for time and 

other covariates?  Does the rate of change in QOL differ by gender when 

controlling for time and other covariates? 

Aim 4: To examine the independent effect of gender on QOL over time among PLWH in 

the SMART study.  

5) Which covariates are statistically significant associated with QOL at 

baseline among PLWH? 

Aim 5: To determine the demographic, behavioral, and clinical covariates associated 

with QOL at baseline among PLWH in the SMART study. 

 

1.3. Significance 

 This study is one of the first studies to look at changes in QOL over time in a 

population with long-term follow-up and a large sample size and aims to contribute to our 

understanding of how to best measure and analyze QOL data, how much QOL changes 

over time, and how gender and age independently contribute to QOL changes over time 

among PLWH.  Identifying which HIV-positive groups are at risk of poor or declining 

QOL can help inform clinical practices and future interventions to target groups most at 

risk of poor QOL.
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2. Background 

2.1. HIV Infection and Quality of Life 

HIV/AIDS is a disease which greatly impacts life and quality of life for millions of 

people around the world.  However recent increases in treatment and longevity for 

PLWH have shifted the view of HIV as a definitively deadly disease to a potentially 

manageable chronic condition.  Early in the HIV/AIDS epidemic QOL was extremely low 

for PLWH due to few or no drug treatments available, severe disease-related illnesses 

and symptoms, serious side effects from available medications, and low life expectancy.  

This dramatically changed, however, with the introduction of highly active ART in 1996 

(9, 10).  ART is a course of medication provided to people infected with HIV aimed at 

increasing CD4+ cell counts, an indicator of immune system status, and decreasing HIV 

RNA viral load, an indicator of the amount of circulating virus in the blood (4, 9).  Since 

their introduction, ART medications have become increasingly more effective, less toxic, 

and more widely available; it is now expected that someone diagnosed with HIV today in 

the US who receives proper care and treatment may be able to achieve a normal life 

expectancy (9, 11, 12).  These factors have led to increased research on understanding 

QOL among PLWH.  This shift has also caused the field of HIV/AIDS clinical care to 

transition from a strict focus on the physical effects of the disease (i.e. death, 

opportunistic infections) to a more broad view that takes in to account a patient’s QOL 

and current national guidelines recommend that QOL assessment be part of healthcare 

services for PLWH (4).   

Despite these advances in treatment, a number of significant QOL challenges for 

PLWH on ART remain.  First, even the least toxic ART medications can cause side-
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effects such as lipodystrophy and a potentially higher incidence of serious non-AIDS 

events such as myocardial infarction and non-AIDS cancers (13-16).  Second, guidelines 

on when to begin ART are changing over time and as medications have become more 

tolerable, effective, and easy to take, individuals are starting ART earlier in their HIV 

infection often when they are asymptomatic (17).  This means a person may go from 

feeling very healthy to having diminished QOL due to ART-related side effects.  The 

most recent ART recommendations highlight that QOL has an important role in assuring 

successful ART, stating that “ART frequently improves quality of life for symptomatic 

patients. However, some side effects of ART may impair quality of life for some patients, 

especially those who are asymptomatic at initiation of therapy” (4).  Starting on ART 

early on means PLWH are faced with challenges of remaining adherent for longer 

periods of time, going in to the doctor sooner and more often, and having to deal with the 

psychological effects of having to take a pill every day for the rest of their lives that 

reminds them of their HIV infection; any or all of these factors may lead to poor QOL.  

Poor QOL may lead to adherence issues with medication taking and care instructions 

(18-21) which in turn can lead to HIV illness-related issues and treatment resistance (4, 

22).   Third, despite being on ART, there are concerns that PLWH may still have low 

levels of viral replication and inflammation that may impair their health and life quality 

(23). Fourth, low levels of QOL can lead to low levels of retention in care (3, 24) and may 

affect follow-up in clinical trials (25).  For these reasons monitoring the patient’s 

experience beyond their ART-related outcomes, such as measuring QOL as its own 

endpoint in clinical settings and in clinical trials, is critical (25-28). 

Many non-ART related issues may also affect QOL for PLWH (4).  Issues affected by 

being HIV-positive may include sleep and fatigue, sexual health, relationships and 

partnerships, spirituality concerns, and body image issues (29); low QOL has also been 

found to be connected to increased sexual risk taking among PLWH (30).  Identifying 
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factors that affect QOL for PLWH can help patients feel good that they are being asked 

about something other than biological outcomes, can help improve provider-patient 

relationships and retention in care, can lead to improvements in the clinical setting, and 

can help providers understand what to prioritize in their patient interactions.  

Improvements in care for people who are pre-ART or on ART can lead to higher rates of 

retention in care which can be a significant challenge for PLWH.  Recent research has 

identified an “HIV treatment cascade” showing that PLWH drop out of care exponentially 

at each step in the care continuum as they move from HIV diagnosis to maintaining ART 

treatment (31).  QOL for PLWH can play a key role in this cascade and identifying those 

at risk of dropping out of care due to poor QOL is important.  Despite advances in ART 

for PLWH, it is critical to continue to monitor, understand, and aim to improve QOL for 

PLWH as part of helping them live longer and better lives.   

2.2. Defining Quality of Life 

QOL is a multidimensional concept that aims to encapsulate many aspects of a 

person’s life and experience and can encompass general or specific areas of life.  In 

general it may include all aspects of a person’s life (i.e. career, health, relationships) or 

may be specific to a research question or intervention (i.e. targeting physical health or 

mental health).  In general terms QOL has been defined the gap between “the hopes 

and expectations of the individual and that individual's present experiences” (32) or as 

the difference between what a person has lost compared to what they currently have, 

with a particular focus on accounting for individual expectations and experiences (33, 

34).  From this perspective improving QOL may entail lessening the gap between 

aspirations and reality (32).  In specific terms QOL has been defined as a person’s ability 

to function in all necessary aspects of life and is often compared against an ideal 

standard or optimum levels of function (34, 35).  It may also be seen as “a number of 
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behavioral and psychological factors (such as coping, adaptation, expectation and 

optimism) that contribute to an individuals’ system of dynamic standards” (36).  This 

study focuses on population-level changes in QOL over time and although we are not 

taking in to account individual-level factors such personality, expectations, or 

perceptions, it is important to acknowledge that these can also contribute substantially to 

a person’s disposition and how they approach living with a serious illness such as HIV.   

One critical component of QOL is its impact on health.  Health as a concept was 

famously defined by the World Health Organization (WHO) in 1946 as “a state of 

complete physical, mental and social well-being and not merely the absence of disease 

or infirmity” (37).  Over time the definition of health has expanded to include multiple 

aspects of a person’s life that affect and are affected by their QOL, including their health 

status, disability, impairment, disease status, and overall health (33) since poor health 

can affect every aspect of life quality including the process of reevaluation and 

recalibration of life goals and perspectives during or following a lengthy illness (38).  

QOL is often used interchangeably with other concepts such as life satisfaction, 

functional status, health status, or health utility even though these are technically not the 

same concepts.  Life satisfaction and functional status may or may not include health-

related aspects, health status is one aspect that contributes to QOL but does not fully 

capture the entire concept, and health utility involves the ranking of life quality according 

to patient values for particular health states (39); none of these concepts fully 

encapsulates the concept of QOL.  QOL and health-related quality of life are often used 

interchangeably; throughout this study the term QOL will be used.  

The concept of QOL often falls under the greater research area of patient reported 

outcomes (PRO) which focuses on directly asking patients about their life quality and 

health status instead of relying only on provider measured or clinically measured health 

outcomes.  This is an important area of research since providers’ ratings of patients’ 
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QOL may not correlate with a patients’ own ratings (34, 40, 41) and a patient’s 

perception of their QOL does not always correlate with the reality of their health as 

measured by other health-related outcomes.  For example, a PLWH may have high 

levels of immune response (i.e. high CD4+ cell count) which clinically indicates a high 

level of health but this may have little effect on that person’s measurement of their QOL 

at that time particularly if they are on a medication that raises their CD4+ cell count but 

causes severe side effects or symptoms.   

2.3. Measuring Quality of Life 

Measuring QOL can help clinicians improve patient care and retention and monitor 

and detect changes in disease status.  A review conducted in 2000 found that very few 

studies assessed QOL among PLWH (42) but the number of articles published on this 

topic have consistently increased over time.  A recent PubMed search found that QOL 

research among PLWH increased from 159 articles published in 2000 to 321 in 2012.  

This increase was validated in a systematic review of studies that found the number of 

studies using QOL measures to be increasing exponentially (43).  There are a number of 

advantages to measuring QOL in clinical trials and clinical practice.  In a clinical setting, 

information on QOL can be used to describe a patient’s overall state of well-being, to 

identify needs, to set treatment goals, to improve patient-provider communication, to 

monitor changes over time, to decide when to start ART, and to monitor disease 

progression that may not be captured by biological or laboratory criteria (44).  In a 

clinical trials setting, QOL can used to measure treatment efficacy, particularly between 

treatments which otherwise might be very similar in regards to biological outcomes, to 

support drug label claims, to monitor the development of symptoms or side-effects not 

captured by biological or laboratory outcomes, and to identify factors that may lead to 

loss to follow-up (25, 28).  QOL can also play a critical role in avoiding the HIV treatment 
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cascade, as previously mentioned, and helping PLWH remain in care.  Perhaps most 

importantly measuring QOL can help patients feel that they are not just a collection of 

biological outcomes and that their provider acknowledges that their life quality is also an 

important part of their clinical care and outcomes.  This sense of shared appreciation for 

the importance of QOL may in and of itself improve patient satisfaction and outcomes 

(45).  

Measuring PRO, such as QOL, is becoming increasingly more common in clinical 

trials and drug approval processes following a greater focus on the patient experience 

outside of basic biologic and clinical factors (28, 30, 46-48).   Although QOL is a 

subjective measure it has been argued that it should be included as an outcome as an 

authentic representation of a patient’s experience (49) and because it is often measured 

using tools that have been extensively validated (26).  In addition, inclusion of PRO is 

part of the Center for Disease Control’s (CDC) Health People 2020 plan (50) and QOL 

has begun to strongly emerge as its own independent endpoint in clinical research (27).  

A recent review of trials registered with clinicatrials.gov found that 2,481 (14.0%) 

included PRO measurement in their protocols (51) and the National Institutes of Health 

(NIH) clinical trials database currently lists 339 studies which include QOL as an 

outcome measure among PLWH.  Examples of these clinical trials include a trial 

comparing QOL between those on lopinavir/ritonovir compared to triple therapy with 

ritonavir (NCT01166477), another between those on raltegravir compared to efavirenz 

(NCT01293123), another between PLWH on an endurance exercise program compared 

to not (NCT00910936), and a trial comparing QOL between those on multivitamins 

compared to placebos (NCT01228578) (52).  

There are, however, a number of challenges to measuring QOL in clinical settings 

and clinical trials.  Primary to these challenges is finding the time and staff to measure, 

analyze, and implement data from QOL in to clinical care.  This is especially challenging 
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when the actual improvements in outcomes have not been fully quantified; a recent 

systematic review found an apparent improvement in healthcare services when 

measuring QOL but not a clear impact on health outcomes themselves (53).  However, 

as Higginson et al. point out, the lack of clear evidence of what measuring QOL 

produces in the clinical setting is most likely due to the limited number of studies looking 

at the incorporation of QOL in to clinical care and the even more limited evaluations of 

these types of interventions (44).  Although there are many advantages and reasons for 

measuring QOL among PLWH, additional research on how to best measure QOL, how 

to overcome the measurement and analysis challenges, and the impact it can have on 

clinical care for PLWH is warranted.   

2.3.1.1. SF-12 Quality of Life Measurement Tool 

QOL can be measured in many different ways and over time numerous 

measurement tools have been developed to capture QOL in the general population and 

among PLWH.  QOL can be measured using a tool with one question or hundreds of 

questions, or using one or multiple tools at the same time; tools can be generic or 

disease-specific, and can be a list of pre-determined questions or individualized 

questions.  A comprehensive review of QOL measurement tools for PLWH is presented 

in Chapter 2.  One commonly used tool for PLWH is the Medical Outcomes Study 12-

item Short Form Health Survey (SF-12) and was the one used to measure QOL in the 

current study.  The SF-12 is derived from the SF-36, the most commonly used QOL 

measurement tool in the world.  The SF-12 is a brief, valid, and general QOL 

measurement tool (54) that has been used to measure QOL in a number of HIV-positive 

and HIV-negative populations with increasing popularity for use in HIV-positive 

populations.  More details on this QOL measurement tool are provided in Chapter 3.  
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2.3.1.2. SF-12 Validations 

Validations of measurement tools, such as the SF-12, are done by analyzing its 

psychometric properties.  Criteria used to determine the strength and utility of a QOL 

measurement tool include assessment of its reliability, validity, and appropriateness.  

The psychometric properties of the SF-12 are well tested in HIV-negative populations 

with more than 30 studies conducted among populations with different medical 

conditions.  These populations include elderly (55-57), obese (58) and general 

populations (59-61), and patients suffering from stroke (62, 63), arthritis (64), trauma 

(65), and mental illness (66-68).  Most validation studies have been conducted using 

cross-sectional designs, but some studies have looked at longitudinal changes in QOL 

over time in their populations of interest.  Most studies have been conducted in the US, 

with sample sizes ranging from fewer than 30 people to thousands.  Almost all studies 

that have used the SF-12 to measure QOL have found it to be a valid instrument in the 

related populations of interest.  Although commonly used in HIV-negative populations, 

there have been 5 published papers to date validating different aspects of the SF-12.  

Details for each study are provided below in order of publication.   

Delate 2000  

This study assessed the criterion validity of the SF-12 by assessing the discriminant 

validity and was the first published study to measure the validity of the SF-12 for use 

among PLWH.  The authors utilized a cross-sectional study of 478 PLWH in the US 

conducted in 1998 to determine the discriminant validity of the SF-12 composite scores 

among PLWH.  They used correlations and receiver operating curves to determine the 

ability of the SF-12 to discriminate between those with advanced AIDS-related illness 

compared to none and found discriminant validity for physical QOL but not mental QOL; 

this was expected due to the fact that only physical factors were used as criterion 

validation (70).  
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Han 2002 

This study assessed the criterion validity of the SF-12 by comparing the SF-12 to the 

SF-39, calculating test/retest validity and internal consistency of the SF-12, and 

determining the amount of change over time the SF-12 captured.  This was the first 

study to assess multiple areas of validity and reliability for the SF-12 among PLWH.  The 

authors utilized a longitudinal study of 742 PLWH in the US and compared the SF-12 

and SF-39 in assessing QOL among participants in a clinical trial during the mid-1990s.  

They found that criterion validity was good and that compared to the SF-39 the SF-12 

was a valid measurement tool, had high internal consistency, and was reliable based on 

test/retest at baseline at one month.  In addition they found that the SF-12 captured 

changes over time by looking at changes in summary scores over time.  Finally, the 

authors found that the SF-12 was predictive of death but not of progression of disease to 

AIDS (71). 

Ion 2011 

This study also assessed the criterion validity of the SF-12, in particular the 

convergent and discriminant validity, compared to the MOS-HIV QOL measurement tool.  

The authors utilized a cross-sectional study of 112 PLWH in Canada and assessed 

convergent and discriminant validity using correlations between questions.  They found 

the SF-12 to be clinically valid and to have good convergent and discriminate validity, 

and the authors commented that anecdotally they found the SF-12 easier and quicker to 

administer compared to the MOS-HIV (72).   

Chariyalserak 2011 

This study assessed the criterion validity of the SF-12, in particular known groups 

validity, by comparing the SF-12 to the MOS-HIV, similar to the previous study except 

using versions in Thai.  The authors utilized a cross-sectional study of 100 PLWH in 

Thailand to assess known groups validity of the SF-12 in this population comparing 
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correlations in QOL for participants based on CD4+ cell count, bed days, days of limited 

activity, and symptoms.  Having more illness-related issues was correlated with lower 

QOL, leading the authors to conclude that the SF-12 is valid for using among PLWH in 

Thailand.  In this study the authors also cited the benefit of the SF-12 taking less time to 

administer than the MOS-HIV (73).   

Boyer 2012 

This study assessed the reliability of the SF-12 in Cameroon to assess the effect of 

decentralized services on QOL.  The authors utilized a cross-sectional design among 

1985 PLWH in Cameroon to assess the internal consistency and construct validity of the 

SF-12 using Cronbach’s alpha values and factor analyses.  They found the SF-12 to be 

reliable and that questions corresponded with the composite scale scores in the correct 

directions (69). 

In conclusion research to date has provided encouraging evidence for the validity 

and reliability of the SF-12 among PLWH.  However, only one study utilized a 

longitudinal design and therefore was the only study able to assess changes in QOL 

over time.  Four of the five studies had sample sizes less than 1000 which may have 

increased the possibility of type I error and decreased the possibility of detecting 

differences had there been differences present.  These issues indicate a need to 

formally evaluate and confirm the reliability of the SF-12 in our study population with 

longitudinal follow-up and a large sample size. 

2.3.2. Research on Quality of Life Over Time among People Living with HIV 

No systematic reviews exist looking at factors impacting QOL for PLWH in the post-

ART era and only two non-systematic reviews have addressed this topic.  One review 

concluded that multiple factors, including physical, psychological and social factors, 

directly impact QOL among PLWH (74) while the other review found that physical QOL, 
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being on ART, psychological well-being, social support, coping, and spiritual well-being 

all impacted QOL (75).   

Despite the lack of a systematic review we identified 72 longitudinal studies looking 

at changes in QOL over time among PLWH, with the majority of studies done using 

observational cohorts (n=50).  Among the studies that have looked at longitudinal 

changes in QOL over time the most commonly used measurement tools have been the 

MOS-HIV (n=24), the SF-36 (n=14) and the SF-12 (n=9).  Most longitudinal studies 

followed people for less than a year and only eight studies assessed QOL for five or 

more years (5, 76-81).  These eight studies reported results from six different 

observational cohorts and six studies looked at QOL as an outcome instead of as a 

predictor.  Of these six studies, four studies were designed to look at how ART affected 

QOL, one study how symptoms impact QOL, and one study how obesity impacts QOL.  

Three studies looking at ART and QOL found that QOL increased shortly after ART 

initiation (usually up to a year), but then remained steady over the remaining follow-up 

(78, 79, 81) while one study found that physical health decreased over time and mental 

health increased after starting on ART (76).   One study found that more symptoms lead 

to lower QOL (80) and the final study found that obese men reported lower QOL (77).   

2.3.2.1. SF-12 Studies among People Living with HIV 

There have been 32 studies to date utilizing the SF-12 to measure QOL among 

PLWH, 15 of which were published since 2011 alone.  The majority of these studies 

have been cross-sectional in nature, with only nine studies looking at longitudinal 

changes in QOL over time.  Most studies were observational (n=25) and most were 

conducted in the US (n=22).  Sample sizes for these studies ranged from 29-5587 

participants.  While cross-sectional studies provide can provide information of interest 

regarding factors associated with QOL among PLWH, our primary interest for this study 
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was to explore factors associated with longitudinal changes in QOL.  Among the nine 

longitudinal studies using the SF-12 among PLWH follow-up time ranged from 11 

months to 37 months, with only three studies following participants for more than a year 

(71, 82, 83); all but one study were conducted in the US.  Sample sizes for these 

longitudinal studies ranged from 141-1225 participants, with only two studies having 

1000 or more participants.  Findings from each of these nine studies are detailed in 

Table 1.  

Table 1. Results from longitudinal studies using the SF-12 among PLWH. 

Study 
reference 

Sample size 
and HIV+ 
population 

Follow-
up time 

Study 
objective 

Mean 
baseline 
pcs 

Mean 
baseline 
MCS 

Results/Conclusions 

Burman 
2008 
(82) 

1225 RCT 
participants 

36 
months 

To compare 
continuous 
ART to 
episodic ART  

48.4 44.5 In the first year of the 
study the authors 
found QOL was 
statistically significant 
lower in the episodic 
treatment arm for 
current health, 
general health 
perceptions, physical 
functioning, energy, 
and physical health 
composite score 
(PCS). 
  
Many of these 
differences 
disappeared with 
longer follow-up and 
through 36 months 
the only statistically 
significant differences 
that remained were 
lower QOL in the 
episodic arm for 
general health 
perceptions and 
energy.   

Cooper 
2011 (84) 

234 RCT 
participants 

48 
weeks 

To determine 
if going from a 
two-pill a day 
regimen to 
one-pill a day 
had an impact 
on adherence 
and QOL  

55.3-55.1 48.6-49.1 Very little change in 
QOL over time 
between the 
treatment arms. 
 
Concluded that 
reducing to one pill a 
day did not have a 
significant impact on 
QOL. 

Han 2002 
(71) 

742 RCT 
participants 

Mean 
18 
months 

To determine 
the utility of 
the SF-12 

64.72 61.33 The SF-12 was a 
reasonable 
replacement for the 
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compared to 
the SF-39 

SF-39 as they 
captured similar 
changes in QOL over 
time and were both 
predictive of death. 

Hickman 
2012 (85) 

141 African-
American 
women 

12 
months 

To determine 
the impact of 
religious 
coping on 
psychological 
distress and 
adjustment 

49.16   50.56 Negative religious 
coping predicted 
negative changes in 
mental health 
composite score 
(MCS). 
 
Positive religious 
coping did not predict 
MCS or PCS. 

Korthius 
2011 (86) 

289 
participants 
with opioid 
dependence 

12 
months 

To determine 
if 
buprenorphine 
treatment 
improved QOL 

42.1 38.3 For all participants 
MCS scores improved 
during follow-up and 
PCS scores did not 
change, while for 
those in the 
buprenorphine 
treatment arm were 
found to have 
improved PCS and 
MCS scores over time 

Lawrence 
2003 and 
2003 (83, 
87) 

270 RCT 
participants 

Median 
37 
months 

To compare 
structured 
interruption of 
ART 
compared to 
immediate 
change in ART 
regimen 

NR NR No difference in QOL 
between the two 
treatment arms 
overall 

Mannhemer 
2005 (18) 

1050 RCT 
participants 

12 
months 

To examine 
the 
relationship 
between ART 
adherence 
and QOL 

45.5 43.3. QOL improved over 
time overall, and that 
for those that were 
adherent to ART had 
higher QOL compared 
to non-adherents 

Wong 2007 
(88) 

220 
participants 
in a mobile 
HIV testing 
van 
intervention 

12 
months 

To examine 
the 
association 
between QOL 
and life chaos 

42.7-45.5 37.0-46.4 More life chaos was 
not associated with 
PCS scores but was 
associated with lower 
MCS scores 

 

In summary, only nine studies have used the SF-12 to look at long-term changes in 

QOL among PLWH and only three studies followed people for more than a year.  Five of 

the eight studies did not investigate which demographic or clinical factors might be 

related to changes in QOL in their populations studied.  Of the three that did so, one 

study did not find any significant differences by treatment arm in QOL in regards to being 

on ART at baseline, race/ethnicity, gender, HIV RNA viral load or CD4+ cell count (82).  
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One study found that physical health composite scores (PCS) increased in males, those 

without injection drug use experience, and those adherent to ART, and that PCS 

decreased with age.  In the same study, mental health composite scores (MCS) were 

found to increase with a lower CD4+ cell count at baseline and with adherence to ART; 

no differences in QOL were found based on race/ethnicity, AIDS status or HIV RNA viral 

load (18).  The third study found that both PCS and MCS increased for those in the 

treatment arm, while PCS and MCS decreased for females, whites and Hispanics, and 

those who reported being homeless and MCS also decreased for those incarcerated in 

the previous 30 days (86).   

2.4. Conceptual Model  

Based on the multiple factors identified as impacting QOL among PLWH in previous 

research we developed our own conceptual model of factors hypothesized to impact 

QOL among PLWH.  Very few previous conceptual models have been published to date 

in regards to QOL among PLWH and most conceptual models (29, 89) are derived from 

the model developed by Wilson and Cleary in 1995 (39) cited by thousands of papers 

since that time.  The Wilson/Cleary conceptual model includes factors that both indirectly 

and directly impact QOL, but only three factors are shown to directly affect QOL: general 

health perceptions, environmental characteristics, and individual characteristics.  Indirect 

factors include functional status, symptoms, and biological/physiological variables.  This 

model has been tested among PLWH and was found to be a valid representation of 

factors affecting QOL when adding the direct effect of symptoms (89).  Our conceptual 

model is based the Wilson/Cleary conceptual model, development of the SF-12 QOL 

measurement tool (39, 54, 90), and data available to us to analyze as part of the SMART 

study.  Our conceptual model differs from the Wilson/Cleary conceptual model in that it 

includes only factors directly impacting QOL among PLWH and factors that are able to 
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be addressed in a clinical care setting.  We hypothesized four factors directly impacting 

QOL among PLWH: 1) Biological factors; 2) Sociodemographic factors; 3) HIV-related 

factors; and 4) Comorbid factors (Figure 1).   

Issues which are not included in this conceptual model but which can indirectly affect 

QOL include structural factors, individual-level factors, and cultural factors.  Structural 

factors include the cost of and access to healthcare services, transportation issues, and 

stable housing access.  Individual-level factors include a person’s life experience and 

personality and the effects of HIV infection on psychosocial issues including self-

perception of health.  Cultural factors include placing importance on certain factors over 

others or factors that might be relevant only to a particular group of people.  These 

factors are important to acknowledge even though they are not included in our 

conceptual model due to our belief that these are indirect effects on QOL.  

One major challenge when assessing the issues impacting QOL for PLWH is the 

possibility of reverse causality, as highlighted by the two-way arrows in our model.  

Reverse causality, also known as simultaneity or reverse causation bias, refers to 

situations in which the exposure may lead to the outcome or the outcome may lead to 

the exposure (91, 92).  In the field of QOL research this is particularly challenging since 

many issues (i.e. illness, CD4+ cell count, low income) may cause poor QOL or poor 

QOL may lead to these issues (93, 94).  A recent study found increased mortality due to 

depression among PLWH and spurred a contentious response highlighting the challenge 

in determining causality in this field of research (95-97).  We acknowledge this challenge 

as highlighted in our conceptual model by the one-way arrow showing only biological 

factors are protected from this issue of reverse causality when assessing QOL.  This 

lead us to focus our analysis on two particular biological factors which have been shown 

to have significant but conflicting impacts on QOL among PLWH: aging and gender.  
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Although age and gender are not directly modifiable, clinical practices targeting these 

populations are modifiable if necessary.   

Figure 1. Hypothesized conceptual model of factors affecting QOL among PLWH. 
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2.5. Age and Quality of Life among People Living with HIV 

As people are now living longer with HIV infection, aging with HIV infection has 

become a prominent area of interest and research (98, 99).  The percentage of PLWH 

50 years of age or older, a commonly used cut-off for defining “older PLWH”, has been 

increasing over time in the US rising from 22% in 2004 to 29% in 2008 (100).  While this 

increase is in great part due to improved life expectancy for those living with HIV today in 

the US, new infections among older people have also been increasing from 13.4% of 

new HIV infections in 2001 to 15% in 2009 (98, 101, 102) (Figure 2).  It is estimated that 

by 2015 50% of PLWH in the US will be 50 or older (103) and globally it is estimated that 

2.8 million adults 50 and older are HIV-positive (104).  As this population increases, the 

issue of aging with HIV has been receiving increased global attention.  HIV conferences 

have begun to devote numerous sessions to this topic and multiple governmental 

agencies have begun to place an emphasis on understanding aging with HIV, such as 

the CDC (7) and the HIV and Aging Consensus Project (21).  This was also the featured 

topic in three special editions of key HIV journals, JAIDS in 2003, AIDS in 2004, and 

AIDS again in 2012; in one edition the editors concluded that “better data are sorely 

needed to document persons at risk, examine changing transmission routes, and inform 

interventions” among those 50 and older (105).  National attention to this issue also lead 

to the creation to the creation of a National HIV/AIDS and Aging Awareness Day 

annually on September 18th (102).   

It is critical to consider how HIV infection may differentially impact people by age as 

we focus on helping people not only live longer lives but better lives.  Research has 

begun to emerge that older PLWH face significantly more challenges than younger 

PLWH and that both physical and mental health are part of successful aging for PLWH 

(106).  Challenges for older HIV-positive people include both HIV-related and non-HIV 

related factors.  HIV-related factors include the potential for more severe and quicker 
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HIV disease progression, a higher risk of non-AIDS events, slower immune response to 

ART, increased levels of inflammation, and presenting later to care (99, 107-111).  In 

addition recent research has begun to emerge about the potential for accelerated aging 

due to HIV infection (112-114).  While being on ART can greatly improve health and 

extend life, older people may continue to experience life quality challenges including 

physical, emotional, and social issues post-ART (115).  Non-HIV related factors facing 

older PLWH include significant psychosocial challenges including social isolation, 

stigma, sexual dysfunction, and depression (116).  Non-HIV health-related factors facing 

older PLWH include dealing complications from being on multiple mediations in addition 

to ART, increased risk of serious non-AIDS events such as cardiovascular disease and 

cancer, and higher rates of comorbidities such as diabetes (21, 98, 106).   

To date, only seven studies have compared QOL between younger and older PLWH; 

all utilized cross-sectional designs and all were conducted in developed country settings.  

Sample sizes for these studies varied from 117 to 2857 participants, but typically had 

less than 20% 50 and older.  Four of the six studies found that older people had lower 

physical functioning, with one study finding that older injection drug users (IDU) in 

particular had lower functioning (117-120).  One study found that older people had worse 

sexual functioning (117) but no other studies measured this outcome, and two studies 

found worse psychological outcomes for older people (119, 121).  In regards to better 

outcomes, one study found higher provider trust among older people (117), another 

study found higher general health among older men who have sex with men (MSM), 

better social functioning among older people that were not MSM or IDU, and better 

emotional health among older MSM (118).  A final study found that cognitive impairment 

issues and younger age lead to lower QOL (122). 

With the increased focus on helping PLWH live not only longer but better lives it is 

becoming more important to consider the role of QOL in HIV infection for older people 
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(123).  Aging with HIV is protected from reverse causality when looking at the 

association between QOL and age and although age itself is not modifiable, clinical 

practices targeting older PLWH are modifiable.  Given the paucity of research on QOL 

among older PLQWH, in particular the lack of longitudinal data to determine how QOL 

trajectories might differ over time by age, and the growing priority given to better 

understanding factors affecting life quality for a quickly aging population of HIV-positive 

people, research is needed to better understand how changes over time in QOL may 

differ between younger and older PLWH.   

Figure 2. Estimated number of new HIV/AIDS cases by age in 2005 – CDC.  

 

2.6. Gender and Quality of Life among People Living with HIV 

Another population at risk of poor or declining QOL among PLWH is women.  

Women represent a significant and increasing percentage of PLWH.  In the US new HIV 

infections among women have risen from 8% of all new infections in 1985% to 25% in 

2010 (124).  Globally women now represent approximately 50% of new infections 

worldwide, up from 35% in 1985 (125).  Disparities among women are drastic, with black 

women experiencing an HIV infection rate 15 times higher than white women.  In 
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addition black heterosexual women have the highest number of new infections after 

MSM (124) (Figure 3).  Women are physiologically more vulnerable to acquiring HIV 

compared to men, and this may be further compounded by hormonal contraceptive use 

(126).  Women may also be more vulnerable to HIV infection due to socioeconomic 

challenges such as poverty, reduced healthcare access, and lack of empowerment in 

their sexual relationships (124).  A recent WHO report discussed the gap in HIV 

prevalence rates between men and women is decreasing as more women become HIV-

positive and highlighted that gender norms may increase a woman’s risk of acquiring 

HIV in addition to the fact that social and economic consequences of living with HIV can 

be more severe for women than men (8). 

A number of issues may make living with HIV potentially more challenging for women 

compared to men.  Although biologically women and men may experience similar HIV 

disease progressions, HIV-positive women have been found to have lower adherence to 

ART compared to men which may be due to social issues, economic issues, and  

disparities in access to care all of which may lead to poorer health outcomes (127-129).  

Women living with HIV also have to deal with challenges related to pregnancy, childbirth 

and breast feeding which can be complicated by HIV infection (130).  Finally HIV-

positive women may experience more psychological challenges than men including 

lower levels of social support, higher levels of depression, and higher levels of stigma 

due to being HIV-positive (129, 131).   

While there is some literature on QOL among HIV-positive women, only nine studies 

to date have explicitly compared QOL between men and women living with HIV.  Six of 

the nine studies utilized cross-sectional designs and only two studies had sample sizes 

larger than 1000.  Of these nine studies, five studies found that overall QOL was lower 

among women compared to men in populations in Sweden, India, Portugal, Spain and 

the US (132-136).  Of the two studies that found no differences in QOL between men 
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and women one found similar QOL scores at baseline between genders but that women 

improved more over time (137) and the other found lower QOL among women at 

baseline but the same rate of change over time between men and women (138).  The 

final study found that QOL was higher among women compared to men in a cross-

sectional study conducted in Spain (139).   

Knowledge of how QOL differs between men and women, and which particular areas 

of QOL differ can impact interventions to address gender inequality among PLWH.  

Despite the unique challenges facing women living with HIV the majority of studies to 

date only adjust for gender as one covariate among many with direct comparisons of 

QOL between men and women have been very limited to date.   The association of 

gender with QOL is protected from reverse causality and although gender is not 

modifiable, clinical practices for those working with female HIV-positive patients are 

modifiable and this study aims to contribute to this knowledge.  Given the small number 

of studies on this topic, discrepant findings, small sample sizes, and the use of primarily 

cross-sectional study designs, there is a critical need for a large study with long-term 

follow-up to determine if gender effects changes in QOL over time among PLWH. 
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Figure 3. Estimated number of new HIV infections in 2010 by race/ethnicity, risk group and 

gender – CDC. 

 

2.7. Summary 

The overall goal of this study were to understand changes in QOL over time among 

PLWH and the drivers of change that may lead to poor or declining QOL.  The specific 

objectives of this study were to determine the reliability of the SF-12 QOL measurement 

tool among PLWH and to analyze how gender and age independently effect changes in 

QOL over time among PLWH.  Despite the fact that older people and women are both 

growing populations of PLWH in the US and around the world there has been limited 

research to date on how these factors effect QOL.  In addition to the primary analyses 

exploratory analyses were conducted to determine additional factors which may be 

driving change in QOL and to determine covariates associated with significant declines 

in QOL over time.  This study was the first to use the SF-12 to examine changes in QOL 

over time among a large sample of PLWH with extensive follow-up.  It was also one of 

the first to specifically look at the role of aging and QOL among PLWH over time and 

one of the first to look specifically at changes in QOL over time by gender.  This 
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research attempted to address the various research gaps in our understanding of how to 

best measure changes in QOL, how QOL changes over time, and how age and gender 

may differentially impact these changes among PLWH with the long-term goal of 

developing interventions and clinical recommendations tailored to those most at risk of 

poor or declining QOL.    
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3.  Review of Quality of Life Measurement Tools 

3.1. Quality of Life Tools Frequently Used among People Living with HIV 

Over time multiple measurement tools have been developed to measure QOL 

among PLWH.  Some measurement tools are generic and some HIV-specific; some are 

frequently utilized while some are used much less often and yet contain questions that 

are still of interest.  The following is a list of some of the most commonly used QOL 

measurement tools used for PLWH, including background on the measurement tool, 

examples of its use, and advantages and disadvantages to its use. 

EuroQOL (EQ-5D)  

This questionnaire was first developed in Europe in 1990 by the EuroQOL group as a 

general QOL measure and later on was used in HIV/AIDS studies.  This tool is very brief 

containing 6 questions in total and three elements – a 5-demensional profile (EQ-5D), a 

self-rated health scale (EQ-VAS) and a utility-based index of health status (140).   There 

are 5 domains: pain, mobility, limitations to activities, self-care, and mood, and 1 

question related to a visual-analog self-rated health scale.  There are many examples of 

recent use of the EQ-5D (141, 142), including recent use in a study of QOL among 

PLWH in South Africa (143).  This questionnaire is not HIV-specific so it does not 

capture any issues related directly to being HIV-positive.  It may be prone to ceiling 

effects (141) and although its brevity is also an advantage, being so brief the 

questionnaire does not nearly capture all aspects related to QOL.  Although issues with 

ceiling effects and responsiveness have been reported, it is considered overall to be a 

valuable survey tool (27) but is also considered similar to another commonly used tool, 

the MOS-HIV (141).  A clear advantage of this questionnaire is its brevity so there is a 
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low respondent burden.  Other advantages are its extensive use over more than two 

decades and its availability in multiple languages.  In addition, it is free for academic use 

and includes a visual analog score.  

Functional Assessment of HIV (FAHI) 

The FAHI was adapted in 1996 from the Functional Assessment of Cancer Therapy- 

General (FACT-G) questionnaire to be HIV-specific and version 4.0 is currently available 

(144).  It contains 47 questions measuring 5 domains including physical wellbeing, 

emotional wellbeing, cognitive functioning, social wellbeing, and global/functional 

wellbeing.  It takes approximately 15 minutes to complete and is self-administered.  The 

FAHI is being used increasing more often in intervention studies and clinical trial settings 

(145, 146), including studies conducted in Puerto Rico (147) and Malaysia (148).  This is 

tool has not yet been commonly used among PLWH, and it has medium respondent 

burden at 15 minutes.  This tool is HIV-specific, was developed in collaboration with 

PLWH, and is one of the more recently developed tools available.  It is considered to 

capture a breadth and depth of disability measures (149) and is considered to have 

excellent psychometric properties (27, 150, 151).  In addition, it is available in 10 

languages, is free for academic use, and population norms are available for comparison, 

and a recent review of multiple QOL tools concluded that the FAHI was one of the most 

appropriate HIV-specific measures available (27). 

HIV/AIDS-Targeted Quality of Life Instrument (HAT-QOL) 

The HAT-QOL was developed in 1998 as one of the first tools aiming to capture QOL 

issues for PLWH (152).  It contains 42 questions covering 9 domains including overall 

function, health worries, sexual function, provider trust, financial worries, medication 

concerns, HIV mastery, life satisfaction, disclosure worries.  It takes approximately 15 

minutes to complete and is self-administered.  This tool is not one of the most commonly 

used but has been used in some recent evaluations of QOL among PLWH (19, 153, 
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154) including a recent study conducted in Zimbabwe looking at the effect of herbal 

remedies on QOL and alleviating ART side-effects (155).  This is one of the only tools 

that does not include a measure of mental health (156) and problems with psychometric 

properties, such as reliability on some scales, have been reported with the survey and it 

has a medium response burden at 15 minutes (156).  Information on the cost for the 

licensing and use of this tool is not publicly available.  Advantages are that this is an 

HIV-specific tool that was developed in collaboration with PLWH, it is a newer tool, which 

means it includes questions related to current issues related to being HIV positive, and is 

one of the few tools to include questions about sexual health and provider trust.   It 

measures breadth and depth on disability issues (149) and has been found to be 

sensitive to change and good in discriminating by disease stage (27, 156).  

HIV Overview of Problems/Evaluation (HOPES) 

This tool was developed in the Netherlands in 1992 and is derived, like many others, 

from a cancer-specific tool in an attempt to capture more of the daily experience for 

PLWH (157) and to be more focused on problems healthcare providers could directly 

affect (42).  It contains a range of 106-165 questions, depending on the person’s 

symptom profile, and covers five domains including: physical, psychosocial, medication 

interaction, sexuality, partner issues and an overall global score (158, 159).  It is self-

administered and takes anywhere from 15-60 minutes to complete, with an average time 

of 30 minutes.  The HOPES tool has been used in limited occasions over time (160-162) 

but most recently was used to assess the role of QOL on non-adherence to ART (163).  

It has the highest respondent burden of any of the tools, at an upper limit of 60 minutes, 

and has been found to be similar to the MOS-HIV and SF-30 tools.  There is no 

evidence that it is available in other languages and there is a cost for its use.  Finally, 

there is a potential for response bias due to the fact that all of the questions are framed 

in the negative (157).  Advantages are that the HOPES tool is HIV-specific and was 
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developed along with PLWH.  It has good responsiveness and includes a global score 

measurement of QOL.  Perhaps the biggest strengths of this tool are the facts that it 

measures breadth and depth of disability (149) and that it includes questions that cover 

sexuality and medication issues which most tools do not cover.  

 

Medical Outcomes Study HIV Health Survey (MOS-HIV) 

The MOS-HIV is one of many tools derived from the Medical Outcomes Study 

(MOS), with this particular tool developed in 1992 in the United States out of a desire to 

have an HIV-specific and shorter tool available for clinical trials (164). This tool contains 

35 questions and 11 domains including:  physical function, pain, energy/fatigue, health 

distress/transition, mental health, cognitive function, social function, role function, 

general health perception, overall QOL, and health transition.  It is self-administered and 

takes 5-10 minutes to complete.  The MOS-HIV has been extensively used (165-168) 

and a recent PubMed search for MOS-HIV articles yielded over 100 references to this 

tool’s use.  It is currently being used in multiple international and research settings to 

measure QOL among PLWH.  The MOS-HIV does not provide an overall score and 

there are no national norms available for comparison.  It is similar other MOS-derived 

studies, including the SF-20 and the SF-36.  It does not measure breadth and depth of 

disability (149) and may have some issues with floor and ceiling effects (157).  There is 

a cost for its use and perhaps the largest disadvantage to this tool is the fact that it does 

not include many of the aspects that are of concern for PLWH at this point in time – i.e. 

issues with sleep, spirituality and sexuality.  However the MOS-HIV is the most widely 

used HIV-specific QOL tool available.  It is considered by some to be the “gold standard” 

(169) due to its wide use over time and in various populations.  It is available in over 20 

languages and can be self, telephone or face-to-face administered (164).  It has a low 
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respondent burden at 5-10 minutes and overall has good psychometric properties.  

Finally it has been found to be easy to administer and score (157). 

Multidimensional Quality of Life Questionnaire-HIV/AIDS (MQoL-HIV) 

This measurement tool was developed in 1997 in the US and contains 40 questions 

and 10 domains including:  mental health, physical health, physical function, social 

function, sexual function, cognitive function, social support, financial status, partner 

intimacy, and perceived access to medical care (170).  It is self-administered and takes 

approximately 10 minutes to complete.  Although not extensively used in the past this 

tool is being used in current QOL HIV/AIDS research (171) including recent use in 

Lebanon (172), Spain (173), Germany (174), and Japan (175).  This tool has been found 

to be equal or slightly less superior to the much more widely used MOS-HIV (173).  

There are potentially some issues with psychometric properties with this tool and there is 

a cost for its use.  However this tool is HIV-specific and has been found to be sensitive 

to symptom changes over time.  It is available in multiple languages including Spanish, 

Japanese and English.  Most importantly, the MQoL-HIV includes unique items including 

questions about sexual functioning, financial status, relationships and drug treatment 

effects.  

Medical Outcomes Study Short-Form Health Survey (SF-36) 

This measurement tool is the most widely used generic QOL measurement tool 

available  It was derived from the MOS specifically to capture the most common health 

issues affected by health status and treatment (164).  This tool in particular was 

developed in 1992 in the US and contains 36 questions and 8 domains, including:  

physical functioning, role-physical, bodily pain, general health, vitality, social functioning, 

role-emotional, and mental health (176, 177).  It is self-administered and takes 5-10 

minutes to complete.  The SF-36 is the most commonly used QOL tool in the world.  A 

recent PubMed search for use of the SF-36 among PLWH yielded hundreds of citations 
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from various research settings and countries around the world, including work in Canada 

(178), France (81), and China (179).  This tool is not HIV-specific and produces no 

global score, which can it make it more difficult to score.  There is no cognitive 

measurement and there may be issues with floor or ceiling effects.  Finally, there is a 

cost for its license and use.  As previously stated, this tool is extensively used 

throughout the world and is the tool which is the most tested of any of the other tools in 

this review.  Its extensive use means that there are many populations available for 

comparison of findings.  It has excellent psychometric properties and has national norms 

available for comparison.  It is available in 120 languages, and has undergone extensive 

testing for both language and cultural appropriateness (180).  

 

World Health Organization Quality of Life and HIV Brief Survey (WHOQOL-HIV 

BREF) 

The WHOQOL-HIV BREF was adapted in 2003 from the HIV-specific WHOQOL-HIV 

tool, which in turn was derived from the WHOQOL tool.  The WHOQOL-HIV tool 

contains 120 questions, while the BREF version contains only 31 questions and covers 6 

domains including: physical, psychological, level of independence, social relationships, 

environment, spirituality/religion/personal beliefs, and overall health perception  (181).  

This tool takes approximately 5 minutes to complete.  This tool has been used in multiple 

settings, and its use appears to be increasing over time.  It has recently been used in 

South Africa and Uganda (182), Estonia (183), Brazil (184), and India (133).  There is no 

data available on population norms for this survey and it has medium respondent burden 

of this tool at 15 minutes to complete.  This tool can be administered to those who are 

non-literate or self-administered, and is available in multiple languages.  It is one of the 

newer tools and has good psychometric properties (185).  Importantly, this is the only 
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HIV-specific QOL tool designed using data from developing countries and has a much 

lower respondent burden compared to the original WHOQOL-HIV.   

3.2. Additional Quality of Life Tools for People Living with HIV 

Information on 11 measurement tools less frequently used in HIV/AIDS research is 

presented in Table 2 and provides examples of the landscape of tools available for 

measuring QOL in various different ways.  Despite not being often used, many of these 

tools cover topics other more commonly used tools do not.  While many of these tools 

are still used today in QOL research, such as the AIDS-HAQ and QWB, they are not 

commonly found in research today; other tools, such as the HIV-SQUAD, contain 

important questions but have not been frequently used among PLWH to date.  Many of 

these less used tools have been abandoned in favor of newer or more frequently used 

measurement tools as detailed in the next section. 

Table 2. QOL measurement tools less frequently used among PLWH.  

Measurement tool Description 

Health Assessment 
Questionnaire (AIDS-HAQ) 

Although HIV-specific, this is a length questionnaire at 30 questions 
(including 116 total questions that included questions about 
symptoms) and 9 sub-scales.  It was developed in 1997(186) and 
although it has been found to be responsive to those early in their 
HIV disease status and to changes over time, the high respondent 
burden means that it has not been used very often in the post-
HAART era (157).  

European Organization for 
Research and Treatment of 
Cancer-Core Quality of Life 
Questionnaire (EORTC QLQ-
30) 
 

This tool was developed from the EORTC questionnaire, developed 
primarily for cancer patients.  It was adapted for use in HIV-positive 
populations, and now contains 30 general QOL questions and 20 
HIV-specific questions covering 8 sub-scales and provided a global 
QOL score and is widely used and is available in multiple languages 
(187), but the addition of the HIV-specific questions gives it a high 
respondent burden (157) and it is not often used in modern HIV 
studies.  

Fanning Quality of Life Scale 
(FQLS) 
 

This tool was developed in 1993 and has 35 questions and 9 sub-
scales (188).  Although it uniquely includes questions related to 
healthcare provider relationship and personal identity issues and how 
a person’s life has been positively or negatively affected by disease 
(42).  Although this tool was developed with PLWH, this tool has not 
been widely used among PLWH to measure QOL.  

General Health Self-
Assessment of HIV Infection 
(GHSA) 
 

This is an HIV-specific tool that contains 49 questions and 6 sub-
scales (189) and includes questions from the MOS studies.  Although 
it only took 15 minutes to complete and was found to have good 
psychometric properties, it is no longer widely used in the field of HIV 
QOL. 

Health Cost and Services The HCSUS was developed in 1997 from the MOS in order to include 
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Utilization Survey (HCSUS) more information about issues related to cost, access, quality and 
utilization (190).  It contains 30 questions and 8 domains and takes 
approximately 7 minutes to complete.  It’s one of the few tools to 
measure the cost of care, but it is primarily only used with the HCSUS 
study and overlaps quite a bit with the SF-36 (164). 

HIV Symptom Quality of Life 
Adherence Questionnaire 
(HIV-SQUAD) 

This is one of the newest tools available, developed only in 2009, but 
is a combination of other existing tools created to make a shorter and 
more user-friendly tool.  This tool is a combination of the WHOQOL-
HIV BREF, symptoms due to HAART questionnaire, and the 
APROCO Adherence Questionnaire, and contains 26 questions and 
4 sub-scales, and is one of the few tools to include questions on 
medication adherence.  It is HIV-specific and available in English and 
French, but no published studies have used this tool to date (191) 

HIV-QL31 This is an HIV-specific tool that was developed in France with PLWH 
and contains 31 questions and 1 sub-scale.  It is self-administered 
uniquely includes questions about relationships and sleep, but there 
are no recent HIV-related research publications using this tool (157, 
192). 

Health Utilities Index (HUI) This is one of the newest tools available, developed in 2003.  The 
most recent version contains 15 questions and 6 sub-scales and 
takes approximately 8 minutes to complete.  This tool can be used in 
children, can be self-administered, and is available in multiple 
languages (193).  However, this tool was designed to capture health 
utilities and quality-adjusted life years (QALY) and, as such, is neither 
HIV-specific nor QOL-specific.  There are two versions available, the 
HUI2 which captures 24,000 health states, and the HUI3 which 
captures 972,000 health states (194).  Although it has been used in 
the HIV-field primarily to capture economic measures, it has been 
used to measure QOL among HIV-positive people (138, 195). 

Living with HIV Scale (LWH) This is one of the older tools available, developed in 1998, contains 
32 questions and 9 sub-scale and takes approximately 10 minutes to 
complete (196).  It is HIV-specific was developed with PLWH and 
includes many questions other tools do not, including questions about 
fear, loss, body image, juggling treatments & side effects, 
independence, death calculations, cherishing the environment, 
coveting time, resolving spiritual issues.  However, it has some issues 
with psychometric properties and has been very rarely used in recent 
HIV QOL research (197).  

McGill Quality of Life 
Questionnaire (MQOL) 

 

This survey was first developed in 1996 for cancer patients, is brief at 
16 questions and 4 sub-scales, and takes approximately 10 minutes 
to complete.  The benefit to this tool is that it is one of the few 
available to include a spirituality assessment, as it includes measures 
of freedom and the meaning of life.  The disadvantages to this tool 
are that it does not include many physical measures, is not HIV-
specific, has some psychometric property issues and is not widely 
used at this time in the QOL HIV field (198). 

Quality of Well-Being Scale 
(QWB) 
 

The QWB scale was developed in 1995 as a way to provide cost 
information in connection to QOL measures.  It contains 50 questions 
and covers 5 domains; it takes 10-20 minutes to complete and is 
available in multiple languages (193).  It is not HIV-specific but is 
unique in including patient preference weights, medication cost 
effectiveness information, and QALYs in its measurement.  However, 
this tool originally required a trained administrator but this was found 
to be time consuming and costly to implement.  Although a self-
administered version was validated (199), in this transition it appears 
to have been passed over for other tools and is not commonly used in 
modern QOL HIV research.  
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In addition there are a number of individually-tailored QOL measurement tools 

available, however, none are widely used and there remains a significant gap in tools 

that are individually-responsive that allow people to both list and/or rank the questions of 

most concern to them and to report on their severity.  A few tools have been developed 

to address this gap including the Visual Analog Scale (VAS), the Patient-Generated 

Index (PGI), the Schedule for Evaluation of Individual Quality of Life (SEIQoL), the 

Standard Gamble Method (SGM), and the Time Trade-Off Technique tool (TTO).  

Information on these tools is presented in Table 3. 

Table 3. Individually-tailored measurement tools for measuring QOL.  

Measurement tool Description 

Patient-Generated 
Index (PGI) 

The PGI was developed in 1994 as a generic tool used to measure QOL .  This 
tool asks patients to rank the five areas most effected by their disease status, to 
then rank those five areas, and then to give them each area a point value  (200).  
Although it has been used in other fields, it has not been used with any 
frequency in HIV-related research. 

Schedule for 
Evaluation of 
Individual Quality of 
Life (SEIQoL) 

The SEIQoL was first developed in 1992 with the objective of creating a tool that 
was responsive to an individual patient’s issues.  It has been used consistently 
but not widely since that time.  In 1996 a shorter direct-weighting version, the 
SEIQoL-DW was developed to be easier to score.  Only one study to date has 
tested this tool among PLWH (201, 202). 

Standard Gamble 
Method (SG) 

This tool is typically used in economic studies and asks whether a person would 
rather remain their current ill state or gamble on a hypothetical intervention that 
could kill them or restore their health (203).  At only 1 item, this tool is very brief 
and does not cover other QOL-related issues.  However, the SG method has 
been used in recent HIV-related research looking at QOL (204), health-utilities 
(205) and the cost-effectiveness of ART (206).  It is usually always administered 
in addition to other questionnaires to provide an added dimension to QOL 
measurement  

Time Trade-Off 
Technique (TTO) 

This tool is typically used in economic studies and asks a person to choose 
between a continued state of ill health for a period of time or a restored state of 
health for a shorter period of time.  It is considered easier to use than the SG 
and has been used in HIV-related research, along with other questionnaires.  
Like the SG, this tool can be administered to provide further information on QOL 
among individuals being studied.   

Visual Analog Scale 
(VAS) 

One measure that is commonly used to measure individual-level QOL is the 
visual-analog scale.  The VAS is one item that asks respondents to rate their 
current health on a scale from 0-100, with 0 being the worse possibly health 
state; many of the measurement tools previously mentioned included this item.  
This is item was used in the SMART QOL substudy.   

 

Although attempts have been made to capture individual-level measures of QOL with 

these tools, many issues remain.  A recent review of patient-generated outcome 

measures concluded that the SEIQoL is valid, reliable and responsive but the data does 

not support this conclusion for the PGI tool (207).  While the SEIQoL is used much more 



 

36 
 

often than the PGI, neither tool is widely used nor are either used in current QOL HIV 

research.  The SG is a valid method but should be administered along with other QOL 

tools.  These tools have not sufficiently filled the gap in this area and whether or not 

these current tools should be tested further for use as individual-level measures among 

PLWH, or new tools should be developed, remains unclear.  In addition to these QOL 

individually-tailored measurement tools there are a number of measurement tools 

available to capture others of interest to researchers and clinicians working with PLWH.  

These issues may include depression, adherence to ART, treatment side-effects, and 

social support.  Information on these tools is provided in Table 4. 

Table 4. Additional measurement tools used for measuring health and quality of life. 

Measurement tool Description 

Adult AIDS Clinical 
Trials Group 
Adherence Measure 
(AACTG) 
 

This tool is one of the most commonly used tools for measuring adherence to 
ART among PLWH and has been cited by more than 100 other articles.  It was 
developed in 2000 and since then has been extensively used in a number of 
different settings and clinical trials around the world, including in developing 
countries.  The AACTG asks questions about the number of missed doses, 
contains 5 questions, and takes less than 10 minutes to complete (208).  

Alcohol Use 
Disorders 
Identification Test 
(AUDIT) 

The AUDIT is a 10-item survey developed by WHO to identify risky alcohol use 
within the past year.  It is self-administered, brief, has been commonly used 
around the world, is available in a number of different languages, and has been 
found to be highly correlated with other measures of alcohol use (209).   

CDC QOL Health 
Days Measure 
 

This tool is used to assess overall QOL and began being widely used by the 
CDC in 1993.  The CDC QOL tool is currently included in the national surveys of 
the Behavioral Risk Factor Surveillance System (BRFSS) and the Medicare 
Health Outcome Survey (HOS) (210).  It includes 14 questions, including a 4-
item core, an activity limitations module, and a symptoms module.  This tool has 
been used in other areas of research outside of these studies but has not been 
used to date to assess QOL among PLWH specifically.  Despite this fact, its use 
would allow for outcomes to be compared to other national studies measuring 
QOL.  

Center for 
Epidemiologic 
Studies-Depression 
Scale (CES-D) 

This tool was developed in 1977 and is currently one of the most widely used for 
assessing depression. It contains 20 questions and takes approximately 10 
minutes to complete (211).  The CES-D is frequently used in HIV-related 
studies, with a recent PubMed search yielding almost 90 citations within HIV 
studies.  

HIV Treatment 
Satisfaction 
Questionnaire 
Status (HIVTSQs) 

This tool was derived from the Diabetes Treatment Satisfaction Questionnaire 
and contains 10 questions measuring patient satisfaction with ART, including 
two subscales: general satisfaction/clinical and lifestyle/ease satisfaction.  It was 
first developed in 2001 and was later revised in 2006 (HIVTSQc) when it was 
found that one of the 10 questions did not perform well.  Although the HIVTSQ 
is an important measurement tool, it has only be used in two HIV-related studies 
to date (212, 213).  The issue with validation may be why it is not more often 
used, however, this tool does capture an issue that is important to measure 
especially as more treatment options become available and the only 
distinguishing characteristic between regimens may be patient satisfaction with 
how the treatment effects their life (214, 215).  

Karnofsky 
Performance Scale 

The KPS is the most commonly used tool for measuring health status and 
measures a patient’s performance on a scale from 0-100, with 0 being death 
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(KPS) and 100 being perfect health (159).  It is very quick and easy to administer and 
has been used in many different countries and research settings, including HIV 
research.  Although this tool is limited in that it only captures physical health, its 
administration in addition to a QOL tool should be considered as a way to 
capture the concept of total health status.  

Morisky Medication 
Adherence Scale 
(MMAS) 

This tool was first developed in 1986 and revised in 2008 and contains 8 
questions which measure medication adherence (216).  It is brief, self-
administered, and has been widely used in many different populations, including 
PLWH.   

Nottingham Health 
Profile (NHP) 

Developed in Europe in 1980, this tool covers issues that many of the standard 
QOL tools do not, including questions about sleep, social isolation, sexual 
functioning, employment and hobbies (217).  It contains 38 questions, takes 
approximately 5-10 minutes to complete, and is available in multiple different 
languages.  There is little evidence this too has been used among PLWH and 
although it was not designed to assess QOL, administration of this tool might be 
considered in addition to a QOL tool if there is interest in these other areas 
(193) 

Sickness Impact 
Profile (SIP) 

This tool was developed in 1976 to assess general symptoms and disease 
severity, and does so comprehensively using 136 questions and 12 domains 
(218). It is self or interviewer administered, takes 20-30 minutes to complete, 
and is available in many languages (193).  Since it is focused on symptoms it is 
not good for use with asymptomatic HIV-positive people, nor does it cover 
questions related to emotions or mental health.  It has been used sporadically in 
HIV research but it is not HIV-specific.   

Social Provisions 
Scale (SPS) 

This tool was developed in 1987 to capture current relationships and the extent 
to which a person feels they have a support network around them (219).  It 
contains 24 questions, is self-administered and takes approximately 5 minutes 
to complete.  It is widely used in a number of different areas of research, 
including education and family social science, and it is occasionally used in HIV-
related research.  

Satisfaction with Life 
Scale (SWLS) 

This tool was developed in 1985 to measure life satisfaction, is very brief at only 
5 questions (220) and has been used extensively in many fields of health 
research.  Although many HIV-related studies measure life satisfaction, very few 
have utilized the SWLS tool to do so.  It is not often used in modern QOL HIV 
research, however, a validated tool such as this one can be important to use in 
addition to a QOL tool in order to capture a patient’s measure of life satisfaction 
and to see how well this correlates with positive-reported QOL.  

3.3. Comparison of Quality of Life Tools for PLWH 

Multiple reviews have been conducted over time to capture the vast number of tools 

available and provide comparisons between tools (27, 149, 169, 221).  Some 

comparisons recommend one tool over another, while others do not end up 

recommending one tool over another; most reviews conclude that the majority of tools 

currently available were developed before modern ART, were developed and validated 

in the US, and are not necessarily apt for capturing changes over time (27, 47). 

A number of comparisons between QOL tools do not end up recommending one 

over the other.  A comparison between the SF-36 and WHOQOL-BREF found that both 
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tools were useful and valid for use in HIV-positive populations, although the WHOQOL-

BREF questionnaire had fewer issues with floor and ceiling effects (222).  Clayson et al. 

in their recent review of QOL tools found they were unable to recommend one particular 

tool since all had advantages and challenges to their use (27).  However in regards to 

generic-tools they concluded that the EQ-5D, SF-36 and HUI were “worth considering”, 

and for HIV-specific tools they recommended the FAHI or MOS-HIV, although they had 

definite concerns about the relevancy of the MOS-HIV for modern HIV-positive people 

(27).  Another review concluded that none of the reviewed tools (HAT/QOL, MOS-HIV, 

FAHI and HOPES) could be recommended over the other since none had ideal 

psychometric properties (156).   A comparison of the MQoL-HIV and the MOS-HIV found 

neither to be superior to the other (173).  The fact that many tools are old is also 

addressed by O’Brien et al. who point out that the older tools don’t capture aspects such 

as “new complexities related to adverse effects, stigma and disclosure, access issues, 

and uncertainty about long term outcomes of treatment”; they found they couldn’t 

recommend any particular tool but found that the HIV-PARSE and HOPES surveys did 

capture breadth and depth of disability measurements (149).  Finally, a review by Coons 

et al. didn’t recommend any one in particular but found that the SF-36 had been used 

the most and had the most evidence of reliability and validity (193). 

Other published comparisons do recommend the use of one tool over another.  A 

comparison of the SF-36, a generic tool, to the MOS-HIV, an HIV-specific tool, ended up 

recommending the SF-36 due to its wide use, availability of normative US data to 

compare it to, and fewer issues with ceiling effects.  The authors also noted that the SF-

36 appears to capture more questions relevant to today’s HIV-positive populations 

compared to the MOS-HIV which has a few questions which might be considered more 

outdated (223).  In a comparison between the MOS-HIV and SF-12 the authors 

concluded that the SF-12 is more comprehensible and briefer for their patients to 
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complete and is similar enough to the MOS-HIV to warrant using it even though the 

MOS covers three areas the SF-12 does not: cognitive functioning, health distress, and 

health transition (72).  A comparison of the HAT-QOL and SF-36 found that these two 

tools were similar in their psychometric properties, but that the HAT-QOL asks questions 

that are unique to the SF-36 so it may be a better option (224).  Another review of 

measurement tools concluded that the SF-12 to be the most practical for use in clinical 

settings due to its quick administration time but added that if more detailed information 

was desired related specifically to HIV then the MOS-HIV should be considered in 

addition (157). 

In conclusion many reviews and comparisons of tools highlight the fact that there 

may be issues and factors relevant to PLWH that are not fully captured in currently 

available QOL measurement tools such as issues related to aging, sleep issues, 

sexuality, body image issues, and being HIV-positive but asymptomatic.   The debate as 

to which measurement tool to use continues to be a topic of contention and this debate 

must take in to consideration a number of multiple factors at the same time.  

Researchers and clinicians need to carefully consider their research objectives and 

intentions when choosing a QOL measurement tool including administration location and 

timing, the need for a generic compared to a disease-specific tool, which tool can best 

capture the information required, and how the findings are going to be utilized.  
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4.  Data Collection and Study Methods 

4.1. Data Source 

4.1.1. SMART Study  

Data utilized in this study is from the Strategies for Management of Antiretroviral 

Therapy (SMART) randomized clinical trial comparing episodic CD4+-count guided ART 

to continuous ART among PLWH.  Inclusion criteria for the SMART study were age older 

than 13 years, having a CD4+ cell count greater than 350 cells/mm3, not pregnant or 

breastfeeding, and consenting to adhere to either of the randomization treatment arms.  

There were no additional exclusion criteria and participants were not required to be ART-

naive to participate.  The study enrolled 5472 participants from January 2002 to January 

2006 from 318 sites in 33 countries and randomized them to one of two treatment arms: 

1) viral suppression (VS) herein referred to as continuous treatment; or 2) drug 

conservation (DC) herein referred to as episodic treatment; a total of 2752 participants 

were randomized to the VS arm and 2720 were randomized to the DC arm.  Participants 

in the VS arm were randomized to uninterrupted ART with the objective of obtaining 

maximum and continuous HIV viral suppression in line with treatment guidelines current 

at that time.  Participants in the DC arm were randomized to episodic ART meaning they 

began ART when their CD4+ cell count dropped below 250 cells/mm3 or they developed 

HIV-related symptoms.  They remained on ART until their CD4+ cell count reached 350 

cells/mm3 at which time ART was suspended until another drop in CD4+ cell count to 

below 250 cells/mm3 or development of symptoms occured.  Extensive demographic and 

clinical data was collected on each participant and each participant provided written 
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informed consent.  In addition Institutional Review Board approval was obtained from 

each of the participating clinical sites (13).  

The SMART study intended to recruit 6000 participants and follow them for up to six 

years however, in January 2006, the Data Safety Monitoring Board concluded that the 

trial was unlikely to ever show the superiority of the DC treatment arm and enrollment 

was halted on January 11, 2006 (225).  Participants in the DC arm who had previously 

been on ART were advised to reinitiate it due to the increased risk of death and 

opportunistic disease in the DC arm compared to the VS arm (13) and all participants 

continued to be followed until study closure on July 11, 2007 (226).  Data published on 

participants through the protocol change date demonstrated a significantly higher risk of 

opportunistic diseases and death among those in the DC arm compared to the VS arm 

(13) and although risk was attenuated after the protocol change of reinitiating ART 

higher risk remained for the DC arm (226).  Follow-up rates were 96% for the DC arm 

and 97% for the VS arm through study modification, and 92% for the DC arm and 93% 

for the VS arm through the study closure (226).  

More than 30 publications to date have utilized data from the SMART study 

analyzing various aspects of HIV and ART-related health issues.  Research has looked 

at a number of different topics include the effect of ART treatment interruption on 

inflammation levels (23, 227-230), bone density (231), risk of HIV transmission (232), 

and cognitive functioning (233).   

4.1.2. SMART QOL Substudy  

The SMART quality of life substudy, nested within the SMART study, simultaneously 

recruited participants from clinical sites only in the US from January 2002 to August 

2005.  During that time a total of 1225 participants were enrolled, representing 86% of 

the 1422 US SMART study participants.  The primary objective of this substudy was to 
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compare QOL and symptom severity between the two treatment arms with the 

hypothesis that the episodic therapy assigned to the DC group would lead to improved 

QOL for PLWH due to avoidance of potential ART side effects.  Participants in the QOL 

substudy were different from the overall SMART study population in that they were more 

often black, less likely to be on ART at baseline, more likely to have HIV viral loads 

above 400 copies/mL at baseline, and all were from US sites only (82).  An additional 

informed consent form was obtained for each participant enrolling in this substudy.  

Although data from the SMART RCT will be used for this study our data will be analyzed 

as an observational cohort study treating people as being enrolled at baseline and 

followed-up over time until the end of the study.  

One previously published manuscript that assessed QOL by treatment arm in the 

SMART study.  In brief this study presented information on QOL by treatment arm and 

found that most differences in QOL by treatment arm occurred within the first year.  

Whenever there were differences QOL was always lower in the DC arm compared to the 

VS arm and this study also confirmed findings from the primary study that opportunistic 

infections and death were more common in the DC arm.  There was no difference in 

Grade 3 or 4 symptoms by treatment arm and no differences in QOL by treatment arm in 

subgroups analyzed.  In addition no differences in current health by treatment group 

within genders were found.  Within the continuous treatment arm only current health was 

found to increase by 1.39 points for males through 12 months of follow-up but decrease 

by 1.78 points for females (82).  This study includes data through 60 months of follow-up 

time and provides a more in-depth analysis of the independent effects of age and gender 

on QOL over time in this study population.  
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4.2. Study Measures 

4.2.1. Covariates 

Data for the QOL substudy was collected on participants at baseline, 4 months, 8 

months, 12 months, and yearly up to the end of the study for a maximum of 60 months 

(8 time points).  A total of 105 covariates were systematically collected as part of the 

SMART QOL substudy but 21 covariates of interest were chosen for analysis (Table 5) 

based on our previously presented conceptual model used for this analysis.  Of note is 

the fact that insurance information was only collected at baseline and then annually so 

for months 4 and 8 insurance status was carried forward from baseline and otherwise 

varied over time.  CD4+ cell count and on ART status were only included as baseline 

measurement since these covariates were directly affected by the SMART study 

randomized treatment arm.  Grade 4 events were defined using Division of AIDS of the 

National Institutes of Allergy and Infectious Disease criteria and were potentially life-

threatening events requiring medication intervention (226) and AIDS events were 

defined as serious opportunistic infections, and serious non-AIDS events were defined 

as myocardial infarction, coronary artery disease requiring an invasive/surgical 

procedure, end stage renal disease, cirrhosis, and cancer (but excluding lymphoma, 

Kaposi sarcoma and invasive cervical cancer).  An event was marked as occurring if it 

happened in the period between QOL measurements, events that occurred without a 

subsequent QOL measurement (i.e. death) were not included.  Demographic data was 

primarily collected at baseline via standard interviewer-administered clinical research 

forms.  Clinical data was collected at all time points with a combination of clinical 

research forms, medical examination, and laboratory testing (Table 5).  

The primary exposures for these analyses were age and gender.  We hypothesized 

four potential effect modifiers for these analyses: interactions of age or gender with each 
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other, HIV transmission mode, years HIV-positive, and time.  These were chosen based 

on our hypotheses that there might be differential effects of age and QOL based on 

gender, how someone acquired HIV, how long the person had been HIV-positive, and 

variations over time.   

Table 5. Covariate measurement method, categories, and collection timing. 

Covariate Measurement method Categories Baseline 
measure or time-
updated?  

Age Self-reported Younger than 50 
50 and older 

Baseline 

Gender Self-reported Male 
Female 

Baseline 

Race/ethnicity Self-reported Black 
White 
Hispanic/other 

Baseline 

Education Self-reported Less than high 
school diploma 
High school diploma 
or GED 
Some college or 
more 

Baseline 

Total household 
annual income 

Self-reported Less than $14,999 
$15,000-$29,999 
$30,000-$49,999 
≥$50,000 
Not reported/refused 
to report 

Time-updated 

Health insurance 
status 

Self-reported Private 
Public 
Other/unknown 
No insurance 

Time-updated 

Mode of HIV 
transmission 

Self-reported Same sex contact 
Opposite sex 
contact 
Injection drug use 
Other 
mode/unknown 

Baseline 

Alcoholism Self-reported Yes/No Baseline 

Smoking status Self-reported Never smoked 
Ever smoked 
Current smoker  

Baseline 

CD4+ cell count Laboratory measurement Above 500 
Below 500 

Baseline 

HIV viral load Laboratory measurement Below 400 
Above 400 

Baseline 

Years known HIV-
positive 

Self-reported Less than 5 years 
5-10 years 
10 years or more 

Baseline 

On ART Self-reported Yes/No Baseline 

Previous AIDS 
event 

Self-reported Yes/No Baseline 

AIDS event Adjudicated medical record Yes/No Time-updated 

Grade 4 event Adjudicated medical record Yes/No Time-updated 

Hepatitis B Laboratory test (positive surface Yes/No Baseline 
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antibody or two positive 
measurements of surface antigen) 

Hepatitis C Laboratory test (positive antibody) Yes/No Baseline 

Previous serious 
non-AIDS event 

Self-reported Yes/No Baseline 

Serious non-AIDS 
event 

Adjudicated medical record Yes/No Time-updated 

Diabetes Self-reported Yes/No Baseline 

BMI Measured during clinic visit Continuous Baseline 

4.2.2. QOL Outcome 

The primary outcome, QOL, was measured in the SMART study using the Medical 

Outcomes Study 12-Item Short Form Health Survey version 1.0 (SF-12) and one 

question with the visual analog score about current health (VAS, ranging from 0-100 with 

0 indicating poor health).   

4.2.2.1. SF-12 Development 

The SF-12 was first developed in 1996 as a shorter alternative to the SF-36, the 

most widely used generic QOL measurement tool in the world.  The initial validation 

found that the SF-12 was a reasonable replacement for the SF-36 (54, 90).  Subsequent 

validations have confirmed the SF-12 as a valid replacement for the SF-36 with valid 

constructs (60, 234).  Since that time the SF-12 has been widely used to measure QOL 

among individuals from all over the world with various health issues and disease states.  

There are many advantages to using the SF-12 to measure QOL.  First it is very brief 

taking only approximately 2 minutes to complete (164), which can help keep completion 

rates high and limit bias due to incomplete data.  Second it has multiple administration 

modes available, including paper and electronic versions (235), and standard (4-week) 

and acute (1-week) recall versions.  Third it is self-administered and currently available 

in 120 languages (180) but it is a copyrighted document with a fee for its use.   The SF-

12 is gaining popularity as a tool for measuring QOL around the world, with the original 

validation paper being cited more than 500 times.   
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4.2.2.2. SF-12 Measurement Tool 

The SF-12 questionnaire includes 12 questions each measured on a scale of 0-100.  

The SF-12 12 questions break down in to 8 subscales and 2 composite scores (Table 6).  

The eight subscales are: physical functioning, role limitations physical health problems, 

role limitations due to emotional problems, bodily pain, general health, vitality, and social 

functioning.  Four subscales only contain one item; the other four subscales contain two 

questions each.  The two composite scores are the physical composite score (PCS) and 

the mental health composite score (MCS), each composed of 6 questions.  When an 

item is missing the respective composite score (PCS or MCS) or subscale the score is 

not calculated.  One additional measure used for this analysis and a previous analysis 

(82) is an average of all 12 questions (ALLQOL).  Questions in the SF-12 are linearly 

transformed and are scored using a standard algorithm creating a scale of 1-100 for 

each item; higher scores indicate better health.  A mean standardized score of 50 is 

used with a standard deviation of 10 based on the general US population (54, 236).  The 

recall period for SF-12 version 1.0 is the previous 4 weeks.   

Questions in the SF-12 contain a number of different question formats.  Four 

questions (questions 1, 2, 9 and 10) are yes/no.  Two questions (questions 3 and 4) 

have a three-point scale of 1) Yes, limited a lot; 2) Yes, limited a little; and 3) No, not 

limited at all.  One question (question 6) has a five-point scale including: 1) Excellent; 2) 

Very good; 3) Good; 4) Fair: 5) Poor; another question (question 5) also has a five-point 

scale but includes: 1) Not at all; 2) A little bit; 3) Moderately; 4) Quite a bit; 5) Extremely.  

The remaining 4 questions (questions 7, 8, 11 and 12) have a six-point scale including: 

1) All of the time; 2) Most of the time; 3) A good bit of the time; 4) Some of the time; 5) A 

little of the time; 6) None of the time.   

For this analysis we chose to only focus on four primary QOL measures.  Physical 

QOL was measured using the PCS, mental QOL was measured using the MCS, overall 
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QOL was measured using the overall average of all the questions (ALLQOL), and 

current health was measured using the 1-item visual analog score (VAS).  We decided 

not to utilize SF-12 subscales for this analysis since their scores were highly variable, 

most likely due to the fact that they are made up of only one or two questions, because 

the subscales are not commonly used in other SF-12 studies including a previous 

analysis of this dataset (82), and because they did not provide any different conclusions 

than the four main outcomes provided.   
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Table 6. SF-12 version 1.0 QOL measurement tool layout. 

Question 
number 
 

Question Subscale Composite 
score 

1 Does your health now limit you in moderate activities, such as moving a table, 
or pushing a vacuum cleaner? If so, how much? 

Physical functioning (PH) Physical 
composite 
score (PCS) 

2 Does your health now limit you in moderate activities, such as climbing several 
flights of stairs? If so, how much? 

PH PCS 

3 During the past 4 weeks, have you accomplished less than you would like as a 
result of your physical health?   

Role limitations due to physical 
health problems (RP) 

PCS 

4 During the past 4 weeks, have you been limited in the kind of work or other 
activities as a result of your physical health? 

RP PCS 

5 During the past 4 weeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)? 

Bodily pain (BP) PCS 

6 In general, would you say your health is. . . General health (GH) PCS 

7 How much of the time during the past 4 weeks did you have a lot of energy?  Vitality (energy/fatigue) (VT) Mental 
composite 
score (MCS) 

8 During the past 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting friends, 
relatives, etc.)? 

Social functioning (SF) MCS 

9 During the past 4 weeks, have you accomplished less than you would like as a 
result of any emotional problems (such as feeling depressed or anxious)? 

Role limitations due to emotional 
problems (RE) 

MCS 

10 During the past 4 weeks, did you not do work or other activities as carefully as 
usual as a result of any emotional problems (such as feeling depressed or 
anxious)? 

RE MCS 

11 How much of the time during the past 4 weeks have you felt clam and 
peaceful? 

Mental health (psychological 
distress and psychological 
wellbeing) (MH) 

MCS 

12 How much of the time during the past 4 weeks have you felt down heartened 
and blue?  

MH MCS 
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4.3. Statistical Analyses 

4.3.1. Descriptive Statistics 

A series of descriptive analyses looking at the distribution of QOL scores at baseline 

and over time were conducted.  For the longitudinal analyses participants had to have at 

least one follow-up measure to be included, since the primary interest of this analysis 

was in change over time, which excluded 12 participants (1%) with only baseline QOL 

measures.  Significance was set at p<0.05 unless otherwise indicated and all tests of 

significance were two-sided.  All analyses were conducted using SAS version 9.1 (SAS 

Institute Inc., Cary, NC).    

4.3.2. Methods for Aim 1: Missing Data 

Aim 1: To conduct a sensitivity analysis imputing missing data to determine how this 

may alter primary conclusions.  

Research question: 

1) Do imputation methods need to be used for missing data in this study and if so 

how does the using the imputed data change the primary results?   

The amount of missing data present in the SMART QOL substudy was assessed by 

first determining the number of missing covariates over time.  Next the amount of 

missing data for the primary outcomes of PCS and MCS was determined and according 

to SF-12 calculation standards (54), a PCS or MCS score is considered missing if even 

one item is missing.  The mixed model techniques used in these analyses assume data 

is missing at random (MAR).  MAR assumes that the probability of having a missing 
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value depends on observed covariates but does not depend on the outcome itself (237).  

It is possible to test if observed covariates predict missing data but it is not possible to 

test whether or not a missing outcome depends on the outcome itself.  To test the first 

assumption we conducted a series of univariate analyses to see if there were any 

covariate differences between those with any missing QOL score during follow-up 

compared to those with no missing data using SAS PROC GLIMMIX with a dichotomous 

outcome for missing any QOL measure compared to missing none.  

It is important to note that a passive imputation is utilized by the mixed model 

procedure used to conduct these analyses in SAS.  A key strength to using this mixed 

method is that all available data for any given participant is used.  If an outcome 

measure is missing at any given time point (i.e. visit) SAS skips over that time point and 

moves on to the next available time point which is a form of passive imputation.  In 

addition to using the mixed methods approach using all available data we also 

conducted active multiple imputation (MI) of any missing data as a sensitivity analysis to 

see how, if at all, our primary results changed.  The MI technique is considered a strong 

and valid technique for missing data imputation and works by replacing missing values 

with simulated values and creating multiple datasets which in turn produce multiple 

parameters of interest which are averaged to get overall values (238). 

4.3.3. Methods for Aim 2: SF-12 Reliability 

Aim 2: To evaluate one measure of reliability, internal scale consistency, using the SF-

12 to measure QOL among PLWH in the SMART QOL substudy. 
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Hypothesis: Summary composite scores, PCS and MCS, from the SF-12 will each have 

high internal scale internal consistencies measured using Cronbach’s alpha among 

PLWH in the SMART QOL substudy. 

Research question:  

2) Is the SF-12 a reliable measure of QOL among PLWH in this study population? 

Internal consistency reliability, also known as inter-item reliability and scale internal 

consistency, is the extent to which questions correlate correctly to create a 

measurement scale of interest (239).  To test the hypothesis that the SF-12 is a reliable 

measure of QOL among PLWH in the SMART study Cronbach’s coefficient alpha (α) 

values were calculated for both the PCS and MCS composite scores at each time point 

to determine how well questions that make up the composite scores were in agreement 

with each other.  A Cronbach’s α larger than 0.70 was considered acceptable reliability 

as this indicates 70% reliability and is the traditional cut-off used to determine the 

reliability of a measurement for group-level comparisons (240).  Pearson product-

moment correlations were also calculated between questions making up the composite 

scales as additional confirmation of the internal scale consistency looking at discriminant 

and convergent validity.  A correlation value greater than 0.40 was considered 

satisfactory, while values 0.41-0.80 were considered moderate, and greater than 0.80 

were considered excellent (240). 

4.3.4. Methods for Aim 3: Age and Quality of Life 

Aim 3: To examine the independent effect of age on QOL over time among PLWH in the 

SMART QOL substudy. 
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Hypothesis: Participants 50 years of age and older will have a statistically significant 

lower PCS and higher MCS over time compared to those younger than 50 among PLWH 

in the SMART QOL substudy. 

Research questions:  

3)  Is there a difference in QOL by age when controlling for time and other 

covariates? Does the rate of change in QOL differ by age when controlling 

for time and other covariates? 

For this analysis age was modeled dichotomously comparing those 50 years of age 

and older to those younger than 50, in line with other national and international 

guidelines defining older as 50 years of age and older (17) and findings from a recent 

systematic review showing this is the most common analytic approach in the aging 

PLWH literature (241).  To address our hypothesis that those 50 years of age and older 

have a lower QOL over time compared to those younger than 50 we began by 

conducting descriptive analyses looking at changes in QOL over time by age including 

graphing changes in QOL over time by 10 year age categories followed by a series of 

longitudinal analyses.  

4.3.4.1. Mixed Model Theory and Assumptions 

Differences in QOL by age categories were estimated and tested using linear 

longitudinal mixed effects regression models, also known as two-way models, random 

effects models, and hierarchical linear models using SAS PROC MIXED (242, 243).  A 

mixed effects model is required because both the means of our data and the variance 

and covariance need to be modeled due to the repeated measures nature of our data.  

In our repeated measures dataset we cannot assume independence of our error terms 
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since we have both within-person and between-person correlation.  The mixed model 

allows us to take these factors in to account while also allowing us to adjust for potential 

confounders.  Some strengths of the mixed model include not needing to have equally 

spaced timing of clinical visits, the ability to specify an appropriate covariance matrix, 

and not requiring complete data in order to retain a participant in the analysis (244).  The 

formula for mixed models and the corresponding values are as follows: 

yijk = X1ij β1 +  Z γ + εijk 

y = observed outcome vector for QOL 

X = covariates 

β = fixed-effects parameters 

Z = known design matrix/covariance matrix that looks at between-subjects error 

γ = random-effects parameters 

ε = within-subjects error 

 

Mixed effects models derive their name from having a mixture of both fixed and 

random effects and are conducted in three steps.  Step one involves choosing and fitting 

an appropriate covariance matrix structure since this is longitudinal repeated data.  Step 

two involves fitting the mean model using this covariance matrix and step three involves 

making statistical inferences from the final model (244).  The default method for 

computation of residuals in the mixed model was used and is a residual restricted 

maximum likelihood method which maximizes the probability that the predicted 

estimates the observed (244) and produces estimates of the mean QOL over time and 

the change in QOL over time with corresponding 95% confidence intervals, tests of 

significance, and valid standard error estimates.  Both fixed and random effects were 
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included.  Fixed effects are covariates controlled by the investigator (i.e. treatment arm) 

or were covariates for which all values were known (i.e. gender, age, etc.).  Random 

effects are covariates considered to have been drawn from a random sample of the 

population and represent, in theory, a sample of potential values from that population 

(244).  For this analysis we had one random effect – the individual - which allowed for 

each intercept to have a variance component so that the means can vary across people.  

We also included a term in the model statement that allowed the intercept to vary 

randomly across individuals (242). 

A mixed model approach also allowed us to specify a covariance matrix in our 

models; for these analyses an unstructured covariance matrix was used to allow for the 

most liberal approach that estimated the most parameters and was feasible given our 

relatively large sample size.  An unstructured covariance matrix is the most complex as it 

does not assume a specific covariance pattern for the variances in intercepts or variance 

in slopes and instead allows for correlation of within-subject errors for each time pair to 

be different (244).  However, given that we lose power with such a complex covariance 

structure, we also conducted a sensitivity analysis to see how our results differed with 

the use of a Toeplitz covariance matrix which assumes that correlation between 

measures decreases over time.  In addition we chose to use a Kenward-Roger degrees 

of freedom correction which is recommended for use with PROC MIXED to correctly 

adjust for proper Type I error rates (245).  

There are a number of assumptions for using the mixed effect model.  First the data 

are assumed to be normally distributed in a Guassian form.  Second the means or 

expected values of the data are linear in terms of specified parameters.  Third within-

person errors are assumed to not be independent while errors between people are 
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assumed to be independent.  Fourth a mixed model assumes that any missing data are 

missing at random.  These assumptions were explored and findings presented in the 

results section.   

4.3.4.2. Mixed Models for Age and Quality of Life 

Changes in QOL over time by age were assessed by looking at the outcome of mean 

QOL over time and the outcome of QOL slope over follow-up.  All models were carried 

out based on all available patient data and no data was imputed for the primary models.  

Both time-varying and fixed covariates (i.e. covariates only measured at baseline) were 

included in the model and four interactions of interest were also explored as detailed 

previously. For all analyses a Bonferroni’s corrected statistical significance level of 

p=0.025 was used to account for the fact that multiple comparisons were undertaken in 

these analyses (246).  An average of fitted values was calculated for the first year since 

data was collected more frequently in the first year and then annually, and a weighted 

average over the 8 follow-up time points was calculated to give equal weight per year. 

Covariates that were considered potential confounders were added in blocked groups to 

allow for progressive adjustment of the primary estimate of age on QOL and to produce 

an appropriately adjusted estimate of the primary hypothesis of interest; this block 

addition of covariates method has been used in previous studies of PLWH (247-249).  

Using longitudinal hierarchical mixed effects models covariates were then entered in to 

the model in blocks in the following order:  

 Model 1: controlled for time only 

 Model 2: additionally controlled for demographic factors (gender, 

race/ethnicity, education, income, insurance status and treatment arm) 
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 Model 3: additionally controlled for behavioral factors (HIV transmission 

category, history of alcoholism at baseline, smoking status at baseline) 

 Model 4: additionally controlled for HIV-disease related factors (CD4+ cell 

count below 500 at baseline, HIV viral load lower than 400 at baseline, AIDS 

event during follow-up, years HIV-positive, Grade 4 event during follow-up, 

and on ART at baseline) 

 Model 5: additionally controlled for comorbid factors (hepatitis B infection, 

hepatitis C infection, serious non-AIDS event during follow-up, diabetes at 

baseline and body mass index (BMI) at baseline) 

 Model 5a: additionally controlled for interaction term (gender with age) 

 Model 5b: additionally controlled for interaction term (HIV transmission 

mode with age) 

 Model 5c: additionally controlled for interaction term (years HIV-positive 

and age)  

 Model 5d: additionally controlled for interaction term (time and age) 

This block addition of covariates allowed us to control for all potential confounders in the 

association between age and QOL and produced an adjusted estimate of this effect. Any 

interaction term found to be non-significant was removed from the model.  

4.3.5. Methods for Aim 4: Gender and Quality of Life 

Aim 4: To examine the independent effect of gender on QOL over time among PLWH in 

the SMART QOL substudy. 

Hypothesis: Females will have a statistically significant lower PCS and MCS over time 

compared to males among PLWH in the SMART QOL substudy. 
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Research questions:  

4) Is there a difference in mean QOL by gender when controlling for time and other 

covariates?  Does the rate of change in QOL differ by gender when controlling for 

time and other covariates? 

To address our hypothesis that females will have a lower QOL over time compared 

to male participants we began by conducting descriptive analyses looking at changes in 

QOL by gender and graphing changes in QOL over time by gender.  We then utilized the 

same methods and modeling approach as documented in the previous section looking at 

the association of age with QOL.  Using longitudinal hierarchical mixed effects models 

covariates were entered in to the model in blocks in the following order:  

 Model 1: controlled for time only 

 Model 2: additionally controlled for demographic factors (age, 

race/ethnicity, education, income, insurance status and treatment arm) 

 Model 3: additionally controlled for behavioral factors (HIV transmission 

category, history of alcoholism at baseline, smoking status at baseline) 

 Model 4: additionally controlled for HIV-disease related factors (CD4+ cell 

count below 500 at baseline, HIV viral load lower than 400 at baseline, AIDS 

event during follow-up, years HIV-positive, Grade 4 event during follow-up, 

and on ART at baseline) 

 Model 5: additionally controlled for comorbid factors (hepatitis B infection, 

hepatitis C infection, serious non-AIDS event during follow-up, diabetes at 

baseline and BMI at baseline) 

 Model 5a: additionally controlled for interaction term (gender with age) 
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 Model 5b: additionally controlled for interaction term (HIV transmission 

mode with gender) 

 Model 5c: additionally controlled for interaction term (years HIV-positive 

and gender)  

 Model 5d: additionally controlled for interaction term (time and gender) 

This block addition of covariates allowed us to control for all potential confounders in the 

association between gender and QOL and produced an adjusted estimate of this effect. 

Any interaction term found to be non-significant was removed from the model.  

4.3.6. Sensitivity Analyses  

To assess the stability of our findings two sets of sensitivity analyses for both the age 

and gender analyses were conducted.  The first sensitivity analysis included only 

participants who were randomized to the continuous treatment arm since the previous 

analysis of this dataset, through 36 months of follow-up, found that QOL was lower for 

those in the episodic ART treatment arm compared to the continuous treatment arm for 

some QOL measures (82).  Statistical models looking at the outcomes of PCS and MCS 

were re-run using only those participants from the continuous treatment arm.  These 

results were then compared qualitatively to those obtained in the primary models to see 

if there were any differences in statistical significance, magnitude, or direction of the 

estimated effects. The second sensitivity analysis re-ran models using the multiple 

imputation dataset and compared these findings to those from the primary models to see 

if there were any differences in statistically significance, magnitude, or direction of the 

estimated effects. 
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4.3.7. Methods for Aim 5: Covariates and Baseline QOL 

Aim 5: To determine the demographic, behavioral, and clinical covariates associated 

with QOL at baseline among PLWH in the SMART QOL substudy. 

Research question: 

5) Which covariates are statistically significant associated with QOL at 

baseline among PLWH? 

To determine the factors associated with QOL among PLWH in the SMART QOL 

substudy at baseline cross-sectional data collected at baseline were used.  A 

multivariate modeling approach was utilized to determine which covariates were 

associated with QOL at baseline using multiple steps.  First, we analyzed univariate 

associations between covariates of interest and QOL using standard linear regression 

procedures (PROC GLM in SAS).  Our four main QOL outcomes of interest were tested 

for differences using two sample Student’s t-tests and Fisher’s exact tests as required 

for continuous and dichotomous variables respectively.  Next covariates found in the 

univariate analysis to be statistically significant at p<0.10 were placed in to a multivariate 

linear regression model; only covariates significant at p<0.025 were retained to produce 

the most parsimonious model using a Bonferroni correction for multiple comparisons 

(246).   

4.3.8. Methods for Exploratory Analyses 

Two sets of exploratory analyses were conducted in addition to the primary analyses.  

First an exploratory analysis was conducted to determine which additional covariates 

were associated with changes in QOL over time.  For this analysis the outcome was 

mean QOL using each of the four primary QOL measures.  As previously detailed 
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multivariate models were created with longitudinal mixed effects models using SAS 

PROC MIXED.  However, for these exploratory analyses, a multivariate modeling 

approach was used instead of a hierarchical modeling approach as in the previous 

analyses.  First, we analyzed univariate associations between covariates of interest and 

QOL over time using two-sample Student’s t-tests and Fisher’s exact tests for 

continuous and categorical variables respectively.  Next covariates found in the 

univariate analysis to be statistically significant at p<0.10 were placed in to a multivariate 

linear mixed regression model; only covariates significant at p<0.025 were retained in 

the final model to produce the most parsimonious model using a Bonferroni correction 

for multiple comparisons (246). 

Second, an exploratory analysis was conducted to determine which covariates were 

associated with significant declines in PCS and MCS over time.  A significant decline in 

QOL was defined as a decline of 1 standard deviation or more from baseline to any point 

during follow-up; this translated to a 8.77 point decline or more in PCS or a 9.18 point 

decline in MCS at any point during follow-up.  For this time-to-event analysis Cox 

proportional hazards models were developed to evaluate the association of 

demographic, behavioral, and clinical covariates with a significant decline in QOL (250).  

The outcome was time to first significant decline in PCS or MCS and the output was 

corresponding hazard ratios (HR) for the relative risk of experiencing a significant 

decline based on comparison of event rates.  Univariate proportional hazards analyses 

were conducted for each of the covariates of interest.  Next covariates statistically 

significant at p<0.10 were included in a multivariate proportional hazards models and 

only those covariates significant at p<0.025 (246) were retained in the final multivariate 

model to produce the most parsimonious model.  At first the proportional hazards 
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assumption for the time-dependent covariates appeared to not be met for one of the 

covariates (experiencing an AIDS event) so the model was run again stratifying by AIDS 

event.  Since the estimates from the original model did not differ, it was determined that 

the proportional hazards assumption was not violated and the original model was utilized 

in our results. All other covariates met the proportional hazards assumption.  

4.4. Power and Sample Size Requirements 

Our study population included 1225 participants from the SMART QOL substudy 

enrolled at baseline.  To test the hypothesis of Aim 3, that participants 50 years and 

older would have lower PCS compared to those younger, power calculations were 

performed for the comparison of those 50 years of age and older (n=361) to those who 

are younger (n=864).  Using a two-sample Student’s t-test for the difference in means 

between the two independent groups, and assuming an estimated effect size of 0.2 

translating to a 2 point difference in QOL between these two age groups over time, a 

two-sided significance level of 0.05, and the sample sizes per group, the proposed study 

will have 90% power to detect a 2 point difference in PCS between older and younger 

participants over time (Table 7).  Calculations for sample size were conducted using the 

computer program GPOWER (251). 

Table 7. Total required sample size for Aim 3 given various assumptions. 

Number of 
participants 50 
and older in 
SMART QOL 
substudy 

Number of 
participants 
younger than 50 
in SMART QOL 
substudy 

Mean 
PCS 

SD Difference 
in mean 
PCS score 
over time 

α (two-
tailed) 

Estimated 
effect 
size 

Power 

361 864 48.4 9.7 2.0 0.05 0.2 90% 

361 864 48.4 9.7 3.0 0.05  0.3 99% 

361 864 48.4 9.7 4.0 0.05 0.4 99% 
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4.5. Human Subjects and IRB Approval 

4.5.1. Overview 

For this analysis we used data collected on HIV-positive participants in the SMART 

QOL substudy.  A total of 1225 HIV-positive participants enrolled in this substudy and 

provided extensive information on health and QOL over an average follow-up time of 39 

months, providing more than 3000 person-years of follow-up and data on over 100 

covariates.  Data were used to analyze a number of different research questions looking 

at validating our QOL measurement and assessing changes in QOL over time by age 

and gender.   

4.5.2. Source of Measurements Collected 

Data on demographic and clinical factors were collected from study participants at 

each study visit.  In particular, QOL was measured in a sub-study of 1225 participants in 

the SMART study using the SF-12 at months 4, 8, and 12, and then annually until the 

end of the study.  Data for this analysis have already been collected and were provided 

to us by the Scientific Steering Committee of INSIGHT in the form of a de-identified 

dataset. 

4.5.3. Informed Consent 

Each participant in the SMART study provided written informed consent and an 

additional informed consent was obtained for the SMART QOL substudy.   
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4.5.4. Potential Risks and Benefits 

Since all data was provided only in the form of a de-identified dataset, there were no 

foreseeable risks to participants based on this analysis, nor were there any direct 

benefits.  Findings from this research will be used to inform interventions and clinical 

recommendations aimed at improving QOL for those PLWH most at risk.  

4.5.5. Confidentiality 

Data for this project were provided in the form of a de-identified dataset for analysis 

that did not contain names or any personal identifying information.  At no time will we 

have any access to any personal or identifying information on study participants.  All 

data for this project was stored in on a password protected computer that will be locked 

when not in use.  

4.5.6. Institutional Review Board Approval 

Approval for the SMART clinical trial was obtained from the University of Minnesota 

Institutional Review Board (UMN IRB) and from the IRB at each of the participating 

clinical sites.  Approval for this particular research proposal was obtained from the UMN 

IRB under category #4 (Research Exempt from IRB Committee Review: Existing Data) 

on January 20, 2010.  I completed the Responsible Conduct of Research and 

Scholarship training program and in addition we obtained approval for this analysis of 

SMART from the Scientific Steering Committee of INSIGHT, the group responsible for all 

aspects of the implementation and data collection of the now completed clinical trial.  
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4.5.7. Inclusion of Women and Minorities 

No person was excluded from this study solely based on their ethnicity, 

race/ethnicity, class, or gender.  A total of 305 women participated in the SMART QOL 

substudy (25%) and 60% of participants were non-white.   

4.5.8. Inclusion of Children 

This study only included participants 20 years and older so no children participated in 

this research. 
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5. Results 

5.1. Study Population 

5.1.1. Population Characteristics 

At baseline the SMART QOL substudy enrolled 1225 participants from various study 

sites in the US.  The average length of follow-up for participants in this substudy was 

3.24 years (median 3.08 years, IQR 2.10-4.12 years) with a range of 3 months to 5.17 

years follow-up time.  The study population had a mean age of 44.7 (range 20-76 years), 

was 75.1% male, 42% black, 51.4% reported some college education or more, 34.6% 

reported annual incomes of less than $15,000, 13.6% reported having no insurance and 

54.2% reported HIV transmission via same sex contact.  Participants had mean 9.34 

years since HIV infection, 25.4% reported having a prior AIDS event at baseline and 

17.1% reported a history of alcoholism.  Hepatitis B infection was found in 3.6% of 

participants while hepatitis C was confirmed in 18.94%.  Baseline median CD4+ cell 

count was 575 and 76.33% were on ART at baseline (Table 8). 
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Table 8. Baseline characteristics of participants in the SMART QOL substudy.  

Variable Number (%) 

BIOLOGICAL FACTORS 

Age 

Mean (SD) 44.7 (9.3) 

Median (IQR) 44.0 (38.0-51.0) 

Range 20-76 

Age (categories) 

≥ 50 361 (29.47%) 

< 50 864 (70.53%) 

Gender 

Female 305 (24.90%) 

Male 920 (75.10%) 

Race/Ethnicity  

Black 514 (41.96%) 

White 487 (39.76%) 

Hispanic 195 (15.92%) 

Other 29 (2.37%) 

SOCIODEMOGRAPHIC FACTORS 

Education level 

Less than high school 226 (18.45%) 

High school graduate or GED 369 (30.12%) 

Some college or more 630 (51.43%) 

Total household annual income 

Less than $14,999 629 (56.77%) 

$15,000-$29,999 186 (16.79%) 

$30,000-$49,999 150 (13.54%) 

≥$50,000 143 (12.91%) 

Not reported 117 

Health insurance status 

Private insurance 335 (27.35%) 

Public insurance 676 (55.18%) 

No insurance 166 (13.55%) 

Other/unknown 48 (3.92%) 

Mode of HIV transmission 

Sexual contact, same sex 664 (54.20%) 

Sexual contact, opposite sex 438 (35.76%) 

Injection drug use 72 (5.88%) 

Other mode/unknown 51 (4.16%) 

HIV DISEASE-RELATED FACTORS 

CD4+ cell count* 

Mean (SD) 648.43 (257.29) 

Median (IQR) 575 (455, 784) 

Range 351 - 1934 

CD4+ cell count (categories)* 

< 500 441 (36.0%) 

≥ 500 784 (64.0%) 

On ART 

Yes 935 (76.33%) 

No 290 (23.67%) 

Years since known HIV-positive  

Mean (SD) 9.34 (5.03) 

Median (IQR) 8.81 (5.41, 13.10) 

Range 1.5 months - 23.81 years 

Years since known HIV-positive (categories) 

Less than 5 years 268 (22.17%) 

5 – 10 years 437 (36.15%) 

More than 10 years 504 (41.69%) 
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Nadir CD4+ cell count 

≤50   145 (11.84%) 

50 – 350 729 (59.51%) 

351-500  233 (19.02%) 

> 500 118 (9.63%) 

AIDS diagnosis (ever) 

Yes 311 (25.39%) 

No 914 (74.61%) 

Randomized treatment arm 

Drug conservation/interrupted 
treatment 

606 (49.47%) 

Viral suppression/continuous 
treatment 

619 (50.53%) 

COMBORDBIDITY FACTORS 

Diabetes (ever) 

Yes 121 (9.88%) 

No 1104 (90.12%) 

Hepatitis B 

Yes 44 (3.59%) 

No 1181 (96.41%) 

Hepatitis C  

Yes 232 (18.94%) 

No 993 (81.06%) 

History of alcoholism 

Yes 209 (17.06%) 

No 1016 (82.94%) 

Smoking status 

Never smoked 373 (30.45%) 

Ever smoked 336 (27.43%) 

Current smoker 516 (42.12%) 

Prior serious non-AIDS event 

Yes 104 (8.49%) 

No 1121 (91.51%) 

BMI 

Mean (SD) 27.22 (5.86) 

Median (IQR) 25.96 (23.36-29.47) 

Range 14.74-55.33 

*n=1224 

5.1.2. Data Completeness 

Of the 1225 participants enrolled in the QOL substudy at baseline, 16 (1%) had only 

one QOL measurement during follow-up and therefore were excluded from the 

longitudinal analysis since the primary focus of this analysis was on changes over time 

(Figure 4).  The remaining 1209 participants in the longitudinal analyses contributed 

7555 total observations during follow-up.  The average number of QOL measures 

completed was 5 with 726 participants completing 6 or more QOL measures (59%) and 

few participants (n=40, 3%) completing only 1 or 2 measurements (Figure 5).  
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Figure 4. Flowchart of participants in the SMART QOL substudy. 

 

 

 

 

 

 

Enrolled at baseline 

N=1225  

Participants excluded for 
having baseline QOL 

assessment only 

N=16 

1209 participants  

contributed 7555 
observations during 60 

months of follow-up 

Missing quality of life 
measures during entire 

follow-up  

N=510 observations 

(6.7% of all observations) 

Missing due to a missed 
study visit only 

N=256 observations (50%) 

Attended visit but missing 
QOL questionnaire only 

N=168 observations (33%) 

Combination of missed study 
visit and missing QOL 

questionnaires 

N=86 observations (17%) 

Missing covariates during 
entire follow-up  

N=12 covariates 

1209 participants contributed 
7033 observations in final 

analyses 

(93.1% of all observations) 
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Figure 5. Number of QOL measures per participant. 

 

5.2. Missing Data Results 

Aim 1: To conduct a sensitivity analysis imputing missing data to determine how this 

may alter primary conclusions.  

The first aim of this study was to investigate the amount of missing data and to 

impute missing data in the SMART QOL substudy if necessary.  Of the 1225 participants 

enrolled in the SMART QOL substudy at baseline only 16 individuals were excluded 

from this analysis all together due to having only one QOL measurement during follow-

up; these participants did not at all differ from those with more than 1 QOL 

measurement.  The remaining 1209 individuals included in our analyses contributed a 

total of 7555 total observations.  Of these observations, 510 QOL outcomes were 

missing from 371 unique individuals during follow-up for a total of 6.7% of total 

observations missing (Figure 4).  Of the 371 individuals with missing QOL data, 276 

(74.4%) were missing one measurement, 64 (17.3%) were missing two measurements 
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and the remaining 31 (8.4%) missed three or more measurements (Figure 6).  When 

participants were missing a QOL measurement, this was because they missed a study 

visit all together (51% of the time), they attended a visit but did not complete a QOL 

questionnaire (33% of the time) or they had a combination of missed visits and not 

completed QOL questionnaires (17% of the time).  The remaining missing 12 

observations in the dataset were covariate observations missing during follow-up.   

When we tested to see if there were any covariate differences between those with 

any missing QOL measure during follow-up compared to those with no missing data, 

three factors emerged as statistically significant: race/ethnicity, smoking status, and 

hepatitis B co-infection.  White participants were more likely to have missing QOL data 

compared to other races/ethnicities.  Current and ever smokers were more likely to have 

missing data than never smokers, as were those with hepatitis B co-infection compared 

to those uninfected.   

When we used MI techniques to impute our missing data as a sensitivity analysis we 

found no notable differences in our conclusions between primary models and 

imputed models, as presented later on in our primary analyses.  Given that a small 

percentage of all observations were missing (6.9%), and that our conclusions did not 

change in our sensitivity analyses, we concluded that the MAR assumption for mixed 

models was not violated and the methods utilized in these analyses were appropriate. 

This conclusion is also supported by previous analyses of the SMART data which also 

assumed MAR for their analyses. 
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Figure 6. Number of missing QOL measurements by participant. 

 

5.3. Quality of Life Measurement 

5.3.1. SF-12 Reliability Results 

Aim 2: To evaluate one measure of reliability, internal scale consistency, using the SF-

12 to measure QOL among PLWH in the SMART QOL substudy. 

The second aim of this study was to evaluate one measure of reliability – internal 

scale consistency – using the SF-12 as a measure of QOL among PLWH in the SMART 

QOL substudy.  Reliability of the SF-12 QOL measurement tool was assessed by 

calculating the internal scale consistency using Cronbach’s α and Pearson’s correlations 

between questions on the SF-12 for the two primary composite scores, the PCS and the 

MCS.  Results for both the raw and standardized Crobach’s α show that reliability values 

for PCS were higher than the acceptable value of 0.70 at all time points and remained 

fairly consistent over time with a standardized α of 0.868 at baseline, 0.866 at 60 months 
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follow-up and 0.875 across all time points.  This was also the case for MCS with a 

standardized α of 0.847 at baseline, 0.853 at 60 months follow-up and 0.863 across all 

time points (Table 9). 

Pearson’s correlations values for the 6 questions that make up the PCS were within 

the a priori moderate range of 0.40-0.80 with actual values ranging from 0.420-0.721 

over the entire study period.  Correlation values for the 6 questions that make up the 

MCS were also within the moderate range with actual values ranging from 0.400-0.755 

over the entire study period.  These results lead us to conclude that measurement of 

PCS and MCS among PLWH in this study was consistent over time and therefore 

the SF-12 is a reliable measure of PCS and MCS among PLWH in the SMART QOL 

substudy over time.  

Table 9. Reliability of the SF-12 at each time point measured using Cronbach’s α.  

 PCS MCS 

Baseline (observations) N=1192 N=1195 

Raw value α 0.860 0.833 

Standardized α 0.868 0.847 

 

4 months (observations) N=1133 N=1130 

Raw value α 0.864 0.853 

Standardized α 0.872 0.869 

 

8 months (observations) N=1116 N=1114 

Raw value α 0.861 0.852 

Standardized α 0.872 0.867 

 

12 months (observations) N=1100 N=1110 

Raw value α 0.873 0.850 

Standardized α 0.880 0.866 

 

24 months (observations) N=1051 N=1059 

Raw value α 0.874 0.845 

Standardized α 0.882 0.862 

 

36 months (observations) N=822 N=820 

Raw value α 0.873 0.854 

Standardized α 0.880 0.870 

 

48 months (observations) N=478 N=479 

Raw value α 0.864 0.852 

Standardized α 0.868 0.868 

 

60 months (observations) N=246 N=244 

Raw value α 0.857 0.833 

Standardized α 0.866 0.853 



 

73 
 

 

All time points (observations) N=7318 N=7151 

Raw value α 0.867 0.847 

Standardized α 0.875 0.863 

5.3.2. Mean Quality of Life at Baseline and Over Time 

Changes in QOL from baseline were also assessed to determine how much and for 

which measures QOL were changing over time (Table 10).  Overall mean PCS declined 

over time by approximately 1.27 points from baseline to 60 months of follow-up and 

mean MCS increased by 0.28 points.  Mean ALLQOL decreased by 2.22 points and 

VAS decreased by 1.98 points from baseline to 60 months.  Data from the subscales 

supported our findings using the composite scores with physical subscales declining 

over time and mental subscales staying the same or slightly increasing during follow-up 

for the entire study population.  

Floor and ceiling effects can be an issue for QOL measures if there are significant 

numbers of participants who score at the top or bottom ranges since this potentially 

limits the ability to capture changes over time.  This was not an issue with the composite 

PCS and MCS scores since no individuals scored 0 or 100 for either the PCS or the 

MCS (Table 10).  This was, however, an issue for overall measures (VAS and ALLQOL).  

For the VAS, which is one question about current health, 10.40% of participants reported 

ceiling (i.e. maximum) values at baseline and 5.60% reported this at 60 months follow-

up; 0.16% reported floor (i.e. minimum) values at baseline and 0.40% reported this at 60 

months follow-up.  For the ALLQOL measure 2.90% reported ceiling values at baseline 

and 0.40% reported them at 60 months follow-up.  No participants had floor or ceiling 

values for PCS or MCS while the percentage of participants reporting floor or 

ceiling values for ALLQOL or VAS declined over time and was for the most part a 

very small percentage of the total responses. 
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Table 10. Mean QOL over time for the four primary QOL measures PCS, MCS, ALLQOL and VAS.  

 Baseline 4 months 8 months 12 months 24 months 36 months 48 months 60 months 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Mean (SD) 
Range 

Overall measures 

VAS 75.38 (18.41) 
0-100 

75.85 (18.81) 
0-100 

75.00 (19.07) 
0-100 

75.08 (18.43) 
10-100 

74.83 (18.87) 
0-100 

74.94 (19.41) 
0-100 

76.18 (17.11) 
0-100 

75.88 (17.77) 
1-100 

ALLQOL  71.79 (23.48) 
3.75-100 

72.79 (23.82) 
0-100 

71.74 (24.39) 
3.75-100 

71.13 (24.39) 
1.67-100 

70.96 (24.15) 
0-100 

70.94 (24.58) 
1.67-100 

73.25 (23.50) 
5-100 

72.59 (23.22) 
4.5-100 

Composite scores 

PCS  
 

48.46 (9.66) 
13.42-65.59 

48.67 (9.42) 
17.60-65.43 

48.40 (9.65) 
15.88-64.07 

48.04 (9.65) 
19.06-65.68 

48.0 (9.95) 
19.06-65.68 

47.4 (9.96) 
16.91-67.09 

48.53 (9.40) 
16.66-65.17 

48.32 (9.00) 
15.03-15.03 

MCS  
 

44.56 (8.46) 
12.62-63.08 

44.92 (8.38) 
15.56-63.36 

44.46 (8.64) 
9.57-62.90 

44.56 (8.46) 
16.60-63.30 

44.53 (8.53) 
11.86-65.03 

44.76 (8.42) 
18.53-63.96 

45.17 (8.30) 
18.04-61.73 

45.28 (7.72) 
20.54-61.59 

 

 
 



 

75 
 

5.4. Age and Quality of Life 

Aim 3: To examine the independent effect of age on QOL over time among PLWH in the 

SMART study. 

The majority of participants were younger than 50 years of age (70.53%), with 5.63% 

30 and under and 5.31% 61 and older (Table 11).  At baseline older participants had 

lower PCS, VAS and ALLQOL scores while younger participants had lower MCS scores 

(Table 12,  

Figure 7, Figure 8). 

Table 11. Age distributions of participants in the SMART QOL substudy.  

Age Number (%) 

Age measured dichotomously 

≥ 50 361 (29.47%) 

< 50 864 (70.53%) 

Age measured in 10 year age 
categories 

20-30 years 69 (5.63%) 

31-40 years 350 (28.57%) 

41-50 years 490 (40%) 

51-60 years 251 (20.49%) 

61 and older 65 (5.31%) 

Age measured in quintiles 

20-37 267 (21.8%) 

38-42 250 (20.41%) 

43-47 241 (19.67%) 

48-52  224 (18.29%) 

≥ 53 243 (19.84%) 

 
Table 12. Mean values for the main QOL measures by age at baseline and 60 months 
follow-up. 

 
 
QOL measure 

Baseline 60 months 

<50 years of age 
 
Mean (SD) 

≥ 50 years of age 
 
Mean (SD) 

<50 years of age 
 
Mean (SD) 

≥ 50 years of age 
 
Mean (SD) 

PCS 49.60 (9.07) 45.70 (10.48) 49.20 (8.30) 46.24 (10.23) 

MCS 44.09 (8.42) 45.70 (8.47) 45.37 (7.47) 45.07 (8.34) 

VAS 76.15 (18.39) 73.54 (18.35) 76.82 (17.93) 73.65 (17.29) 

ALLQOL 73.13 (23.02) 68.59 (24.27) 74.26 (22.86) 68.67 (23.74) 
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Figure 7. Mean PCS at baseline by age category at baseline. 

 

Figure 8. Mean MCS at baseline by age category at baseline.

 

We tested for differences in sociodemographics, behavioral factors, HIV-related 

factors and comorbidities between participants between those 50 and older compared to 
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those younger than 50 and found statistically significant differences for 12 covariates 

between those older and younger primarily driven by the fact that older participants had 

more time for the event to occur.  Older participants were more likely to be non-Hispanic 

and to have public insurance while younger participants were more likely to have 

acquired HIV via same sex contact.  Older participants were more likely to have a history 

of alcoholism, to have ever smoked, and to have had a prior AIDS diagnosis at study 

entry.  Older participants were more likely to have had HIV for a longer period of time 

and to be on ART at baseline.  Finally, older participants were also more likely to have 

hepatitis C co-infection, a prior serious non-AIDS event, and a history of diabetes 

reported at baseline.  

5.4.1. Age and Mean PCS Over Time 

Change in PCS was graphed using 10 year categories presented in the full scale (0-

100, Figure 9) and in a concentrated scale (40-56, Figure 10).  From these figures we 

see that younger participants start with slightly higher PCS compared to older 

participants and this difference remains consistent over time.  In particular we see a 9 

point difference between 31-40 year olds compared to those 61 and older at the end of 

follow-up time. Importantly, however, there are no noticeable differences in change in 

slope over time by age category and there were no noticeable differences in PCS 

variance by age over time.  
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Figure 9. Changes in mean PCS over time by 10 year age categories (scale 0-100).

 

Figure 10. Changes in PCS over time by 10 year age categories (scale 40-56).
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Mean PCS as the outcome was modeled over time and from the hierarchical mixed 

model results (Table 13) we see that over time and even after controlling for multiple 

demographic and health factors, age is statistically significantly associated with mean 

PCS regardless of how age is modeled.  The primary hypothesis for this analysis was 

that participants 50 years and older would have a lower PCS compared to those 

younger.  If age is modeled dichotomously we see that those 50 and older have an 

estimated 2.41 point lower PCS over time compared to those younger than 50 

(95% CI: -3.34, -1.48) and this association overall is statistically significant 

(p<0.0001) in the final fully adjusted model confirming our hypothesis.  To explore other 

potential differences in PCS by age, age was also modeled in categories and 

continuously.  If age is modeled in 10 year age categories those 20-30 years of age 

have an estimated 4.96 points higher PCS compared to those older than 60 (95% CI: 

2.38, 7.54) and this association overall is statistically significant (p<0.0001).  In addition 

there appears to be a dose-response relationship with this difference decreasing with 

increasing age.  If age is modeled in quintiles those 20-37 years are estimated to have 

4.75 points higher PCS compared to those older than 53 (95% CI: 3.40, 6.10), this 

association overall is statistically significant (p<0.0001), and it appears that the dose-

response relationship is still present.  If age was modeled continuously, PCS was 

estimated to decrease by 1.6 points per 10 year increase in age (95% CI: -0.21, -0.11) 

and this association overall is statistically significant (p<0.0001).  Four effect modifiers 

were also analyzed in the association between age and mean PCS: gender and age, 

transmission category and age, years HIV-positive and age, and time and age.  There 

was no evidence of effect modification on an additive scale for any of these potential 

effect modifiers.   
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Table 13. Hierarchical mixed model results estimating the effect of age on mean PCS. 

 
 
 
 
Number of 
observations 

Model 
1 

Est. 
[95% 
CI] 

SE p-
value 

Model 
2 

Est. 
[95% 
CI] 

SE p-
value 

Model 3 

Est. 
[95% 
CI] 

SE p-
value 

Model 4 

Est. 
[95% 
CI] 

SE p-
value 

Model 
5 

Est. 
[95% 
CI] 

SE p-
value 

7045 7045 7045 7040 7033 

Age modeled dichotomously 

 ≥ 50 years  -3.44  
[-4.41, 
-2.48]  
 

0.5 <.0001 -3.12  
[-4.05,  
-2.19] 

0.5 <.0001 -3.07  
[-4.01,  
-2.13] 

0.5 <.0001 -2.83  
[-3.78, 
-1.88] 

0.5 <.0001 -2.41  
[-3.34,  
-1.48] 

0.5 <.0001 

< 50 years REF REF REF REF REF 

BIC 48271.0 48149.5 48111.1 48012.4 47883.0 

Age modeled in 10 year categories 

 20 – 30 
years 

6.60  
[3.94, 
9.26] 

1.3 <.0001 6.57 
[4.00, 
9.14] 

1.3 <.0001 6.60  
[4.02, 
9.17] 

1.3 <.0001 6.10 
[3.47, 
8.74] 

1.3 <.0001 4.96  
[2.38, 
7.54] 

1.3 <.0001 

31 – 40 
years 

4.24  
[2.20, 
6.29] 

1.0 3.63  
[1.67, 
5.60] 

1.0 3.87  
[1.90, 
5.84] 

1.0 3.53  
[1.55, 
5.51] 

1.0 2.98 
[1.03, 
4.93] 

1.0 

41 – 50 
years 

2.04 
[0.04, 
4.04] 

1.0 1.48 
[-0.43, 
3.39] 

1.0 1.96  
[0.04, 
3.89] 

1.0 1.80  
[-0.11, 
3.71] 

1.0 1.75  
[-0.13, 
3.62] 

1.0 

51 – 60 
years 

-0.18  
[-2.29, 
1.93] 

1.1 -0.47 
[-2.48, 
1.54] 

1.0 -0.02  
[-2.02, 
1.99] 

1.0 -0.15 
 [-2.14, 
1.84] 

1.0 -0.17  
[-2.12, 
1.77] 

1.0 

Older than 
60 

years 

REF REF REF REF REF 

BIC 48242.7 48116.9 48084.4 47990.3 47867.1 

Age modeled in quintiles 

 20-37 years 6.03 

[4.69, 
7.37] 

0.7 <.0001 5.79  

[4.48, 
7.10] 

0.7 <.0001 5.67  

[4.34, 
7.00] 

0.7 <.0001 5.41 

[4.05, 
6.77] 

0.7 <.0001 4.75  

[3.40, 
6.10] 

0.7 <.0001 

38-42 years 4.03  

[2.67, 
5.39] 

0.7 3.74  

[2.43, 
5.04] 

0.7 3.71  

[2.40, 
5.02] 

0.7 3.53 

[2.21, 
4.84] 

0.7 3.18  

[1.88, 
4.48] 

0.7 
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43-47 years 2.71  

[1.34, 
4.07] 

0.7 2.26 

[0.95, 
3.56] 

0.7 2.36  

[1.05, 
3.68] 

0.7 2.27 

[0.95, 
3.57] 

0.7 2.20 

[0.92, 
3.48] 

0.7 

48-52 years 0.99 

[-0.41, 
2.38] 

0.7 0.77  

[-0.57, 
2.10] 

0.7 0.89  

[-0.44, 
2.22] 

0.7 0.89  

[-0.43, 
2.22] 

0.7 1.01  

[-0.28, 
2.31] 

0.7 

Older than 
52 years 

REF REF REF REF REF 

BIC 48222.2 48097.4 48065.1 47971.9 47851.5 

Age modeled continuously 

 Per year 
increase 

-0.21  
[-0.26,  
-0.17] 

0.02 <.0001 -0.20 
[-0.25, 
-0.16] 

0.02 <.0001 -0.20 
[-0.25,  
-0.15] 

0.02 <.0001 -0.19 
[-0.24, 
-0.14] 

0.02 <.0001 -0.16  
[-0.21, 
-0.11] 

0.02 <.0001 

BIC 48247.6 48124.0 48087.7 47994.6 47872.8 

*Model 1 controls for time only; Model 2 additionally controls for baseline demographic factors, Model 3 additionally controls for behavioral 
factors, Model 4 additionally controls for HIV-disease related factors and Model 5 additionally controls for comorbid factors 
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5.4.2. Age and PCS Slope Over Time 

The next research question of interest was to determine if the trajectory of PCS over 

time varied by age.  This was conducted using mixed models in which the outcome of 

interest was the slope of PCS instead of the mean score.  No statistically significant 

difference was found for the change in PCS over time by age if age is modeled 

dichotomously, in 10 year age categories, or continuously.  If age is modeled in 

quintiles, however, there was a statistically significant difference in the change in PCS by 

age in the fully adjusted model (p=0.0037).  The same four effect modifiers were also 

analyzed in the association between age and change in PCS and there was no evidence 

of effect modification on an additive scale for any of these potential effect modifiers.   

5.4.3. Sensitivity Analyses for Age and PCS 

Two sets of sensitivity analyses were conducted for this analysis, one including only 

those participants in the continuous treatment arm in the SMART trial and the other 

using data with missing values imputed.  A comparison of the results from the primary 

models including all participants to the sensitivity models is presented in Table 14.  

Model results were also re-run using a Toeplitz covariance matrix instead of an 

unstructured one and there were no differences in results.  

For the continuous treatment arm only sensitivity analysis there was 

practically no difference in mean PCS or PCS slope between the primary and 

sensitivity models.  The only difference in trends that emerged between the two 

models was for 51-60 year olds in the 10 year age category analysis.  In the primary 

mean model the estimate for 51-60 year olds was -0.17 and in the sensitivity mean 

model the estimate was 0.01, but neither estimate for that age category was statistically 

significantly different from those older than 60.  In regards to trends we did see the 
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difference in mean PCS score by age attenuated in the sensitivity models.  For example, 

the primary mean model estimated 2.41 points lower PCS between those 50 and older 

compared to those younger, while the sensitivity model estimated 1.83 points lower PCS 

for those 50 and older.  When age was modeled continuously the difference was 

estimated in the primary mean model to be 0.21 points lower PCS per year in age 

increase and in the sensitivity model was 0.14 points lower PCS per year in age 

increase.  These attenuated differences were also found when age was modeled in 10 

year age categories or when age was modeled in quintiles.  Importantly, however, these 

sensitivity results did not alter our primary conclusions. 

 For the PCS slope models again there was practically no difference in the trends or 

statistical significance between the primary models and the sensitivity models.  The only 

difference in statistical significance between the two models was when age was modeled 

in quintiles the primary slope model was statistically significant (p=0.0037) but was not 

statistically significant in the sensitivity slope model (p=0.0920).  The only difference in 

trends that emerged between the two models was for 31-40 year olds in the 10 year age 

category analysis.  In the primary slope model the estimate was 31-40 year olds was -

0.45 and in the sensitivity slope model was 1.62, but neither estimate for that age 

category was statistically significantly different from those older than 60.  None of these 

differences altered the conclusions from our primary models.   

For the imputed mean models there was practically no difference in mean PCS 

or PCS slope between the primary and sensitivity models.  The only difference in 

trends that emerged between the two models was for 51-60 year olds in the 10 year age 

category analysis.  In the primary mean model the estimate for 51-60 year olds was  

-0.17 and in the sensitivity mean model the estimate was 0.01, but neither estimate for 

that age category was statistically significantly different from those older than 60.  These 

sensitivity analyses did not alter the conclusions from our primary models. 
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Table 14. Comparison of full adjusted model results from primary models and sensitivity models for PCS by age.  
 

Age 
category 

Primary 
mean 
model 

estimate
s 

(all 
particip

ants) 

p- 
value 

Sensitivity 
mean 
model 

estimates 
(VS arm 

only) 

p- 
value 

Sensitivity mean 
model estimates 
(imputed data) 

p- 
value 

Primary slope 
model 

estimates 
(all 

participants) 

p-
value 

Sensitivity 
slope model 

estimates 
(VS arm only) 

p-
value 

Age modeled dichotomously 

≥ 50 years -2.41  
[-3.34,  
-1.48] 

<0.0001 -1.83 [-3.12, 
-0.54] 

<0.0001 -2.38 [-3.25, -
1.50] 

<0.0001 0.69 [-0.25, 
1.62] 

0.1488 1.24  
[-0.06, 2.54] 

0.0621 

Age in 10 year categories 

20-30 
years 

4.96 
[2.38, 
7.54] 

<0.0001 4.89 [1.22, 
8.55] 

0.0033 4.10 [1.77, 6.43] <0.0001 -1.34 [-3.92, 
1.25] 

0.1276 -1.50  
[-5.17, 2.17] 

0.0254 

31-40 
years 

2.98 
[1.03, 
4.93] 

2.53 [-0.40, 
5.47] 

3.07 [1.23, 4.90] -0.45 [-2.40, 
1.50] 

1.62  
[-1.31, 4.54] 

41-50 
years 

1.75  
[-0.13, 
3.62] 

1.84 [-0.97, 
4.65] 

1.85 [0.08, 3.61] 0.32 [-1.55, 
2.19] 

1.40  
[-1.40, 4.20] 

51-60 
years 

-0.17  
[-2.12, 
1.77] 

0.01 [-2.86, 
2.89] 

0.01 [-1.82, 1.84] 0.94 [-1.01, 
2.88] 

2.69  
[-0.18, 5.57] 

Older than 
60 years 

REF REF REF REF REF 

Age modeled in quintiles 

20-37 
years 

4.75 
[3.40, 
6.10] 

<0.0001 4.50 [2.62, 
6.38] 

0.0001 4.48 [3.22, 5.75] <0.0001 -2.33  0.0037 -2.66  

[-4.57, -0.74] 

0.0920 

38-42 
years 

3.18 
[1.88, 
4.48] 

2.50 [0.72, 
4.29] 

3.08 [1.85, 4.30] -1.02 [-2.33, 
0.29] 

-1.35  

[-3.17, 0.47] 

43-47 
years 

2.20 
[0.92, 
3.48] 

1.57  

[-0.16, 3.29] 

2.14 [0.93, 3.35] -0.30 [-1.60, 
0.99] 

-1.01  

[-2.76, 0.75] 

48-52 
years 

1.01  

[-0.28, 

1.47  

[-0.30, 3.24] 

0.87  

[-0.35, 2.10] 

-1.61  

[-2.92, -0.30] 

-1.63  

[-3.44, 0.19] 
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2.31] 

Older than 
52 years 

REF REF REF REF REF 

Age modeled continuously 

Per year 
increase 

-0.21  
[-0.26, -
0.17] 

<0.001 -0.14  
[-0.21, -0.08] 

<0.0001 -0.15  
[-0.19, -0.10] 

<0.000
1 

0.05 [0.002, 
0.10] 

0.0282 0.07  
[0.0004, 0.12] 

0.0484 
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5.4.4. Age and Mean MCS Over Time 

Change in MCS was graphed using 10 year age categories presented in the full 

scale (0-100, Figure 11) and in a concentrated scale (40-56, Figure 12).  From these 

figures we see minimal differences in MCS by age 10 year age categories, but those 

younger have slightly lower MCS compared to older participants.  Those 61 and older 

have a 4.62 point higher MCS compared to those 20-30 years of age at the beginning of 

the study and this difference remained consistent over time.  Importantly, as seen with 

the PCS analysis, it does not appear there is any difference in the change in slope for 

MCS over time by age category and we found almost no change in the variance of the 

MCS measures over time.  

Figure 11. Changes in mean MCS over time by 10 year age categories (scale 0-100).
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Figure 12. Changes in mean MCS over time by 10 year age categories (scale 40-50).
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years are estimated to have an estimated 1.06 point lower mental health compared to 

those 53 and older (95% CI: -2.22, 0.01) but the overall difference is not statistically 

significantly different (p=0.1188).  If modeled continuously, mental health was estimated 

to increase 0.6 points per 10 year increase (95% CI: 0.02, 0.10) and this association 

overall is statistically significant (p=0.0059).  Four effect modifiers were also analyzed in 

the association between age and physical health: gender and age, transmission 

category and age, years HIV-positive and age, and visit and age; there was no evidence 

of effect modification on an additive scale for any of these potential effect modifiers.  
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Table 15. Hierarchical mixed model results estimating the effect of age on mean MCS. 

 
 
 
 
Number of 
observations 

Model 
1 

Est. 
[95% 
CI] 

SE p-
value 

Model 
2 

Est. 
[95% 
CI] 

SE p-value Mode
l 3 

Est. 
[95% 
CI] 

SE p-value Mode
l 4 

Est. 
[95% 
CI] 

SE p-
value 

Model 
5 

Est. 
[95% 
CI] 

SE p-
value 

7045 7045 7045 7040 7033 

Age modeled dichotomously 

 ≥ 50 years  0.88  
[0.11, 
1.64] 

0.4 0.024
8 

1.06  
[0.30, 
1.83] 

0.4 0.0063 0.90 
[0.13, 
1.67] 

0.4 0.0215 0.91  
0.13, 
1.69] 

0.4 0.0229 0.92  
[0.12, 
1.71] 

0.4 0.0239 

< 50 years REF REF REF REF REF 

BIC 48185.
6 

48116.
2 

48077
.3 

48031
.7 

47973.
6 

Age modeled in 10 year age categories 

 20 - 30 
years 

-3.68  
[-5.80, 
-1.56] 

1.1 0.001
4 

-3.89 
[-6.01,  
-1.77] 

1.1 0.0003 -3.41  
[-5.53,  
-1.30] 

1.1 0.0053 -3.66  
[-5.84, 
-1.47] 

1.1 0.0048 -3.68 
[-5.89, 
-1.47] 

1.1 0.0059 

31 - 40 
years 

-2.74 
 [-4.36, 
-1.11] 

0.8 -3.04 
[-4.66,  
-1.43] 

0.8 -2.58 
[-4.20, 
-0.96] 

0.8 -2.64  
[-4.28,  
-1.01] 

0.8 -2.63  
[-4.30, 
-0.97] 

0.8 

41 - 50 
years 

-3.30  
[-4.89, 
-1.71] 

0.8 -3.57  
[-5.14, 
-2.00] 

0.8 -2.96  
[-4.53,  
-1.38] 

0.8 -2.96  
[-4.54, 
-1.38] 

0.8 -2.93  
[-4.53, 
-1.33] 

0.8 

51 - 60 
years 

-2.87 
 [-4.54, 
-1.19] 

0.9 -2.90  
[-4.55, 
-1.26] 

0.8 -2.42 
[-4.07,  
-0.78] 

0.8 -2.46  
[-4.11, 
-0.81] 

0.8 -2.42 
[-4.09, 
-0.77] 

0.9 

Older than 
60 

years 

REF REF REF REF REF 

BIC 48169.7 48099.5 48064.8 48018.8 47961.0 

Age modeled in quintiles 

 20-37 years -0.79  

[-1.87, 
0.29] 

0.6 0.1636 -1.13  

[-
2.23,  

-0.04] 

0.6 0.0444 -0.99  

[-2.10, 
0.11] 

0.6 0.0898 -1.02  

[-2.16, 
0.12] 

0.6 0.1171 -1.06  

[-2.22, 
0.01] 

0.6 0.1188 

38-42 years -1.26  

[-2.35,  

0.6 -1.51  

[-
2.60,  

0.6 -1.37 

 [-2.47, 

0.6 -1.35  

[-2.45,  

0.6 -1.36  

[-2.48,  

0.6 
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-0.16] -0.42]  -0.29] -0.25] -0.24] 

43-47 years -0.86 

 [-1.96, 
0.24] 

0.6 -1.11  

[-
2.19,  

-0.02] 

0.6 -0.77 

[-1.86, 
0.31] 

0.6 -0.75  

[-1.84, 
0.35] 

0.6 -0.78 

[-1.88, 
0.32] 

0.6 

48-52 years -1.24 

[-2.37,  

-0.11] 

0.6 -1.51 

[-
2.62,  

-0.40] 

0.6 -1.34 

[-2.44,  

-0.23] 

0.6 -1.27 

[-2.38,  

-0.16] 

0.6 -1.29 

[-2.41, 

 -0.17] 

0.6 

Older than 52 
years 

REF REF REF REF REF 

BIC 48182.4 48112.3 48073.0 47969.7 48027.9 

Age modeled continuously 

 Per year 
increase 

0.05  
[0.008, 
0.08] 

0.0
2 

0.0164 0.06 
[0.02, 
0.10] 

0.02 0.0033 0.06 
[0.01, 
0.09] 

0.0
2 

0.0095 0.06 
[0.02, 
0.10] 

0.02 0.0063 0.06  
[0.02, 
0.10] 

0.0
2 

0.0059 

BIC 48190.
9 

48121
.0 

48081.
9 

48035
.3 

47977
.0 

*Model 1 controls for time only; Model 2 additionally controls for baseline demographic factors, Model 3 additionally controls for behavioral 
factors, Model 4 additionally controls for HIV-disease related factors and Model 5 additionally controls for comorbid factors 
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5.4.5. Age and MCS Slope Over Time 

The next research question of interest was to determine if the trajectory of MCS over 

time varied by age.  This was conducted using mixed models in which the outcome of 

interest was the slope of MCS.  No statistically significant differences were found 

for the change in MCS over time regardless of how age was modeled.  The same 

four effect modifiers were also analyzed in this association between age and change in 

MCS and there was no evidence of effect modification on the additive scale for any of 

these potential effect modifiers.  

5.4.6. Sensitivity Analyses for MCS and Age 

Two sets of sensitivity analyses were conducted for this analysis, one including only 

those participants in the continuous treatment arm in the SMART trial and the other 

using data with missing values imputed.  A comparison of the results from the primary 

models including all participants to the sensitivity models is presented in Table 16.  

Model results were also re-run using a Toeplitz covariance matrix instead of an 

unstructured one and there were no differences in results. 

For the continuous treatment arm only sensitivity analysis there were very few 

differences in mean MCS or MCS slope between the primary and sensitivity 

models.  When age was modeled dichotomously there was a statistically significant 

difference in mean MCS by age in the primary model (p=0.0239) but this did not remain 

statistically significant in the mean sensitivity models (p=0.1536).  Also, when age was 

modeled continuously the primary mean model was statistically significant (p=0.0059) 

but the sensitivity mean model was not (p=0.1722).  Importantly the majority of the 

results from the sensitivity mean models supported conclusions drawn from the results in 

the primary mean models.  
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For the imputed sensitivity analysis there was practically no difference in 

mean MCS or MCS slope between the primary and sensitivity models.  The only 

difference in trends was when age was modeled in 10 year age categories where the 

direction in the slope estimates are reversed between the primary slope model and the 

sensitivity slope model but none of these estimates were statistically significantly 

different.  The sensitivity slope models support the conclusions drawn from the primary 

slope models.   
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Table 16.  Comparison of results from fully adjusted primary models and sensitivity models for MCS by age.   

Age category Primary 
mean 
model 

(all 
participant

s) 
 
 
 

Estimates 
[95% CI] 

p-value Sensitivity mean 
model (VS arm 

only) 
 
 
 

Estimates 
[95% CI] 

p-value Sensitivity 
mean model 

(imputed 
data) 

 
Estimates 
[95% CI] 

p-
value 

Primary 
slope 
model  

(all 
participa

nts) 
 
 
 

Estimates 
[95% CI] 

p-
value 

Sensitivity 
slope 
model  

(VS arm 
only) 

 
 
 

Estimates 
[95% CI] 

p-
value 

Age modeled dichotomously 

 ≥ 50 years 
 

0.92  
[0.12, 1.71] 

0.0239 0.84 
[-0.32, 1.20] 

0.1566 0.83 [0.09, 
1.58] 

0.0290 -0.66  
[-1.65, 
0.33] 

0.1892 -1.20 
[-2.61, 0.21] 

0.0939 

Younger than 
50 years 

REF REF REF REF REF 

Age in 10 year categories 

 20-30 years -3.68  
[-5.89,  
-1.47] 

0.0059 -3.87 [-7.17,  
-0.57] 

0.0223 -3.89  
[-5.90,  
-1.88] 

0.0026 1.31  
[-1.42, 
4.04] 

0.6590 -0.88 
[-4.87, 3.11] 

0.3355 

31-40 years -2.63  
[-4.30, 
-0.97] 

-3.26 [-5.90,  
-0.63] 

-2.32 
[-3.89,  
-0.75] 

1.27  
[-0.80, 
3.33] 

-0.71  
[-3.89, 2.48] 

41-50 years -2.93  
[-4.53,  
-1.33] 

-4.17 [-6.69, 
-1.65] 

-2.65  
[-4.16, 
-1.15] 

1.08  
[-0.90, 
3.06] 

-1.00  
[-4.05, 2.04] 

51-60 years -2.42  
[-4.09, 
-0.77] 

-3.43 [-6.01, 
-0.85] 

-2.24  
[-3.80,  
-0.68] 

0.51  
[-1.55, 
2.57] 

-2.36  
[-5.49, 0.77] 

Older than 60 
years 

REF REF REF REF REF 

Age modeled in quintiles 

 20-37 years -3.68  
[-5.89,  
-1.47] 

0.1188 -0.61 [-2.32, 1.10] 0.1798 -0.95  

[-2.04, 0.14] 

0.1498 0.61  

[-0.84, 
2.05] 

0.4192 1.13  

[-0.95, 3.21] 

0.4835 

38-42 years -2.63  
[-4.30, 
-0.97] 

-1.20 [-2.82, 0.42] -1.29 [-2.34, 

-0.23] 

1.13  

[-0.26, 
2.53] 

1.75  

[-0.23, 3.73] 

43-47 years -2.93 [- -1.28  -0.72 0.28  0.93  
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4.53, -1.33] [-2.85, 0.29] [-1.76, 0.31] [-1.09, 
1.65] 

[-0.98, 2.84] 

48-52 years -2.42  
[-4.09, 
-0.77] 

-1.89  

[-3.50, -0.28] 

-1.08  

[-2.13, -0.03] 

1.07 

[-0.33, 
2.46]  

1.43 

[-0.54, 3.40] 

Older than 52 
years 

REF REF REF REF REF 

Age modeled continuously 

 Per year 
increase 

0.06 [0.02, 
0.10] 

0.0059 0.04  
[-0.02, 0.11] 

0.1722 0.06 [0.02, 
0.10] 

0.0031 -0.02  
[-0.07, 
0.03] 

0.4351 -0.03  
[-0.10, 0.05] 

0.5000 
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5.4.7. Age and Mean ALLQOL Over Time 

Change in ALLQOL was graphed using 10 year age categories presented in the full 

scale (0-100, Figure 13) and in a concentrated scale (60-85, Figure 14).  From these 

figures we see that younger participants tended to have higher ALLQOL compared to 

older participants at the beginning of follow-up and these differences remained 

consistent during follow-up. In particular those 31-40 years of age had a 12.38 point 

higher ALLQOL compared to those older than 60 at the end of follow-up.  We did not 

note any major differences in slope for ALLQOL by age category nor for the variance of 

ALLQOL measures over time.  

Figure 13. Changes in mean ALLQOL over time by 10 year age categories (scale 0-100). 
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Figure 14. Changes in mean ALLQOL over time by 10 year age categories (scale 60-85). 
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analyzed in the association between age and ALLQOL: gender and age, transmission 

category and age, years HIV-positive and age, and age and visit; there was no evidence 

of effect modification on an additive scale for any of these factors. 

5.4.8. Age and ALLQOL Slope Over Time 

When the outcome of the slope of ALLQOL was modeled to determine if the 

trajectory of ALLQOL varied over time by age, as with the prior PCS and MCS analyses, 

no statistically significant differences were found for the change in ALLQOL over 

time regardless of how age was modeled.  The same four effect modifiers were also 

analyzed in this association between age and change in ALLQOL and there was no 

evidence of effect modification on the additive scale for any of these potential effect 

modifiers. 

5.4.9. Age and Mean VAS Over Time 

Change in VAS was graphed using 10 year age categories presented in the full scale 

(0-100, Figure 15) and in a concentrated scale (65-90, Figure 16).  From these figures 

we see that younger participants tended to have a higher VAS compared to older 

participants and in particular those 31-40 years of age had a 7 point higher VAS 

compared to those older than 60 at the end of follow-up.  Importantly, however, it does 

not appear that there are any noticeable differences in slope for VAS by age category.  

In addition, we see limited changes in the variance of VAS measures over time. 
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Figure 15. Changes in mean VAS over time by 10 year age categories (scale 0-100).

 

Figure 16. Changes in mean VAS over time by 10 year age categories (scale 65-90).
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From the hierarchical mixed model results we see that over time and after controlling 

for multiple demographic and health factors age is statistically significantly associated 

with VAS regardless of how age is modeled.  If modeled categorically, we see that 

those 50 and older have an estimated 2.62 points lower VAS compared to those 

younger than 50 (95% CI: -4.48, -0.77) and this association overall is statistically 

significant (p=0.0058).  If modeled in 10 year age categories those 20-30 years of age 

have an estimated 2.90 points higher current health compared to those older than 60 

and although this association is not statistically significant (95% CI: -2.26, 8.06), the 

association overall is statistically significant (p=0.0.007).  If age is modeled in quintiles, 

those 20-37 years are estimated to have an estimated 5.61 points higher current health 

compared to those 53 and older (95% CI: 2.90,8.31) and this association overall is 

statistically significant (p=0.0007).  If modeled continuously, current health was 

estimated to decrease by 1.7 points per 10 year increase (95% CI: -0.26, -0.07) and this 

association overall is statistically significant (p=0.0007).  Four effect modifiers were also 

analyzed in the association between age and VAS: gender and age, transmission 

category and age, years HIV-positive and age, time and age; there was no evidence of 

effect modification on an additive scale for any of these potential effect modifiers.  

5.4.10. Age and VAS Slope Over Time 

When the outcome of the slope of VAS was modeled to determine if the trajectory of 

VAS varied over time by age, as with the prior physical and mental health analyses, no 

statistically significant differences were found for the change in VAS over time 

regardless of how age was modeled.  The same four effect modifiers were also 

analyzed in this association between age and change in VAS and there was no evidence 

of effect modification on the additive scale for any of these potential effect modifiers. 
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5.4.11. Summary of Effect of Age on Quality of Life Over Time 

Results for all models assessing the effect of age on QOL over time are presented in 

Table 17.  We did not find any noticeable differences in the variance over time by age 

but we did find that the variance was largest for ALLQOL and VAS.  The most widely 

used measures of QOL from the SF-12, the PCS and MCS, had relatively smaller 

variances in comparison.  For PCS our primary hypothesis was confirmed in this 

analysis as we found an independent effect of age with PCS with those 50 years of age 

and older having 2.41 points lower mean PCS compared to those younger than 50 

(p<0.0001); this difference was statistically significant regardless of how age was 

modeled.  These results indicate that older participants started the study with lower 

mean PCS and this was maintained during the study follow-up.  No statistically 

significant effect was found for those 50 and older compared to those younger than 50 

was found for the slope of PCS.  This result indicates that the rate of change in PCS 

over time did differ between those older and younger.  

For MCS our primary hypothesis was confirmed as we also found an independent 

effect of age with MCS with those 50 and older having 0.92 points higher mean MCS 

compared to those younger than 50 (p=0.0239); this difference was also statistically 

significant when age was modeled in 10 year categories or continuously but not when 

modeled in quintiles.  These results indicate that older participants started the study with 

only slightly higher mean MCS and over time there was practically no difference in mean 

MCS during the study follow-up by age.  No statistically significant effect was found for 

those 50 and older compared to those younger than 50 was found for the slope of MCS.  

This result indicates that the rate of change in MCS over time does not differ between 

those older and younger.   

These results were confirmed when looking at additional QOL measures of ALLQOL 

and VAS.  For ALLQOL those 50 years and older had an estimated 2.97 points lower 
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ALLQOL compared to those younger (p=0.0170) and 2.62 points lower VAS for those 50 

and older compared to those younger (p=0.0058).  

Table 17. Final results for age analysis for all mean outcomes from final fully-adjusted 
models.  

 Mean PCS Mean MCS Mean ALLQOL Mean VAS 

Estimate 
[95% CI] 

p-
value 

Estimat
e 

[95% 
CI] 

p-
value 

Estimate 
[95% CI] 

p-
value 

Estimate 
[95% CI] 

p-value 

Age modeled dichotomously 

≤ 50 years -2.41  
[-3.34,  
-1.48] 

<.0001 0.92  
[0.12, 
1.71] 

0.0239 -2.97  
[-5.40,  
-0.53] 

0.0170 -2.62  
[-4.48,  
-0.77] 

0.0058 

> 50 years REF REF REF REF 

Age modeled in 10 year categories 

20 - 30 years 4.96  
[2.38, 
7.54] 

<.0001 -3.68 
[-5.89,  
-1.47] 

0.0059 3.32  

[-3.44, 
10.08] 

0.0055 2.90  

[-2.26, 8.06] 

0.0007 

31 - 40 years 2.98 
[1.03, 
4.93] 

-2.63  
[-4.30,  
-0.97] 

1.29  
[-3.84, 
6.41] 

0.36  
[-3.54, 4.26] 

41 - 50 years 1.75  
[-0.13, 
3.62] 

-2.93  
[-4.53,  
-1.33] 

-1.62 
 [-6.54, 
3.30] 

-1.45  
[-5.19, 2.30] 

51 - 60 years -0.17  
[-2.12, 
1.77] 

-2.42 
[-4.09,  
-0.77] 

-4.25  
[9.36, 
0.84] 

-4.32 
[-8.20,  
-0.44] 

Older than 
60 

REF REF REF REF 

Age modeled in quintiles 

20-37 years 4.75  

[3.40, 
6.10] 

<.0001 -1.06  

[-2.22, 
0.01] 

0.1188 7.07   

[3.53, 
10.61] 

0.0002 5.61  

[2.90, 8.31] 

0.0007 

38-42 years 3.18  

[1.88, 
4.48] 

-1.36  

[-2.48, -
0.24] 

3.75 

[0.34, 
7.17] 

2.95 [0.34, 
5.56] 

43-47 years 2.20 

[0.92, 
3.48] 

-0.78 

[-1.88, 
0.32] 

2.48   

[-0.88, 
5.84] 

2.56  

 [-0.001, 
5.13] 

48-52 years 1.01  

[-0.28, 
2.31] 

-1.29 

[-2.41, -
0.17] 

-0.55  

[-3.97, 
2.86] 

0.73 

[-1.88, 3.34] 

Older than 
53 years 

REF REF REF REF 

Age modeled continuously   

Per year 
increase 

-0.16  
[-0.21,  
-0.11] 

<.0001 0.06  
[0.02, 
0.10] 

0.0059 -0.20  
[-0.33,  
-0.08] 

0.0016 -0.17 
[-0.26,  
-0.07] 

0.0007 
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5.5. Gender and Quality of Life  

Aim 4: To examine the independent effect of gender on QOL over time among PLWH in 

the SMART QOL substudy. 

The fourth aim of this study was to examine the independent effect of gender on 

QOL over time among PLWH participating in the SMART QOL substudy.  The 

distributions of gender for participants in the SMART QOL substudy enrolled at baseline 

was 305 female (24.90%) and 920 male (75.10%).  At baseline, men had higher mean 

PCS, MCS and ALLQOL while women had slightly higher VAS (Table 18, Figure 17, 

Figure 18).  

Table 18. Mean values for primary QOL measures at baseline by gender.  

 Mean value (SD) 
Women 

Mean value (SD) 
Men 

PCS 47.17 (10.36) 48.89 (9.39) 

MCS 44.36 (8.50) 44.62 (8.46) 

VAS 74.65 (19.64) 75.62 (17.99) 

ALLQOL 69.45 (23.33) 72.56 (23.49) 

 

Figure 17. Mean PCS at baseline by gender. 
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Figure 18. Mean MCS at baseline by gender. 

 

We tested for differences in sociodemographics, behavioral factors, HIV-related 

factors, and comorbidities between participants between male and female participants 

and found statistically significant differences for 10 covariates between men and women.  

Women were more likely to be non-white and men were more likely to have some 

college education or more and had higher incomes compared to women.  Men were 

more likely to have acquired HIV via same sex contact, were more likely to have a 

history of alcoholism, to have ever smoked, and to be current smokers.  Women were 

more likely to have a CD4+ cell count below 500 at baseline, to have a history of 

diabetes at baseline, and to have a higher mean BMI at baseline.  Finally, men were 

more likely to have had HIV infection for 10 years or more.  

5.5.1. Gender and Mean PCS Over Time 

Change in PCS was graphed by gender and presented in the full scale (0-100, 

Figure 19) and in a concentrated scale (40-54, Figure 20). From these figures we see 
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that males tended to have only slightly higher PCS compared to females with males 

having a 2 point higher PCS at the end of follow-up. Importantly, however, there were no 

noticeable differences in change in slope over time by gender. 

Figure 19. Changes in mean PCS over time by gender (scale 0-100). 
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Figure 20. Changes in mean PCS over time by gender (scale 40-54). 

 

Mean PCS as an outcome was modeled over time by gender and the primary 

hypothesis for this analysis was that females would have lower PCS compared to males.  

From the hierarchical mixed model results we see that over time and after controlling for 

multiple demographic and health factors males have an estimated 1.54 point higher 

PCS compared to females and this association is statistically significant 

(p=0.0131) confirming our hypothesis (Table 19).  Four effect modifiers were also 

analyzed in the association between age and mean PCS: gender and age, transmission 

category and gender, years HIV-positive and gender, and time and gender; there was no 

evidence of effect modification on an additive scale for any of these potential effect 

modifiers. 
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Table 19. Hierarchical mixed model results estimating the effect of gender on mean PCS. 

 
Number of 
observations 

Model 1 
Estimate 
[95% CI] 

SE 
p-value 

Model 2 
Estimate 
[95% CI] 

SE 
p-value 

Model 3 
Estimate 
[95% CI] 

SE 
p-value 

Model 4 
Estimate 
[95% CI] 

SE 
p-value 

Model 5 
Estimate 
[95% CI] 

SE 
p-value 

7045 7045 7045 7040 7033 

 

Male 2.14 [1.11, 
3.17] 

0.52 
<.0001 

1.67 
[0.64, 
2.70] 

0.52 
0.0014 

2.29 
[1.02, 
3.56] 

0.65 

0.0004 

2.07 
[0.83, 
3.31] 

0.63 
0.0011 

1.54 
[0.32, 
2.76] 

0.63 
0.0131 

Female REF REF REF REF REF 

BIC 48302.6 48124.0 47838.6 47994.6 47872.8 

*Model 1 controls for time only; Model 2 additionally controls for baseline demographic factors, Model 3 additionally controls for behavioral 
factors, Model 4 additionally controls for HIV-disease related factors and Model 5 additionally controls for comorbid factors 
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5.5.2. Gender and PCS Slope Over Time 

The next research question of interest was to determine if the trajectory of PCS over 

time varied by gender.  This was conducted using mixed models in which the outcome of 

interest was the slope of PCS.  No statistically significant difference was found for 

the change in PCS over time by gender (p=0.4139).  The same four effect modifiers 

were also analyzed in the association between gender and change in PCS and there 

was no evidence of effect modification on an additive scale for any of these potential 

effect modifiers. 

5.5.3. Gender and Mean MCS Over Time 

Change in MCS was graphed by gender and presented in the full scale (0-100, 

Figure 21) and in a concentrated scale (40-54, Figure 22).  From these figures we see 

virtually no difference in MCS over time between males and females, nor do we see any 

difference in change in slope over time by gender.  
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Figure 21. Changes in mean MCS over time by gender (scale 0-100).

 

Figure 22. Changes in mean MCS over time by gender (scale 40-54).
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and after controlling for multiple demographic and health factors males have an 

estimated 1.84 point higher MCS compared to females and this association is 

statistically significant (p=0.0006), confirming our hypothesis (Table 20).  Four 

effect modifiers were also analyzed in the association between age and mean MCS: 

gender and age, transmission category and gender, years HIV-positive and gender, and 

time and gender; there was no evidence of effect modification on an additive scale for 

any of these potential effect modifiers.   



 

110 

 

Table 20. Hierarchical mixed model results estimating the effect of gender on mean MCS. 

 
Number of 
observations 

Model 1 
Estimate 
[95% CI] 

SE 
p-

value 

Model 2 
Estimate 
[95% CI] 

SE 
p-

value 

Model 3 
Estimate 
[95% CI] 

SE 
p-

value 

Model 4 
Estimate 
[95% CI] 

SE 
p-

value 

Model 5 
Estimate 
[95% CI] 

SE 
p-

value 

7045 7045 7045 7040 7033 

 

Male 0.83 [0.02, 
1.63] 

0.41 
0.0449 

0.69 [-0.16, 
1.55] 

0.43 
0.1095 

1.89 [0.87, 
2.92] 

0.52 

0.0003 

1.87 [0.84, 
2.90] 

0.53 
0.0004 

1.84 [0.79, 
2.88] 

0.53 
0.000
6 Female REF REF REF REF REF 

BIC 48186.5 48121.0 48081.9 48035.3 47977.0 

*Model 1 controls for time only; Model 2 additionally controls for baseline demographic factors, Model 3 additionally controls for behavioral 
factors, Model 4 additionally controls for HIV-disease related factors and Model 5 additionally controls for comorbid factors 
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5.5.4. Gender and MCS Slope Over Time 

The next research question of interest was to determine if the trajectory of MCS over 

time varied by gender.  This was conducted using mixed models in which the outcome of 

interest was the slope of MCS.  No statistically significant difference was found for 

the change in MCS over time by gender (p=0.5930).  The same four effect modifiers 

were also analyzed in the association between gender and change in MCS and there 

was no evidence of effect modification on an additive scale for any of these potential 

effect modifiers.  

5.5.5. Sensitivity Analyses for Gender and PCS and MCS 

Two sets of sensitivity analyses were conducted for this analysis, one including only 

those participants in the continuous treatment arm in the SMART trial and the other 

using data with missing values imputed.  A comparison of the results from the primary 

models including all participants to the sensitivity models is presented in Table 21.  

Model results were also re-run using a Toeplitz covariance matrix instead of an 

unstructured one and there were no differences in results. 

For the continuous treatment arm only sensitivity analysis there were very few 

differences in mean PCS or PCS slope by gender between the primary and 

sensitivity models.  Mean PCS was estimated to be 1.54 points higher for males in the 

primary mean model (p=0.0131) and 3.01 points higher for males compared to females 

in the continuous treatment arm only (p=0.0003) leading to the same conclusion from the 

primary mean models that PCS was higher for males compared to females.  No 

statistically significant difference in PCS slope was found in the primary mean models 

(p=0.4139) or in the sensitivity models (p=0.1213), leading to the same conclusion from 

the primary slope models that PCS slope did not differ between males and females.  
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Mean PCS from the imputed dataset was estimated to be 1.14, compared to 1.54, 

and with this attenuation the difference was no longer statistically significant 

(p=0.1092).  

For the continuous treatment arm only sensitivity analysis there were a few 

differences in mean MCS or MCS slope by gender between the primary and 

sensitivity models.  MCS was estimated to be 1.84 points higher for males in the 

primary mean model (p=0.0006) and 1.58 points higher for males compared to females 

in the sensitivity model although this difference was no longer statistically significant 

(p=0.0370).  This alters slightly our conclusion from the primary mean model 

leading us to conclude no difference in MCS between females and males when 

accounting for those in the continuous treatment arm only.  No statistically 

significant difference in MCS slope was found in the primary mean models (p=0.5930) or 

in the sensitivity models (p=0.2156) leading to the same conclusion from the primary 

slope models that MCS slope did not differ between males and females. Mean MCS 

from the imputed dataset was estimated to be 1.75 (p=0.0020), compared to 1.84, 

leading to the same conclusion that males had higher slightly MCS.  
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Table 21. Comparison of results from fully adjusted primary models and sensitivity models for QOL by gender.   

Gender  Primary mean 
model 

(all 
participants) 

 
 
 

Estimates 
(95% CI) 

p-
value 

Sensitivity 
mean model 

(VS arm 
only) 

 
 
 

Estimates 
(95% CI) 

p-
value 

Sensitivity 
mean 
model 

(imputed 
data) 

 
Estimates 
(95% CI) 

p-
value 

Primary slope 
model  

(all 
participants) 

 
 
 

Estimates 
(95% CI) 

p-
value 

Sensitivity 
slope model  

(VS arm only) 
 
 
 

Estimates 
(95% CI) 

p-
value 

PCS 

Males 1.54 [0.32, 2.76] 0.0131 3.01 [1.38, 
4.64] 

0.0003 1.14 [0.01, 
2.28] 

0.1092 0.51 [-0.72, 
1.75] 

0.4139 1.31 [-0.35, 
2.97] 

0.1213 

Females REF REF REF REF REF 

MCS 

Males 1.84 [0.79, 2.88] 0.0006 1.58 [0.10, 
3.06] 

0.0370 1.75 [0.78, 
2.73] 

0.0020 0.36 [-0.95, 
1.66] 

0.5930 1.14 [-0.66, 
2.94] 

0.2156 

Females REF REF REF REF REF 
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5.5.6. Gender and Mean ALLQOL Over Time 

Change in ALLQOL was graphed by gender and presented in the full scale (0-100, 

Figure 23) and in a concentrated scale (55-80, Figure 24).  From these figures we see 

that males had a slightly higher ALLQOL compared to females and this differed by 4 

points at the end of follow-up.  

Figure 23. Changes in mean ALLQOL by gender (scale 0-100).
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Figure 24. Changes in ALLQOL over time by gender (scale 55-80).
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5.5.7. Gender and ALLQOL Slope Over Time 

When the outcome of the slope of ALLQOL was modeled to determine if the 

trajectory of ALLQOL varied over time by gender, as with the prior PCS and MCS 

analyses, no statistically significant difference was found for the change in 

ALLQOL.  The same four effect modifiers were also analyzed in this association 

between gender and change in ALLQOL and there was no evidence of effect 

modification on the additive scale for any of these potential effect modifiers. 

5.5.8. Gender and Mean VAS Over Time 

Change in VAS was graphed by gender and presented in the full scale (0-100, 

Figure 25) and in a concentrated scale (70-80, Figure 26).  From these figures we see 

that males had a slightly higher VAS compared to females and this differed by 

approximately 6 points at the end of follow-up.   

The primary hypothesis for this analysis was that females would have lower VAS 

compared to males.  From the hierarchical mixed model results we see that over time 

and after controlling for multiple demographic and health factors males have an 

estimated 4.33 points higher VAS compared to females and this association is 

statistically significant (p=0.0005) confirming our hypothesis.  Four effect modifiers 

were also analyzed in the association between age and mean VAS: gender and age, 

transmission category and gender, years HIV-positive and gender, and time and gender.  

For three of the four potential effect modifiers there was no evidence of effect 

modification, but there was evidence of a statistically significant interaction between 

gender and time (p=0.0018) indicating the possibility that time may be modifying the 

association between gender and mean VAS.  
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Figure 25. Changes in mean VAS over time by gender (scale 0-100). 

 

Figure 26. Changes in VAS over time by gender (scale 70-80). 

 

0

10

20

30

40

50

60

70

80

90

100
V

A
S

 S
c

o
re

 

Males

Females

70

71

72

73

74

75

76

77

78

79

80

V
A

S
 S

c
o

re
 

Males

Females



 

118 

 

5.5.9. Gender and VAS Slope Over Time 

When the outcome of the slope of VAS was modeled to determine if the trajectory of 

VAS varied over time by gender we found there was a statistically significant 

difference for the change in VAS by gender (model estimate 4.06, 95% CI: 1.61, 6.50; 

p=0.0012).  This was due to the fact that males had a non-statistically significant 

increase in VAS during follow-up (+0.56 points) while females had a statistically 

significant decrease in VAS during follow-up (-3.50 points).  The same four effect 

modifiers were also analyzed in this association between gender and change in VAS 

and there was no evidence of effect modification on the additive scale for any of these 

potential effect modifiers. 

5.5.10. Summary of Effect of Gender on Quality of Life Over Time 

For PCS our primary hypothesis was confirmed in this analysis as we found an 

independent association of gender with PCS with males have an estimated 1.54 points 

higher PCS compared to females (p=0.0131).  This mean difference was accentuated in 

the sensitivity models when only those in the continuous treatment arm were analyzed 

and males we found to have 3.01 points higher PCS compared to males (p=0.0003).  

This result indicates that male participants started the study with higher mean PCS and 

this was maintained during the study follow-up.  No statistically significant effect was 

found between males and females for the slope of PCS, indicating that the rate of 

change in PCS over time did not differ by gender.  

For MCS our primary hypothesis only partially confirmed as we found an 

independent associated of gender with MCS with males estimated to have 1.84 points 

higher MCS compared to females (p=0.0006).  However, this mean difference was 
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attenuated in the sensitivity models (1.58 points lower) and was no longer statistically 

significant (p=0.0370).  This result indicates that male participants started the study with 

only slightly higher mean MCS and over time there was practically no difference in mean 

MCS during the study follow-up between males and females.  No statistically significant 

effect was found between males and females for the slope of MCS indicating that the 

rate of change in MCS over time did not differ by gender.  

Findings from physical and MCS results were confirmed when we also looked at 

additional QOL measures of ALLQOL and VAS.  For mean ALLQOL males had an 

estimated 6.17 point higher ALLQOL (p=0.0002) and 4.33 points higher VAS compared 

to females (p=0.0005).  

5.6. Quality of Life at Baseline and Additional Associated Covariates 

Aim 5.  To determine the demographic and clinical factors associated with QOL at 

baseline among PLWH in the SMART study. 

The fifth aim of this study was to determine the demographic, behavioral, and clinical 

factors associated with PCS and MCS at baseline among PLWH in the SMART study.  

5.6.1. PCS at Baseline and Associated Covariates  

Of the 1225 participants enrolled in the SMART QOL substudy at baseline, 1177 had 

PCS measures at baseline and were included in this analysis and 15 different covariates 

were found to be associated with PCS at baseline.  These covariates included age, 

gender, race/ethnicity, education, income, insurance status, HIV transmission category, 

history of alcoholism, current smoker, prior AIDS event, years HIV-positive, hepatitis C 

co-infection, prior serious non-AIDS event, diabetes and BMI.  
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The 15 covariates statistically significantly associated with PCS in the univariate 

analysis (p<0.10) were included then included in a multivariate model and eight factors 

remained statistically significantly associated with PCS (p<0.025).  Covariates which 

remained statistically significantly associated with PCS at baseline included age, 

race/ethnicity, income, current smoker, hepatitis C co-infection, prior serious non-AIDS 

event, diabetes and BMI.  Older participants had 2.84 points lower PCS; black 

participants had 1.48 points higher PCS and Hispanics/other ethnicities had 2.01 points 

higher PCS compared to white participants.  Those with higher incomes had higher 

PCS, and this increased as incomes increased.  Current smokers had 2.01 points lower 

PCS, those with hepatitis C co-infection had 2.24 points lower PCS, those with a prior 

serious non-AIDS event had 2.57 points lower PCS, participants with diabetes had 4.26 

points lower PCS, and PCS declined 0.19 points per 1 unit increase in BMI.  

5.6.2. MCS at Baseline and Associated Covariates 

Of the 1225 participants enrolled in the SMART QOL substudy at baseline, 1177 had 

MCS measures at baseline and were included in this analysis and seven different 

covariates were found to be associated with MCS at baseline: age, race/ethnicity, 

income, HIV transmission category, current smoker, history of alcoholism, and hepatitis 

C co-infection.  Seven covariates statistically significantly associated with MCS at 

baseline in the univariate analysis (p<0.10) were then included in a multivariate model 

and two covariates remained statistically significantly associated with MCS after 

adjustment for the other covariates (p<0.025): age and income.  Older participants had 

1.68 points higher MCS.  Those with higher incomes had higher MCS, for example those 
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making $50,000 or more had 2.58 points higher MCS compared to those making less 

than $15,000 annually.   

5.6.3. ALLQOL and VAS at Baseline and Associated Covariates 

Of 1225 participants enrolled in the SMART QOL substudy at baseline, 1207 had 

ALLQOL measures and 1208 had VAS measures at baseline.  Statistically significant 

covariates from the univariate and multivariate models were very similar to those 

detected in PCS and MCS models and no new covariates of interest emerged as being 

statistically significant for ALLQOL and VAS in either the univariate or multivariate 

models.  

5.6.4. Summary of Quality of Life at Baseline and Associated Covariates 

Covariates that were associated with both PCS and MCS at baseline included 

age and income; age was associated with lower PCS and higher MCS and income 

associated with higher PCS and MCS.  Covariates uniquely associated with PCS at 

baseline and not MCS were race/ethnicity, income, current smoker, hepatitis C co-

infection, prior serious non-AIDS event, diabetes and BMI.  Findings for ALLQOL and 

VAS were consistent with those found for PCS and MCS. 
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5.7. Exploratory Analyses 

 

5.7.1. Additional Covariates Associated with Quality of Life Over Time 

5.7.1.1. Mean PCS and Additional Covariates Over Time  

Exploratory analyses were conducted to determine which additional covariates were 

associated with mean PCS over time.  In the univariate analysis we found that almost all 

covariates of interest were statistically significant.  The only covariates which were not 

associated with mean PCS over time were race/ethnicity, randomized treatment arm, 

CD4+ cell count above 500 at baseline, on ART at baseline, and hepatitis B co-infection 

at baseline. 

In multivariate analysis including covariates statistically significant from the univariate 

analysis (p<0.10) nine covariates remained statistically significant (p<0.025): age, 

income, insurance status, current smoker at baseline, AIDS event, Grade 4 event, 

hepatitis C co-infection, diabetes at baseline and BMI at baseline.  Participants with 

higher incomes had higher PCS over time with those with annual incomes of $50,000 or 

more reporting 1.16 points higher PCS compared to those making less than $15,000 a 

year.  Participants with private insurance reported 1.00 points higher PCS over time 

compared to those with no insurance, while those with public insurance reported 0.90 

points lower PCS over time compared to those with no insurance.  Current smokers had 

2.19 points lower PCS over time, those experiencing an AIDS event had 2.10 points 

lower PCS over time, and those with Grade 4 events had 2.67 points lower PCS over 

time.  Those with hepatitis C co-infection had 2.75 points lower PCS over time, those 
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with diabetes had 4.05 points lower PCS over time, and per BMI unit increase PCS 

decreased by 0.16 points.  

5.7.1.2. Mean MCS and Associated Covariates Over Time 

Additional exploratory analyses were conducted to determine which additional 

covariates were associated with mean MCS over time.  The covariates univariately 

associated with MCS over time were age, gender, race/ethnicity, annual income, 

insurance status, history of alcoholism, history of ever smoking, current smoking, AIDS 

event, on ART at baseline, hepatitis C co-infection and serious non-AIDS event.  

From the multivariate analysis including covariates statistically significantly 

associated with MCS over time from the univariate analysis (p<0.10), we found seven 

covariates remained statistically significant (p<0.025): age, gender, race/ethnicity, 

income, history of alcoholism, current smoking at baseline, and experiencing a serious 

non-AIDS event.  Black participants had 1.62 points higher MCS over time and 

Hispanics/other ethnicities had 1.40 points higher mental over time compared to white 

participants.  Those with higher incomes had higher MCS over time, with participants 

making $50,000 a year having 1.90 point higher MCS over time compared to those 

making less than $15,000 annually.  Participants with a history of alcoholism had 1.57 

points lower MCS over time, current smokers had 0.84 points lower MCS over time and 

those with a serious non-AIDS event had 1.54 points lower MCS over time.  

5.7.1.3. Summary of Additional Covariates Associated with Quality of Life 

Covariates associated with both PCS at baseline and over time included age, 

income, current smoker, hepatitis C co-infection at baseline, diabetes at baseline 
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and BMI at baseline (Table 22).  Factors uniquely associated at baseline included 

race/ethnicity and a prior serious non-AIDS event, while factors uniquely associated over 

time included insurance status, AIDS event, and Grade 4 event.  Similar covariates 

associated with MCS at baseline and over time included age and income.  Factors 

which uniquely emerged in the longitudinal analysis included gender, race/ethnicity, 

history of alcoholism, current smoker and a serious non-AIDS event.  Only age, 

income, and current smoking were found to impact both PCS and MCS over time.  

Table 22. Comparison of additional covariates associated with QOL at baseline and over 
time.   

Variable PCS at baseline PCS over time MCS at baseline MCS over time 

Age  Decreased Decreased  Increased Increased 

Gender (male) -- -- -- Increased  

Race/ethnicity – 
Blacks vs. whites 

Increased -- -- Increased 

Race/ethnicity – 
Hispanics/other vs. 
whites 

Increased -- -- Increased 

Income Increased with 
increasing income 

Increased with 
increasing income 

Increased with 
increasing income 

Increased with 
increasing 
income 

Insurance status – 
private vs. none 

-- Increased -- -- 

Insurance status – 
public vs. none 

-- Decreased -- -- 

Insurance status – 
other/unknown vs. 
none 

-- Decreased -- -- 

Current smoker at 
baseline 

Decreased Decreased -- -- 

History of alcoholism 
at baseline 

-- -- -- Decreased 

AIDS event during 
follow-up 

* Decreased -- -- 

Grade 4 event during 
follow-up 

* Decreased -- -- 

Hepatitis C co-
infection at baseline 

Decreased Decreased -- -- 

Serious non-AIDS 
event 

Decreased -- -- Decreased 

Diabetes Decreased Decreased -- -- 

BMI Decreased Decreased -- -- 

*variables not measured at baseline 
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5.7.2. Covariates Associated with Significant Declines in Quality of Life  

During our primary analyses we noted that there was a subgroup of participants 

which had significant declines in their QOL over time and we were interested in 

determining which covariates might be associated with significant declines.  In our 

exploratory analyses a significant decline was defined as time to a decline as one 

standard deviation or more.  For PCS this was defined as a decline of 8.77 points and 

for MCS this was defined as a decline of 9.18 point decline and a total of 440 (34%) 

individuals experienced a significant decline in PCS or MCS during follow-up. 

5.7.2.1. Mean PCS and Covariates Associated with Significant Declines 

In the univariate analysis we found that almost all covariates of interest were 

statistically significantly associated with a significant decline in PCS.  The only 

covariates which were not associated with a significant decline in mean PCS over time 

were randomized treatment arm, CD4+ cell count above 500 at baseline and BMI at 

baseline. 

From the multivariate analysis that included all covariates statistically significant 

(p<0.10) from the univariate analysis fewer covariates remained statistically significant 

(p<0.025).  Covariates which remained associated with a significant decline in PCS were 

race/ethnicity, education, income, insurance status, AIDS event during follow-up, Grade 

4 event during follow-up, years HIV-positive, on ART at baseline, and hepatitis C co-

infection.  Black participants had a higher risk of a significant decline in PCS (HR 1.15) 

and Hispanics/other ethnicities had a higher risk (HR 1.31) compared to white 

participants.  Those with more education had a lower risk of a significant decline in PCS; 

those with some college education or more had a lower risk of a significant decline in 
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PCS (HR 0.72) compared to those with less than a high school diploma.  Higher 

incomes were associated with lower risk of a significant decline in PCS; participants 

making $50,000 a year or more had a lower risk of a significant decline in PCS (HR 

0.72) compared to those making less than $15,000.  Those with private insurance had a 

lower risk of significant decline in PCS (HR 0.97) and those with public insurance had a 

higher risk (HR 1.07) compared to those with no insurance.  Those experiencing an 

AIDS event during follow-up had a higher risk of a significant decline in PCS (HR 1.99), 

as did those experiencing a Grade 4 event (HR 1.34).  Those living with HIV infection 

fewer than 5 years had a higher risk of a significant decline in PCS (HR 1.29) compared 

to those living with HIV for 10 year or more, as did those living with HIV 5-10 years (HR 

1.18).  Participants on ART at baseline had a higher risk of a significant decline in PCS 

(HR 1.24) and those with hepatitis C co-infection at baseline had a higher risk of a 

significant decline in PCS (HR 1.19).  

5.7.2.2. Mean MCS and Covariates Associated with Significant Declines 

In the univariate analysis we found that almost all covariates were associated with a 

significant decline in MCS.  The only covariates which were not associated with a 

significant decline in mean MCS over time were age, race/ethnicity, randomized 

treatment arm, CD4+ cell count above 500 at baseline, AIDS event, Grade 4 event, 

years HIV-positive and on ART at baseline.  

From the multivariate analysis that included all covariates statistically significant from 

the univariate analysis (p<0.10) we found that nine  covariates remained statistically 

significant (p<0.025) including gender, income, HIV transmission mode, history of 

alcoholism, current smoking, history of ever smoking, hepatitis C co-infection, serious 
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non-AIDS event, and BMI at baseline.  Males had a lower risk of a significant decline in 

MCS (HR 0.64) compared to females, and those with higher incomes had a lower risk of 

a significant decline in MCS.  Participants reporting same sex HIV transmission had a 

higher risk of a significant decline in MCS (HR 1.17) as did those reporting IDU 

transmission (HR 1.64) compared to those reporting opposite sex transmission.  Those 

with a history of alcoholism had a higher risk of a significant decline in MCS (HR 1.21) as 

did those with a history of ever smoking (HR 1.16) and current smoking (HR 1.20).  

Participants with a hepatitis C had a lower risk for a significant decline in MCS (HR 

0.71).  Finally, participants with a serious non-AIDS event had a higher risk of a 

significant decline in MCS (HR1.45) as did those with higher BMI (HR 1.01).  

5.7.2.3. Summary of Covariates Associated with Significant Declines 

For significant declines in PCS the risk was higher for blacks and Hispanics/other 

ethnicities, those experiencing an AIDS event or Grade 4 event, those on ART at 

baseline, those with less time living with HIV, and those with hepatitis C co-infection.  

Lower risks were seen for those with more education, with higher incomes, and with 

private insurance.  For significant declines in MCS the risk was higher for those reporting 

same sex HIV transmission and injection drug use HIV transmission, those with a history 

of alcoholism and current and ever smokers, those experiencing a serious non-AIDS 

event and those with higher BMI.  Lower risks were found for those with males, those 

with higher incomes, and those with hepatitis C co-infection.  Only two factors were 

associated with both PCS and MCS, income and hepatitis C co-infection, with more 

income leading to a lower risk of a significant decline and hepatitis C leading to a higher 

risk for PCS and a lower risk for MCS decline.  
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6. Discussion 

Quality of life is important as its own outcome because it is a critical piece in helping 

PLWH to live not only longer but higher quality lives, because it is one of the key drivers 

for PLWH to access care, and because poor or declining QOL can lead to multiple 

negative health outcomes.  It is also important to measure QOL as patient and provider 

reports of patient QOL may not always correlate well.  How to best measure and identify 

people at risk of poor QOL are key research areas of interest and this study directly 

contributes to the literature in this area.  The long-term goal of this research is to inform 

interventions to improve clinical practices targeting groups of HIV-positive people at risk 

of poor or declining QOL over time.  The objective of this specific study was to determine 

how age and gender might differentially impact QOL for PLWH.  We found lower PCS 

and higher MCS scores for those older PLWH in this study, but these differences were 

minimal and we found no evidence that age effects QOL differentially over time.  We 

also found that females living with HIV had lower PCS and MCS scores, but these 

differences were also minimal and we found no evidence that gender effects QOL 

differentially over time.  This study was one of the first of its kind to use systematically 

collected QOL data with long follow-up time to address key research questions related to 

age and gender and their association with changes in QOL over time among PLWH.   

In this study average values for PCS and MCS at baseline were comparable and 

slightly higher than those found in other studies of PLWH using the SF-12 (69, 70, 72, 

73, 86, 88, 117, 252-258) indicating that our study population had a relatively high QOL 

compared to other HIV-positive populations measuring QOL with the SF-12.   
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Changes in QOL over time found in this study are similar to those found in previous 

studies measuring QOL among PLWH using the SF-12 or SF-36 (18, 76, 81, 82, 87, 88, 

178, 253, 259, 260).  Previously published results from the SMART QOL substudy, with 

follow-up through 36 months, found changes in PCS decreased by 0.41 points and 0.75 

points by treatment arm and changes in MCS decreased by 0.23 points and increased 

by 0.03 points by treatment arm (82).  Change values from other studies for PCS ranged 

from -6.16 points decrease to +8.0 points increase depending on the population studied, 

but most studies found changes around 1 point in either direction.  The range of change 

for MCS was -1.0 point decrease to +7.8 points increase with again most changes being 

around 1 point in either direction.  In conclusion the changes in QOL we found in the 

current study were very similar to the ranges found in other studies using the SF-12 or 

SF-36 among PLWH.   

In comparison to HIV-negative populations PCS and MCS at baseline in this 

population was slightly lower than the standard value used for the SF-12 for a standard 

US population with a mean of 50 for PCS and MCS (261).  In comparison to studies of 

people with other diseases measuring QOL using the SF-12, PCS for PLWH in this 

study was slightly lower and MCS was markedly lower compared to other diseases (64, 

66, 68, 234, 254, 262-270).  Qualitatively comparing our findings to those from other 

studies using the SF-12 in patients with other diseases we see that HIV does negatively 

impact physical and mental QOL compared to the general US population norms, and 

does so more so than other diseases. 
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6.1. Missing Data and SF-12 Reliability 

The first aim of this study was to investigate the amount of missing data in the study 

population and to impute missing data if necessary.  Although we found only a small 

percentage of all observations were missing (6.9%), the majority of which were the QOL 

outcome, we used MI to impute our missing data as a sensitivity analysis.  Using our 

imputed data we found no significant differences in our conclusions between primary 

models and imputed models.    

The second aim of this study was to evaluate one measure of reliability – internal 

scale consistency – using the SF-12 as a measure of QOL among PLWH in the SMART 

study.  We concluded that the measurement of PCS and MCS was consistent over time 

and therefore the SF-12 was a reliable measure of PCS and MCS in this study.  

6.2. Age and Quality of Life among People Living with HIV 

The third aim of this study was to examine the independent effect of age on QOL 

over time among PLWH in the SMART study.  Participants 50 years and older had lower 

PCS at baseline and although this difference persisted over time there was no evidence 

of a differential rate of change in PCS over time by age.  Sensitivity analyses did not 

alter these conclusions.  Older participants had slightly higher MCS values at baseline 

but no difference was found over time for MCS by age.  No evidence of a differential rate 

of change in MCS over time by age was found and sensitivity analyses did not alter 

these conclusions.   

Other studies looking specifically at the effect of aging on QOL among PLWH have 

been very limited.  Only seven studies to date have specifically looked at this 

relationship, with only six directly comparing QOL by age categories.  All of these studies 
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were cross-sectional and many had small sample sizes, particularly small samples of 

people 50 and older.  Findings in this study of lower PCS among older participants is 

supported by previous studies (119-121, 271) and other studies support the lack of 

substantial differences for MCS by age (120, 121).  Studies looking at age as one of 

many potential covariates associated with QOL among PLWH also found lower PCS for 

older participants (86, 247, 249, 272-275) and slightly higher MCS (76, 86, 190, 247, 

249, 276).  None of these studies looked at the rate of change in QOL over time 

between those older and younger as we did in this study.   

Previous studies support our conclusion that that PCS was lower for older PLWH 

and MCS was slightly higher, however, our study was the first to use systematically 

collected longitudinal data on a large sample of PLWH to specifically assess changes in 

QOL over time and the rate of change in QOL over time by age.  Older participants may 

have reported lower levels of PCS due to the general effects of aging or other non-HIV 

related health problems that are more common in old age.  Older participants may be 

reporting slightly higher MCS levels due to greater comfort and acceptance of HIV 

infection, or more confidence in their ability to manage their disease.  However the small 

to minimal differences we found in QOL by age, and the lack of differential changes over 

time, indicate to us that old age may not be a primary factor driving decreases in QOL 

over time among PLWH. 

6.3. Gender and Quality of Life among People Living with HIV 

The fourth aim of this study was to examine the independent effect of gender on 

QOL over time among PLWH in the SMART study.  Men had higher PCS at baseline 

and although this difference persisted over time there was no evidence of a differential 
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rate of change in PCS by gender.  Sensitivity analysis using imputed missing data 

attenuated the difference in PCS so that it was no longer statistically significant, while 

sensitivity analysis of only those on continuous ART increased the difference in PCS for 

men compared to women.  Men also began the study with higher MCS at baseline and 

although this difference persisted over time there was no evidence of a differential rate in 

MCS by gender.  Sensitivity analysis of only those participants on continuous ART 

attenuated the difference in MCS so that it was no longer statistically significant.   

 Only nine studies to date have specifically looked at the effect of QOL among PLWH 

by gender; six were cross-sectional, only two had sample sizes larger than 1000, and 

none used the SF-12 or SF-36 to measure QOL.  Findings from these studies were 

mixed.  Some studies supported our findings of limited differences between men and 

women (132, 135, 138, 139, 277) and other studies support our trend towards lower 

QOL among women (133, 134, 278); we identified only one study found that QOL 

improved more for women than men over time (137).  Studies looking at gender as one 

of many potential covariates with QOL among PLWH also found lower QOL for women 

compared to men (18, 69, 72, 253, 273, 279) while one study found higher QOL for 

women cross-sectionally (69) and a final study found no difference (247).   

Previous studies support our conclusion that that PCS and MCS may be lower for 

women compared to men, however, our study adds unique findings to this literature as 

one of the first to use systematically collected longitudinal data on a large sample of 

PLWH to specifically assess changes in QOL over time and in particular the rate of 

change in QOL over time by gender.  Women may be reporting lower levels of QOL 

compared to men who are HIV-positive due to higher rates of depression among HIV-

positive women (161, 280-282), increased family obligations and expectations, or due to 
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higher rates of domestic and inter-partner violence (248, 283).  Women may also have 

social and economic stressors that contribute to lower QOL as well as having to deal 

with issues of fertility, pregnancy and breastfeeding unique to women and which can be 

complicated by HIV infection (126, 130).  However the minimal differences we found in 

QOL between men and women, and the lack of differential changes over time, indicate 

to us that gender may not be a primary factor driving decreases in QOL over time among 

PLWH.  

6.4. Covariates and Baseline Quality of Life among People Living with 

HIV  

The fifth and final aim of this study was to examine which covariates were statistically 

significantly associated with QOL at baseline among PLWH.  One additional covariate 

associated with both PCS and MCS at baseline was income.  Additional covariates 

found to be associated with PCS at baseline were race/ethnicity, current smoking status, 

hepatitis C co-infection, diabetes, and BMI.  Notably fewer covariates were associated 

with MCS compared to PCS in this study, which may indicate that for this relatively 

young and healthy population HIV infection is not significantly negatively impacting their 

mental QOL. 

6.5. Exploratory Analyses 

Exploratory analyses found age, income, and current smoking were found to impact 

both PCS and MCS over time.  Covariates found to be associated with PCS at baseline 

only included insurance status, AIDS event and Grade 4 event.  Covariates uniquely 
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associated with MCS over time included gender, race/ethnicity, history of alcoholism, 

current smoker and a serious non-AIDS event.   

For significant declines in QOL over time new factors which emerged in this analysis 

included race/ethnicity, education, same sex contact HIV transmission, IDU 

transmission, AIDS event or Grade 4 event, history of alcoholism and on ART at 

baseline while the only covariate associated with a significant decline in both PCS and 

MCS was income.  Participants with higher risk of a significant decline in PCS were 

black or of Hispanic/other ethnicity, less educated, had lower incomes, had public 

insurance, had experienced an AIDS event or Grade 4 event, were on ART baseline, 

had been HIV-positive for less than 10 years, and had hepatitis C co-infection.  In 

regards to MCS, participants with higher risk of a significant decline were female, had 

lower incomes, had acquired HIV via same sex transmission or injection drug use, had a 

history of alcoholism, were smokers, had experienced a serious non-AIDS events and 

had higher BMI.  Those with hepatitis C were less likely to have a significant decline in 

MCS.   

The association of income with PCS and MCS is not surprising since it stands to 

reason that higher income is associated with higher PCS as it is correlated with better 

access to healthcare and ability to access support services.  It would also make sense 

that higher income is associated with higher MCS since higher incomes are correlated 

with a higher ability to fulfill wants and needs.  This association is supported by other 

studies conducted among PLWH in the US which found higher income and employment 

status to be associated with higher QOL (284-289).  Current smoking as a factor leading 

to lower QOL is not surprising since the various physical and mental effects of smoking 

on health and wellbeing are well known and documented by a number of other studies 
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looking at QOL among PLWH in the US (290-293).  The association of poor QOL with 

hepatitis C among PLWH is also well documented in the literature (81, 255, 294-297) 

and is not surprising given the serious nature of hepatitis C and the difficulties of 

treatment and management of the disease alone, let alone in the context of also 

managing HIV infection in addition.  The association of diabetes with lower QOL is also 

supported in the other studies (190, 298) and again is not surprising given the 

complexities involved in managing diabetes alone.  Studies in relation to BMI and QOL 

among PLWH are limited (77, 299), most likely due to the fact that only recently are 

people living longer and healthier lives with HIV and being underweight has become less 

of a concern for people with HIV infection.   

6.6. Defining Clinically Meaningful Differences 

Determining clinically meaningful differences in QOL research is a significant 

challenge.  The concept of a clinically meaningful difference (CMD) is referred to with 

various terms including clinically relevant change, clinically meaningful difference, 

minimally important difference, minimal clinically importance difference (MCID), clinical 

benefit threshold, minimally detectable difference, and minimal clinical significant 

difference.  Despite the multitude of terms this concept it broadly refers to the idea that a 

small difference in QOL may be statistically significant but such a difference may not be 

large enough to have a meaningful impact on the individual’s actual QOL.  Often the 

CMD is calculated to understand the minimal value at which a patient might be expected 

to experience a difference in their QOL using a certain measurement tool, even though 

the value at which this occurs may differ between individuals (300).   
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No studies to date have calculated a CMD or MCID for the SF-12 among PLWH, but 

four studies have calculated these values for people with other diseases.  These studies 

found that the CMD for PCS was 3.0 points for those with unexpected symptoms (301), 

3.2-6.1 points for those undergoing revision fusion for symptomatic pseudoarthrosis 

(300), 6.5 points for those with proximal symptoms (302), and 8.6 points for those with 

anterior cervical discectomy and fusion (303); only one study found a CMD for MCS and 

it was 4.7 points (303).  Seven studies were identified that reported CMD for the SF-36, 

from which the SF-12 is derived (304-310), and these studies reported CMDs for PCS 

ranging from 1.6 to 7.0 points and for MCS ranging from 2.3 to 8.7 points.   

Differences found in this study ranged from 2.41-4.96 for PCS for our aging analysis, 

indicating that PCS differences would potentially qualify as CMD while our differences of 

0.92-3.68 for MCS mostly fall outside the CMD range.  Difference found in the gender 

analysis, 1.54 points for PCS and 1.84 points for MCS, do not fall within the CMD range 

reported from other studies.  These findings lead us to conclude that differences found 

for the PCS in the aging analysis may be CMD but no other analyses found CMD.  This 

highlights the need to consider physical and mental QOL separately among PLWH as 

they may be producing different results and conclusions.   

6.7. Limitations  

Limitations of this study can be categorized in to two types: 1) study population and 

data limitations; and 2) measurement and QOL tool limitations.  The study population for 

this analysis was interesting in a number of different ways.  All participants were from the 

US and as participants in a clinical trial they were relatively healthy since they were 

required to have CD4+ cell counts of 350 or higher to enroll in the study.  They may have 
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also have differed from the general HIV-positive population in the US as participants 

reported relatively low incomes with 34.6% with annual incomes of less than $15,000 

and they had fairly high rates of uninsured with 13.55% having no insurance.  However, 

they were similar to the general HIV-positive population in the US as the majority of 

participants were younger, male, African-American, acquired HIV via same sex contact, 

and had been HIV-positive for 9.34 years on average (311).  All of these factors indicate 

that findings from our study may or may not be generalizable to the general US HIV-

positive population.  Also, since the data for the SMART trial was collected prior to 

beginning our analysis there is data (i.e. depression measurements, social support and 

connectedness measures, qualitative interviews with participants from certain sub-

populations, etc.) that might have helped contextualize our findings but was not possible 

to include in our analysis.   

A measurement limitation is that the SF-12 is based on self-reported QOL which may 

be susceptible to social desirability bias and recall bias.  However, self-report is the only 

way that QOL can be measured and although it can also be interviewer-administered as 

well, this is of great concern for potential reporting bias.  In addition our analysis found 

that the SF-12 was a reliable measure of QOL using internal scale consistency.  Recall 

bias may be a concern since participants were ask to rate their QOL over the previous 4 

weeks, but this is such a short time period that recall bias should be of limited concern 

for our analyses.  Another limitation of the SF-12 measurement tool is its brevity.  

Although ideal for completion rates it means that the SF-12 does not contain depth of 

information on QOL and may be more prone to floor or ceiling effects compared to 

longer measurement tools however we found no ceiling or floor effects when we looked 

at the component summary scores for PCS and MCS.  Finally, since the SF-12 is a 
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generic QOL measurement tool it can be used to measure QOL in any population, 

however, this means it does not contain any questions specific to HIV/AIDS.  If disease-

specific questions are primary to a research project, then supplementary questions or a 

different measurement tool may be more useful. 

6.8. Strengths  

Strengths of this study can be categorized in to two types: 1) data strengths; and 2) 

scientific significance strengths.  For this study data high quality data was utilized to 

answer the research questions of interest using a large sample size of 1225 participants 

with an average follow-up time of 3.42 years and many participants contributed more 

than 5 years of follow-up.  QOL data was also high quality having been collected using 

the SF-12, a commonly used and validated QOL measurement tool.  We had no floor or 

ceiling measures for the SF-12 PCS and MCS, and had very little missing data in the 

study population overall. 

Scientific significance strengths of this study include being the first study to look 

specifically at the association of age with QOL among PLWH longitudinally, one of the 

first studies to look specifically at the association of gender with QOL among PLWH 

longitudinally, and one of the first study to assess reliability of the SF-12 among PLWH 

longitudinally.  This study also contributes significantly to our knowledge of factors 

significantly associated with QOL at baseline among PLWH, since only a limited number 

of studies have looked at demographic and clinical factors associated with cross-

sectional QOL using large sample sizes; this is also one of the first studies to look at 

covariates associated with significant declines in QOL.  In conclusion this research used 

high quality data to test important hypotheses related to the effects of age and gender on 
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QOL over time among PLWH and explored many potential factors that may drive new 

hypotheses for discovering which factors what might be leading to poor or declining QOL 

over time among PLWH.  

6.9. Implications and Future Research 

In the course of this study a number of recommendations emerged for how to 

improve QOL data collection and analysis.  The majority of studies published to date in 

the field of QOL, particularly among those living with HIV infection, have been cross-

sectional in nature and many with very small sample sizes.  We recommend that more 

longitudinal studies be done on QOL which allow baseline levels to be taken in to 

account but are not the basis for which conclusions about differences in QOL are made.  

Very few studies to date measuring QOL among PLWH have included power 

calculations, even though large sample sizes are needed to detect small but meaningful 

changes in QOL.  Power calculations should be conducted prior to commencing any 

QOL research to assure that analysis will be sufficiently powered to detect differences, 

since insufficient sample sizes may lead researchers to erroneously conclude no 

difference in QOL even though one does exists but was not detectable with the small 

sample.   No studies were identified looking at the slope of QOL over time among PLWH 

which can help determine if the rate of change in QOL over time is truly different or if 

participants just start out a different levels.  It is recommended that both mean and slope 

outcomes be included in all QOL analysis.  Many studies have looked only at the impact 

of PCS on health of PLWH even though consideration of the impact of HIV infection on 

both physical and mental QOL is important.  We recommended that both physical and 

mental QOL be looked at but separately, since these are two different concepts that will 
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provide different kinds of information on the population of interest and if assessed 

together may mask real differences between the two.   Lastly, the majority of studies 

have taken place in the US where the concept of QOL may be reported or perceived 

differently than in other countries or cultures; studies in areas most impacted by HIV 

have been extremely limited and it is recommend that future research be directed in this 

area.   

When deciding whether or not to conduct QOL research it is critically important to 

first have clear research objectives about why QOL data is being collected.  In the 

design phase of the research project we recommend asking the following questions to 

determine to best to proceed:  

1. Why is the study asking about QOL? 

This is more a philosophical question than a statistical one but its answer will give 

clarity to the project and the questions outlined below.  It is important to consider how 

the study population will respond to being asking about their QOL – i.e. is it culturally 

appropriate to ask about QOL? Is there a reason to think that QOL may differ between 

participants?  Given the time involved for participants to fill out QOL questionnaires and 

the challenges in analyzing this type of data it is critically important to decide beforehand 

why this data is being collected and how it will be used in the context of the given study 

prior it being collected. 

2. Will QOL be analyzed as a predictor or an outcome?  

The answer to this question will directly depend on the research question of interest 

QOL.  If QOL is viewed as a predictor that might be driving other outcomes or if it is 

believed to be a mediator or a moderator in a relationship, then analyzing it a predictor is 
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appropriate.  However we recommend analyzing QOL as an outcome since we feel it 

provides important information about the patient perspective and experience that other 

outcomes cannot provide.  

3. Will QOL be measured cross-sectionally or longitudinally? 

The answer to this question will directly impact answers to subsequent questions 

related to how QOL data will be collected and how many people will be required for the 

analysis.  We recommend that longitudinal analyses be conducted since there are many 

cross-sectional studies already published on QOL in PLWH and because longitudinal 

studies can be much more informative.  Participants may begin a study at different levels 

but what should really be of interest is how trajectories may vary over time differentially.  

4. How many people will be needed to sufficiently power our analysis to 

detect this difference and can a sufficient number of people be recruited?   

Typically 1000 or more participants are needed to sufficiently power a QOL analysis.  

Since QOL analyses often entail detecting small differences between groups it is 

important to know a priori how many participants will need to be included to be 

sufficiently powered to detect these differences.  This is particularly important if there is 

interest in looking at subdomains which can be highly variable and may require a larger 

sample size to detect differences over time.  If longitudinal analyses are being 

conducted, as we recommend, then potential rates of lost to follow-up must also be 

taken in to account and it must be determined whether or not the required number of 

people can realistically be recruited.  
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5. What is considered a clinically meaningful difference for the disease area 

of interest?  

It is important to know the magnitude of the difference you might expect to see in 

your population of interest, either over time or between subgroups or intervention 

groups.  This information can be used to conduct power calculations and to put your 

findings in to context with other studies.  

6. How often will QOL be collected?   

The frequency with which QOL data is collected has direct impacts on the study 

design, data collection, data analysis and budget considerations for a study.  We 

recommend considering what can feasibly and efficiently be done given the study 

context.  For example, if participants are only scheduled to come in for annual visits as 

part of the study will this allow you to collect valuable data on QOL? Or should QOL be 

collected more often using other means? We argue that QOL collected more often can 

provide more accurate trajectories of changes in QOL over time.   

7. What method will be used to collect QOL data?  

Directly connected to how often QOL data will be collected is what method will be 

used to collect QOL data.  QOL questionnaires can be self-administered or can be 

administered by research staff.  Self-administration limits social desirability bias and is 

the method most commonly used in QOL research.  This method means that forms can 

be completed at clinic visits, either via paper or electronic, or can be sent to the 

participant either as a paper or electronic form to complete.  Research staff 

administration allows for participants to ask for clarification of any question not 

understood and can be completed at clinic visits or via the phone, but this method has 
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the disadvantages of taking more time and risks social desirability bias in reporting.  Of 

course if the population of interest is illiterate than obviously this would be the only viable 

option for administration.  We recommend, if at all possible, that QOL data be self-

administered in order to limit social desirability bias and to provide the participant with 

privacy when reporting on their QOL.  It would be ideal if this could be done 

electronically which may take less time for the participant to complete and which makes 

data entry and analysis easier.  

8. Which QOL measurement tool should be used for the study?  

Taking in to account the research objectives and answers to the proceeding 

questions, the final consideration is deciding which of the many QOL measurement tools 

available will be most appropriate given the appropriate balance of breadth and depth 

required and desired.  Of the 19 measurement tools previously mentioned in Chapter 2, 

the tools which are most commonly used in HIV research today are the EQ5D, MOS-

HIV, SF-36, SF-12 and the WHOQOL-HIV BREF; the EQ5D is the shortest with 5 

questions and the WHO tool is the longest with 120 questions.  Although a longer 

questionnaire will give more depth regarding more aspects of QOL and will include HIV-

infection specific questions, the time constraints and willingness of participants to 

complete the questionnaire must be primary considerations.  For example, the 

WHOQOL-HIV BREF is an extensive QOL measurement tool that contains multiple 

domains related to HIV infection.  But at 120 questions it is likely that only a certain 

segment of the study population will take the time to complete this many questions, let 

alone do so at multiple points over time, which may lead to low completion rates and a 

lack of representativeness of the study population or lack of power to detect a difference.  

The most commonly used QOL measurement tool is the SF-36, but since studies have 
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found the SF-12 to be just as valid and reliable as the SF-36 there would be little reason 

to use the SF-36 over the SF-12 as a generic and brief QOL measure.  Finally, it is 

highly recommend that a previously validated QOL measurement tool be used and used 

in its entirety.  Taking individual questions or domains out of the questionnaire for use is 

not recommended, since this is not the form that was used for previous validations.  It is 

also recommended that a QOL measurement tool be used that has previously been 

used in the disease group of interest.  Previous research may have recommendations 

for how to best implement the questionnaire in your population and findings can then be 

compared to previous studies. 

6.10. Conclusions 

This study is significant for a number of reasons.  First of all, the majority of QOL 

research to date among PLWH has been cross-sectional in nature which has limited the 

ability to understand how QOL might change over time for different populations.  This 

study was one of the first longitudinal studies to use high quality data on a large number 

of HIV-positive participants followed for up 5 years to look at changes in QOL over time.  

This study was the first longitudinal study to specifically study the effect of age on QOL 

over time among PLWH and is one of the first to specifically study the effect of gender 

on QOL longitudinally.  Longitudinal studies are much more informative than cross-

sectional studies since they allow us to account for initial baseline values and to explore 

trajectories over time between populations of interest.  Finally, this is the first study we 

are aware of looking at factors associated with significant declines in QOL among PLWH 

over time.  Using high quality data on 1225 participants followed for an average of 3.24 

years we were able to effectively answer a number of different research questions.   
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The ultimate goal of healthcare and public health is to help individuals not only lead 

longer lives but higher quality lives, therefore it is important to measure QOL since it 

plays a critical role in the care and retention of PLWH disease.  Measuring and 

understanding QOL in an HIV-positive patient population can lead to improved and more 

effective care.  In addition, QOL adds a dimension to the patient experience and 

perception of health that other health measures already routinely collected (i.e. CD4+ 

cell count, viral load, etc.) do not capture.  To help identify these populations we 

recommend that QOL be measured as part of routine care for PLWH as this may help 

address issues with the HIV treatment cascade (31) as patients who experience low 

QOL may be less likely to come back for care and may be more likely to be lost to 

follow-up.   

Given that we found that age and gender did not appear to be primary drivers of 

changes in QOL over time among PLWH, additional research to identify the factors most 

directly effecting QOL is warranted.  Exploratory analyses identified income, current 

smoking, hepatitis C co-infection, diabetes, and BMI as potential future hypotheses 

warranting further investigation but future research is needed to confirm which factors 

might be driving poor or declining QOL and to determine how clinical practices and 

interventions to address individuals most at risk of low QOL might be developed.  These 

practices and interventions would aim to improve QOL with the overall goal of improving 

the retention and health of PLWH.  
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