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Major Department:  Pharmacy Health Care Administration 

Quality of life (QOL) assessment plays a pivotal role in determining the longitudinal effect 

of highly active antiretroviral therapy (HAART) in HIV-disease.  This research addresses how 

the timing of clinical lab tests, such as CD4+ count and viral load, affect patients’ self-reported 

quality of life.    

This objectives of this study are to: (1) verify whether a lag time between clinical lab test 

results (CD4+ cell count and viral load) and QOL exists by comparing two statistical models, 

time-lag and non-time lag model, and (2) determine how well change in CD4+ cell count and 

change in viral load over time can predict change in QOL over time.  Subjects treated a drug 

regimen called HAART were selected from a secondary database called the Multicenter AIDS 

Cohort study (MACS).  The MACS is a prospective observational cohort study of the natural and 

treated histories of HIV-1 infection in homosexual and bisexual men. 

Data were analyzed with both time lag and non time-lag random coefficient models 

because each patient had a unique CD4+ cell count, viral load and QOL trajectory.  The effect of 

CD4+ cell count and viral load on two dimensions of QOL - physical health component (PHC) 
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and mental health component (MHC) - was examined by comparing the time lag and non time-

lag random coefficient models with the model fit statistics, Akaike information criterion (AIC). 

PHC and MHC in HIV-infected patients who were on HAART slightly decreased over 

time.  The change in viral load over time significantly predicts change in PHC and MHC over 

time, whereas the change in CD4+ cell count significantly predicts PHC over time only.  CD4+ 

cell count has a positive longitudinal relationship with PHC, whereas viral load has a negative 

longitudinal relationship with both PHC and MHC.  Overall, time-lag models were not different 

from non time-lag models in terms of the model fit statistics and regression coefficients. 
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CHAPTER 1 
INTRODUCTION 

Problem Statement 

Quality of life (QOL) is an outcome that is generally viewed as important for measuring 

the impact of a health care intervention because it takes patients’ perspectives into account.  

While examining the effect of interventions on QOL for patients who are treated for acute 

conditions is important, measuring QOL is especially of interest for patients who have chronic 

medical conditions since other health outcomes may be influenced by their perceptions of their 

functioning and well-being.  This research examines one chronic medical condition, Human 

Immunodeficiency Virus (HIV) infection, for which measuring QOL may be of particular 

importance in understanding patients’ decisions about their HIV care. 

Understanding the relationship between a patient’s perception of their QOL and the 

decisions they make when managing their condition is not straight-forward.  Although many 

studies support a negative relationship between HIV symptoms and QOL, taking anti-retroviral 

medications often leads to side effects, such as nausea, pain, and anemia, which can also lessen 

QOL.  Consequently, patients may discontinue taking antiretroviral drugs in order to avoid those 

side effects, which may have the effect of lowering the effectiveness of the treatment strategy 

and, thereby, increasing their HIV symptoms. Further complicating the prediction of QOL is the 

availability of information from clinical lab tests for HIV disease including CD4+ cell count and 

viral load.   At the time of a clinic visit, the findings from clinical lab tests are usually 

unavailable since it takes at least one week to process the blood samples.  Therefore, measures of 

QOL taken at the time of a clinic visit is likely based on results from earlier lab tests along with 

current symptoms, and current anti-retroviral side effects.  This study intends to examine 
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whether the lag time relationship between clinical lab tests and current QOL exists by comparing 

two different models, time-lag model and non time-lag model. 

Background 

HIV Infection and Treatments 

Human Immunodeficiency Virus (HIV) infection is one of the major health problems in 

United States and worldwide.  The Centers for Disease Control and Prevention (CDC) reported 

on a study conducted by Glynn and his colleagues that over one million persons were infected 

with HIV infection in United States in 2006 and approximately 40,000 new cases were 

diagnosed in 2006 (1). 

Many antiretroviral agents are available in the market and treatment guidelines are also 

available for the clinicians to treat HIV-infected persons.  The treatment goals of HIV infection 

are to reach “maximal and durable suppression of viral load, restoration and preservation of 

immunologic function, improvement of quality of life, and reduction of HIV-related morbidity 

and mortality” (2).  The most updated treatment guidelines recommend some combination of 

anti-retroviral drugs, called Highly Active Anti-retroviral Treatment (HAART), to treat HIV-

infected patients in order to achieve the treatment goals mentioned above. 

Managing symptoms in HIV-infected patients is very complicated because patients in 

different stages of the disease may respond to treatment in different ways.  For example, for 

symptomatic patients, the use of antiretroviral agents may adequately control symptoms for a 

patient who has HIV-infection, which leads to an increase in their QOL.  However, because 

antiretroviral agents may lead to side effects, QOL may be affected negatively (3).  In contrast, 

asymptomatic patients may behave differently from symptomatic patients in terms of how they 

manage their disease because side effects of anti-retroviral drugs may be of greater concern than 

symptoms from HIV-infection.  Consequently, these patients may stop taking anti-retroviral 
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medications, which can lead to faster disease progression and shorter life expectancy.  Therefore, 

the focus on maximizing QOL in HIV-infected persons is not only important immediately after 

treatment initiation, but also for the long term.  In other words, it is essential for healthcare 

provider to maximize patients’ QOL and maintain maximum QOL over time. 

Conceptual Model for Quality of Life Assessment 

The conceptual model used in this research to assess QOL was first proposed in 1995 by 

Wilson and Cleary (4).  It describes the relationship among five levels of health outcomes: (1) 

biological and physiological factors, (2) symptom status, (3) functioning status, (4) general 

health perception and (5) overall quality of life, as well as characteristics of the individual and 

environment as in Figure 1-1.  Based upon this conceptual model, QOL may be affected by a 

patient’s interpretation of their response to treatment based on CD4+ cell count and viral load, 

symptoms from HIV disease such as diarrhea lasting greater than one month, and medication-

related side effects.  

The Time Reference in QOL Measurement 

A validated and widely used quality of life instrument, the Medical Outcome Study Short 

Form 36 (MOS SF-36), asks respondents to assess their QOL in the last four weeks e.g. during 

the past four weeks, have you had any of the following problems with your work or other regular 

daily activities as a result of your physical health.  Based upon this time reference and the 

conceptual model for QOL assessment, the MOS SF-36 places a time boundary around the 

information that should be used by the patient as he or she responds to each question – that is, 

information available to patients during the four week period prior to completing the survey, 

including their HIV symptoms, experiences with drug side effects, and information about viral 

load and CD4+ cell count.  However, one possible limitation with using the four-week time 

frame may be that biological factors, such as viral load results and CD4+ cell count, may have 
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been last measured more than four weeks ago.  Consequently, it is possible that patients assess 

their current QOL based on using CD4+ cell count and viral load from three or more months 

earlier.  For example, patients with severe symptoms may assess their current QOL higher than it 

should be because they know that CD4+ cell count and viral load from their last clinic visit 

indicated they were well controlled.  However, if they knew that their current CD4+ cell count 

and viral load were not in control, they may assess their current QOL lower than the situation 

above.  In other words, patients will assess their current QOL based upon the findings from 

clinical lab test result that are available to them regardless of when the tests were administered. 

Methodological Limitations of Previous Research in HAART and QOL 

Although numerous studies focused on either the effect of symptoms such as diarrhea or 

the effect of anti-retroviral drugs on QOL in HIV-infected patients, only a few explored the 

relationship between HAART, HIV-related symptoms, side-effect of anti-retroviral medication, 

clinical lab tests, and QOL.  Among those studies, most were crossectional, which suffered from 

limitations that may be overcome with the use of a longitudinal design.  Some of the studies 

which used a longitudinal design examined the relationship between HAART, HIV-related 

symptoms, side-effect of anti-retroviral medication, clinical lab tests and QOL, but the authors 

defined the meaning of longitudinal relationship differently than what we proposed in this study.  

For example, in a study conducted at a VA hospital, the authors described their study as a 

longitudinal study because the patients were followed up to 12 months after enrollment (5).  

QOL, the outcome in this study, was measured at 2 different points in time, baseline and at one 

year.  In addition, the authors used baseline QOL and CD4 cell count, depression and other 

factors to predict QOL at one year.  Although another study conducted by the same researchers 

had fewer limitations because they measured predictors such as CD4+ cell counts, coping, and 
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comorbidity at baseline and one year (6), it was different from the methodological design 

proposed in the present study. 

Based upon the Wilson and Cleary conceptual model to measure QOL, time reference in 

QOL assessment, and to maximize QOL in HIV-infected patients with HAART, the present 

study proposes to investigate whether the lag time relationship between previous clinical lab 

tests, and current QOL in patients with HAART exists by comparing two models 

Research Questions and Hypotheses 

The purpose of this study is to determine whether patient’s assessment of their current 

QOL over time (trend of QOL) may be better predicted from clinical lab test results over time, 

measured from previous clinic visit, compared to only using clinical lab test results performed at 

the same clinical visit where QOL is measured.  Since it is possible that the lag-time relationship 

may differ for predicting different domains in the MOS SF-36 QOL scale, research questions are 

offered for two major domains associated with the SF-36, physical and mental subscales. 

Research Question 1 

How well does the change in current CD4+ cell count over time predict change in current 

physical health in HIV-infected patients over time? 

Research Hypothesis 1 

The null hypothesis is that change in current CD4+ cell count over time cannot predict 

change in current physical health in HIV-infected patients over time whereas the alternative 

hypothesis is that change in current CD4+ cell count over time can predict change in current 

physical health in HIV-infected patients over time. 

Research Question 2 

How well does the change in previous CD4+ cell count over time predict change in current 

physical health in HIV-infected patients over time? 
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Research Hypothesis 2 

The null hypothesis is that change in previous CD4+ cell count over time cannot predict 

change in current physical health in HIV-infected patients over time whereas the alternative 

hypothesis is that change in previous CD4+ cell count over time can predict change in current 

physical health in HIV-infected patients over time. 

Research Question 3 

How well does change in current viral loads over time predict change in current physical 

health in HIV-infected patients over time? 

Research Hypothesis 3 

The null hypothesis is that change in current viral load over time cannot predict change in 

current physical health in HIV-infected patients over time whereas the alternative hypothesis is 

that change in current viral load over time can predict change in current physical health in HIV-

infected patients over time. 

Research Question 4 

How well does change in previous viral loads over time predict change in current physical 

health in HIV-infected patients over time? 

Research Hypothesis 4 

The null hypothesis is that change in previous viral load over time cannot predict change in 

current physical health in HIV-infected patients over time whereas the alternative hypothesis is 

that change in previous viral load over time can predict change in current physical health in HIV-

infected patients over time. 

Research Question 5 

How well does the change in current CD4+ cell count over time predict change in current 

mental health in HIV-infected patients over time? 
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Research Hypothesis 5 

The null hypothesis is that change in current CD4+ cell count over time cannot predict 

change in current mental health in HIV-infected patients over time whereas the alternative 

hypothesis is that change in current CD4+ cell count over time can predict change in current 

mental health in HIV-infected patients over time. 

Research Question 6 

How well does the change in previous CD4+ cell count over time predict change in current 

mental health in HIV-infected patients over time? 

Research Hypothesis 6 

The null hypothesis is that change in previous CD4+ cell count over time cannot predict 

change in current mental health in HIV-infected patients over time whereas the alternative 

hypothesis is that change in previous CD4+ cell count over time can predict change in current 

mental health in HIV-infected patients over time. 

Research Question 7 

How well does change in current viral loads over time predict change in current mental 

health in HIV-infected patients over time? 

Research Hypothesis 7 

The null hypothesis is that change in current viral load over time cannot predict change in 

current mental health in HIV-infected patients over time whereas the alternative hypothesis is 

that change in current viral load over time can predict change in current mental health in HIV-

infected patients over time. 

Research Question 8 

How well does change in previous viral loads over time predict change in current mental 

health in HIV-infected patients over time? 
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Research Hypothesis 8 

The null hypothesis is that change in previous viral load over time cannot predict change in 

current mental health in HIV-infected patients over time whereas the alternative hypothesis is 

that change in previous viral load over time can predict change in current mental health in HIV-

infected patients over time. 

Significance of Research 

Understanding how patients assess their QOL in chronic diseases such as HIV disease is 

very important because patients have to take medication continuously.  In addition, clinical lab 

tests are performed to help clinicians diagnose patients’ condition and decide whether to treat or 

prescribe medication to the patients.  The research will provide two significant contributions, 

clinical care and methodological contribution.  For clinical care, this research will help clinicians 

profoundly understand how patients assess their current QOL and what factors that patients take 

into account when they assess their QOL.  Specifically, it aims to understand whether patients 

will consider all the information currently available at hand to assess their current QOL or they 

will consider a combination of past and current information to assess their current QOL (e.g., use 

current symptoms and past clinical lab test). 

For methodological contribution, this study will help researcher design study about the 

timing to measure patients’ QOL that really capture their current QOL.  For example, if the 

patients assess their current QOL regard to symptoms and previous clinical lab test result 

because it takes a few days or a week to know the current lab test result from current clinic visit, 

researcher should postpone collecting QOL data until patients receive their current lab test result.  

Moreover, if lag-time between clinical lab test and QOL really exists (e.g., 4 months), patients 

should be monitored for their QOL at least every 4 months, but no longer than 4 months.
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Figure 1-1 Wilson and Cleary’s Conceptual Model for QOL Assessment
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CHAPTER 2 
LITERATURE REVIEW 

In this chapter, literature related to the epidemiology of HIV/AIDS and its classification 

and treatments are reviewed.  In addition, this review offers (1) a conceptual model for QOL 

assessment, (2) an analysis of instruments used for measuring QOL, with an emphasis on the 

time frame used when measuring QOL, and (3) findings about the relationship between CD4+ 

cell count, viral load and QOL. 

Epidemiology of HIV/AIDS 

The first five cases of Pneumocystis carinii pneumonia, soon after called Acquired 

Immunodeficiency Syndromes (AIDS), were reported in 1981 (7, 8).  By 1989, approximately 

one million people in United States were infected with HIV (9).  The peak of AIDS in the United 

States was reached in 1992, and, fortunately, the number of AIDS cases decreased 47% from 

1992 to 1998 (1).  The numbers of new AIDS cases continued to decrease during 1996 to 2004.  

During 1981-1995, most AIDS cases were white.  Since 1996, however, most AIDS cases were 

African/nonhispanic.  Table 2-1 shows the estimated numbers and percentage of HIV/AIDS and 

AIDS cases by diagnosis, age, gender and other characteristics from 1981-2004. 

Classification of HIV Infection 

Two major HIV classification systems are currently available for clinicians to diagnose and 

classify HIV-infected patients, the U.S. Centers for Disease Control and Prevention (CDC) 

classification system and the World Health Organization (WHO) Clinical Staging and Disease 

Classification System.  The WHO system classifies HIV disease based upon clinical 

manifestations that can be identified and treated by clinicians in practice settings where 

laboratory tests are not available whereas CDC classification system uses both CD4+ cell count 

and HIV-related conditions. 
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According to the 1993 Revised Classification System HIV infection and Expanded 

Surveillance Case Definition for AIDS among Adolescents and Adults, patients can be classified 

into nine categories by clinical conditions (Table 2-2) and CD4+ cell count as shown in Table  

2-3. 

Antiretroviral Agents 

Many antiretroviral drugs are available in the market.  Generally, there are four classes of 

anti-retroviral agents; (1) nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), (2) non-

nucleoside reverse transcriptase inhibitors (NNRTIs), (3) protease inhibitors (PIs) and (4) fusion 

inhibitors (10, 11).  Nucleoside/nucleotide analogue includes Zidovudine, Didanosine, 

Abacarvia, and Tenofovir.  NNRTIs include Nevirapine, Efavirenz, and Delavirdine.  Protease 

Inhibitors, which are more potent than the first two groups, include Saquinavir, Ritonavir and 

Indinavir.  Fusion inhibitor includes Enfuvirtide. 

Conceptual Model for Quality of Life Assessment 

A model to assess QOL was first proposed in 1995 by Wilson and Cleary (4).  It includes 

five major components which are discussed more fully below: (1) biological and physiological 

variables, (2) symptom status, (3) functional status, (4) general health perception and (5) overall 

quality of life.  Also included in the model are characteristics of the environment and the 

individual.  In 2005, this model was revised by Ferrans and colleagues by integrating the 

ecological model into Wilson and Cleary’s model as shown in Figure 2-1 (12).  The revised 

model indicates that the characteristics of the individual and environment can also influence all 

the components in main path of the model and the possible direction in the main path goes from 

biological function, symptoms, functional status, general health perception, and overall quality of 

life. 
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Biological Function 

Biological function, previously known as biological and physiological variables in 

Wilson’s model, includes the processes at the molecular and cellular level.  It also focuses on the 

function of an organ or an organ system.  For example, in the circulatory system, systolic and 

diastolic blood pressure are measurable biological functions in hypertension, fasting blood sugar 

in diabetes, and viral load and CD4+ cell count in HIV infection disease. 

Symptoms 

Unlike the collection of measures at the molecular and cellular level, symptoms are 

observed directly by patients and/or providers because they are related to a “patient’s perception 

of an abnormal physical, emotional or cognitive state” as stated by Wilson (4).  However, 

symptoms may be categorized into either physical, psychological or psychophysical from 

Ferrans’s perspective.  In HIV infection disease, symptoms such as diarrhea and myalgia, 

whether they are HIV disease-related or HAART-related, are meaningful because these 

symptoms may affect a patient’s evaluation of his or her QOL. 

Functional Status 

Wilson and Cleary defined functional status as “the ability to perform a particular defined 

task” in multiple domains such as physical function, social function, role function, and 

psychological function whereas Ferrans defined functional status differently from Wilson and 

Cleary by including Leidy’s framework (4, 12).  In Leidy’s framework, functional status includes 

four dimensions: (1) functional capacity, (2) functional performance, (3) functional capacity 

utilization, and (4) functional reserve.  Details about the difference of functional status between 

these two concepts are discussed elsewhere (4, 12).  

Functional status in HIV infection measured by MOS SF-36 includes physical functioning, 

role functioning, and social functioning.  For role functioning, patients are asked whether they 
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are able to perform regular activities normally such as “during the past 4 weeks, have you had 

any of the following problems with your work or any regular activity as a result of physical 

health?.”  For physical functioning, patients are asked whether how much their health is limited 

in vigorous activities such as running, lifting heavy objects or participate in strenuous sports. 

General Health Perception 

Ferrans agreed with Wilson and Cleary that general health perception is different from 

other components on the left side of the model in Figure 2-1.  From Wilson and Cleary’s 

perspective, general health perception includes all the components that come earlier in the model 

and they all represent subjective measures.  For example, general health perception in MOS SF-

36 includes 5 items.  One item asks the patients “in general, would you say your health is” and 

the answers range from “excellent/very good/good/fair/poor.” 

Overall Quality of Life 

Wilson and Cleary defined overall quality of life as “subjective well-being related to how 

happy and satisfied someone is with life as a whole.”  It is a multidimensional construct.  Ferrans 

concurred with Wilson and Cleary in this concept and he explained that Wilson and Cleary’s 

concept of overall quality of life and how it is influenced by patient’s value and preferences was 

concordant with Campbell’s concept (12).  For example, being blind may be viewed by one 

person as a disability that is not worth living with, but might be considered only moderately 

bothersome for another person.  In the case of HIV, another example might be where 

lipodystrophy might be considered less important in an HIV-infected male patient compared with 

an HIV-infected female patient. 

Time Reference in MOS SF-36 Instrument for Current QOL 

Some questions in the MOS SF-36 ask patients to assess their current QOL regarding their 

ability to perform some activities such as running, and walking one block.  Other questions 
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impose a time frame to help patients assess their current quality of life, but this time frame varies 

from question to question.  For example, one item in the ‘general health domain’ asks patients to 

“compare to one year ago, how would you rate your health in general now?,” but another 

question asks patients to respond based on their experiences during the past 4 weeks, “During the 

past 4 weeks, have you had any of the following problems with your work or other regular daily 

activities as a result of your physical health?.”  Thus, the time frame imposed on the questions in 

the MOS SF-36 varies from one week to four weeks.  Four weeks to one year? 

In addition, the responses to the rating scale used for scoring each question in the MOS SF-

36 is are summed to create a summated score that reflects each patient’s current QOL.  This 

implies that the current QOL is composed of the attributes of these questions within the past 4 

weeks to the day that patients assess their QOL.  Patients’ QOL beyond one month ago is not 

assessed in current QOL. 

Validity of Quality of Life Assessment Model 

Wilson and Cleary’s QOL model was tested and validated in several studies in different 

diseases (13-16).  For example, Sousa and Kwok investigated the five major components of 

Wilson and Cleary’s QOL model simultaneously by using structural equation modeling (SEM) in 

patients living with AIDS from the AIDS Time-Oriented Health Outcomes Study (13), whereas 

Wettergren and colleagues examined the relationship of those components in Hodgkin’s disease 

(17). 

As stated by Wilson and Clearly, the non-existence of an arrow in the model and its 

direction between those components doesn’t mean it doesn’t exist.  However, this model was 

developed from the biomedical model developed to show the causal relationship between the 

construct on the left and the construct on the right and the finding from Sousa’s study showed 

that the model was valid (13).  
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In regard to the components in the model, for the purpose of the present study Wilson and 

Cleary’s model was modified as shown in Figure 2-2 because functional status is a part of 

general health perception in Wettergren’ study, and functional status, general health perception 

and overall quality of life are included in MOS SF-36 as QOL.  This modified model is similar to 

the conceptual model to assess QOL in HIV/AIDS population proposed by Vidrine and 

colleagues (18). 

CD4+ Cell counts, Viral load, and QOL in HIV-infected Persons 

Numerous studies investigated the association of viral loads, CD4+ cell counts, symptoms, 

and QOL in patients with HAART (19-25).  Most of these studies compared QOL among 

different treatment regimens or among groups of patients categorized by either CDC 

classification or CD4+ cell counts or viral load level.  Some addressed the difference in change 

in QOL among treatment regimens.  For example, Nieuwkerk and colleagues examined the 

difference in change in HRQOL between two regimens, ritronavir (RQV)/saquinavir (SQV) 

versus RQV/SQV/stavudine (d4T), in asymptomatic and symptomatic patients (23).  QOL was 

measured by MOS-HIV at baseline and after 12, 24, 36 and 48 weeks of follow up.  The MOS 

HIV was developed specifically for Multicenter AIDS Cohort study (MACS).  Mean change in 

QOL between the two regimens was compared by repeated measured analysis of variance 

(repeated ANOVA).  This statistical model used regimens as a between subject factor and time 

as a within subject factor, adjusting for baseline CD4+ cell counts and viral loads.  The results 

showed no difference in change in QOL from baseline between the two regimens, but QOL 

statistically increased from baseline for all dimensions. 

Gill conducted a cross-sectional study to investigate the relationship between viral load, 

CD4+ cell counts, HAART use, and HRQOL by using baseline data from 513 participants in 

Nutrition for Healthy Living (NFHL) conducted in Boston and Providence (26).  Four domains 
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in HRQOL, physical functioning (PF), role functioning (RF), energy levels (EL), and general 

health perception (HP) were selected and obtained from the HIV Patients Assessed Report of 

Status and Experience (HIV-PARSE).  CD4+ cell counts and viral load were categorized by 

clinically meaningful cut off points: CD4 > 500, 200-500, and < 200 cells/mL; VL < log 2.6 

(undetectable, < 400 copies/mL), log 2.6 to 4.0 (400-10,000 copies/mL) and > log 4.0 (10,000 

copies/mL).  The results showed that HAART and viral load level had a significant effect on PH 

only, whereas CD4+ cell counts had the significant effect on PF, RF and HP. 

In the COMBINE-QoL substudy, Casado et al. assessed the effect of HAART regimens - 

zidovudine (ZDV), lamivudine (3TC) and either nelfinavir (NFV) or nevirapine (NVP) - on QOL 

in HIV-infected naïve patients.  They found a statistically significant correlation between the 

MHS score at 12 months and a decrease in viral load in only the ZDV/3TC/NFV arm, whereas 

PHS at 12 month and a decrease in viral load were statistically correlated in the ZDV/3TC/NVP 

arm (22).   

Globe et al. conducted a cross-sectional survey and reviewed medical records to 

investigate the association between clinical parameters and HRQOL in hospitalized persons with 

HIV disease (27).  Data retrieved from medical records included length of stay during index 

admission, CD4+ cell count during index admission, AIDS-related diagnoses at admission, the 

number of comorbid medical conditions at admission, and the number of presenting symptoms.  

Outcomes were measured by the specific HRQOL questionnaire which was modified from the 

Medical Outcome Study – HIV (MOS-HIV), HIV Outcomes Study (HOS) and HIV-PARSE.  

The results showed that CD4+ cell count did not have a significant relationship with most of 

HRQOL dimensions i.e. physical, role and social function, but it had a significant negative 

association with emotional well being and cognitive function. 
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Eriksson and colleagues investigated the association between CD4+ cell counts and 

HRQOL in 72 HIV-infected Swedish men (28).  HRQOL was measured by The Swedish 

HRQOL questionnaire (SWED-QUAL) which comprised of 13 dimensions.  Because the sample 

size is small for both the symptomatic and AIDS groups, non-parametric analyses, such as the 

Kruskal-Wallis or the Mann-Whitney U-test, were used.  They found a statistically significant 

difference between asymptomatic, symptomatic, and AIDS patients in physical functioning, 

mobility, satisfaction with physical ability and role limitations because of physical health.  In 

addition, post-hoc comparisons revealed a significant difference between asymptomatic patients 

and AIDS in those dimensions. 

Préau et al. examined the longitudinal association between CD4+ cell count, viral loads, 

clinical stage, the numbers of self-reported symptoms, other factors such as depression,  HIV 

transmission, and HRQOL measured by MOS SF-36 from baseline to 3 years in 360 patients 

(29).  Data were analyzed by regression analysis with Generalize Estimation Equations (GEE) 

which accounted for the correlation between HRQOL measured at different time points.  Only 

the number of self-reported symptoms was significantly associated with MCS and PCS. 

In the ACTG 175 substudy, Justice et al. examined whether physician-reported symptoms 

were a clinically important subset of patient-reported symptoms in HIV infection.  Both 

physicians and patients used a similar format of questions.  They reported that physicians 

underreported the prevalence of symptoms compared with patient reports.   The researchers also 

noted that the physician reports of symptoms, using patient reports of symptoms as a gold 

standard, had poor sensitivity, good specificity, moderate positive predictive value and a poor 

negative predictive value (30).  In addition, symptom severity, not the symptoms itself, was 
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associated with HRQOL measured General Health-assessment Questionnaire for Clinical Trials.  

Both CD4+ cell count and viral load were not associated with HRQOL. 

All of the studies mentioned previously differ from those studies that focus on how a 

change in CD4+ cell counts and viral load over time predict change in QOL over time, 

particularly when each individual has his/her own growth curve trajectory.  Further details about 

how individual change is different from group change can be found in Clarke’s article (31).  

Examples of those research findings are as follows. 

Chu and co-researchers examined the rate of change of CD4+ cell counts over time, also 

called CD4+ cell count trajectory, at both the population and individual level by using two 

different databases, Multicenter AIDS Cohort Study (MACS) and Women’s Interagency HIV 

Study (WIHS) (32).  CD4+ cell counts were modeled by using a Bayesian change point model.  

The results showed that in the population model, both men and women had a significant change 

in CD4+ cell counts within 2 years after HAART initiation.  However, in the individual model, 

both men and women gained significant change in CD4+ cell counts after 7 years of HAART 

initiation. 

Weinfurt et al. investigated the relationship between a change in CD4+ cell counts, viral 

load, HRQOL and time, as well as how the change of these factors correlated to one another in a 

double-blinded randomized clinical trial (33).  This trial compared the effect of 2 regimens, ddI 

or ddI and delavirdine mesylate.  The results revealed that MCS and PCS statistically decreased 

over time.  However, they did not investigate how CD4+ cell counts and viral load can predict 

HRQOL over time.  Liu investigated the predictors for lower QOL in HAART among HIV-

infected men (34).  Predictors were educational level, individual risk behaviors, social support, 

biological markers, HIV-related medications, and clinical outcomes.  The time-lag model, 
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predictors at time (t-1) and outcome at time (t), was used.  CD4+ cell count was independently 

associated with PHS.  Clinical outcomes were significant predictors for PHS, but not MHS. 

The most recent five-year longitudinal study, called The French APROCO-COPILOTE 

(ANR CO-8) multicenter cohort study, investigated the relationship between numerous variables 

including the number of self-reported side effects, depression, clinical disease stage, CD4+ cell 

count and HRQOL measured by MOS SF-36 in HIV-1 infected patients on HAART (35).  The 

results showed that both the number of self-reported side effects and CD4+ cell count had a 

negative association with PCS and MCS in the first year.  
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Table 2-1 The estimated numbers and percentage of HIV/AIDS and AIDS cases by diagnosis, age, gender and race in 1981-2004 
AIDS HIV/AIDS 

1981-1995 1996-2000 2001-2004 2001-2004 
 N % N % N % N % 
Sex         

Male 467,286 84.7 173,608 75.9 120,242 73.4 112,237 71.3 
Female 84,229 15.3 55,253 24.1 43,576 26.6 45,231 28.7 

Age Groups         
<13 7,668 1.4 1,426 0.6 341 0.2 1,025 0.7 
13-19 2,748 0.5 1,659 0.7 1,480 0.9 4,336 2.8 
20-29 98,990 18.0 30,161 13.2 19,632 12.0 31,503 20.0 
30-44 336,967 61.1 137,963 60.3 90,581 55.3 80,063 50.8 
45-59 89,530 16.2 49,658 21.7 44,862 27.4 34,882 22.2 
≥60 15,612 2.8 7,996 3.5 6,921 4.2 5,660 3.6 

Race         
White/non-Hispanic 256,460 46.5 72,314 31.6 46,325 28.3 45,497 28.9 
Black/non-Hispanic 190,561 34.6 107,618 47.0 81,057 49.5 80,310 51.0 
Hispanic 98,438 17.9 45,529 19.9 33,185 20.3 28,725 18.2 
Asian/Pacific Islander 3,660 0.7 1,868 0.8 1,788 1.1 1,360 0.9 
American Indian/Alaska Native 1,490 0.3 858 0.4 736 0.5 768 0.5 
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Table 2-2 CDC HIV Infection Categories by Clinical Conditions 
Category A consists of one or more of the conditions listed below in an adolescent or adult 
(greater than or equal to 13 years) with documented HIV infection. Conditions listed in 
Categories B and C must not have occurred. 

− Asymptomatic HIV infection 
− Persistent generalized lymphadenopathy 
− Acute (primary) HIV infection with accompanying illness or history of acute HIV 

infection (29,30) Category B 
 
Category B consists of symptomatic conditions in an HIV-infected adolescent or adult that are 
not included among conditions listed in clinical Category C and that meet at least one of the 
following criteria: a) the conditions are attributed to HIV infection or are indicative of a defect 
in cell-mediated immunity; or b) the conditions are considered by physicians to have a clinical 
course or to require management that is complicated by HIV infection. Examples of conditions 
in clinical Category B include, but are not limited to: 

− Bacillary angiomatosis 
− Candidiasis, oropharyngeal (thrush) 
− Candidiasis, vulvovaginal; persistent, frequent, or poorly responsive to therapy 
− Cervical dysplasia (moderate or severe)/cervical carcinoma in situ 
− Constitutional symptoms, such as fever (38.5 C) or diarrhea lasting greater than 1 month 
− Hairy leukoplakia, oral 
− Herpes zoster (shingles), involving at least two distinct episodes or more than one 

dermatome 
− Idiopathic thrombocytopenic purpura 
− Listeriosis 
− Pelvic inflammatory disease, particularly if complicated by tubo-ovarian abscess 
− Peripheral neuropathy  
− For classification purposes, Category B conditions take precedence over those in 

Category A. For example, someone previously treated for oral or persistent vaginal 
candidiasis (and who has not developed a Category C disease) but who is now 
asymptomatic should be classified in clinical Category B. 

 
Category C includes the clinical conditions listed in the AIDS surveillance case definition 
(Appendix B). For classification purposes, once a Category C condition has occurred, the person 
will remain in Category C. 
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Table 2-3 CDC Classification System for HIV Infection 
Clinical Categories 

CD4+ Cell Categories A 
Asymptomatic 

B 
Symptomatic 

C 
AIDS 

≥ 500 cells/μL A1 B1 C1* 

200-499 cells/μL A2 B2 C2* 

≤ 200 cells/μL A3* B3* C3* 
Patients in A3, B3 and C1-C3 are considered as AIDS 
 

 



 

 

35

 

Figure 2-1 Ferrans’s Conceptual Model for QOL Assessment 

 
Biological 
function 

 
Symptoms 

 
Functional 

status 

General 
health 

perception 

Overall 
quality of 

life 

Characteristics of 
the individual 

Characteristics of 
the environment 



 

 

36

 

Figure 2-2 Modified Version of Wilson’s Model 
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CHAPTER 3 
METHODS 

This chapter describes the conceptual framework for the research, information about the 

secondary database that will be used (Multicenter AIDS Cohort Study database), the independent 

and dependent variables with their operationalization and how the variables were transformed to 

fit the assumptions of statistical methods for data analysis.  In addition, the plan for handling 

missing data, as well as the techniques that will be used to handle the correlation of multiple 

QOL measurements in this longitudinal study will be summarized.  Finally, two statistical 

models, traditional and time-lag, will also be described and tested. 

Conceptual Framework 

The modified QOL assessment model that is used in this dissertation is comprised of two 

components: biological function and QOL.  The modified model is used in this study for the 

following reasons.  First, measuring QOL is very important since in order to achieve the 

treatment goals specified in the clinical practice guidelines for treating HIV-infection, “to reach 

maximal and durable suspension of viral load, restoration and preservation of immunologic 

function, improvement of quality of life, and reduction of HIV-related morbidity and mortality,” 

it is important to study how QOL in HIV-infected patients treated with HAART changes over 

time.  

Second, the temporal relationship from Wilson and Clearly’s model implies that change in 

biological function occurs before change in symptoms and change in symptoms occurs before 

change in QOL.  From a pharmacological perspective, HAART suppresses viral load and 

increases CD4+ cell count.  Viral load and CD4+ cell count are related to both symptoms and 

QOL.  Therefore, the modified version of Wilson’s model was used to investigate the 

longitudinal relationship between the trend over time of the previous lab tests or current lab test 
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results with current QOL.  Specifically, this modified model was used to empirically validate 

whether the lag time relationship between previous lab test results and current QOL exists by 

comparing time-lag model with non time-lag model.  Figure 3-1 shows the modified conceptual 

model for the lag time longitudinal relationship between previous biological function and current 

QOL. 

Data 

Public Data Set from the Multicenter AIDS Cohort Study (MACS) associated with Johns 

Hopkins University will be used in this study.  MACS, initiated in 1984, is a study of the natural 

and treated histories of HIV-1 infection in homosexual and bisexual men conducted by sites 

located in Los Angeles, Chicago, Pittsburgh and Baltimore.  It is a prospective cohort study with 

semi-annual visits.  At each visit, descriptions of the medication, medication adherence, physical 

examination, HIV-related symptoms, side effects of antiretroviral medication, and QOL are 

collected.  By 2007, 6,972 patients were enrolled in MACS, accounting for 74,536 person-years.  

Unfortunately, not all of the MACS data is publicly available.  This study uses the MACS Public 

Data Set version P15 which includes patients enrolled until October 2002. 

The MACS database comprises several data tables, but only three data tables were used in 

this study; (1) drug, (2) quality of life and (3) lab tests.  In the drug table, antiretroviral drugs 

prescribed at each clinic visit were recorded.  This table was used to identify patients prescribed 

HAART therapy. 

HAART Definition 

The definition of HAART used by the MACS study was based on the DHHS/Kaiser Panel 

[DHHS/Kaiser 2005] guidelines.  The guidelines define HAART  as: (a) two or more NRTIs in 

combination with at least one PI or one NNRTI (89% of observations classified as HAART); (b) 

one NRTI in combination with at least one PI and at least one NNRTI (6%); (c) a regimen 
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containing ritonavir and saquinavir in combination with one NRTI and no NNRTIs (1%); and (d) 

an abacavir or tenofovir containing regimen of three or more NRTIs in the absence of both PIs 

and NNRTIs (4%), except for the three-NRTI regimens consisting of: abacavir + tenofovir + 

lamivudine OR didanosine + tenofovir + lamivudine. Combinations of zidovudine (AZT) and 

stavudine (d4T) with either a PI or NNRTI were not considered as HAART. 

Health-Related Quality of Life 

Patients were asked at each visit to complete the self-administered Medical Outcome Study 

Short Form 36 (MOS SF-36) health survey.  This instrument was first incorporated in the MACS 

protocol in 1994 (19).  MOS SF-36 consists of eight HRQOL domains: general health 

perception, physical functioning, role limitation caused by physical health problems, role 

limitation caused by mental health problems, emotional well-being, social functioning, 

energy/fatigue, and pain.  MOS SF-36 domains were classified into two major components, 

physical and mental health component.  Physical component summary scores (PCS) include 

general health perception, physical functioning, role limitation caused by physical health 

problems and pain, whereas mental component summary scores (MCS) include role limitation 

caused by mental health problems, emotional well-being, social functioning and energy/fatigue.  

This study will use the PCS and MCS as the dependent variable.  

CD4+ Cell Count 

In the MACS study, CD4 cell lymphocytes were quantified by flow cytometry in the 

laboratories certified by Flow Cytometry Quality Assessment Program of the National Institute 

of Allergy and Infectious Diseases (34, 36).  CD4+ cell count was measured as percent CD4+ 

cell. 
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Viral Load 

HIV-1 RNA level was measured by Nuclisens in the laboratories certified by the Virology 

Quality Assurance Laboratory proficiency testing program of the National Institute of Health 

(34, 36).  Viral load was measured in term of the number of copies per millimeter.  Because viral 

load is not normally distributed, viral load levels were transformed into log10 scale (33). 

Inclusion and Exclusion Criteria 

Patients included in this study are all those who were prescribed HAART.  The index date 

was defined as the first clinic visit patients received HAART regimen.  Patients were followed 

until the cut-off date in the database.  Patients with only one laboratory test were excluded from 

data analysis because insufficient data is available for the time-lag model. 

Data Analysis Process 

This study used a secondary database called MACS.  Data preparation was the first step in 

working with MACS.  The data were modeled in the second step.  Time-lag and non time-lag 

models were compared in the final step. 

Data Preparation 

A descriptive analysis was conducted for each variable, e.g., average and standard 

deviation for continuous variables and percent for categorical variables.  In addition, missing 

data associated with QOL were tested to determine whether it was missing completely at random 

(MCAR) or missing at random (MAR).  A strategy for handling dropouts and missing values was 

employed, in order to increase the sample size because some patients dropped out of the MACS 

study and some had missing values for study variables.  If missing data were MAR, multiple 

imputation was used.  If they were MNAR, selection or pattern mixture model was used.  The 

strategy for handling missing data is presented in more detail in the next section. 
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Missing data and dropping out in the longitudinal study   

Missing data and subject drop outs are common in longitudinal studies.  Dropping out in a 

longitudinal study is theoretically equivalent to either unit non-response or item non-response in 

cross-sectional surveys (37, 38).  Unit non-response occurs when the survey from a sampled 

person is incomplete whereas item non-response takes place when a participant does not answer 

one or more items in the questionnaire. 

Several review articles related to missing data mechanisms and how to handle missing data 

are available (37-39).  Generally, three different “missingness” mechanisms are noted: (1) 

missing completely at random (MCAR), (2) missing at random (MAR) and (3) missing not at 

random (MNAR).  In MAR, if R is an indicator for the missingness of data and Ycom is the 

complete data.  Ycom can be partitioned into Yobs and Ymis, where Yobs and Ymis are the observed 

and missing parts respectively.  The relationship between Ycom, Yobs and Ymis can be presented by 

the following equation because the distribution of missingness does not depend on Ymis, but on 

Yobs (38). 

( / ) ( / )com obsP R Y P R Y=  

For MCAR, the distribution of missingness does not depend on Yobs. 

( / ) ( )comP R Y P R=  

When ( / ) ( / )com obsP R Y P R Y=  is violated, the distribution of missingness depends on Yobs, 

and it is called MNAR.  Table 3-1 shows missing patterns of CD4+ cell count measured in two 

consecutive months (X and Y). 

How to handle dropouts in longitudinal study 

Several techniques or models to handle missing data were developed and tested, including 

mean of series method, hot-deck method, last value carry forward method, regression imputation, 
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multiple imputation and weighting (37, 38, 40-42).  When data were missing not at random, two 

types of models were developed and tested: selection models and pattern-mixture models (39, 

43, 44).  For selection models, Y and the probability that Y is missing are modeled 

simultaneously as shown in equation 1. 

(y,r) (y) P(r/y)f f=          (1) 

Pattern mixture models can be expressed by equation 2. 

(y,r) (y/r) P(r)f f=          (2) 

These models do not have any implicit untestable assumptions and they have 

computational advantages.  An example of random a pattern mixture model is given below (43).  

Advantages and disadvantages of both models are summarized in Table 3-2. 

itQOL = ijiij euGenderTreatmentVisit ++++++ βαααα )()()( 13121110  

)( eDropoutTimLog = ji ibuTreatment εαα +++ )(2120  

Where ijβ  and iu  are the subject and pattern level random intercepts. 

Data Analysis 

In this step, health-related quality of life was modeled using a random effect model, also 

called multilevel model.  Multilevel models have been used in studying functional impairment in 

HIV-infected persons (45) and relationships between CD4+ cell count, viral load, and quality of 

life over time in HIV-1-infected patients (33).  These models have an advantage over repeated-

measured ANOVA and other statistical analyses because a balanced data structure is not required 

(46-48) and it takes into account unit of measurement, correlation among measurements and 

time-varying covariates (49).  The statistical model is presented below and the conceptual 

diagram for this model is found in Figure 3-2. 

0 1 2it i i it t itY X tβ β β ε= + + +∑  
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2( , )it i iY N X Iβ σ  

( , )i Nβ β Ω  

(0, )it iNε ∑  

Where itY is PHC or MHC for individual i measured at time t, i0β  is the random intercept, 

itX  is the independent variable, CD4+ cell count or viral load, for subject i at time t, 1iβ  is the 

random regression coefficient for independent variable j, t is time, i2β  is the random regression 

coefficient to time and itε  is the error for subject i at time t.  Time was coded as 1 for an index 

date and coded as 2 to 11 corresponding to each visit to the clinic scheduled every 6 months 

according to the study protocol. 

In addition, PHC and MHC were modeled by a combination of time-lag model and random 

coefficient models when knowledge of HIV test results from a previous visit was taken into 

account.  Consequently, the model mentioned above was partially modified as follow. 

0 1 ( 1) 2it i i i t it itY Xβ β β ε−= + + +∑  

Where all variables and parameters are the same as the previous model, except ( 1)i tX −  is the 

independent variable j for subject i at time t-1.  The time-lag conceptual model is shown in 

Figure 3-3. 

In addition, the correlation between QOL measurements will be taken into account based 

upon one of these assumptions. 

Independent Structure 

In this structure, the correlations between subsequent QOL measurements are assumed to 

be zero as show in Table 3-2. 
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Exchangeable Structure 

In this structure, the correlations between subsequent QOL measurements are the same, 

regardless of the time as shown in Table 3-3 

m-dependent Structure 

In this structure, it is assumed that the correlations < m measurements apart are equal and 

correlations > m measurements apart are assumed to be zero as shown in Table 3-4 when m = 2. 

Autoregressive Correlation Structure 

In this structure, the correlation between two consecutive QOL is ρ , the correlation 

between t measurement apart is ρt as in Table 3-5. 

Maximum likelihood estimation (MLE) method was used to fit the model.  Using this 

method, both the fixed part (coefficients) and the random part (variance) between the models can 

be compared.  For both non time-lag and time-lag models, if the model didn’t converge, grand-

mean centering was used to help achieve the model conversion.  For nested models, model fit 

was compared by the log likelihood ratio test (LR test).  Non-nested models were compared by 

Akaike information criterion (AIC).  Model residuals were also examined to ascertain whether 

the data were normally distributed.  Type II error was set at 5%.  All statistical analyses were 

conducted by statistical program, STATA. 

IRB Approval 

This study was approved by Health Center Institutional Review Board, University of 

Florida. 
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Table 3-1 Missing Data Mechanisms of CD4+ Cell count 
 Y 

X Complete MCAR MAR MNAR 
168 148 148 148 148 
126 123 - - - 
132 149 - - 149 
160 169 - - 169 
105 138 - - - 
116 102 - - - 
125 88 - - - 
112 100 - - - 
133 150 - - 150 
94 113 - - - 

109 96 - - - 
109 78 - - - 
176 137 - 137 - 
128 155 - - 155 
131 131 - - - 
130 101 101 - - 
145 155 - 155 155 
136 140 - - - 
146 134 - 134 - 
111 129 - - - 
97 85 85 - - 

134 124 124 - - 
153 112 - 112 - 
118 118 - - - 
137 122 122 - - 
101 119 - - - 
103 106 106 - - 
78 74 74 - - 

151 113 - 113 - 
Mean (SD) 

125.7 121.9 108.6 138.3 153.4 
(23.0) (24.7) (25.1) (21.1) (7.5) 
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Figure 3-1 Time-lag Conceptual Model for Quality of Life Assessment 
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Figure 3-2 Conceptual Diagram for Traditional Model 

 
 
 

 

Figure 3-3 Conceptual Diagram for Time-lag Model 
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Table 3-2 Independent Structure of QOL Measurements 
 QOLt1 QOLt2 QOLt3 QOLt4 QOLt5 

QOLt1 - 0 0 0 0 
QOLt2 0 - 0 0 0 
QOLt3 0 0 - 0 0 
QOLt4 0 0 0 - 0 
QOLt5 0 0 0 0 - 

 

Table 3-3 Exchangeable Structure of QOL Measurements 
 QOLt1 QOLt2 QOLt3 QOLt4 QOLt5 

QOLt1 - ρ ρ ρ ρ 
QOLt2 ρ - ρ ρ ρ 
QOLt3 ρ ρ - ρ ρ 
QOLt4 ρ ρ ρ - ρ 
QOLt5 ρ ρ ρ ρ - 

 

Table 3-4 m-dependent Structure of QOL Measurement 
 QOLt1 QOLt2 QOLt3 QOLt4 QOLt5 

QOLt1 - ρ1 ρ2 0 0 
QOLt2 ρ1 - ρ1 ρ2 0 
QOLt3 ρ2 ρ1 - ρ1 ρ2 
QOLt4 0 ρ2 ρ1 - ρ1 
QOLt5 0 0 ρ2 ρ1 - 

 

Table 3-5 Autoregressive Correlation Structure of QOL Measurements 
 QOLt1 QOLt2 QOLt3 QOLt4 QOLt5 

QOLt1 - ρ1 ρ2 ρ3 ρ4 
QOLt2 ρ1 - ρ1 ρ2 ρ3 
QOLt3 ρ2 ρ1 - ρ1 ρ2 
QOLt4 ρ3 ρ2 ρ1 - ρ1 
QOLt5 ρ4 ρ3 ρ2 ρ1 - 
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CHAPTER 4 
RESULTS 

This chapter is divided into three sections.  First, the result from merging the three data 

tables from MACS database is described.  Second, the result from exploratory analysis of PHC 

and MHC is individually presented.  Finally, the results from traditional and time-lag models are 

presented. 

Merging MACS Database 

Data from the following tables were merged by using case number and visit as a merging 

key variable. 

Drug Table 

The drug table has 13,668 observations from 1,599 patients.  Any observation before visit 

210 was dropped because QOL was first collected in MACS at visit 210, resulting in 8,677 

observations.  Following this step, the visit with the first HAART was determined and any visit 

before the first HAART was dropped.  Consequently, 5,701 observations were used to merge 

with QOL and lab test tables. 

QOL Table 

The QOL table contains 19,913 observations from 2,858 patients.  This table was merged 

with the drug table, resulting in 20,509 observations.  14,808 observations were dropped because 

these observations were only available in the QOL table.  Finally, 5,701 observations were left to 

merge with the lab test table. 

Lab Test Table 

The lab test table contains 22,886 observations from 2,701 patients.  Merging data from the 

previous section with the lab test table resulted in 3,452 observations from 490 patients for data 

analysis. 
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Missing Data 

After merging the three data tables together, 18 observations (0.52%) had a missing value 

in CD4+ cell count and 34 observations (0.98%) had a missing value in viral load. Because 

missing data is less than 1%, all missing values were substituted with the average of that variable 

for a particular patient. 

Exploratory Analysis 

Demographic Data 

Table 4-1 depicts clinic visits when patients started HAART.  The average age of the 490 

patients when they started HAART (index date) was approximately 45 years (Table 4-2), with 

most patients between 31 to 60 years old (Table 4-3).  The average follow up time for all patients 

after HAART initiation was approximately 46 months (Table 4-4).  Most patients were followed 

up at least 5 years (Table 4-5), while some patients were followed up only 2 years because they 

entered the study later than the others.  In other words, some patients entered the study as little as 

2 years before the cut-off date (2002).  Most patients had a college degree (Table 4-6). 

Quality of Life Trajectory 

Figure 4-1 and Figure 4-2 show PHC and MHC score trajectory of 10 randomly selected 

patients respectively.  In both figures, each patient has a different baseline PHC and MHC level.  

In addition, each patient has a different rate of change in QOL over time.  The average PHC 

score after patients started HAART was 76.03 whereas the average MHC score was 73.39 (Table 

4-7 and Table 4-8).  Average PHC scores ranged from 74.03 to 76.54, whereas average MHC 

scores ranged from 71.52 to 73.50. 

The standard error of the mean for PHC at 6 months after HAART initiation was 1.00 and 

increased thereafter.  Average PHC at 6 months after initiation ranged from 74.06 to 78.01.  The 

standard error of the mean for PHC increased over time.  The standard error of the mean for 
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MHC at 6 months after HAART initiation ranged from 1.04 to 1.57 and increased over time.  

The average PHC and average MHC scores fluctuated during the follow-up period as shown in 

Figure 4-3 and Figure 4-4. 

CD4+ Cell Count and Viral Load Trajectory 

Figure 4-5 shows the change in CD4+ cell count over time for 10 patients.  These changes 

in CD4+ cell count over time indicate a unique trajectory of CD4+ cell count for each individual.  

However, the average change in CD4+ cell count over time increases as shown in Figure 4-6 and 

Table 4-9.  CD4+ cell count 6 months after HAART initiation was 220.68 and increased over 

time except for the last observation where the CD4+ cell count dropped.  The standard error of 

the mean for CD4+ cell count also decreased over time.  The average change in lag CD4+ cell 

count also improved overtime as shown in Figure 4-7. 

Figure 4-8 shows the change in viral load over time for 10 patients.  Again, each patient 

has a different initial viral load level and has a different rate of change over time.  Table 4-10 and 

Figure 4-9 depict the change in average viral load over time for all patients.  The average viral 

load at 6 months after HAART initiation was 30,398.02 copies/mL.  Although viral load 

fluctuated, overall the trend of average viral load decreased over time.  The average change in 

lag viral load over time also was lower as shown in Figure 4-10. 

Correlation among PHC and MHC 

Table 4-11 shows the correlation coefficients between PHC measured at different follow-

up times.  The correlation coefficient ranges from 0.57 to 0.83.  The highest correlation 

coefficient of PHC is between index 9 (4 years after HAART initiation) and index 11 (5 years 

after HAART initiation), whereas the lowest correlation coefficient of PHC is between index 2 

(6 months after HAART initiation) and index 10 (54 months after HAART initiation).   
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Table 4-12 also shows the correlation coefficients between MHC measured at different 

follow-up times.  The highest correlation coefficient of MHC (0.74) is between index 2 (6 

months after HAART initiation) and index 9 (4 years after HAART initiation), whereas the 

lowest correlation coefficient of MHC (0.59) is between index 4 (24 months after HAART 

initiation) and index 9 (4 years after HAART initiation).   

Time-Lag and Non Time-Lag Models 

In this part, the time-lag and non-time lag models for PHC and MHC are presented 

individually.  

Time-lag and Non Time-lag Models for PHC 

Table 4-13 shows all models for PHC,  However only the residuals for model 2 is shown in 

Figure 4-9 since the residuals for other models were also normally distributed.  The first model is 

a null model which has no predictor.  The log likelihood statistic (LL) was -13,931.55.  For all 

models, time has an inverse relationship with PHC (β = -0.21 to -0.44, p<0.05).  In other words, 

PHC scores significantly decreased over time.  CD4+ cell count and previous CD4+ cell count 

have a positive relationship with PHC in all models.  Regression coefficients of previous CD+ 

cell count are the same as those of CD+ cell count. 

The second and third models have time as the predictor.  In the second model, time was 

treated as a fixed effect.  The log likelihood (LL) significantly increased from -13,931.55 to – 

13,927.27 from model 1 to model 2 (p<0.05).  This implied that, on average, PHC significantly 

decrease over time.  However, time was treated as a random effect in the third model.  The log 

likelihood statistic (LL) also increased from -13,927.27 in model 2 to -13,863.02 in model 3.  In 

other words, the difference in the log likelihood statistic (-2LL) of these two models was 128.50, 

which indicated that the two models were statistically different (p<0.05).  That means the effect 
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of time on PHC was different from patient to patient.  In other words, each patient had his/her  

own PHC trajectory. 

Model 4 to model 7 answered research question 1.  When CD4+ cell count was added into 

the second model and treated for fixed effect, the log likelihood statistics (LL) increased from -

13,927.27 to -13,909.52.  The difference in the log likelihood statistics (-2LL) was 35.50 which 

was statistically different (p<0.05).  CD4+ cell count significantly predicted PHC (β = 0.03, 

p<0.05).  When time was treated for random effect (model 5), the model fit statistic statistically 

increased from -13,909.52 to -13,848.84, which implied that the random model was better than 

the fixed model.  In this model, CD4+ cell count significantly predicted PHC (β = 0.03, p<0.05). 

When CD4+ cell count was treated for random effect (model 6), compared with model 4, 

the log likelihood statistic increased from -13,909.52 to -13,889.82, which was statistically 

significant (p<0.05).  This indicated that the effect of CD4+ cell count on PHC varied among 

patients.  When both time and CD4+ cell counts were treated for random effect (model 7), the 

log likelihood statistic increased from -13,909.52 to -13,844.13, which was statistically 

significant (p<0.05).  This indicated that PHC trajectory and the effect of CD4+ cell count on 

PHC were different among patients. 

Model 8 to model 11 answered research question 2.  When previous CD4+ cell count was 

added into the second model and treated for fixed effect, the log likelihood statistic increased 

from -13927.27 to -13905.95 (model 8).  This showed statistical difference between two models 

(p<0.05).  In this model, previous CD4+ cell count significantly predicted PHC (β = 0.03, 

p<0.05). 

In model 9 where time was treated for random effect, the log likelihood statistic 

significantly increased from -13,905.95 to -13845.09 (p<0.05).  This showed that PHC trajectory 
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was different among patients.  When previous CD4+ cell count was treated for random effect 

(model 10), the log likelihood statistic significantly increased from -13,905.95 to -13,894.39 

(p<0.05).  This result indicated that the effect of previous CD4+ cell count on PHC varied among 

patients.  When both time and previous CD4+cell count were treated for random effect (model 

11), the log likelihood statistic significantly increased from -13,905.95 to -13,844.11 (p<0.05). 

Again, this showed that PHC trajectory and the effect of previous CD4+ cell count on PHC 

varied among patients. 

Model 12 to model 15 answered research question 3.  When viral load was added into the 

second model and treated for fixed effect, the log likelihood statistics (LL) increased from -

13,927.27 to -13,921.08 (model 12).  The difference in the log likelihood statistics (-2LL) was 

12.38 which was statistically different (p<0.05).  In this model, viral load significantly predicted 

PHC (β = 0.96, p<0.05).  When time was treated for random effect (model 13), the log likelihood 

statistic statistically increased from -13,921.08 to -13,857.86, which implied that the PHC 

trajectory was different among patients.  In this model, viral load significantly predicted PHC  

(β = 0.89, p<0.05). 

When viral load was treated for random effect (model 14), compared with model 12, the 

log likelihood statistic increased from -13,921.08 to -13,903.09, which was statistically 

significant (p<0.05).  This indicated that the effect of viral load on PHC varied among patients.  

When both time and CD4+ cell counts were treated for random effect (model 15), the log 

likelihood statistic increased from -13,921.08 to -13,841.43, which was statistically significant 

(p<0.05).  This implied that the effect of CD4+ cell count on PHC and the trend of PHC varied 

among patients. 
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Model 16 to model 19 answered research question 4.  When previous viral load was added 

into the second model and treated for fixed effect, the log likelihood statistic increased from -

13927.27 to -13920.39 (model 16).  This showed statistical difference between two models 

(p<0.05).  In this model, previous viral load significantly predicted PHC (β = 0.98, p<0.05). 

In model 17, time was treated for random effect, the log likelihood statistic significantly 

increased from -13,920.39 to -13858.41 (p<0.05).  This showed that PHC trajectory was different 

among patients.  When previous viral load was treated for random effect (model 18), the log 

likelihood statistic significantly increased from -13,920.39 to -13,909.31 (p<0.05).  This result 

indicated that the effect of previous viral load on PHC varied among patients.  When both time 

and previous viral load were treated for random effect (model 19), the log likelihood statistic 

significantly increased from -13,920.39 to -13,849.05 (p<0.05).  Again, this showed that PHC 

trajectory and the effect of previous viral load on PHC varied among patients.  In this model, 

previous viral load also significantly predicted PHC (β = 0.75, p<0.05). 

Comparing non-nested models (model 4 vs. model 8, model 5 vs. model 9, model 6 vs. 

model 10, model 7 vs. model 11, model 12 vs. model 16, model 13 vs. model 17, model 14 vs. 

model 18, model 15 vs. model 19), AIC among these pairs were not different.  In other words, 

there were no different between time-lag and non time-lag models. 

Time-lag and Non Time-lag Models for MHC 

Models for MHC are shown in Table 4-14.  However, only the residuals for model 2 was 

shown in Figure 4-10 because the residuals for other models were also normally distributed.  The 

first model was also the null model, no predictor, as in the previous section.  The log likelihood 

statistic (LL) for this model was -14,320.45.  For all converged models, MHC scores 
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significantly decreased over time.  In other words, time significantly predicted MHC scores (β= -

0.14 to -0.27, p<0.05). 

The second and third models have time as the predictor.  In the second model, time was 

treated as a fixed effect but as a random effect in model 3.  The log likelihood (LL) significantly 

increased from -14,320.45 to – 14,318.51 from model 1 to model 2 (p<0.05).  This indicated that 

on average MHC decreased over time.  The log likelihood statistic (LL) also increased from -

14,318.51 in model 2 to -14,291.46 in model 3.  In other words, the difference in the log 

likelihood statistic (-2LL) of these two models was 54.08, which indicated that the two models 

were statistically different (p<0.05).  This implied that patients had different rate of change of 

MHC scores over time. 

Model 4 to model 7 answered research question 5.  When CD4+ cell count was added into 

the second model and treated for fixed effect, the log likelihood statistic (LL) increased from -

14,318.51 to -14,317.07.  The difference in the log likelihood statistics (-2LL) was 2.87, which 

was not different.  When time was treated for random effect (model 5), the model fit statistic 

statistically increased from -14,317.07 to -14,290.65 (p<0.05).  This implied that MHC trajectory 

varied among patients.  In this model, time significantly predicted MHC (β = -0.25, p<0.05). 

When CD4+ cell count was treated for random effect (model 6), compared with model 4, 

the log likelihood statistic increased from -14,317.07 to -14,314.00, which was statistically 

significant (p<0.05).  This indicated that the effect of CD4+ cell count on MHC varied among 

patients.  When both time and CD4+ cell counts were treated for random effect (model 7), the 

log likelihood statistic increased from -14,317.07 to -14,289.78 which was statistically 

significant (p<0.05).  This indicated that MHC trajectory and the effect of CD4+ cell count on 

MHC were different among patients. 
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Model 8 to model 11 answered research question 6.  When previous CD4+ cell count was 

added into the second model and treated for fixed effect, the log likelihood statistic increased 

from -14,318.51 to -14,316.31 (model 8).  This showed statistical difference between two models 

(p<0.05).  In this model, previous CD4+ cell count significantly predicted MHC (β = 0.01, 

p<0.05). 

In model 9, time was treated for random effect, the log likelihood statistic significantly 

increased from -14,316.31 to -14,289.98 (p<0.05).  This showed that MHC trajectory was 

different among patients.  When previous CD4+ cell count was treated for random effect (model 

10), the log likelihood statistic increased, but not significant, from -14,316.31 to -14,315.46.  

This result indicated that the effect of previous CD4+ cell count on MHC did not vary among 

patients.  When both time and previous CD4+cell count were treated for random effect (model 

11), the model did not converge. 

Model 12 to model 15 answered research question 7.  When viral load was added into the 

second model and treated for fixed effect, the log likelihood statistics (LL) increased from -

14,318.51 to -14,314.36 (model 12).  The difference in the log likelihood statistics (-2LL) was 

16.70, which was statistically different (p<0.05).  In this model, viral load significantly predicted 

MHC (β = 0.89, p<0.05).  When time was treated for random effect (model 13), the log 

likelihood statistic statistically increased from -14,314.36 to -14,288.02 (p<0.05).  This implied 

that the MHC trajectory was different among patients.  In this model, viral load significantly 

predicted MHC (β = 0.82, p<0.05). 

When viral load was treated for random effect (model 14), compared with model 12, the 

log likelihood statistic increased from -14,314.36 to -14,306.01 which was statistically 

significant (p<0.05).  This indicated that the effect of viral load on MHC varied among patients.  
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When both time and CD4+ cell counts were treated for random effect (model 15), the log 

likelihood statistic increased from -14,314.36 to -14,277.60, which was statistically significant 

(p<0.05).  This implied that the effect of CD4+ cell count on MHC and the trend of MHC varied 

among patients. 

Model 16 to model 19 answered research question 8.  When previous viral load was added 

into the second model and treated for fixed effect, the log likelihood statistic increased from  

-14,318.51 to -14,315.46 (model 16).  This showed statistical difference between two models 

(p<0.05).  In this model, previous viral load significantly predicted MHC (β = 0.73, p<0.05). 

In model 17, time was treated for random effect, the log likelihood statistic significantly 

increased from -14,315.46 to -14,289.30 (p<0.05).  This showed that MHC trajectory was 

different among patients.  When previous viral load was treated for random effect (model 18), 

the log likelihood statistic significantly increased from -14,315.46 to -14,310.87 (p<0.05).  This 

result indicated that the effect of previous viral load on MHC varied among patients.  When both 

time and previous viral load were treated for random effect (model 19), the log likelihood 

statistic significantly increased from -14,315.46 to -14,284.22 (p<0.05).  Again, this showed that 

MHC trajectory and the effect of previous viral load on MHC varied among patients.  In this 

model, previous viral load also significantly predicted MHC (β = 0.66, p<0.05). 

Comparing non-nested models for both CD4+ cell count and viral load (model 4 vs. model 

8, model 5 vs. model 9, model 6 vs. model 10, model 7 vs. model 11, model 12 vs. model 16, 

model 13 vs. model 17, model 14 vs. model 18, model 15 vs. model 19), AIC among these pairs 

were not different.  In other words, there were no different between time-lag and non time-lag 

models. 
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Table 4-1 Time patients started HAART 
Index N Percent 
220 1 0.20 
230 4 0.82 
240 26 5.31 
250 141 28.78 
260 115 23.47 
270 89 18.16 
280 65 13.27 
290 18 3.67 
300 8 1.63 
310 3 0.61 
320 8 1.63 
330 4 0.82 
340 2 0.41 
350 6 1.22 

Total 490 100.00 
 
Table 4-2 Average age at HAART initiation 
Variable N Mean SEM 95% CI 
Age 490 44.91 0.37 44.18 45.63 

 
Table 4-3 Age of patients at HAART initiation 

Age N Percent 

<30 4 0.82 
31-40 147 30.00 
41-50 245 50.00 
51-60 73 14.90 
61-70 16 3.26 
70-80 1 0.20 
>81 4 0.82 
Total 490 100.00 

 
Table 4-4 Average follow up time after HAART initiation 

Variable N Mean SEM 95% CI 
Follow- up time 490 46.11 0.72 44.69 47.53 
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Table 4-5 The number of patients followed up until last clinic visit after HAART initiation 
Follow up Time (Months) N Percent 

12 33 6.73 
24 55 11.22 
36 56 11.43 
48 74 15.10 
60 272 55.51 

 
 
 
Table 4-6 Education level of patients who received HAART 

Education N Percent 
Less than 12th grade 4 0.89 
12th grade 42 9.35 
At least one year college, but no degree 139 30.96 
For year college/got a degree 106 23.61 
Some graduate work 61 13.59 
Post graduate degree 97 21.60 
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Table 4 -7 Average physical health component score by time since HAART 
95% CI 

Variable Index N Mean SEM 
L U 

PHC 2 425 76.03 1.00 74.06 78.01 
PHC 3 416 74.18 1.09 72.05 76.32 
PHC 4 401 75.53 1.02 73.53 77.55 
PHC 5 386 75.52 1.06 73.44 77.59 
PHC 6 373 75.38 1.11 73.19 77.56 
PHC 7 343 76.06 1.14 73.82 78.30 
PHC 8 318 76.54 1.17 74.25 78.94 
PHC 9 297 75.69 1.24 73.25 78.14 
PHC 10 280 74.73 1.30 72.16 77.31 
PHC 11 213 74.03 1.45 71.17 76.88 

PHC = Physical health component Index = Time since started HAART with 6 months interval 
 
 
Table 4-8 Average mental health component score by time since HAART 

95% CI Variable Index N Mean SEM L U 
MHC 2 425 73.39 1.04 71.35 75.42 
MHC 3 416 71.99 1.05 69.93 74.05 
MHC 4 401 71.52 1.14 69.27 73.77 
MHC 5 386 71.94 1.14 69.69 74.19 
MHC 6 373 72.76 1.13 70.53 74.99 
MHC 7 343 72.62 1.22 70.23 75.01 
MHC 8 318 73.78 1.26 71.29 76.27 
MHC 9 297 72.91 1.32 70.31 75.51 
MHC 10 280 73.50 1.35 70.85 76.15 
MHC 11 213 73.49 1.57 70.40 76.58 

MHC = Mental health component Index = Time since started HAART with 6 months interval 
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Table 4-9 Average CD4+ cell count at each visit 
95% CI Index N Mean SEM 

L U 
2 425 220.68 5.18 210.52 230.85 
3 416 231.13 5.24 220.86 241.40 
4 401 239.65 5.14 229.58 249.72 
5 386 249.62 5.30 239.23 260.02 
6 373 250.73 5.41 240.12 261.35 
7 343 251.42 5.56 240.51 262.33 
8 318 259.93 5.87 248.43 271.43 
9 297 259.08 6.06 247.19 270.96 
10 280 260.97 6.39 248.43 273.50 
11 213 255.10 6.76 241.84 268.36 

 
 
 
Table 4-10 Average log viral load at each visit 

95% CI Index N Mean SEM 
L U 

2 425 2.74764 0.06111 2.62782 2.86746 
3 416 2.75666 0.05980 2.63941 2.87390 
4 401 2.65515 0.06358 2.53048 2.77982 
5 386 2.58011 0.06432 2.45399 2.70622 
6 373 2.51395 0.06242 2.39156 2.63633 
7 343 2.48340 0.06392 2.35806 2.60873 
8 318 2.36459 0.06328 2.24052 2.48866 
9 297 2.37969 0.06559 2.25109 2.50828 
10 280 2.30658 0.06518 2.17880 2.43437 
11 213 2.31888 0.07861 2.16475 2.47301 
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Table 4-11 Correlation coefficients among PHC measured at different time 
 Index2 Index3 Index4 Index5 Index6 Index7 Index8 Index9 Index10 Index11 

Index2 1.0000          
Index3 0.7315 1.0000         
Index4 0.8130 0.6778 1.0000        
Index5 0.6600 0.6662 0.6823 1.0000       
Index6 0.7398 0.6638 0.7225 0.7355 1.0000      
Index7 0.6653 0.6351 0.6977 0.6841 0.7804 1.0000     
Index8 0.6515 0.6272 0.7046 0.7137 0.7180 0.7656 1.0000    
Index9 0.6576 0.6061 0.6821 0.7571 0.7347 0.8032 0.8059 1.0000   
Index10 0.5718 0.6109 0.6490 0.6476 0.7012 0.7614 0.7630 0.8235 1.0000  
Index11 0.6077 0.6090 0.6516 0.6882 0.6984 0.7130 0.7378 0.8276 0.8004 1.000 

 

Table 4-12 Correlation coefficients among MHC measured at different time 
 Index2 Index3 Index4 Index5 Index6 Index7 Index8 Index9 Index10 Index11 
Index2 1.0000          
Index3 0.7355 1.0000         
Index4 0.6541 0.6745 1.0000        
Index5 0.6653 0.6544 0.7071 1.0000       
Index6 0.6708 0.6500 0.6744 0.6850 1.0000      
Index7 0.7324 0.6420 0.5881 0.6882 0.6907 1.0000     
Index8 0.6336 0.6109 0.6328 0.6626 0.6481 0.7071 1.0000    
Index9 0.7449 0.6277 0.5827 0.6719 0.7103 0.7348 0.7079 1.0000   
Index10 0.6073 0.6034 0.6061 0.6165 0.6667 0.6942 0.7004 0.6888 1.0000  
Index11 0.6286 0.5846 0.6210 0.6094 0.6513 0.7109 0.7277 0.7136 0.7100 1.000 
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Table 4-13 Models for PHC 
 1 2 3 
 Null Index Index 

Fixed Effect    
Intercept 74.46* 75.66* 75.92* 
Index  -0.21* -0.27* 
CD4+ cell^    
Log VL    
Lag CD4+ cell^    
Log Lag VL    

Random Effect#    
Intercept 354.92 356.27 334.13 
Index   1.84 
CD4+ cell^    
Log VL    
Lag CD4+ cell^    
Log Lag VL    

Residual# 123.08 122.65 106.97 
Fit Statistics    

LL -13931.55 -13927.27 -13863.02 
-2LL 27863.10 27854.54 27726.04 
AIC 27869.10 27862.54 27736.05 

* p<0.05 # variance ^ grand mean-centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Table 4-13 Models for PHC (continued) 

 4 5 6 7 8 9 10 11 
 Index & 

CD4+ 
Index & 

CD4+ 
Index & 

CD4+ 
Index & 

CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Fixed Effect         

Intercept 76.51* 76.67* 76.82* 76.85* 76.81* 76.98* 77.16* 77.11* 
Index -0.34* -0.38* -0.34* -0.38* -0.39* -0.44* -0.41* -0.44* 
CD4+ cell^ 0.03* 0.03* 0.03* 0.03*     
Log VL         
Lag CD4+ cell^     0.03* 0.03* 0.03* 0.03* 
Log Lag VL         

Random Effect#         
Intercept 331.39 312.51 318.18 332.86 331.96 312.22 321.27 305.73 
Index  1.75  1.59  1.74  1.68 
CD4+ cell^   0.004 0.002     
Log VL         
Lag CD4+ cell^       0.003 0.0007 
Log Lag VL         

Residual# 122.56 107.38 115.53 105.59 122.24 107.13 117.24 106.32 
Fit Statistics         

LL -13909.52 -13848.84 -13889.82 -13844.13 -13905.95 -13845.29 -13894.39 -13844.11 
-2LL 27819.04 27697.68 27779.64 27688.26 27811.90 27690.58 27788.78 27688.22 
AIC 27829.03 27709.69 27791.64 27702.26 27821.89 27702.58 27800.77 27702.23 

* p<0.05 # variance ^ grand mean-centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Table 4-13 Models for PHC (continued) 
 12 13 14 15 16 17 18 19 
 Index & 

Log VL 
Index & 
Log VL 

Index & 
Log VL 

Index & 
Log VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Fixed Effect         
Intercept 78.40* 78.41* 78.49* 78.51* 78.57* 78.30* 78.58* 75.35*
Index -0.26* -0.31* -0.26* -0.31* -0.28* -0.32* -0.29* -0.33*
CD4+ cell^  
Log VL -0.96* -0.89* -0.93* -0.87*
Lag CD4+ cell^  
Log Lag VL  -0.98* -0.80* -0.90* -0.75*

Random Effect#  
Intercept 349.24 327.57 305.35 276.50 348.73 327.18 314.86 280.96
Index  1.82 1.76 1.80 1.75
CD4+ cell^  
Log VL  7.63 7.12
Lag CD4+ cell^  
Log Lag VL  5.92 5.58

Residual# 122.52 106.97 117.71 103.44 122.57 107.13 118.47 104.48
Fit Statistics  

LL -13921.08 -13857.86 -13903.09 -13841.43 -13920.39 -13858.41 -13909.31 -13849.05
-2LL 27842.16 27715.72 27806.18 27682.86 27840.78 27716.82 27818.62 -27698.10
AIC 27852.15 27727.72 27818.19 27696.87 27850.77 27828.81 27830.62 27712.10

* p<0.05 # variance ^ grand mean-centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Table 4-14 Models for MHC 
 1 2 3 
 Null Index Index 

Fixed Effect    
Intercept 71.40* 72.32* 72.56* 
Index  -0.16* -0.22* 
CD4+ cell^    
Log VL    
Lag CD4+ cell^    
Log Lag VL    

Random Effect#    
Intercept 364.35 365.72 329.97 
Index   1.41 
CD4+ cell^    
Log VL    
Lag CD4+ cell^    
Log Lag VL    

Residual# 158.95 158.65 147.41 
Fit Statistics    

LL -14320.45 -14318.51 -14291.46 
-2LL 28640.90 28637.02 28582.92 
AIC 28646.90 28645.01 28592.93 

* p<0.05 # variance ^ grand mean-centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Table 4-14 Models for MHC (continued) 

 4 5 6 7 8 9 10 11 
 Index & 

CD4+ 
Index & 

CD4+ 
Index & 

CD4+ 
Index & 

CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Index & 

Lag CD4+ 
Fixed Effect         

Intercept 72.58* 72.75* 72.66* 72.80* 72.73* 72.89* 72.74* - 
Index -0.21* -0.25* -0.19* -0.24* -0.23* -0.27* -0.22* - 
CD4+ cell^ 0.009* 0.007* 0.008* 0.006*     
Log VL         
Lag CD4+ cell^     0.01* 0.009* 0.01 - 
Log Lag VL         

Random Effect#         
Intercept 361.57 327.56 349.69 319.56 361.42 327.03 356.89 - 
Index  1.40  1.37  1.39  - 
CD4+ cell^   0.002 0.001     
Log VL         
Lag CD4+ cell^       0.001 - 
Log Lag VL         

Residual# 158.77 147.61 155.78 146.49 158.70 147.59 157.21 - 
Fit Statistics         

LL -14317.07 -14290.65 -14314.00 -14289.78 -14316.31 -14289.98 -14315.46 - 
-2LL 28634.14 28581.30 28628.00 28579.56 28633.62 28579.96 28630.82 - 
AIC 28864.14 28593.30 28640.00 28593.56 28642.62 28591.96 28642.92  

* p<0.05 # variance ^ grand-mean centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Table 4-14 Models for MHC (continued) 
 12 13 14 15 16 17 18 19 
 Index & 

Log VL 
Index & 
Log VL 

Index & 
Log VL 

Index & 
Log VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Index & Log 
Lag VL 

Fixed Effect         
Intercept 74.83* 74.86* 74.96* 75.06* 74.50* 74.40* 74.63* 74.61* 
Index -0.20* -0.25* -0.20* -0.26* -0.21* -0.26* -0.21* -0.26* 
CD4+ cell^         
Log VL -0.89* -0.82* -0.90* -0.86*     
Lag CD4+ cell^         
Log Lag VL     -0.73* -0.62* -0.75* -0.66* 

Random Effect#         
Intercept 360.54 325.35 323.26 275.49 361.55 326.53 335.14 291.79 
Index  1.39  1.46  1.39  1.41 
CD4+ cell^         
Log VL   6.30 7.10     
Lag CD4+ cell^         
Log Lag VL       4.08 4.39 

Residual# 158.56 147.48 154.61 143.22 158.61 147.57 155.86 144.90 
Fit Statistics         

LL -14314.36 -14288.02 -14306.01 -14277.60 -14315.46 -14289.30 -14310.87 -14284.22 
-2LL 28628.72 28576.04 28612.02 28555.20 28630.92 28578.60 28621.74 28568.44 
AIC 28638.71 28588.04 28624.01 28569.19 28640.92 28590.60 28633.73 28582.44 

* p<0.05 # variance ^ grand mean-centered 

LL = Log likelihood -2LL = -2 Log likelihood AIC = Akaike Information Criterion 
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Figure 4-1 Physical Health Component Score after HAART Initiation of 10 patients 
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Figure 4-2 Mental Health Component Score after HAART Initiation of 10 patients 
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Figure 4-3 Average PHC score over time after HAART initiation 
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Figure 4-4 Average MHC score over time after HAART initiation 
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Figure 4-5 CD4+ cell count over time after HAART initiation for 10 patients 
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Figure 4-6 Average CD4+ cell count over time since HAART initiation 
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Figure 4-7 Log viral load over time after HAART initiation for 10 patients 
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Figure 4-8 Average log viral loads over time after HAART initiation 
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Figure 4-9 PHC residuals for model 2 
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Figure 4-10 MHC residuals for model 2 

 



 

 80

CHAPTER 5 
DISCUSSION 

In this chapter, discussion about PHC and MHC trajectory is presented first, followed by a 

discussion of the CD4+ cell count and viral load trajectory, and then the relationship between 

clinical lab test trajectory and QOL trajectory.  This chapter also includes limitations, 

recommendation for future research, and a summary. 

QOL Trajectory 

PHC Trajectory 

Average PHC scores marginally decreased every 6 months as shown in Figure 4-3.  

Although PHC statistically decreased over time (Table 4-13, model 2 and model 3), it decreased 

approximately 0.2 for every 6 months.  This result was similar to the study conducted by 

Weinfurt and colleagues that found PHC declined over time (33).  However in their study, PHC 

weekly decreased by 0.09.   In other words, it declined by 2.16 every 6 months. 

MHC Trajectory 

Average MHC scores also slightly decreased every 6 months (Figure 4-4).  Although MHC 

statistically decreased over time, it decreased only 0.16 or 0.22 for every 6 months as shown in 

Table 4-14, model I and II respectively.  This also implied that HAART can clinically maintain 

mental health in HIV-infected patients.  This result was similar to the finding from Weinfurt and 

colleagues’ study that showed MHC weekly declined by 0.09 or 2.16 point every 6 months (33). 

Clinical Lab Test Trajectory 

CD4+ Cell Count Trajectory 

On average, CD4+ cell count increased over time as expected, which is consistent with 

many studies that showed that HAART helps to improve the immune system.  This result was 

consistent with other previously conducted studies (32, 36, 50-55).  However, the finding from 
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Binquet and friends showed that CD4+ cell count increased from baseline to 12 months only 

(50).  After 12 months, CD4+ cell count was consistent.  The result from Chu was slightly 

different in that CD4+ cell count increased from baseline to 24 months (32).  The result from this 

study indicated the plateau period of CD4+ cell count at 48 months, which was similar to the 

finding from Moore and Garcia’s study (51, 52). 

Viral Load Trajectory 

It is not surprising that the average viral load decreased over time after taking HAART 

(Figure 4-9).  Many studies show HAART suppresses viral load to an undetectable level (55, 56).  

The finding from Burgoyne indicated that average viral load in patients who received HAART 

regimen decreased from 7,943 to 316 copies/mL in 4 years, whereas the result from Low-Beer 

showed a reduction from 11,000 to 499 copies/mL in one year.  Although 5 NRTIs and 3 PIs 

were available during Low-Beer’s study period, patients included in Low-Beer study at least 

received PI.  Therefore, whether these patients received HAART or not cannot be determined. 

Relationship between CD4+ Cell Trajectory and QOL Trajectory 

Change in CD4+ cell count can slightly predict change in PHC when time was controlled 

as shown in Table 4-13 (model 4 to model 11).  The underlying reason for this is because PHC 

decreased little by little over time.  When there is less variation of PHC, CD4+ cell count cannot 

predict PHC well.  However, the finding from this study was consistent with the result from a 

longitudinal clinical trial where there was a positive relationship between change in PHC and 

change in CD4+ cell count (33).  Comparing time-lag model with non time-lag model, the model 

fit statistics showed that time-lag model with random coefficients were better than non time-lag 

model with random coefficients. 

The result from this study confirmed that CD4+ cell count had a positive relationship with 

MHC as with several other cross-sectional and longitudinal studies (33, 57) that demonstrated a 
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similar relationship.  Comparing time-lag and non time-lag models, only lag CD4+ cell count 

significantly predicted MHC (Table 4-14, model 4 to model 10).  However, the model fit 

statistics of non time-lag model were better than those of time-lag model. 

Relationship between Viral Load Trajectory and QOL Trajectory 

An inverse relationship between viral load and PHC in this study was similar to the result 

from Weinfurt’s study.  Previous viral load also had an inverse relationship with PHC.  In other 

words, when viral load decreased, PHC increased.  However, the magnitude of the association 

between current viral load and previous viral load and PHC were different as shown in Table 4-

13.  Based on model 12 to model 19 in Table 4-13, viral load should be fitted into the model with 

random effect.  This implied that the effect of viral load on PHC was different from patient to 

patient.  Viral load and previous viral load had an inverse relationship with MHC (Table 4-14, 

model 12 to model 19).  That means when viral load increased, MHC decreased.  However, viral 

load and previous viral load predicted MHC in different magnitude. 

Limitations 

This study has several limitations.  First, it is possible that patients were not only informed 

by physicians about their current CD4+ cell count and/or viral load, but also notified about the 

evaluation of that lab test value (e.g., whether it is good or bad).  Patients may consider their lab 

test result as good/bad.  Therefore, dichotomizing or categorizing CD4+ cell count and viral load 

may possibly reflect the way patients used the lab test results to assess their QOL.  Using a 

different scale of measurement of the independent variables (e.g., continuous vs. binary variable) 

may change the magnitude of the relationship between CD4+ cell count and viral load and QOL 

because when there is less variation of the independent when it was dichotomized, compared 

with when it was measured as a continuous variable.  However, we do not know how physicians 
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evaluate CD4+ cell count and viral load and what they told about CD4+ cell count and viral load 

to the patients.  Qualitative research such as an interview may help clarify this. 

Second, it is possible that patients may not only assess their own current QOL about the 

questions in the MOS SF-36, but also use other information such as CD4+ cell count.  If they use 

CD4+ cell count to assess their current QOL and this information is not available, it is possible 

that patients will use previous lab test result to assess their current QOL.  Once more, qualitative 

research by interviewing patients will help determine whether patients use lab test result from 

last clinic visit to asses their current QOL or not. 

Third, MACS is an observational study, collecting data from HIV-infected patients from 4 

major cities, patients included in MACS visit clinic biannually only.  Therefore, data from 

MACS are available to prove whether lag time at 6 months between either CD4+ cell count or 

viral load and QOL exists.  It cannot be used to prove or validate whether lag time between 

CD4+ cell count/viral load and QOL is 3 or 2 months.  In other words, if the lag time between 

CD4+ cell count and QOL existed and was about 3 months, the time-lag model of 3 months 

would better predict QOL than a time-lag of 6 months or a non time-lag model.  In other words, 

QOL measured at an improper timing is considered as an invalid measure of the effect of CD4+ 

cell count. 

Fourth, HIV-related symptoms (e.g., fatigue, pain and diarrhea) were not included in this 

study.  Those symptoms were reported as the significant predictors in QOL in HIV-infected 

patients (29, 30, 58-61).  For those studies, only the study by Johnson et al. included patients 

treated with HAART and only two are longitudinal studies with an aim to investigate the 

longitudinal relationship between HIV-related symptoms and QOL (29, 59).  Including HIV-

infected symptoms in the model will possibly help explain change in QOL over time. 
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Fifth the effect of HIV-infected symptoms on QOL could change over time (33).  It is 

possible that patients get used to HIV-related symptoms over time, so the way patients assessed 

their QOL regarding to symptoms may changed over time.  For example, when asymptomatic 

patients became symptomatic, symptoms such as diarrhea may considerably bother them.  

However, when they were tolerated to diarrhea, the way they assess how diarrhea effect QOL 

changed. 

Sixth, this study included all patients who were on HAART.  Naïve and previous HAART 

users were not separately analyzed.  In the most recent study, patients included had no prior 

HAART experiences (62).  Both PHC and MHC increased over time which was contradict to the 

finding from this study.  However, the researchers found a positive relationship between CD4+ 

cell count and QOL as in this study. 

This study compared time-lag and non time-lag models only in HIV-infected patients.  

HIV is one of many chronic diseases where lab test results are important for determining 

patients’ condition and clinical status.  Lab test results also help physician to determine when to 

start treatment as stated in disease guidelines.  Lab test results are also important to patients 

because it help patients monitor their own condition.  This study investigated the lag time 

between clinical lab tests and QOL in HIV-infected patients who were on HAART only.  The 

results from this study can not be applied to those with other chronic diseases.  Chronic diseases 

that the lag time between clinical lab results and QOL might exist include diabetes, 

hyperlipidemia.  For these diseases, symptoms do not play an important role in assessing QOL.  

Patients with high LDL can do regular activities (e.g., walk 1 to 2 miles).  However, when they 

do know that the LDL level was too high for two previous consecutive weeks, they might use 
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those lab tests results to assess their current QOL because they didn’t know the current lab test 

result. 

Future Research 

This study has two different implications for future research; (1) QOL measurement and 

(2) clinical application.  Researchers interested in QOL measurement should investigate the 

timing of QOL measurement because patients may differ in their QOL assessments depending 

upon whether they know their previous or current clinical lab test results.  In other words, 

researchers can compare QOL measured when patients had a clinic visit and QOL measured a 

week later when patients knew their current lab test results.  It is also recommended that other 

databases be used to establish the lag time between CD4+ cell counts, viral load and QOL in 

HIV-infected patients in order to confirm the finding from this study.  For clinical application, if 

the lag time relationship between either viral load or CD4+ cell count and QOL truly exists (e.g., 

3 months), it is recommended that patients be monitored their QOL at least every 3 months. 

Conclusion 

PHC and MHC in HIV-infected patients who were on HAART slightly decreased over 

time.  The change in viral load over time significantly predicts change in PHC and MHC over 

time, whereas the change in CD4+ cell count significantly predicts PHC over time only.  CD4+ 

cell count has a positive longitudinal relationship with PHC, whereas viral load has a negative 

longitudinal relationship with both PHC and MHC.  Overall, time-lag models were not different 

from non time-lag models in terms of the model fit statistics and regression coefficients. 
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APPENDIX A 
SQL SYNTAX FOR HAART 

SELECT DISTINCT DRUGF1.CASEID, DRUGF1.VISIT, DRUGF1.AVQY, 
Switch(C.CASEID,"Y",DRUGF1.CASEID, "N") AS HAART 
FROM DRUGF1 LEFT JOIN [SELECT CASEID, VISIT 
FROM 
 
( 
SELECT CASEID, VISIT, 1 AS FLAG 
FROM 
( 
SELECT CASEID, VISIT 
FROM (SELECT CASEID,VISIT 
FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
WHERE  DRUG_GRP = "NRTI" 
GROUP BY CASEID, VISIT 
HAVING  COUNT(*) >=2 
) AS A 
WHERE EXISTS 
  ( 
  SELECT 1 
  FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
  WHERE A.CASEID = DRUGF1.CASEID AND A.VISIT = DRUGF1.VISIT AND  
(DRUG_GRP = "NNRTI" OR   DRUG_GRP = "PI")  
  ) 
 
UNION 
 
SELECT CASEID, VISIT 
FROM 
 ( 
  SELECT DISTINCT CASEID,VISIT 
  FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
  WHERE DRUG_GRP = "NRTI" 
  UNION ALL 
  SELECT DISTINCT CASEID,VISIT 
  FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
  WHERE DRUG_GRP = "NNRTI" 
  UNION ALL 
  SELECT DISTINCT CASEID,VISIT 
  FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
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  WHERE DRUG_GRP = "PI" 
  ) AS A 
GROUP BY CASEID, VISIT 
HAVING COUNT(*) = 3 
 
UNION 
 
SELECT CASEID, VISIT 
FROM ( 
  SELECT CASEID,VISIT 
  FROM  
  ( 
    SELECT DISTINCT CASEID,VISIT 
    FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
    WHERE DRUG_CODE = 210 
    UNION ALL 
    SELECT DISTINCT CASEID,VISIT 
    FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code     
    WHERE DRUG_CODE = 211 
    UNION ALL 
    SELECT DISTINCT CASEID,VISIT 
    FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
    WHERE  DRUG_GRP = "NRTI" 
  )  AS B 
  GROUP BY CASEID,VISIT 
  HAVING COUNT(*) = 3 
) AS A 
WHERE NOT EXISTS 
  ( 
  SELECT  1 
  FROM DRUGF1  INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
  WHERE  A.CASEID = DRUGF1.CASEID AND A.VISIT = DRUGF1.VISIT AND 
DRUG_GRP = "NNRTI"  
 ) 
 
UNION SELECT CASEID, VISIT 
FROM  
  ( 
  SELECT CASEID,VISIT 
  FROM 
    ( 
    SELECT DISTINCT CASEID,VISIT 
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    FROM DRUGF1 
    WHERE DRGAV = 218 
    ) AS A 
  WHERE EXISTS  
    ( 
    SELECT 1  
    FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
    WHERE DRUG_GRP = "NRTI" AND DRUGF1.CASEID = A.CASEID AND 
DRUGF1.VISIT = A.VISIT 
    GROUP BY DRUGF1.CASEID,DRUGF1.VISIT 
    HAVING COUNT(*) >= 4 
    ) 
  ) AS B 
WHERE NOT EXISTS 
  ( 
  SELECT 1 
  FROM DRUGF1 INNER JOIN Drug_Grp_Code ON DRUGF1.DRGAV = 
Drug_Grp_Code.Drug_Code 
  WHERE (DRUG_GRP = "NNRTI" OR DRUG_GRP = "PI")  AND DRUGF1.CASEID = 
B.CASEID AND DRUGF1.VISIT = B.VISIT 
  ) 
 
) 
) 
 
GROUP BY CASEID,VISIT 
HAVING COUNT(*) = 1 AND MAX(FLAG) = 1 
 
]. AS C ON (DRUGF1.VISIT = C.VISIT) AND (DRUGF1.CASEID = C.CASEID); 
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