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Addendum 

p 33 line 4: delete “the definitive” and replace with “a comprehensive”  

p 87 end of para 2 insert: 

“Furthermore, multiple techniques to physically trace patients are possible including 

home visits by community workers, healthcare workers or individuals nominated by 

patients. The ability to implement these programs in different clinical and social 

contexts will be dictated by multiple factors including: costs, acceptability to patients, 

safety for individuals performing physical tracing and ensuring the confidentiality of 

patients.”  

p 87 end of para 3 insert: 

“This is particularly relevant considering new 2013 WHO guidelines for management 

of HIV in adults and adolescents that now recommend viral load testing whenever 

possible for people receiving ART (1). This will likely lead to increased virological 

outcome data that will need to be accurately interpreted in the context of previously 

reported virological outcomes from LMICs such as the summary data presented in this 

review.” 

p 158 para 2 line 6 before “Ultimately” insert: 

“In addition significant associations documented in the observational studies in this 

thesis are potentially subject to unknown confounders that could alter the findings.” 

p 159 line 1 before “Findings” insert: 

“This review also lays the groundwork to explore different approaches to implement 

PAMs such as the medication possession ratio in real-time clinic and/or program 

settings to assess ART adherence, and potentially trigger interventions to maximise 

adherence” 

P 159 para 3 line 3 after “studied”: 

“and how prevalent these factors are elsewhere in India.” 

 

Addendum Reference 

1. WHO. Consolidated guidelines on the use of Antiretroviral Drugs for Treating and 

Preventing HIV Infection. Recimmendations for a public health approach. June 2013. 

World Health Organization, 2013. 
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1 Summary, Declarations and 

Publications  



 vii 

1.1 Abbreviations 

 

AIDS Acquired Immune Deficiency Syndrome 

ART Antiretroviral therapy 

ARV Antiretroviral 

HIC High Income Country 

HIV Human Immunodeficiency Virus 

LMIC Low to Middle Income Country 

LTFU Lost To Follow-Up 

NACO National AIDS Control Organization 

NNRTI Non-nucleoside Reverse Transcriptase Inhibitor 

NRTI Nucleoside Reverse Transcriptase Inhibitor 

PAM Pharmacy Adherence Measure 

PEPFAR President’s Emergency Plan for AIDS Relief 

PI Protease Inhibitor 

PLHIV People Living with HIV/AIDS 

SES Socioeconomic Status 

UNAIDS Joint United Nations Program on HIV/AIDS 

UNGASS United Nations General Assembly Special Session on AIDS 

US United States 

WHO World Health Organization 
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1.2 Summary 

Since the advent of combination antiretroviral therapy (ART) in 1996 there has been 

significant reductions in mortality for patients living with HIV where these 

medications have been available. Despite this advance, socio-behavioural factors such 

as socioeconomic status (SES) while on ART and adherence to ART can impact 

outcomes considerably for these individuals. The overarching goal of this thesis was 

to identify patient specific factors associated with worse clinical outcomes and the 

identification of methods to better assess adherence to ART in diverse clinical settings. 

These factors and estimates of adherence can then allow for the implementation of 

evidence based interventions or the design of targeted interventions that will maximise 

clinical outcomes for people receiving ART.  

 

The studies that were performed to make up this thesis used multiple techniques to 

identify assessments of ART adherence and socio-behavioural factors that predict 

clinical outcomes for patients receiving ART. These include systematic reviews of the 

literature, analyses of prospective cohorts receiving ART in the North-eastern United 

States and retrospective cohort studies of a population of HIV-infected individuals 

receiving ART in Tamil Nadu India. 

 

Major findings from this group of studies include the first systematic summary of how 

ART adherence assessments using routinely collected pharmacy data predict survival, 

virological and immunological outcomes for patients in HICs and LMICs. In addition 

a framework to categorise pharmacy adherence measures (PAMs) and 

recommendations on how to best select PAMs to predict clinical outcomes in patients 

receiving ART was established. Further systematic reviews established normative 

rates of virological suppression for individuals in LMICs after 12-months ART, and 

documented the impact of tracing patients who become lost to follow-up (LTFU) after 

initiating ART. In addition a systematic review of the effects of physical tracing of 

patients who are LTFU describes how physical tracing may lead to increased re-

engagement of patients in care, rather than just improved classification of outcomes 

for patients considered LTFU.  
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Analyses of a cohort of individuals followed in the North-eastern United States 

revealed how different markers of SES such as poverty, education level and housing 

insecurity predict survival despite the use of ART. An additional study identified that 

individuals assessed as food insecure on even one occasion over multiple years of 

follow-up was a potent predictor of immunological decline even in the setting of ART.  

 

Studies of a retrospective cohort of HIV-infected individuals initiating free ART in 

Tamil Nadu, India identified multiple factors predicting virological failure after 12-

months of ART. Programmatic factors such as prolonged patient travel time to clinic 

and individual factors such as patients having busy schedules or reporting a history of 

alcohol use were identified as factors predicting poor virological outcomes after 12-

months ART. Furthermore multiple assessments of adherence to ART using different 

questions about self-reported adherence or pharmacy data identified that PAMs but not 

self-report measures were most predictive of virological outcomes in this setting.  

 

This body of work is a significant contribution as multiple socio-behavioural factors 

and adherence measures that predict poor outcomes for people receiving ART were 

identified. Importantly this group of studies have been performed in different 

populations affected by HIV using different models of HIV care. This gives a unique 

insight into how different social, cultural and behavioural aspects of the lives of people 

living with HIV can influence clinical care. Furthermore, these novel patient specific 

factors and mechanisms to assess ART adherence that were found to predict  clinical 

outcomes are important because they are amenable to implementation, in both HICs 

and LMICs to alleviate morbidity and mortality for patients receiving ART.  
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1.3 Originality statement 

 

I hereby declare that this submission is my own work and to the best of my knowledge 

it contains no materials previously published or written by another person, or 

substantial proportions of material which have been accepted for the award of any 

other degree or diploma at Monash University or any other educational institution, 

except where due acknowledgement is made in the thesis. Any contribution made to 

the research by others, with whom I have worked at Monash or elsewhere, is explicitly 

acknowledged in the thesis. I also declare that the intellectual content of this thesis is 

the product of my own work, except to the extent that assistance from others in the 

project's design and conception or in style, presentation and linguistic expression is 

acknowledged. 

 

 

 

 

 

James Hamilton McMahon 

April 2013 
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1.4 General Declaration of author’s contribution 

PART A: General Declaration  

 

Monash University 

 

Declaration for thesis based or partially based on conjointly published or unpublished 

work 

 

General Declaration 

 

In accordance with Monash University Doctorate Regulation 17 Doctor of Philosophy 

and Research Master’s regulations the following declarations are made: 

 

I hereby declare that this thesis contains no material which has been accepted for the 

award of any other degree or diploma at any university or equivalent institution and 

that, to the best of my knowledge and belief, this thesis contains no material previously 

published or written by another person, except where due reference is made in the text 

of the thesis.  

 

This thesis includes 6 original papers published in peer reviewed journals and 1 

unpublished publication. The core theme of the thesis is exploring social and 

behavioural factors that influence clinical outcomes for people with HIV receiving 

antiretroviral therapy in higher and lower income settings. The ideas, development and 

writing up of all the papers in the thesis were the principal responsibility of myself, 

the candidate, working within the Department of Infectious Diseases at Alfred Health 

and Monash University, and the Department of Public Health and Community 

Medicine at Tufts University in Boston under the supervision of Dr Julian Elliott, 

Professor Sharon Lewin and Professor Christine Wanke. 

 

The inclusion of co-authors reflects the fact that the work came from active collaboration 

between researchers and acknowledges input into team-based research. 
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In the case of chapter numbers 3, 4, 5, 6 and 7 my contribution to the work involved 

the following: 

 

Thesis 
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Publication title Publication 

status* 
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candidate’s contribution 
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Antiretroviral Therapy: Review 

of the Literature and 

Implications for Treatment 

Monitoring 

Published I led the design, wrote the 

protocol, established and 

supervised the studies, 

analysed the results and wrote 

the manuscript 

3.3 Effects of patient tracing on 

estimates of lost to follow-up, 

mortality and retention in 

antiretroviral therapy programs 

in low-middle income countries: 

A Systematic Review. 

Published I led the design, wrote the 

protocol, established and 

supervised the studies, 

analysed the results and wrote 

the manuscript 

3.4 Viral Load Outcomes after 12 

Months of Antiretroviral 

Therapy in Low and Middle 

Income Countries: A Systematic 

Review 

Published I led the design, wrote the 

protocol, established and 

supervised the studies, 

analysed the results and wrote 

the manuscript 

4 Poverty, Hunger, Education, and 
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Survival in HIV 

Published I led the design based on a pre-

existing dataset, performed all 

analyses and wrote the 

manuscript 

5 Repeated Assessments of Food 

Security Predict CD4 Change in 

the Setting of Antiretroviral 

Therapy 

Published I led the design based on a pre-

existing dataset, performed all 

analyses and wrote the 

manuscript 

6 Targets for intervention to 

improve virological outcomes 

for patients receiving free 

antiretroviral therapy in Tamil 

Nadu, India 

Submitted I led the design, wrote the 

protocol, established and 

supervised the studies, 

analysed the results and wrote 

the manuscript 
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7 Pharmacy and self-report 

adherence measures to predict 

virological outcomes for 

patients on free antiretroviral 

therapy in Tamil Nadu, India 

Published I led the design, wrote the 
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supervised the studies, 

analysed the results and wrote 

the manuscript 
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2.1  Introduction 

The most recent estimate of the global burden of the HIV pandemic published by the 

Joint United Nations Programme on HIV/AIDS (UNAIDS) in 2012 report that 34 

million people are living with HIV/AIDS (PLHIV) and 2.5 million new infections 

occurred globally by the end of 2011 (1). Since the introduction of antiretroviral 

therapy (ART) PLHIV have experienced decreasing levels of morbidity and mortality. 

This was initially observed in high-income and subsequently in low- to middle-income 

countries (LMICs) as ART became more widely available (2, 3). Initial studies of 

antiretroviral monotherapy reported reductions in levels of circulating HIV with the 

first clinical trials of the nucleoside reverse transcriptase inhibitor (NRTI) zidovudine 

in the late 1980s (4) and subsequently protease inhibitors (PIs) in the mid-1990s (5) 

Despite these initial observations, subsequent elevations in HIV viral load and the 

selection of drug resistant strains of HIV (6) were observed in patients receiving 

monotherapy; leading to the investigation of combination antiretroviral therapy. 

Randomized clinical trials of different antiretroviral (ARV) combinations reported the 

virological and clinical superiority of double NRTIs over NRTI monotherapy (7) and 

subsequently the combination of 3 drugs, including either a protease inhibitor or non-

nucleoside reverse transcriptase inhibitor (NNRTI), over double NRTI regimens (8-

10) Furthermore, data from an LMIC, Cote d’Ivoire, where double-NRTI regimens 

were initiated in some patients due to the increased cost of triple ARV regimens, also 

reported double-NRTI regimens having inferior virological efficacy (11). 

 

The advantages of combination ART using 3 medications as described in these pivotal 

clinical trials was rapidly translated into reductions in mortality, opportunistic 

infections and hospital admissions within observational cohorts and routine 

surveillance systems (2, 12, 13). Reductions in morbidity and mortality have also been 

seen in LMICs as ART became more widely available in the mid-2000s. However 

rates of survival in the first 12-months after starting ART were impacted by patients 

commencing ART with advanced symptomatic disease at lower CD4 T-cell counts 

(14, 15). Despite these advances the recently published global burden of disease 2010 

study reports AIDS-related deaths as still the 6th most common cause of death globally 

(16) which the executive director of UNAIDS has described as “..a persistent, 

significant, and egregious burden of avoidable death” (17).  
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The goal of combination antiretroviral therapy is to achieve virological suppression 

(18-20). While high rates of virological suppression can be achieved for populations 

receiving ART in both HICs and LMICs residual levels of mortality and morbidity are 

still observed for PLHIV receiving ART (21, 22). In addition populations living with 

HIV can be overrepresented by individuals with characteristics such as low SES, use 

of intravenous drugs (IDU), cigarette smoking, heavy alcohol consumption, co-morbid 

psychiatric illnesses and traditional cardiac risk factors such as hypertension, 

dyslipidaemia and diabetes (23-25). Importantly low SES has also been associated 

with worse survival and increased numbers of clinical events for diseases such as 

cancer and cardiovascular disease for people not living with HIV (26-29).  

 

Debate about whether residual elevated morbidity associated with HIV is due to the 

HIV virus itself or factors overrepresented in populations living with HIV continues 

with evidence from prospective observational cohorts and mathematical modelling 

studies supporting the notion that factors not related to the HIV virus itself play an 

ongoing role in predicting clinical outcomes (22, 30). In addition there is evidence that 

in populations affected by HIV SES can impact clinical outcomes such as survival, 

virological failure on ART and the appearance of opportunistic diseases as immune 

function declines (31-33). These social and behavioural factors that can impact clinical 

outcomes on ART can be assessed using various methods. For example, SES can be 

measured using individual, household or ecological measures focussing on issues such 

as income, education level achieved or access to reliable housing and sources of food 

(31, 32, 34, 35). 

 

Another important factor affecting outcomes for people receiving ART is adherence 

to these medications. Consistent suppression of HIV below the levels of detection in 

commonly used clinical assays requires high levels of adherence, commonly quoted 

as greater than 95% (36). The inherent capacity of HIV to replicate in the absence of 

drug pressure, also known as its replicative capacity, means that reductions in 

adherence will lead to the emergence of drug resistant HIV. This contribution of low 

adherence to virological rebound and HIV drug resistance is assisted by the error prone 

nature of HIV replication, its high mutation rate in the presence of drug selective 
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pressure, and because of the need for lifelong treatment. Subsequently high levels of 

adherence represent a critical factor in achieving good outcomes for people receiving 

ART and low adherence has been associated with virological failure, the emergence 

of drug resistance and worse survival (36-40). Assessments of adherence take multiple 

forms ranging from self-reported levels of adherence, prescription or pill-based 

methods, therapeutic drug monitoring and use of electronic devices such as pill bottles 

that can record opening times or web-enabled pill boxes (40-43). These different 

methods have different advantages and disadvantages with assessments such as 

electronic pill bottles or therapeutic drug monitoring being largely confined to research 

settings (41). 

 

The work presented in this thesis demonstrates how the identification of social factors 

predicting poor outcomes or individuals with low ART adherence allows for the 

development of interventions to improve clinical outcomes. This can take the form of 

interventions that have already been shown to be successful in improving treatment 

outcomes on ART (44-47). In addition identification of issues that predict poor 

outcomes can lay the foundations for further research, such as randomised controlled 

trials, of interventions that are designed to directly address identified barriers to care. 

Importantly, research to identify the most effective interventions based on studies 

similar to those in this thesis are warranted due to different barriers to care that occur 

PLHIV in diverse clinical settings (48). 

 

In conclusion there is a critical need to establish accurate assessments of social factors 

and ART adherence associated with poor clinical outcomes to build on the significant 

gains delivered by the introduction of ART. This is particularly important as a greater 

understanding of these factors will allow for the design of targeted interventions to 

improve outcomes for people receiving ART. Furthermore this work needs to have a 

global focus to identify issues specific to settings with different cultural, social and 

economic pressures and to allow populations in both HICs and LMICs 

disproportionately affected by the HIV epidemic to maximise the potential of 

combination ART. 
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2.2  Social factors influencing clinical outcomes in the 

United States  

The observational Whitehall studies that prospectively studied British civil servants 

from 1967 reported the landmark findings relating lower socioeconomic status with 

worse survival. In addition lower social class was linked to an increased likelihood of 

a range of chronic medical conditions including cardiovascular disease, diabetes 

mellitus and chronic respiratory illnesses (49, 50). Since these early observations there 

has been increasing interest in the contribution of SES in predicting shorter life 

expectancy and the earlier onset of chronic medical illnesses across different 

populations. Following on from the broader initial Whitehall observations, data linking 

low SES as measured by poverty and social integration has been associated with 

increased disease-specific mortality for chronic diseases such as cardiovascular 

disease, cancer and chronic renal failure, diarrheal disease and respiratory infections 

(51-56).  

 

In the context of populations living with HIV in HICs, studies since the onset of the 

HIV epidemic examining associations between different markers of SES and mortality 

have reported different findings. Before the availability of combination ART an 

association between lower SES and mortality was not consistently reported yet studies 

after the widespread use of ART document associations between low SES and 

increased mortality (32, 33, 57-59).  Importantly these studies are often limited by the 

use of ecological assessments of SES that typically apply suburb or area-level 

information on median income derived from periodic census data. Individual 

assessments of SES based on responses to questions about levels of income, current 

housing status and ability to access food provides more accurate information when 

attempting to associate these measures with clinical outcomes such as survival. The 

Nutrition for Healthy Living (NFHL) cohort is a prospective cohort of PLHIV 

followed in Massachusetts and Rhode Island in the North-eastern United States (60). 

This study performed individual assessments of SES every 6 months encompassing 

personal income, education level, housing status and food security status. Repeated 

assessment of SES on an individual level allows for analyses that allow a more detailed 
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and potentially more accurate understanding of the relationship between SES and 

clinical outcomes in PLHIV such as all-cause mortality.  

 

Food insecurity, or the limited or uncertain availability of an adequate food supply, 

occurs in approximately 50% of North American PLHIV and is roughly five times the 

rate of food insecurity in the general population (61-64). In HIV-infected populations 

it has been associated with markers of low SES such as poverty, IDU and co-morbid 

depression (35, 61, 63). Furthermore, food insecurity has been linked to lower 

adherence to ART, poor virological outcomes and decreased survival (61, 62, 65). The 

mechanism by which food security is associated with these clinical outcomes is 

unclear. Potentially food insecurity is a surrogate for lower SES or there may be a 

biological mechanism that links poor quality diet to inferior clinical outcomes. 

Associations of food security with immunological responses have only been reported 

in cross-section, and studies examining repeated assessments of food security over 

time are not available. Within the NFHL cohort assessments of food security status 

occurred every 6 months for individuals enrolled and allowed to examine how multiple 

assessments of food security could predict treatment response in a HIC setting where 

ART was widely available. Immunological response, or change in the number of CD4 

T-cells is a critical indicator of treatment success as initially demonstrated after the 

introduction of combination ART from 1996. Rises in CD4 T-cell counts and 

concomitant reductions in mortality and the incidence of opportunistic infections were 

seen in Europe and North America (2, 66). In addition higher CD4 T-cell counts for 

individuals maintained on ART have been associated with a reduced risk of death from 

serious non-AIDS events such as liver disease, cancer and cardiovascular disease (67). 

 

We examined for associations between food security and CD4 T-cell changes 

controlling for antiretroviral therapy use and other markers of SES. Furthermore, the 

presence of repeated food security assessments allowed an analysis of how individual 

and repeated assessments of individuals as food insecure influenced immunological 

response over time.  
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2.3  The public health model of providing antiretroviral 

therapy  

Of the estimated 34 million people living with HIV, lower income countries share a 

disproportionately high burden of the pandemic. Over 20 million people in sub-

Saharan Africa and 5 million people in Asia are living with HIV with next most heavily 

affected areas being the Caribbean, Eastern Europe and central Asia (1).  The first 

presentations about the use of combination ART that could induce profound and long 

lasting viral suppression occurred at the 1996 International AIDS conference in 

Vancouver (68). Soon after this advantages in survival for people living with HIV 

became clearly apparent (2, 9, 69).  As ART became more widely available in HICs 

the disparities between health outcomes in higher and lower income settings broadened 

further. The burden of HIV in LMICs continued to grow while ART was leading to 

dramatic reductions in mortality in HICs the concept of alternate and lower pricing for 

ART was launched with the UNAIDS Drug Access Initiative in 1997 (70). While the 

prices of ART negotiated in this initiative were lower than in HICs they were not of 

an order to allow the widespread uptake of ART in LMICs. 

 

From this beginning and with the assistance of increasing pressure from political 

groups and community activism a method to provide low-cost reliable ART became 

an increasingly important focus for all populations living with HIV and other 

stakeholders associated with HIV care and treatment around the globe. Negotiations 

with pharmaceutical companies and the generic manufacture of ART in India and 

Brazil lead to marked reductions in cost. This combined with initiatives such as: a 

Global Fund to receive donations from UN-member countries for purchase and 

distribution of generic ART, a declaration on HIV/AIDS by the UN general assembly, 

the US government’s commitment via the President’s Emergency Plan for AIDS 

Relief (PEPFAR) and a commitment by the WHO in 2003 to have 3 million individuals 

receiving ART by the end of 2005 (“3 by 5” initiative) (71, 72). These activities were 

critical steps to initiate the scale-up of ART in LMICs which has now reached over 8 

million people as of the end of 2011 (1). In addition ART was provided in a public 

health model that aimed to minimise monitoring of therapy and simplify how treatment 

is provided while still maximising the advantages of ART. This model was defined by 
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the WHO as “one that strikes an acceptable balance between the most intensive, 

individually tailored treatment and laboratory monitoring used in high-income 

countries and those likely to be most effective, equitable and feasible for treating large 

numbers of people in resource-constrained settings” (72). 

 

It is estimated that 2.4 million people are living with HIV in India which represents 

the country with 3rd highest number of PLHIV behind South Africa and Nigeria and 

the highest burden country in Asia (73). In contrast to sub-Saharan Africa the epidemic 

is not generalised throughout the country with focussed epidemics affecting different 

at-risk populations in different regions of the country. Subsequently the prevalence of 

HIV varies by state and ranges from 0.1 to 1.1%. The state of Tamil Nadu is considered 

one of the 6 high prevalence states within India and has an estimated prevalence of 

0.34% (74, 75). Since 2000, the government of India has provided free ART at 

government and other supported clinics as part of its national comprehensive HIV 

national control program (75) and as of January 2012 over 480,000 people are 

receiving free National AIDS Control Organization (NACO) funded ART (76). 

However, despite these achievements ART coverage remains a challenge with 

somewhere between 23 – 55% of eligible patients receiving ART during 2009 (77). 

The NACO sponsored clinic (ACTFID) at Christian Medical College (CMC) in 

Vellore, is one of 5 sites providing free government sponsored ART in the Vellore 

district (population 3.5 million) of Tamil Nadu. This clinic represents one of many 

public-private partnership sites in India where non-governmental and private 

organizations collaborate with NACO to provide free clinical care and ART services 

per NACO treatment guidelines (78).  

 

Data on treatment initiation is available from NACO, but there is limited data on 

virological outcomes for people receiving ART in India via the public health model of 

care. Specific cohorts reporting on patients receiving private or a mixture of public and 

private care have documented rates of virological suppression upwards of 80% for 

people receiving first line ART (79-82). HIV drug resistance outcomes in these cohorts 

have also been reported. Data on cohorts exclusively receiving free ART is lacking 

and a clear gap in our current understanding of ART outcomes in LMIC. Adherence 

to ART is critical to achieve viral suppression, prevent HIV drug resistance, reduce 
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HIV related mortality (37) and ensure the maintenance of first-line ART (42). The 

ability to sustain high levels of adherence to ART it is of particular interest in LMICs 

where switching to second line therapies may be difficult due to increased cost, 

complexity, and lack of further treatment options (83). Furthermore monitoring 

adherence via simple low-cost measures is essential if individuals with low adherence 

are to be identified so they can benefit from interventions to improve outcomes on 

ART. Adherence interventions can then be designed based on the identified barriers. 

These targeted interventions can then be preferable in terms of improving ART 

adherence and virological outcomes (84-86) compared to more generalized 

interventions that do not achieve the same adherence and virological benefits (87, 88).  

 

Assessment of adherence can be performed by different modalities, each with their 

own limitations. The most commonly used method to assess adherence, patient self-

report, tends to be specific but not sensitive and is susceptible a social desirability bias 

where missed doses are underreported (89). The use of electronic pill-bottle caps to 

record openings is more sensitive for non-adherence, but is expensive, which limits 

their use in clinical care and can be difficult to work with even in a clinical research 

setting (90). Therapeutic drug monitoring is specific, but is also influenced by ARV 

absorption and metabolism leading to unwanted variability in the assessment of 

adherence. Research on HIV treatment programs in Africa has assessed pharmacy 

based measures of ART adherence including the measure of ‘on-time pill pick-up’ (38, 

39, 43). These studies used pharmacy claims data to demonstrate that on-time pill pick-

up was associated with survival, and predicted virological failure in a linear dose-

response fashion, and more accurately then changes in CD4 cell counts after 6- and 

12- months ART (38, 39, 43).  Notably these data were collected from medical records 

of patients from sub-Saharan Africa where ART was not available free of charge. 

Additionally patients in these cohorts utilized more ART regimens and started therapy 

at higher CD4 counts than occurs in NACO sponsored clinics and countries following 

World Health Organization (WHO) treatment guidelines (78, 91).  

 

In an effort to optimize ART adherence numerous studies have performed 

investigations to identify barriers to adherence. The most recent systematic review of 

barriers to adherence in both HICs and LMICs identified fear of disclosure, 
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forgetfulness, a lack of understanding of treatment benefits, complicated regimens, and 

being away from their medications as adherence barriers consistently identified in both 

HICs and LMICs (48) Once barriers have been identified interventions can be 

appropriately designed to improve and maintain adherence. A range of successful 

adherence interventions have been reported and include individual or community 

based behavioural interventions, pharmacist directed interventions and mobile phone 

based messaging interventions (46, 47, 92, 93).  

 

ART adherence in India has been assessed by both quantitative and qualitative studies 

using self-reported measure of adherence and has identified major barriers and 

facilitators to adherence (94-97). Identified barriers include: stigma, ART side effects, 

depression, co-morbidities and costs of care. Importantly, these studies were not 

performed in NACO sponsored clinics and a significant proportion (95, 97) or all the 

study participants paid for their care  (94, 96) which is notable as cost was identified 

as a barrier to adherence (94, 97). Therefore barriers identified in the available ART 

adherence literature are not generalizable to clinics using the public health model.  In 

addition to adherence barriers important identified facilitators of adherence included 

the presence of social supports, having reminders to take medications and perceived 

benefits of adherence to overall health and management of HIV disease (94, 96).  

 

Therefore we sought to perform studies that would identify factors that predict 

virological outcomes in a clinic providing free ART in the public health model of care. 

In addition we wanted to identify factors that could be targeted for intervention that 

could lead to improved clinical outcomes in this setting. Therefore the focus of the 

studies in southern India was to identify measures of ART adherence that most 

accurately predict virological outcomes with a particular focus on adherence measures 

derived from routinely collected data on ART pick-up. Additionally, we sought to 

identify barriers and facilitators to ART adherence for people receiving free ART in 

the public health model that were associated with virological outcomes that could 

subsequently serve as targets for intervention. 
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2.4  Summary 

This thesis expects to gain a broader understanding of the socio-behavioral factors 

influencing outcomes for HIV infected patients in both HICs and LMICs. The 

principal goal of this work is to identify social and behavioural factors, and methods 

to estimate ART adherence, that are associated with poor clinical outcomes. This will 

then allow for the implementation of targeted interventions to improve treatment 

outcomes for populations living with HIV in diverse clinical settings. 

 

To address this goal the studies of this thesis are designed to focus on social and 

behavioural aspects of people’s lives and different methods to estimate ART adherence 

in clinically diverse settings. This includes the systematic synthesis of evidence of 

pharmacy adherence measures and recommendations how best to use these measures 

when monitoring adherence to ART, and the synthesis of evidence specific to LMICs 

about key clinical outcomes such as virological suppression on ART and retention of 

PLHIV in ART programs. Additional studies then examine associations between 

different markers of SES and clinical outcomes such as mortality and immunologic 

response in patients receiving ART in HIC settings. Subsequent studies then focus on 

India as a country that provides free ART in a public health model common to most 

LMIC settings. These studies then identify factors that can be targeted for intervention 

to improve outcomes. Firstly work to identify social and behavioural factors predicting 

poor virological outcomes and then work to identify associations between different 

self-report and pharmacy based adherence measures and HIV viral load of ART 

adherence identifying individuals at risk of poor outcomes on ART. 

 

In conclusion, this thesis endeavours to understand the relationship between socio-

behavioural factors and outcomes on ART in higher and lower income countries. This 

work can then be used to design interventions to improve outcomes on ART for 

patients in these clinically diverse settings.  
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2.5  Aims of thesis 

The broad aims of this thesis are: 

1. Describe clinical outcomes for individuals receiving ART in diverse 

settings in different models of HIV care. 

2. Examine the associations between measures of socioeconomic status and 

clinical outcomes in patients receiving ART in a high income country 

setting 

3. To describe socio-behavioural factors associated with virological failure 

amongst HIV infected patients receiving free ART in a public health model 

of care  

4. Identify different methods to estimate ART adherence associated with 

virological failure amongst people receiving ART in the public health 

model of care in Tamil Nadu, India 
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3 Literature Review 
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3.1  Introduction 

This section comprises three published systematic reviews that address critical issues 

for individuals receiving ART in higher and lower income country settings. The issues 

of early mortality and individuals being lost to care are important factors driving 

outcomes (3, 98) for ART programs in LMICs. For example the risk of death in LMICs 

has been reported up to 4 times higher than for HIC s in the early months after initiating 

ART (3) and the proportion of people lost to care has been reported up to 25-50% of 

those initiating ART after one year (99-102). . Individuals who are considered LTFU 

have either transferred care to another ART site, died or become disengaged from care. 

Studies aimed at trying to correct mortality estimates using mathematical models or 

by tracing patients who are LTFU have shown that true mortality estimates are up to 

10% higher when those missing patients that have actually died are included in a 

mortality outcome (103, 104).  Importantly individuals who are adversely affected by 

a range of social and clinical factors such as low CD4 count at diagnosis and decreased 

levels of community support are at risk of becoming LTFU or disengaged from ART 

(105-107). ART site or program managers are frequently required to report estimates 

of LTFU, mortality, and retention to ministries of health, funders, and international 

organizations (108-110). Additionally, these stakeholders and researchers in the field 

routinely report on LTFU, mortality and retention to quantify the extent of this issue 

in LMICs (111-113).Therefore an understanding of normative outcomes specific to 

populations receiving ART in the public health model is critical to accurately interpret 

outcomes in LMICs.   

 

In addition to summarising these outcomes we also investigated the effect of physically 

tracing individuals who are LTFU to examine how this affected summary estimates of 

patient retention, LTFU and survival on ART. Tracing individuals who have not 

attended for clinic appointments by phone or in person is a commonly employed 

practice in ART clinics to establish the status of individuals with unknown outcomes 

and facilitate re-engagement of patients back to ART care. While this may be 

considered a resource intensive intervention, cost-effectiveness studies of tracing 

interventions do not exist. Furthermore some LMIC studies report successfully tracing 

patients who are LTFU with peer supporters or people without formal medical 

qualifications (107, 114) raising the possibility that these interventions are potentially 
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cost-effective. Therefore we performed a systematic review of evidence to understand 

how this commonly employed intervention of patient tracing affects estimates of 

LTFU, mortality and retention in LMIC settings 

 

Virological outcomes are increasingly reported in research or programmatic settings 

from LMICs. However, summary estimates of virological suppression for the broader 

population receiving ART in LMICs and are not available using different thresholds 

of HIV RNA to define viral load suppression (115, 116). As increasing numbers of 

individuals receive ART in LMICs this summary data is necessary to guide ART 

program managers on normative levels of population-level virological suppression. 

These summary estimates are necessary to allow ART program managers to define 

desirable levels of ART clinic and program performance and set targets of virological 

suppression. Additionally summary estimates assist researchers when mathematically 

modelling different strategies of ART provision in LMICs. Therefore in addition to 

reviewing programmatic data focusing on how physical tracing of patients LTFU 

affects clinical outcomes we systematically reviewed virological outcomes for people 

receiving ART in LMICs from programmatic and research settings. The objective was 

to establish summary estimates of virological suppression using different HIV RNA 

thresholds to define virological suppression. 

 

The use of prescription or pill-based methods for estimating adherence to antiretroviral 

therapy (ART), pharmacy adherence measures (PAMs), are objective estimates 

calculated from routinely collected pharmacy data. Despite the potential advantages of 

using pre-existing pharmacy data to establish estimates of adherence and the large 

number of ART adherence reviews already in publication (41, 42, 48, 117, 118),  no 

review has examined pharmacy based measures in detail. PAMs have been widely 

reported in association with virological and other clinical outcomes for individuals 

receiving ART but these reports have included a wide range of PAMs constructed in 

different ways associated with different clinical endpoints. Therefore an important gap 

in the ART adherence literature was a systematic summary of studies reporting PAMs 

and their associations with different clinical outcomes. The following systematic 

review summarises the current state of knowledge regarding pharmacy adherence 

measures, including their associations with virological failure and clinical progression. 
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It also identifies research gaps, and proposes an approach to selecting PAMs for 

monitoring adherence and treatment outcomes. In addition this review places PAMs 

in the context of the most commonly used method to estimate ART adherence, patient 

self-report. The review represents the definitive summary of this important and widely 

used approach to HIV treatment monitoring and details the potential for PAMs to 

identify individuals at risk for treatment failure. 
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3.2  Effects of patient tracing on estimates of lost to follow-

up, mortality and retention in antiretroviral therapy 

programs in low-middle income countries: A Systematic 

Review 
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3.5  Summary 

Systematic reviews are a method to synthesize biomedical information in a 

methodologically rigorous fashion to aid healthcare decision making and improve 

health. This thesis comprises three separate systematic reviews in its review of the 

literature to address questions of clinical importance to populations living with HIV in 

diverse clinical settings. The three reviews represent the most recent summary 

available on the use of pharmacy data to estimate adherence to ART, and clinical 

outcomes on ART from diverse clinical settings such as rates of virological 

suppression, retention in care and survival.  

 

Firstly, summary estimates for critical clinical outcomes after a year of ART in LMICs 

was obtained and stratified according to whether physical tracing was present in the 

selected studies. We also identified the potential for physical tracing to improve re-

engagement in ART care. This is in addition to the finding that tracing leads to a 

reduction in unknown outcomes as individuals initially classified as LTFU are 

subsequently re-classified as having died or transferred out. Importantly, these data 

suggest physically tracing patients who are disengaged from care is an important 

intervention to improve individual outcomes and programmatic evaluation of HIV 

infected populations receiving ART. Notably no randomised clinical trials examining 

the effectiveness of physical tracing interventions are currently available but findings 

from this work suggest they are needed to definitively establish the ability of this 

intervention to re-engage patients in ART care. 

 

Secondly, the first summary estimates of virological suppression across LMICs was 

obtained and stratified by different thresholds of HIV RNA to define virological 

suppression. These rates of virological suppression compare favourably with outcomes 

in HICs and represent a significant achievement for programs in LMICs where ART 

is provided under greater resource constraints. Additionally findings from this review 

provide ART programme managers and researchers in LMICs with results to inform 

target setting for rates of virological suppression and support mathematical models of 

the effects of ART.  
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Finally, adherence estimates established from routinely available objective pharmacy 

data were found to consistently predict virological and other clinical outcomes. PAMs 

were likely more accurate than the most commonly used self-report estimates of 

adherence, and recommendations were established on how to select PAMs that would 

be most reliable in predicting clinical outcomes for populations receiving ART. 

Additional conclusions regarding pharmacy measures that would minimise the 

resources required to estimate adherence using pharmacy data were also provided.     
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4 Hunger, Education, and Residential 

Status Impact Survival in HIV 
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4.2  Introduction 

This chapter represents the first of four original research studies that seek to explore 

how different social and behavioural factors impact clinical outcomes for PLHIV 

receiving ART. The clinical endpoint selected for this chapter is all-cause mortality. 

This end point was selected as it is a widely accepted clinical outcome measure (119) 

and due to the importance of trying to elucidate clinical features that directly impact 

life expectancy.  When considering how different markers of SES may associate with 

all-cause mortality we adopted an analytic approach that considered the direct effects 

of SES on mortality but also investigated how these different markers of SES impact 

survival via other factors know to be potent predictors of survival for individuals 

receiving ART, namely HIV viral load and CD4 T-cell counts. This “2-step” approach 

allowed us to consider the potential influence of social factors on survival beyond 

previous analyses that just looked to associate social factors and all-cause mortality 

directly (31, 33, 57). This more detailed “2-step” approach allows us to more 

accurately understand the impact of low SES on mortality compared to single step 

multivariable analyses that combine markers of SES with other strong predictors of 

mortality such as CD4 T-cell counts and HIV viral load. An important consideration 

for populations affected by HIV is the potential for them to be overrepresented by 

individuals with lower SES as compared to the general population. This is likely 

related to a higher numbers of individuals from racial minorities, marginalised groups 

or affected by conditions such as chronic drug or alcohol use being infected with HIV 

(23, 24). Therefore, a greater understanding of the impact of SES on mortality can 

improve our understanding of the residual mortality seen in HIV infected populations 

receiving ART as compared to the non HIV infected population. 

 

Multiple techniques to define SES have been reported and include individual and 

ecological assessments of either individual or household income, highest level of 

education attained, type of housing, and food security status (31, 57). In this analysis 

we were able to examine multiple measures of SES collected prospectively as part of 

the observational NFHL cohort of HIV infected individuals followed in the North-

eastern US in an era of combination ART. These measures included assessment of: 

personal income, education level attained, homelessness and hunger. Critically, and 

unlike the following analysis, currently available studies lack individual level 
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measurements of SES that are repeated over time. These previous cross-sectional 

studies can draw limited conclusions about causal links as the timing of the outcome 

in relation to the exposure is often unclear. The use of repeated measures in the 

following prospective cohort analysis allows for the examination of multiple 

exposures and to draw greater inference about the possible causal relationships 

between markers of low SES and survival. Therefore we sought to examine how 

different individual and repeated assessments of SES in a US cohort of PLHIV impact 

survival in the setting of ART. Analyses such as this aim to understand the complex 

relationships between SES, factors related to HIV or ART on clinical endpoints such 

as survival. Interventional studies can then be accurately targeted at the most likely 

causes for poor clinical outcomes for populations living with HIV. 
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5.2  Introduction 

The previous chapter reported how different social factors in multivariable models that 

accounted for the use of ART predicted survival. Specifically assessments of poverty 

predicted survival directly and there were indirect effects for education, hunger, 

homelessness and poverty impacting survival via their effects on CD4 T-cell counts, 

HIV viral load and serum albumin, biomarkers that independently predicted all cause 

survival (120). This work demonstrates how multiple individual assessments of SES 

can be independently associated with all-cause mortality; however, all-cause mortality 

lacks some detail in regard the impact of social and behavioural factors that influence 

HIV specific clinical outcomes. As a result the next study changed focus to perform a 

more in-depth analysis of an individual marker of low SES and a HIV specific clinical 

outcome.  

 

The concept of food insecurity and methods to define it started in the early 1990s out 

of difficulty in being able to reliably assess hunger. Definitions and measurement of 

hunger were varied and lacked agreement leading to a situation where hunger was 

variably defined and considered a rare event (121). This lead to work to define and 

reliably measure a concept based on the ability to consistently obtain a nutritionally 

adequate diet in a socially acceptable manner, referred to as food security (121, 122). 

This concept has been reliably applied to the general population (123) and also specific 

groups of people such as PLHIV and most commonly assessed using the 

Radimer/Cornell scale (121, 122). Importantly, assessments of food security  for 

populations living with HIV in North America reveal much higher prevalence of food 

insecurity than general populations with approximately 10% of the general population 

being considered food insecure compared to approximately half of PLHIV (61, 62, 

64). It is unclear whether additional risk for poor health outcomes for people who are 

food insecure is conferred by a biological mechanism related to poor diet or whether 

food security is merely a surrogate for the adverse health outcomes caused by low SES.  

 

One of the primary aims of establishing the NFHL cohort was to study the effects of 

nutritional status on the outcomes of HIV infection as the era of combination ART 

began in the mid-1990s. Critical to this undertaking was establishing accurate 

measures of access to reliable and nutritionally adequate supplies of food, namely 
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individual food security. Therefore the NFHL cohort had repeated and validated 

assessments of food security status for enrolled individuals. In addition reliable 

biomarker data reflecting response to HIV care was also available allowing for an 

analysis focussing on how repeated assessments of food security predict clinical 

response for PLHIV in the era of combination ART. In addition analyses involving 

repeated measures of food security were not available in the published literature for 

PLHIV and the only assessments studying immunological response were cross-

sectional or at ART baseline (62, 63, 65). Therefore we sought to examine how CD4 

T-cell counts changed over time in the setting of repeated assessments of food security 

in the era of combination ART. 

 

The combination of the highly prevalent nature of food insecurity for PLHIV, the 

potential for it to adversely clinical outcomes and the opportunity to incorporate 

repeated measures of food security for the first time for PLHIV provided the rationale 

to undertake this analysis.  
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6.2  Introduction 

After work that examined different markers of SES that predict clinical outcomes for 

PLHIV in a high-income setting HICs this thesis now turns to LMICs and the public 

health model of care Tamil Nadu, India. Since the advent of combination ART in HICs 

in 1996 there has been increasing urgency to provide this life saving therapy in LMICs 

that endure a disproportionately high burden of the HIV pandemic. The widespread 

scale-up of ART in LMICs commenced in 2003 under the auspices of the WHO “3 by 

5” initiative with an aim to have 3 million people receiving ART in LMICs by the year 

2005.  By  2005  the availability of ART was becoming a reality with over 1.3 million 

people in recept of these medications (72). The scale up of ART provision in LMICs 

continues to this day with over 8 million individuals receiving ART in LMICs as of 

the end of 2011 (1). In addition to procurement of generic antiretrovirals at reduced 

cost, ART care in LMICs is typically provided via a public health model of care to 

maximize the impact of available resources. The public health model of care uses 

standardized triple drug ART regimens: generally one or two potential first-line 

regimens with the potential for within class drug substitutions. Furthermore individual 

patient’s success with therapy is assessed following pre-determined national protocols 

which include monitoring for treatment failure based on clinical findings (change in 

WHO clinical staging criteria) and CD4 cell counts. 

 

These fundamentally different approaches to the delivery of ART combined with 

differences in social and clinical settings present in LMICs means that research 

specific to LMICs is essential to optimise outcomes for PLHIV in these settings.  India 

represents the country with the highest burden of HIV within Asia and is an example 

of where ART services are provided in the public health model. This free government 

funded ART has been available via the National AIDS Control Organization since 

2004 and rapid scale-up has occurred throughout the country to the point where over 

480,000 people are alive and receiving ART (76). HIV is prevalent to a varying extent 

depending on the region of the country with Tamil Nadu being one of the 6 high 

prevalence states within India with a prevalence of 0.36% and an epidemic largely 

characterised by heterosexual transmission. In addition viral load monitoring of ART 

is not routine as per NACO treatment guidelines and data reporting social and 

behavioural factors associated with virological suppression are limited (78).  
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Distinctly different social, cultural and behavioural factors will exist in many LMICs 

where ART is provided in the public health model and the focus of the following 

studies is the NACO funded clinic at Christian Medical College in Vellore, Tamil 

Nadu. The site is one of many public-private clinics in India where non-government 

organisations collaborate with NACO to provide free ART services according to 

NACO guidelines. While clinical care is in accordance with NACO guidelines which 

are also used at purely government sites there is the potential for findings in public-

private sites to be less generalizable to government sites. However, due to the 

consistent use of NACO guidelines and free ART in both public-private and public 

sites compared to the private clinics where patients pay for individualised ART, study 

findings in this thesis are likely more generalizable to public sites than the private 

health care system.. Operational research to identify social and clinical factors present 

in populations receiving ART that predict validated biomarker outcomes such as HIV 

viral load are required to identify interventions that are necessary to maximise 

outcomes in these settings. In addition as HIV viral load is not routinely performed as 

part of government funded ART care in India the virological endpoint represents an 

opportunity to identify factors predicting poor outcomes that is not available from the 

analysis of routinely available clinical data. Furthermore the techniques applied in this 

work are an example of minimum-resource methods that can be replicated in similar 

settings to improve ART care. Therefore we sought to examine for different clinical 

and social elements associated with virological outcomes in the public health model 

of care in southern India with the aim of identifying factors that can be targeted for 

interventions to improve outcomes for PLHIV in similar settings throughout India. 
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7.2  Introduction 

Analyses in the previous chapter identified multiple attributes of PLHIV attending the 

ART clinic at Christian Medical College Vellore that were associated with virological 

outcomes after 12-months of ART. These factors identified in multivariate analysis 

were; reporting consumption of alcohol, having transport times to clinic over 3 hours 

and reporting being busy attending to care needs of other family members or with 

work. Importantly these factors were all considered as potential predictors of worse 

virological outcomes as they were considered potential barriers to ART adherence. 

 

In addition to understanding barriers optimal ART outcomes another critical element 

to identify people at risk of poor virological outcomes is to assess methods to estimate 

ART adherence that are low-cost and can be carried out during routine clinical care. 

The most commonly used method of estimating adherence is patient self-report. While 

self-report is amenable to use during routine clinical care it has many limitations 

including being subject to social desirability bias and inter-observer variability. 

Additionally there are resource implications in LMICs for clinicians to accurately and 

regularly ask appropriate questions and record this data at every patient visit. 

Furthermore recommended questions about self-report adherence have been validated 

in HIC settings (124) and cultural and language differences may render them less 

accurate.  

 

Objectively estimating adherence using pre-existing pharmacy data of the dates and 

volume of ART picked-up has the potential to more accurately identify individuals 

with poor adherence and at risk of virological failure. Pharmacy measures are objective 

estimates of adherence, cost efficient as they rely on routinely collected pharmacy data 

and therefore feasible in routine clinical practice. In addition they have the potential to 

be used in real time to identify periods of suboptimal adherence prior to an episode of 

virological failure (41, 125). Data of self-report adherence and its association with 

virological outcomes for populations exclusively receiving free ART in India is not 

available and there is also no data available from India reporting adherence estimates 

using pharmacy data. Therefore we sought to obtain estimates of adherence to free 

ART using self-report and pharmacy data and assess for their associations with 

virological outcomes in the public health model of ART care in India. 
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The previous chapter reported on work to identify specific elements that could be 

targeted for intervention to improve virological outcomes from a range of different 

social factors. The following study in this chapter aims to identify individuals at 

increased need of adherence support which is complimentary to the analysis in the 

previous chapter as they both seek to optimise clinical ART care for populations living 

with HIV in a LMIC setting. 
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8 General Discussion 
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This thesis combines six published and one submitted manuscript comprising three 

systematic reviews and four original research papers. All of these studies are focused 

on clinical outcomes for individuals living with HIV and receiving ART and address 

the overarching goal of this thesis. The goal was to identify patient specific factors 

associated with worse clinical outcomes and the identification of methods to better 

assess adherence to ART in diverse clinical settings. This work will allow 

for the identification of factors that can be targeted for intervention to improve 

treatment outcomes for populations living with HIV in diverse clinical settings. 

Importantly studies for this thesis were performed in different settings of United States 

and India which are countries that reflect the widespread impact of the HIV epidemic 

in both higher and lower income countries. 

 

This body of work is a significant contribution as it identifies multiple novel factors 

that predict clinical outcomes for PLHIV in diverse clinical settings. All three 

systematic reviews represent the most recent data in their respective fields and present 

evidence to support physically tracing patients lost to ART care, provide a benchmark 

for virological outcomes for people receiving ART in LMICs and provide a framework 

for the use of pharmacy data to estimate adherence to ART.  

 

The studies performed in the United States investigated the contribution of socio-

economic factors to important patient outcomes. This included the first study in 

PLHIV to show that individual assessments of SES is associated with impaired CD4 

counts and HIV viral load over time by virtue of the mixed model regression analysis 

that was used. In addition this work details how SES can impact survival directly but 

also indirectly via effects on CD4 T-cell counts and HIV viral load. The second study 

from the NFHL cohort is significant as it is the first to report on multiple assessments 

of food security status and the association with a clinical outcome. Furthermore it 

demonstrated how even a single episode of documented food insecurity is a risk for 

poor immunological response, similar to individuals documented to be chronically 

food insecure.  

 

Studies from India were significant as they are one of the first studies to document 

virological outcomes for populations exclusively receiving free ART in the public 
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health model of care. The research techniques applied to identify social factors that 

predict virological outcomes are significant as they represent minimum-resource 

methods to identify targets for intervention to improve outcomes at the site and also 

potentially in similar settings in the region. The second study in India demonstrated 

how pre-existing pharmacy records can be utilized to estimate ART adherence and the 

advantages of this approach over the commonly used self-report estimates. 

 

Multiple clinical recommendations can be made based on this thesis relevant to 

populations in higher and lower income countries receiving ART: 

1. Interventions to physically trace individuals in ART care with unknown 

outcome should be considered to improve programmatic evaluation of HIV 

infected populations receiving ART and individual outcomes by: 

a. Potentially improving re-engagement and retention in ART care. 

b. Reducing unknown outcomes as patients are re-classified as having 

died or transferred care out. 

2. Understanding summary estimates of virological outcomes in LMICs is 

necessary to allow ART program managers to define desirable levels of clinic 

and program performance and set targets of virological suppression 

3. Pharmacy based methods are reliable minimum-resource methods to estimate 

adherence to ART. 

4. PAMs such as the Medication Possession Ratio that include the number of days 

for which ART is prescribed and that are of longer duration (≥ 6 months) are 

likely to be more predictive of virological outcomes for PLHIV receiving ART. 

5. Assessments of socioeconomic status in HICs with questions about personal 

income, highest level of education, housing and access to a nutritionally 

adequate diet are suggested to identify individuals at risk of decreased survival 

despite receiving ART. 

6. Interventional studies aimed at alleviating factors that classify PLHIV in HICs 

as having low SES are necessary to improve clinical outcomes for this 

population despite the advances achieved with ART. 

7. Repeated assessments of food security status of PLHIV are an additional tool 

to identify individuals at risk of poor immunological response even in the 

setting of ART.  
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8. Interventions that provide access to safe and reliable sources of food may 

improve clinical outcomes of PLHIV in HICs on ART 

9. Incorporating operational research methods into busy clinics providing ART 

in a public health model of care is a mechanism to establish factors that predict 

poor virological outcomes for people receiving ART in this setting. 

10. People who are enrolled in ART care in public programs similar to that of 

southern India and have busy schedules due to work or caring for others, 

consume alcohol or have long transport times to clinic may benefit from 

interventions to improve virological outcomes. These interventions may also 

prolong the availability of first line ART in this setting.  

11. Potential interventions include: clinician or peer based interventions to provide 

extra support for people with busy schedules (126), motivational interviewing 

and cognitive behavioral training for individuals with increased alcohol use 

(127), and decentralisation of ART services as a program level intervention to 

reduce transport times (128-130). 

12. Pharmacy adherence measures such as the Medication Possession Ratio are a 

feasible method to assess ART adherence in Tamil Nadu India and are 

potentially more predictive of virological outcomes than the nationally 

recommended self-reported assessments of adherence. 

 

This thesis has a number of limitations. Considering the diversity of social, cultural, 

behavioural and clinical context in which people receive ART, there are limits to the 

generalizability of the associations documented here. Furthermore different outcomes 

for the different studies have been considered, including; survival immunological 

response and virological response. Different outcomes were used for studies reported 

here as it was not feasible to study the three outcomes in both settings. Ultimately 

implementation of interventions targeted against identified factors that predicted worse 

clinical outcomes will require interventional studies to understand efficacy and 

effectiveness, including cost effectiveness, of the interventions. 

 

Findings from this thesis provide the platform for multiple future avenues of research. 

The systematic review of PAMs highlights the need for research to confirm whether 

PAMs are superior to self-reported adherence assessments and to accurately identify 
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PAM parameters most predictive of virological outcomes. Findings from the review 

of physical tracing revealed a critical need for randomised controlled trials to 

investigate the effectiveness of patient tracing to improve re-engagement of patients 

on ART and assess the cost-effectiveness of tracing interventions. In addition the 

systematic review of virological outcomes provides a benchmark for these outcomes 

in LMIC settings. There will be a need to update these findings in future years as viral 

load testing increases in LMICs as test costs fall or programs seek to prioritise this 

method of monitoring.  

 

Studies performed in the NFHL cohort highlight the need to examine structured 

interventions that alleviate poverty and other identified factors contributing to low 

SES. In addition, further work is required to assess if multiple assessments of food 

security predict clinical outcomes other than changes in CD4 count. Further research 

to try and elucidate the mechanism by which food security impacts poor 

immunological response is also required, including exploring whether a biological 

mechanism exists whereby food insecure individuals have a poor quality diet deficient 

in nutrients that effects response to ART. Also important is determining whether food 

security is a surrogate for poor access to ART care, poor adherence to ART or 

depression.  

 

The findings from the studies in India lead us to enquire if interventions directed 

against those factors that predicted poor virological outcomes would increase the 

proportion of individuals virologically suppressed in settings such as the one studied. 

Further study is needed to confirm the utility of PAMs in India, as the published study 

was the first to report such a finding and establish the parameters of PAMs that best 

predict virological failure. Monitoring of ART adherence using pharmacy data has 

implications not only for the centre where this research was performed but is a 

potential mechanism for ART programs within India and other LMICs to effectively 

monitor adherence at an individual or site level. Results of these monitoring efforts 

can identify patients or sites that may require increased adherence support. Use of 

pharmacy based monitoring tools is recommended by the WHO as population based 

method to assess adherence to prevent the emergence of HIV drug resistance (131). 

The optimal PAM characteristics including the duration of adherence assessment and 
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thresholds to define low or high adherence are not known and warrants further research 

to identify PAMs with optimal characteristics for treatment monitoring in LMICs.  In 

addition to research to identify PAMs with optimal characteristics trials that examine 

the effect of adherence interventions for individuals identified as having low pharmacy 

adherence also represent a future need. 

 

In conclusion this thesis has collated a body of work that aims to contribute to 

improved clinical outcomes for the millions of individuals receiving ART in diverse 

settings around the world. As the global response to HIV continues with numerous 

successes, including the provision of this therapy to over 8 million people around the 

world, many challenges remain. World leaders and agencies such as the WHO and 

UNAIDS have adopted the goal of 15 million individuals receiving ART by the year 

2015 and the vision of an AIDS free generation (132). Despite these achievements and 

goals 1.5 – 1.8 million AIDS related deaths still occurred in 2010 and 2.5 million new 

HIV infection occurred in 2011 highlighting the need for a sustained global effort (16, 

133). Maintaining this global response will require increased levels of funding, 

improved synergies and integration of HIV and non-HIV related healthcare systems 

and improved methods to engage with populations living with and at risk of HIV (17). 

As all stakeholders strive to improve care for PLHIV and indeed aim for an AIDS free 

generation all avenues to improve clinical outcomes for PLHIV need to be investigated 

and understood. Social and behavioural aspects remain a critical component to the 

lives of PLHIV that can influence the response to life saving ART. These factors 

should remain a constant focus of clinical enquiry and ongoing research efforts as 

clinicians and investigators strive to improve chronic HIV care for populations living 

with HIV in diverse clinical settings. 
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