Key Social and Behavioural Factors
Influencing Clinical Outcomes for People
with HIV receiving Antiretroviral Therapy

In Diverse Settings

by

James Hamilton McMahon
MB BS, MPH, FRACP

A thesis submitted in fulfilment of the requirements
for the degree of Doctor of Philosophy

Monash University, Melbourne, Australia

April 2013



Notice 1
Under the Copyright Act 1968, this thesis must be used only under the normal conditions of

scholarly fair dealing. In particular no results or conclusions should be extracted from it, nor
should it be copied or closely paraphrased in whole or in part without the written consent of the
author. Proper written acknowledgement should be made for any assistance obtained from this

thesis.



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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1.1 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
Pl 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 PAMSs 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.



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.



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. | 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 | Publication title Publication | Nature and extent of

chapter status* candidate’s contribution

3.2 Pharmacy Adherence Measures | Published I led the design, wrote the
to Assess Adherence to protocol, established and
Antiretroviral Therapy: Review supervised  the studies,
of  the Literature and analysed the results and wrote
Implications for  Treatment the manuscript
Monitoring

3.3 Effects of patient tracing on | Published I led the design, wrote the
estimates of lost to follow-up, protocol, established and
mortality and retention in supervised  the studies,
antiretroviral therapy programs analysed the results and wrote
in low-middle income countries: the manuscript
A Systematic Review.

3.4 Viral Load Outcomes after 12 | Published | led the design, wrote the
Months of Antiretroviral protocol, established and
Therapy in Low and Middle supervised the studies,
Income Countries: A Systematic analysed the results and wrote
Review the manuscript

4 Poverty, Hunger, Education, and | Published I led the design based on a pre-
Residential ~ Status  Impact existing dataset, performed all
Survival in HIV analyses and wrote the

manuscript

5 Repeated Assessments of Food | Published I led the design based on a pre-
Security Predict CD4 Change in existing dataset, performed all
the Setting of Antiretroviral analyses and wrote the
Therapy manuscript

6 Targets for intervention to | Submitted I led the design, wrote the
improve virological outcomes protocol, established and
for patients receiving free supervised the studies,
antiretroviral therapy in Tamil analysed the results and wrote
Nadu, India the manuscript
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7 Pharmacy and  self-report | Published I led the design, wrote the
adherence measures to predict protocol, established and
virological ~ outcomes  for supervised  the studies,
patients on free antiretroviral analysed the results and wrote
therapy in Tamil Nadu, India the manuscript

| have / have not (circle that which applies) renumbered sections of submitted or published

papers in order to generate a consistent presentation within the thesis.

Signed:

Date: 16 APR 2013

I hereby specifically acknowledge the following contributions of other people and

organisations to the content of this thesis:

Pharmacy Adherence Measures to Assess Adherence to Antiretroviral Therapy:
Review of the Literature and Implications for Treatment Monitoring

My co-authors Michael R. Jordan, Karen Kelley, Silvia Bertagnolio, Sharon R. Lewin,
Christine A. Wanke and Julian H. Elliott for contributing to the development of the
manuscript. Michael R. Jordan and Julian H. Elliott helped conceive the idea for the
review and an approach to review of the literature.

Kenneth Mayer provided advice to develop the discussion of the manuscript

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.

My co-authors Julian Elliott, Steven Hong, Silvia Bertagnolio and Michael R. Jordan
for contributing to the development of the manuscript. Michael R. Jordan helped
conceive the idea for the review and also reviewed selected studies if there were any

concerns about the initial data abstraction. Michael R. Jordan and Julian H. Elliott
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helped devise the protocol to systematically review the literature. Julian H. Elliott was
available as a third reviewer in case of conflicting results after data abstraction. Steven
Y. Hong, and Silvia Bertagnolio participated in interpreting the results and structuring

the manuscript.

Viral Load Outcomes after 12 Months of Antiretroviral Therapy in Low and Middle
Income Countries: A Systematic Review

My co-authors Julian H. Elliott Silvia Bertagnolio, Rachel Kubiak and Michael R.
Jordan for contributing to the development of the manuscript. Michael R. Jordan
helped conceive the idea for the review. Michael R. Jordan and Julian H. Elliott helped
devise the protocol to systematically review the literature. Rachel Kubiak assisted with
the initial search of published work, reviewed full-text articles and conference
abstracts and extracted data from the manuscripts and conference abstracts. Silvia

Bertagnolio participated in interpreting the results and structuring the manuscript.

Poverty, Hunger, Education, and Residential Status Impact Survival in HIV

My co-authors Christine Wanke, Norma Terrin, Sally Skinner and Tamsin Knox for
contributing to the development of the manuscript. Christine Wanke and Tamsin Knox
helped conceive the idea for the analysis and provided advice throughout the process
of developing the manuscript. Norma Terrin advised on a statistical plan. Sally Skinner
assisted with accessing data from the NFHL dataset and formulating statistical code

for the analyses.

Repeated Assessments of Food Security Predict CD4 Change in the Setting of
Antiretroviral Therapy

My co-authors Christine Wanke, Julian Elliott, Sally Skinner and Alice Tang for
contributing to the development of the manuscript. Christine A. Wanke and Alice Tang
helped conceive the idea for the analysis and provided advice throughout the process
of performing the analysis and writing the manuscript. Julian H. Elliott contributed to
interpreting the results and preparing the manuscript. Sally Skinner assisted with

accessing data from the NFHL dataset and formulating statistical code for the analyses.
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Targets for intervention to improve virological outcomes for patients receiving free
antiretroviral therapy in Tamil Nadu, India

My co-authors Anand Manoharan, Christine Wanke, Shoba Mammen, Hepsibah Jose,
Thabeetha Malini, Tony Kadavanu, Michael R. Jordan, Julian H Elliott, Sharon R.
Lewin and Dilip Mathai for contributing to the development of the manuscript. Anand
Manoharan and Dilip Mathai helped design the study, write the study protocol,
interpret the results and oversee study procedures at the study site. Christine Wanke,
and Sharon R. Lewin helped conceive the analysis and interpret the study results.
Michael R. Jordan, Julian H Elliott helped design the study, conceive the analysis and
interpret the study results. Hepsibah Jose, Thabeetha Malini and Tony Kadavanu
helped recruit and conduct interviews for study participants. Shoba Mammen
established procedures for the performance of viral load tests and interpret viral load
data.

Pharmacy and self-report adherence measures to predict virological outcomes for
patients on free antiretroviral therapy in Tamil Nadu, India

My co-authors Anand Manoharan, Christine Wanke, Shoba Mammen, Hepsibah Jose,
Thabeetha Malini, Tony Kadavanu, Michael R. Jordan, Julian H. Elliott, Sharon R.
Lewin and Dilip Mathai for contributing to the development of the manuscript. Anand
Manoharan and Dilip Mathai helped design the study, write the study protocol,
interpret the results and oversee study procedures at the study site. Christine Wanke,
and Sharon R. Lewin helped conceive the analysis and interpret the study results.
Michael R. Jordan, Julian H Elliott helped design the study, conceive the analysis and
interpret the study results. Hepsibah Jose, Thabeetha Malini and Tony Kadavanu
helped recruit and conduct interviews for study participants. Shoba Mammen
established procedures for the performance of viral load tests and interpret viral load
data.
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1.5 Resultant publications

This thesis has resulted in a number of publications, which have been published or are
currently under review. The manuscripts that have been accepted for publication are
presented as they were published in the respective journals. Publications still under
review are presented to fit the thesis format, including consistency of font and
referencing, and omission of article abstracts. Bibliographies of references for each of
the seven manuscripts included in this thesis, whether published or submitted for
publication, are listed at the end of each manuscript. In addition a separate
bibliography of references at the end of the thesis contains references that are cited

within the remaining text of the thesis.
Published review and opinion articles in refereed journals

McMahon JH, Elliott JH, Kubiak R, Jordan MR. Viral Load Outcomes after 12 Months
Antiretroviral Therapy in Low to Middle Income Countries: A Systematic Review.
Accepted. Bull WHO. 2013

McMahon JH, Elliott JH, Hong SY, Bertagnolio S, Jordan MR. 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. PLoS One.
2013 Feb;8(2):e54607

McMahon JH, Wanke CA, Elliott JH, Skinner S, Tang AM. Repeated assessments of
food security predict CD4 change in the setting of antiretroviral therapy. J Acquir
Immune Defic Syndr. 2011 Sep 1;58(1):60-3.

McMahon JH, Jordan M, Kelley K, Bertagnolio S, Lewin SR, Wanke CA, Elliott JH
Pharmacy based adherence measures to assess treatment and adherence to
antiretroviral therapy. Review of the literature and implications for treatment
monitoring. Clin Infect Dis. 2011 Feb;52(4):493-506.
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McMahon JH, Manoharan A, Wanke CA, Mammen S, Jose H, Malini T, Abraham P,
Bella A, Kadavanu T, John J, Lewin SR, Jordan MR., Elliott JH, Mathai D. Pharmacy
and self-report adherence measures to predict virological outcomes for patients on free
antiretroviral therapy in Tamil Nadu, India. Accepted. AIDS Behav 2013

Submitted/for submission to refereed journals

McMahon JH, Manoharan A, Wanke CA, Mammen S, Jose H, Malini T, Abraham P,
Bella A, Kadavanu T, John J, Lewin SR, Jordan MR., Elliott JH, Mathai D. Targets
for intervention to improve virological outcomes for patients receiving free

antiretroviral therapy in Tamil Nadu, India

Conference proceedings

McMahon JH, Elliott JH, Kubiak R, Jordan MR. Viral Load Outcomes after 12 Months
Antiretroviral Therapy in Low to Middle Income Countries: A Systematic Review.
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July 2012, and Oral Presentation. Abstract 462. Australasian HIVV/AIDS Conference,
Melbourne, Australia.

McMahon JH, Manoharan A, Wanke CA, Mammen S, Jose H, Malini T, Abraham P,
Bella A, Kadavanu T, John J, Lewin SR, Jordan MR., Elliott JH, Mathai D. Social and
clinical factors predicting virological and adherence outcomes for patients receiving
free antiretroviral therapy in Tamil Nadu, India. Abstract TUPEQ73. 19th International
AIDS Conference Washington, D.C., USA July 2012.

McMahon JH, Elliott JH, Hong SY, Jordan MR. 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. Oral Abstract MOAC0302. Access to
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and Retention of Antiretroviral Treatment Session, 19th International AIDS
Conference Washington, D.C., USA. July 2012.
And Oral Abstract 458. Australasian HIVV/AIDS Conference, Melbourne, Australia.

McMahon JH, Jordan M, Kelley K, Bertagnolio S, Lewin SR, Wanke CA, Elliott JH
Pharmacy and self-report adherence measures to predict clinical outcomes for patients
on free antiretroviral therapy in Tamil Nadu, India. Oral Abstract 68, Australian

Society for Infectious Diseases Conference, Fremantle, Australia, 2012

McMahon JH, Manoharan A, Wanke CA, Mammen S, Jose H, Malini T, Abraham P,
Bella A, Kadavanu T, John J, Lewin SR, Jordan MR., Elliott JH, Mathai D. Social and
Clinical Factors Predicting Virological Response in the Public Health Model of HIV
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Associations between history of food security, body mass index and immunological
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McMahon J, Wanke C, Terrin N, Skinner S, Knox T. Demographic, HIV related and
socioeconomic factors and mortality in a cohort of HIV infected patients, Oral
Abstract, Australian Society for Infectious Diseases Conference, Hunter Valley,
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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 6™ 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.

22



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 Africaand 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 HI\VV/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 3 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.

29



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

30



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 (PAMSs), 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.

33



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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Introduction

In response to the global HIV epidernic, a public health
approach e antreweviral theragy [(ART) has been widely
inplernented i low- and riddle-ineame sountries TAICs. In
2010, 5.5 millien adults and children recemved ART, representing
a 22-fald inerease from 2001 [1]. The rapid scale-up of ART is an
inpressve public health achievernene that has led to dramatie
decknes in HIV related morbidicy and mectality [1-4].

Frequently reperted outcomes for pepulations recedving ART
inelode the rusmber of patenss alive and ex ART, deaths, pasents
mansferring care from one facdlicy to another Coandfer out’),
petents stopping ART (either phovsican directed or patient
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imtiated] but remaning in care, and patents lest to follew-up
LTFL}. [5—8] LTFU it & genesic term seferring o patenss who
isntiate ART but whe hive waksaws reasnent ooteomes. These
unknown treatment outeames foay be dheded mte 3 general
categories. unreported deaths, unkuewn transfer of care to a
differest faebty witheut dacusnentaten, aond disenrarernent o
care [].

Patien: wacing is a2 commonly used method te improve
retenten i care and reduee unkeens outootmes. Typneally o
LAICs, tracing meabves contacting padents by telephone
ftelephone macing, physieally visdng their place of residence
phyeeal tracmy), or a eombinatian of both, Tracme patents hoe
two potendal benefte: 1) Enking patients wha are disengaped from
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care back imte the health care sywemn, and I opreved
classificaden of vnkneown cutcomes. By minirnizing the aumber
of mndiaiduak whe disergaee ffom eare, progrims ophnize care
by maintaining the greatest possible number of patents on ART,
thus decreasing mortalicy [¥] and cemplicadens of immunodes-
eieney, Addidanally, patienn whe have disengased fam cade are
at mereased risk of mansmattngy HIV doe to uneentralled wirermia
[10] and fer the selection of drug resistance by virme of ART
reasmment mterruptons [11,17]. Mawrmizmy the seember of
patents alove and resening ART and sinimizimng the aomber of
patents with unlnews outeomes should beeome an inereasingly
irnpertant publie health prierity [1,13,14].

Program managers are fequenty required to reéport estimates
ef LTFU, mertalivy, and retention oo ministries of health, funders,
and international orgamizations [7—8]. Furthesmere, clinieians,
program manarers and sessarchers routinely repart en LT,
mertality and rewenton te quantfy the extent of this issue in
IMICs [15-17]. FPatent tracing may result in the rapreced
classtheaten of unknows cutearnes allawing for more accurate
estriates of LTEFL, mastality, and retennan. Heawderes, the extent
o which patiens macing inpacts estimates of LTEL, mostabity and
retentian in LAIC rermaing wocestmin. Ta the authors” lmewledge
the aaly feview thae shashes soy of these suteamies by tacng
stamms was a rmectalicy sstimate fom the Antiremreviral Therapry in
Lower Ineome Ceunties (ART-LINC] Collaberason [13]. All
other identified ra-n.e--.-s[l:} 18-21] have syrthesized data frem
muldple smdies without ineorporating the potental for patient
acing activides to affeer estimates of LTFU, mormalicy or
fetentan.

The properton of indbadeals LTFU ome year after the
indtiation of ART has been reperted as high as 25-30% in
IMICs: [22-25]). Femeons for LTFU e touls-facterial and
inclode beth program and pagent factors. Feperted predictors
of LTFL include evidence of poer nuwition, low CD4 count at
dizggrans, the sumber of doctars available to tear patienss, the
abilicy to contact the patient by telephone and decreased levels of
community support. [27-29] Addidenal factors such as patient
refusal e wake ART, adverse ovents of tosdeity related to
medication or alwrnatve priccites may also lead to dhengage-
ment Fom ART pregrams. Furthermere, poer data recording and
reparting and mivrmation systerms that do not perroit eommmmni-
cation between ART clinges mmay contribuse oo high levels of
reported LTEU. A lack of communication between record keeping
syaterns tay be particulacly relevant mosetdngs where different
systerns are used or unigue natenal ART patien: idensfiers are
aot available leading o an inabdbity to desth, padests whe have
ransferred out or died. Additionally, in many LWICs deaths go
unreperted to nadenal death regiseies, if they exdst, and ART
programs lack a econsstent link betwees death regsbies and
reparting of populaten lovel ART outeornes.

The objectve af this systematie review 15 0 Sompase Surnrmary
estriates af LTEL, L‘nur‘.‘.ﬂ:h and reteptiag in IMIC, in eaherts of
patents with and withaut physical macing. In serbngs with tracing,
we ypotheszed that surrmary estrnates of LTEL would decrease
and estrnates of martaliny and retenting weuld increase

Methods

The stratesy to ideatify appropriste smdies, abstract data Fern
selected studies and an anabtie plan was established m oa
systernatie réview prosacal.

PLOS OME | wewnw.plosonearg

Physical Tracing on LTFU, Mortality and Retention

Search Strategy

All searches were performed using Ohad MEDLINE. Searches
were lmted to stodies published in English fom Januwarsy 2003
thremgh Mlay 2011, Studies assessing cubcornes m children (<13
yvears old] were excluded. The search swategy smrted by
cesmbinize all sete of werms under the fellavwing Medies] S-u]:1|:<:t
Headings (MeSH) te idenndy HIV infected parteipasts recening
ART: "HIVY or "HIV Infeedons’” or “Antretroviral Therapry,
Highly Active™ or “Ang-Femewiral Agents”. Then to identify
studics e LMIC: we combined all sers of werms under the
followang MeSH: “Afbdea™ or "Aga™ or "Carbbean region™ or
Central Armeriea™ or “Latin America™ or “South Ameriea”, in
addition o the follewdng rerms: “resoures limited” or “resousce
censained” ar “developing countries” or “low meerne counteies”
or e and rrddle meeme counmies™ or “Africa™ or “Adrika” or
“sub Saharan” or "seuthern Afriea® or "Asia™ or "Latin America™
or "Seuth Atmesiea”. Terme speesfie to Eassers Europe were not
ineluded. The next step combined different combmations of “lost
(er loss] o fallena wp™, with the terras: Vasmidea™ oz “retesgen™,
and all terrms under the MeSH “padent drepouts™. Finally, items
obtained fem the searches for: HIV imfeered participants, LMICs
and Logs to fallera-up weze combined. The exaet seareh strareey is
avallable within the systemate revieow protecol previded as a
suppertng docurnent te this manuseript

The online coofivence abstract dambases for the 2009
International ATDS Secery Conference on HIV Pathogeness,
Treatment and Prevendon, the 2010 International ATDS Conber-
cace, and the 20002011 Conference on Betroviruse: and
Oppormnisde Infeetions were searched for the terms “lost (oo
loss) ta follow op™ and “retention’. Thew fmore recent yEars were
chosen to caphore addidenal dam reported in abstract form that
may not have been published in peer reviewed jeurnals. Reference
byrs frofn recent reviews: assessng patient retention m ART
prograrns . [AIICs were alse searched [14.19].

Study Selection

Original cesearch studies or abstracts reporting on cutemes of
HIV infected patients reesiving ART in LMICs were inehuded.
Studies were meluded if they were specifically desigmed to report
onn LTFU or m cases where it was a secondary Gnding. Stedy
designs were either eross-sestenal or eahect aned either prospectve
or retrespectve. All stodies mehaded i the analyses reparted rates
of LTFU for eohorts of mmdnaduals who had recetved care for 12
mmenths after ART intaton and aoy definipion of LTFL was
aceepsed. If cohort studies only reported a median duration of
follow up, they were included ealy if the doraton of follew up
ranged from ¥ to 15 menths. When mere than ane study reperted
on the sarme echert of patienss, only the publicaten containing the
st detinled informatien was mehoded.

Stuches m which the majortty of padents were childsen, padents
reeeived meno- or dual-therapy, or that were not performed in
LAICs were excluded. Additenally, clindeal trials were excluded
as the foeus of this review was o understand LTFL in serdee
delivery settings. Studies were excluded at ene of three sseps: after
review of the title, the abstraer, or the masuweript. The search
stravezy and study seleetion is summarized in Figure 1

Data Abstraction and Management

The following data were absmacted Fom each study first
auther, year of publicaton, country or countries, healtheare
setting [publie, private, non-governmental ergpamraton), need to
pay for ART, dates observed, number of clinies, aumber of
pasents receivitg ART, bawhne dermegraphics (are, seader, CD4
count, climeal stage), ART regroen, ART nadve prioc w ART
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Idennufied studies Identilied studies
* 261 papers = filfh confercnce abstracts
Fxcluded after Excluded after
e EVICWIRE Lilles L & reviewing titles
5 . .
* 31 papers * 312 conference
ahstracts
Excluded after
5 feviewing absiraciz
* 9H papers
L 4
Full text review Full text review
* 112 papers = 282 conference abstracts

4 }

Included in the review
¢ 31 papers

32 papers and 7 conference
abstracts incladed in the review

Figure 1. Search strategy and study selection.
doi:10.1371journzl pone. 005604 7.9007

imitation, study defimtion of LTEFU and the properton of padents
meeting that definiten 12 meonths afer inidaden of theragy. If
reparted, the proportion ef subjects whe died, transferred care toa
different facility, ar whe stepped ART was abstracted . In adéition,
details of patenst tracing were abstracted, and to rminimdee
repartng bids aeross selected stodics, authers act sepactng on
patent tracng acthates were contacted o establish detadls abeut
macing. Teo provide consisteney across all studies the denominater
of LTFL excmmares incleded all patiens: whe midased ART.

Data Analysis

Preportions of patents clasified as LTFU, died, stopped ART
and traceferred to a different faciliny were destved from text, wables
and graphs [if exact values weee avatlable] within studies. Dam
presented as incidence density (e.g. person years) were converted
o cwmuladve meidence usng standard fermulae [30]. Patienc
‘retention an ARTY was defined as patenss alive and receiving
ART at the azgnal ste plos the grovp of pabenss whe have
‘ransferred pur’. This assurmes that patients who are known to
have mansferred their care to another sive preedding ART are
retained i care. The propastes setaimed o ART was detertined
for stodies that repected at least the proportgen LTEU and
properton died wsing the follewdng formula: Fewined en
ART=1-LTFL - died - stepped ART. Additonally, the term
‘retention at the erignal ate’ defines indhidduals retained on ART
and exehodes those whe have cansferred sus Stedies alie
reparting the propectan sansferred out were weed o estirmate
the proportion retuned at the ofiginal gte using the formuola;
Betained ar the orignal site = 1-LTFU-died—stopped ART-
ransfer emt. For the purpese of this review, if ansfer out dam
were oot available for a eohort, the estrmates of remined on ART
and remained at the orginal ste would be the same, an approach
consmtent with previeus reviews forusmy en retenden in ART
reamnent pregrams [14,19]. Sumrnary estimates for tracmy and
aef-tracing stodies are ceported as fedizss i the group of

PLOS OME | wewnw.plosonearg

Included in the review
= 7 conference abstracts

estmmates was non-normally distributed or as welghted means if
data were normally diswibuted. Weightng of sach proporden
derived Eorn inelided studies was by the isnerse of its variases [1
Sip = (l-p) /o), where p is the proportien and n is the sample
size]. Tracing was deemed to have ocewrred # the acthiry imveled
physical wasiae of the patient with unknews auteame to her oc his
residence and of this tracmg actvity was performed for at least one
half of the study pepulston. Nos-phyesesl maeme shodies fiay
have reported e tracng acdvices or phone tacmy enly. When
choosing a methed to differentare wacing fom nen-tracing
studics we elected to cosapare phoieal verms ses-phyaeal Daciig
studies due W the potental for the face-to-face mteTasdon
associated with atending a place eof residence o inerease the
chanees of re-engragetnent Mt Sare.

Sumrnary estitnates fram the I groups of stodies (racmg and
nen-tracing] were corapared by the Student’s t-eest i necmally
distributed, or the Wileaxen sank surm tesr of nos-nesmalby
distributed for sach parameters of intevest (LTEFU, death, stop of
ART, wansfer to another faeility and retenton on ART) A
Shapire-Wilk test p value > 005 was wied to clasafy estmates
fromm the tracing and non-maddng groups of studies as normally
distributed. No astesmsment of sk af biss was pesfoced foo
seleeted stodies, Anabries were conducted wsing Exeel and SAS
v3.2 [SAS Institute, Cary, NC).

Results

A toml of 261 pepers and BlE conference absmacts were
identfied by the search stratery and of these 30 studies, 37 papers
and 7 conference abstracts, metr mchision eraterial4.16,17, 22—
24,27 31-61] leading ta 54 separare cohorts (47 echerts in 32
papers, and T coherts i 7 abstracss) avadlable for asnabeds, In 3
papers, data were available for mere than ene eohert [17,35,57]
with 2 of these papers repecting en cohorts with and witheut
physical tragine, [17.57] whale the thivd paper provided das for 7
coherts that both performed physeal wacing [358). The 39
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included studies reported on 17 countries from sub-Saharan
Africa, four multi-country studies from seb-Saharan Afiea, three
ceunties from Aga and ene fem Labn America Published
studies contaned mfrmatian to establish Tacing status for 18 of
the 54 cohorts included i this seview. For the remaining 36
ceherts, tracingy stame wae established by comtact with stedy
authers. Table 1 presents data en ceheorts with physical tacmes
and Table I on cohorts without physeal waeing.

In the 25 cohorts with physical tacing, the weishted mean
LTFU was 7.6 % (SE £ 1.1%, range 0.3-15.0%). In the 29
cehorts witheut physical tracng, the weighted mean LTFU was
13.1% [SE = 1.7%, range 0.8-34.8%) (Table 3 and Figure 7). The
observed difference in summany estmates was stadstically spmif-
iegat (p=0.001). Debnitens of LTFU were diferenc accoss
different stodies but 32% of cohorts (287534 clasafied padents as
LTEU 54 memths after their last conmer with the ART chnie
Five sruches redquired a © menth peried ef beine los and seven
used 2 variety of defimigens. Estmates of mortality were
significantly higher [p=.008) in echorts where physical tracing
oreurred; median estrmate of 1005% TOR 7.0-12.7%, range 4.2—
28.7%,) compared to 5.6% IOFE 4.5-0.6%, range 1.1-15.3%) in
cehorts without physical tracing Weighted mean estrnates of
ART step were 2.8% (SE = 0.2%, range 0.3-3.8%) m the 13
coherts with physical tracing compared to 3.2% (3E = 0.8%,
ragge 0.0-B.3%) in the seven coherts watheut physieal faciny
p=0.3). The weighted mean estimaze of transfer out to anether
faedliey was 2.7% [ 1.9%, range 1.0-14.0%) in the fve cohorts
with wraeisyr sad 3.9% (EE = 1.3%, range 1.2-14 5% in the seven
coherts without tracing [p=0.5). A median 30.0% of padents were
remined on ART in studies reporting physical wacing TOR 75.5—
84.5%, range 38.4-88.3%) versus 73.8% (IO 70-81.2%, range
3B8.5-31.0%) m studies wathour physical tracmy. The median of
remention in care at the eriginal ART ste for coborss with physieal
tracing was 80.0% (TOR 76.0-84.0%, range 47.5-88.3%) versus
72.9% [TOF 68.5-79.8%, range 3B.5-005%) ar elinies witheut
physical maciny. Differesices it cétenten wire stadsteally syl
icant, p= .04 for retenten en ART and p= 02 for retention at the
original st

Discussion

Ths review demensmates lewer estrmates of TTET and higher
estitnates of mertaliny in [MIC sernngs where padents recehang
ART attend elindes empleving physical traeing. The observed
differenees may be explained by more accuraee clasafcation of
padents in studies whese phodeal macig was  pesfocmed
Specifically, many padents whe had prevdoushy been elassafied as
LTFU, once waced, were found to have died, therebsy contributing
b0 & spparest mereaved mertabty, It resaine unedstain by how
much the abserved deecrease in LTFU within physical tracmy
cehorts was a result of re-engasement of patents back inee eare
verins  re-tlassifieaton of padents with previewsh uskeawn
cuteornes. However, in additen to the sgmificant reducten in
LTFU and imerease in mertality, we ceport 2 sgnifieant
improvemnent in retenden at the original siee While ot i not
unexpected that tracing sctvides would deerease the proporton
LTEU and merease maoctaliy esproaces duos te impeoved
classtfieaten of outeomes, the ohserved improvement n retenton
at the original site sugpesss that wacing may have nereased the
autnber of pabents re-engared in care. Altheuyh the acing
actvaty would re-classify patienss previcusly thoughs oo be LTED
as ansferred out our having died, this reclassification would not
alter the estirnate of fetentian at the erisnal soee dee wo 1o inchasnee
definiden. Therefore, the improvement in rewention at the orginal
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Figure 2. Plot of summary estimates with and without physical tracing.
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site 1z bkely set explained by re-classfication, buat i due to less
LTFL, death, er tanders cur. Indbdduals thar are re-engaged
would have the oppertumity oo recerve the beneficial effects of
ART such as improved survival, decreased risk of opportunistic
ipnfreteas, [63] and petengally proesbng wralegesl Balere and
the emergence of HIVDER by hrouting treatment imserruptions
[11,12]. In addition, the mainenanes of an mereased prapostion
of mdihdduals @ care and recening ART is Hkely to benefic the
cormmmunity by decreasing HIV incidenes [54—56]. Furthermaore, if
data on the cess of physical tracing can be obtained, this
intervensten may poendally be a eos-effectve mechanem to re-
engare patients mto care. Cost-efectve anabes of intervention to
minirmire LTFU and irmprece survival have been performed but
arabyees menrporating tracing are sot koown o the athars ot this
dme, While the gquabificadens of individuals performing physical
tracing it not always reported serne included studies did docoment
tracing by peer supporters or people hving with HIV witheut
medical guabficadens [27,39,57] suppesting that physeal tracimy
may prove cest effectve in many settings.

The eonsiderable diferemce in surnmasy esbmates between
physical and non-physieal tadny emphaszes the Impectancs of
knewing whether physiecal tracing 1s used within an ART pregram
or aca e ART elisde when interpredne LTFU, mestalioy or
retention data, Estimawes of mortaliy and LTFU are frequently
uged to assess level of ART pregram and elisie performanee; [3,5]
thue, voderstanding dfferences which arise due to physeal tracing
are inportant. In addimen, the mdicater of retentian an ART after

2 menths of therapy i considered an essential and high impass
infarmatien when assesting ART program performanee [7.8].
Crzteising a program thar does not ashieve targets for mectalig
bt has fenetendng macnge prograrns seamlbne i fw prbents with
urknerwn eutcarmes may not be appropeiate. Likewdse, remforeing
current practice in setdngs without wacing and seposdng low
mertality and higher LTFU zates seads an isneorrect fidssire
Furthermare, yuidanes fremm the heeramre m o this ares 15 hradted as
ealy one previows review was idendfed thae serarified a surnrmary
estirmate by tracine stabes, This study by Brodtesein et al [1E2]
docurmented 8.2% mortality with phoyteal tacmy and 2.3%

PLOS OME | wewnw.plosonearg

withaut i an [AMIC settng whereas we report a martahsy of
10.3% wath racing and 6.6% witheut maemy . Additenal reviews
report hgher 1Z-menth mortabine estormates thae do oot take
rasing s acecunt; 14% by Gupta et al [20] and a range of 8-
26% tmectabity by Laws et al [21]. The seasans oo differenees in
these mormalite estimates are unclear, but petentially refleet
differeness i reporting or improved chrieal outeernes. For
excariple, the lower espemates of roostabty repested by Braisedin
et al [18] are obtaned from a smaller number of sites within the
ART-LINC collaboraden. Addidanal revdews report estimates of
T5—80% retenten congstent with findmygs in this review although
rasing status was not documented [14,15].

This systermade review has some bDeostadess. Sertings wheee
physical teaeins i available ey bave isereaed resounrees foo
padents resultng in npreved outeomes. Summasizine the effeet
of racing from randomised wials conmining wasing interventiang
fmay provide 2 mere accurate assessrpent of the impace of acme
onn LTFU, mertabiny and retemtden by climinades potential
cenfounding associated with better reseurced stes. The authars
are wiavare of published randasmieed tials of this natoee bt das
froen thas review supperts the developrment of randernised oials to
quantfy the benefits of different tracing swaresies induding the
cost-effectveness of these swaremies There it alis a potential
publcation bias for setdngs more lkely o poblish oo LTEUL For
exarmple programs associated with acadernie insttutons may be
mere lkely to prepare spasoecrmpyts and these programs may have
different outeormes forn other non-acadermie sertngs less mehned
to publish their resoles. Another lmitades of this anabsis was
variability of defimitions of LTFU. The majority of studies used a
definiden of LTFU congstent with international recommenda-
depis, [5] vet it 2 unelear Baw eur fadings would have diffeced of
altrrnative definitons of LTFU had been uwsed Furthermere,
stedies elassified as physical tacing studies porentially have
differing smechanion: o phviically ace pabenes (g sutaber of
atterapts) which could bave infhueneed owtcames, althouzh the
objeetive of the revew was o compare coborts with and witheut
physical trasise withent facusting on speeifie subgroups within the
physical tracing group of sudies, Findings from this redew may
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alss be lmited if addidemal data are avadable frem other
biamedical databases or selevant grey lwesanwe. I addidenal
uridentified studies have different fndings frem the 34 echerts
identified through Ohdd Medline and the international HIV
conference databases, sutnimary fndings could be different.
Fimally, data on mansfer out was ool available m a minority of
studies despite looking for this date in all selected  stodies.
Estroates of resentes at the orisinal gte could bave paseadally
changed if complet: ransder out data were available. For eamale
a potential bias could exst if cohorts wath physical wacing had
decreased ransfers ent which was not deeernensed, This eauld
lead to inereased exdmates of rewntion at the ongnal ste oot
necessarily explained by increased re-engasement in eare. This
hrpmacen  emphasises the bnpertance of understanding  the
properton mansferred owt when aecurawly interpredng and
corparing estirmates of retenton.,

In conclugen, phviieal macing leads to 2 reduetdon in unkonown
cutcernes and likely impreved re-engasement in care. Findings
Fem the absesvasienal dass in this seview highlight 2 eritical aced
for randommised contralled wials o suppeort dhe efectreness of
pebent wacing th Fapieee re-fhgaresnent of padents on ART and
assexs the costeffecteeness of tracng mterventens. Programs
provading ART in LMIC: should consider physically traeing
patents whe havwe became disesieaeed frarm care as on impastant
intervenden to irmpreve ndnddual outcomes and programmatic
evaluation of HIV infeeted pepulations recedving ART.
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Viral suppression after 12 months of antiretroviral therapy in low- and

middle-income countries: a systematic review
James H McMahon,? Julian H Elliott,? Silvia Bertagnolio,® Rachel Kubiak® & Michael R Jordan®

Objective To estimate the frequency of viral suppression in laow-and middle-income countries (LMICS) in patiznts whe recaived antiretroviral
therapy {ART) far human immunodeficiency virus (HIV) infection.

Methods Data on viral suppression after 12 months of ART in LWMICs were collected from artides published in 2003 to 2011 and from
abstracts of conferances held between 2009 and 2011. Fooled proportions for on-treatment and intention-to-treat pogulations were used
as summary estimates, Random-affects models were used for heterogeneous groups of studies (P > 75%).

Findings Chverall, 45 studies covering 48 cohorts and 30016 individuals met the inclusion criteria, With thresholds for suppression between
300 and 500 copies of viral rinonucleic acid (RMA) per mlaf plasma, 84.3% (5% confidence interval, O B0 4=87 5] of the pooled an-treatment
population and 70.5% (95% I 65.2-75.6) aof the intention-to-treat population showed suppression. Use of different viral BNA thresholds
changed the proportions showing supprassion: to 84% and 76% of the on-treztment population with threshaolds set abowe 300 and at or
below 200 BMA copies per mi, respectively, and to 783, 71% and 3% of the intention-to-treat population at thresholds set at 1000, 300
to 500, and 200 or fewer copias per mi, respectively.

Condusion The poaled estimates of viral suppression recorded after 12 months of ART in LMICs provida that other ART programmies can
us2 1o set realistic goals and perform predictive maodelling. Evidenaoe from this review suggests that the cument intemational target — ie.
viral suppression in = 70% of the intention-to-treat population, with a threshodd of 1000 copies per ml — should be revised upwards.

Abstracis in e #13L, Frangals, Pycewiai and Espafiol at the end of each article.

Introduction
At the end of 2011, over § million people in low- and middle-

income countries (LMICs) were receiving antiretroviral
therapy (ART)* The puidelines of the World Health Organiza-
tion (WHO} for the treatment of human immunodeficiency
virus (HIV) infection recommend that, where possible, the
wviral loads of individuals receiving ART be measured every
& months to detect viral replication and confirm treatment
failure whenever it ocours.® Although viral load tests are cur-
rently too costly for routine use in many LMICs, the potential
for increased access to such tests exists as costs decrease and
countries prioritize this method of patient monitoring®
WHO's gnidelines for the treatment of HIV infection
recommend that a viral load of > 5000 copies of viral ribo-
nucleic acid (RINA) per ml be taken as indicative of virological
failure * According to WHO's strategy for the surveillance and
monitoring of HIV drug resistance in LMICs, a viral load of
<1000 BENA copies per mlshould be taken as evidence of viral
suppression.* Guidelines for the treatment of HIV infection in
high-income countries stipulate that a viral load of < 50 RNA
copies per ml — or a load below the limit of detection of the
most sensitive assay available - be taken as evidence of viral
suppression,”™ and that a load of =50 BEMNA copies per ml,>
or one of = 2 viral RNA copies per ml confirmed by repeat
testing.” be used as evidence of virological failure or rebound.
The proportion of a study cohort showing viral suppres-
sion is calculated as the number of patients with viral sup-
pression divided either by the number of patients in the study
cohort who began ART (1e the intention-to-treat population),
or by the number of patients in the cohort who are alive and

omn treatment (1 e. the on-treatment population). On-treatment
analyses reflect the effectiveness of ART for those receiving
antiretroviral drugs. Intention-to-treat analyses, which use a
denominator that includes individuals who die or are lost to
follow-up during the study perind, reflect factors at the indi-
vidual or programme level that influence the risk of death and
disengagement from care. Relatively high mortality in the first
& to 12 months of ART and substantial loss to follow-up, both
of which have been widely reported in LMICs, can therefore
influence estimates of viral suppression based on intention
to treat.®*

Summary estimates of viral suppression (as measured, for
example, 12 months after ART initiation) are needed 1o guide
ART programme managers on the normative levels of popu-
lation-level viral suppression and to define desirable levels of
clinic and programme performance. Such estimates are also
useful when creating and improving mathematical models of
the different strategies that might be followed to provide ART
in LMICs. Becent reviews of virological outcomes have focused
on sub-Szharan Africa and levels of acquired resistance to
amtiretroviral drugs.**** Across LMICs, summary estimates
of viral suppression based on different HIV-RMA thresholds
are lacking. The objective of this systematic review was to
establish estimates, based on different viral ENA thresholds,
of the percentages of the intention-to-treat and on-treatment
populations in LMICs that show viral suppression 12 months
afier ART initiation,

* Infecticus Diseases Linit, Alfred Hospital, Level 2 Burnet Tower, BS Commercial Boad, Melboume, 3004, Sustraliz.

B HIV Department, Woeld Health Crganization, Geneva, Switerand.

= Department of Pullic Health and Community Medidine, Tufts University School of Medidne, Boston, United Setes of Americ

Comespondence to lames H Movaheon (2-mally

(Submitted: 16 hegtamber 20713 — Revived version meefiat’ T tonoany 2073 — Acoagted: 27 danuwary 30713 - Published oniine: 27 Februany 2013]
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Methods
Study selection

We included publications (“papers”) or
conference abstracts that reported the
proportion of individuals in a stady
cohort from a LMIC for whom 2 viro-
logical outeome after 12 months of ART
was reported, either as a primary or a
secondary finding. If only the median
duration of follow-up was reported for
a study, that study was included in the
review provided the median duration
was between 9 and 15 months. Any
definition of viral suppression (or fail-
ure) reporting a proportion of patients
below {or above) a defined viral RNA
threshold was accepted. If the threshold
was not reported, the relevant authors
were contacted and asked for details
of the threshold that they had used. A
study was excluded if (i) the threshold
used could not be determined; (i1) onkby
changes in viral ENA loads from the
bazeline values were reported; (ii1) most
of the patients were less than 13 years
old; (iv) patients received only one or
two antiretroviral drugs; or (v) the study
was not from a LMIC. All the studies
included in the review were published
in English and were either clinical trials
or cross-sectional or cohort in design.
Search strategy

We searched for relevant articles pub-
lished between 1 January 2003 and 31
May 2011 through Ovid MEDLINE. On-
line databases containing the abstracts
of presentations made at the Interna-
tional ATDS Society Conferences held
in 2009-2010 and at the Conferences
on Betroviruses and Opportunistic
Infections held in 2009-2011 were also
searched =

Our search strategy combined
the relevant medical subject headings
(MeSH) with additional search terms
to identify those studies that reported
virological outcomes for HIV-infected
participants receiving ART. We used
other Me5H and search terms to identify
studies from LMICs in which cutcomes
after 12 months of ART were investigat-
ed. When more than one article reported
data from the same cohort of patients
and used the same viral ENA thresh-
old, only the article that contained the
most detailed information was selected.
Fig. 1 summarizes the search strategy
and study selection process. The study
protocol provides further details.*

Jarnes H MeMahen et al.

Fig. 1. Search strateqy and study selection used in the systematic review
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Mote: We exduded duplicate reports, studies on subjects not recalving antinetroviral therapy, studies with

paticnts younges than 13 years or nof infisceed with human mmunodeficien
loww- o riddlle-income courntry, and reports that providad insufficient nfoemm

The lollowing data were abstracled
from each study: first author, year of
publication, study country or countries,
health-care setting (Le. public sector,
private sector or nongovernmental
organization), whether the stody pa-
tients had to pay for their ART, dates
the patients were observed, number of
study sites, number of patients receiving
ART, baseline demographics (i.e. age,
gender, CD4+ T-lymphocyte count and
clinical stage), ART regimen, whether
patients were ART-naive at baseline,
study definition of virological outcome,
and the proportion of patients meeting
that definition 12 months afier initiating
ART. When available, the percentages
of subjects who died, transferred out,
stopped ART or were lost to follow-up
were also abstracted. Whether the pro-
portion of the study cohort reported to
have viral suppression was based on an
on-treatment or intention-to treat analy-
sis was noted. If intention-to-treat values
had not been reported, they were calco-
lated from the raw data (when available).
In these calcolations, the number of
patients who had died or been lost to
follow-up at the time of the estimation of
virological outcome and, when availzble,
the number that had stopped ART were
included in the denominator. Patients
who transferred out of the study cohort
were excluded from the denominator,
consistent with the indicators of reten-

cy wings af not lving ina
aticn were excluded

tion in care recommended by WHO
and the President’s Emergency Plan for
AIDS Relief (PEPEAR).™ . If only the
fraction of patients showing virological
failure was reported, we calculated from
this figure the proportion with viral
SUDPrEssion.

Data analysis

Proportions (%) of patients meeting
the study definition of viral suppression
were detived from text, tables or, if they
could be accurately determined or esti-
mated in this manner, from published
graphs. Summary estimates were deter-
mined and categorized as on-treatment
or intention-to-treat values. We assessed
heterogeneity among proportions by
calculating the * statistic. If heteroge-
neity was high (F >75%), we pooled
proportions using the Freeman-Tukey
method with a random-effects model
and DerSimonian-Laird weights =
When possible, we determined sum-
mary estimates of viral suppression us-
ing different threshold ranges for viral
RNA: = 1000, 300-500 and/or <200
copies per ml Additionally, we calco-
lated summary estimates separately for
studies in which one or two viral load
tests were used per patient to define
virological outcomes. We performed
subgroup analyses to examine the influ-
ence of the year of ART initiation and
of the time taken to publish the research
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findings (i.e. the “time-lag bias”) on the
summary estimates for the on-treatment
populations. Year of ART initiation
was defined as the median year of ART
initiation and reported as pre-2004,
2004-2005 or post-2005. The time from
the median vear of ART initiation until
publication was categorized as =3, 4 or
25 years. Analyses were conducted us-
ing Excel (Microsoll, Redmond, Uniled
States of America) and version 2.7.9 of
the StatsDirect software package {Stats-
Direct, Altrincham, United Eingdom).

Results

Overall, 45 studies (38 papers™™ and
11 conference abstracts™ ), together
comprising 48 cohorts and 30016 in-
dividuals, were wdentificd for inclusion
(Fig 1). Details of the cohorts from the
papers and conference abstracts are
presented in Table 1 and Table 2 {avail-
able at: http://www.who int/bulletin/
volumes,/90/4/12-112948), respectively.
Two reports™* described outcomes
from the same cohort but made use
of two different thresholds to define
viral suppression. A further seven repo
rtg** AT deerribed outcomes
using two or more thresholds of viral
suppression. The data from another two
papers™*~ were combined to obtain an
estimate of viral suppression in a single
cohort. The 48 cohorts in the systemalic
review comprized 43 single-country
cohorts — 37 from sub-Saharan Africa,
3 from Asia and 3 from Latin America
or the Caribbean - and 5 multi-country
cohorts (of which 4 were from sub-
Saharan Africa).

All but one study* used a single
viral load measurement per patient to
define the virological outcome. The ART
regimens used were reported for 39 of
the studies. In each of 35 (90%) and
249 (74%) of these studies, at least 0%
and 95% of the patients, respectively,
had received a regimen based on a
non-nuoclecside reverse-transcriptase
inhibitor (NNETI). Most of the patients
in another three studies — a clinical trial
studying the efficacy of boosted prote-
ase-inhibitor regimens™ and two stud-
ies from regions with ]:u.gh prevalences
of HIV-2 infection™** - had received
regimens based on a protease inhibitor.

Summary estimates from on-treat-
ment and intenhion-to-treat analyses are
presented — for those studies in which
outcomes were defined using a single
viral load measurement- in Table 3 and

Systematic reviews
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Takble 3. Summary estimates of the proportions achieving viral suppression after 12
maonths of antiretroviral therapy in low- and middle-income countries

Type of analysis and viral Mo.ofco-  Mo. of patients Patients (%] with viral sup-
load threshold horts* starting ART pression

Range Pooled (95% CI*
On-treatment
Pri-treatrnert, all threshelds® 43 26599 45-97 540 (B1.3-B6.6)
1000 engies/ml ) 3192 74-54 B35 (77.B-BRAF
300500 eepiasml a2 25708 BI-57 54 3 (B0.4-B7.0)
= 200 cogies/ml 9 1ET 49-93 761 (B6.8-B4.3)
Intentlon-to-treat
Imtertion-te-treat, all 7 13134 30-52 712 (66.5-75.7)
thiethalds:
1000 copies/ml 4 1201 Bo-37 TTE (67 6-BA.1)
300500 eepiasml 21 11528 51-52 FOE (B5.2-75.6)
= 200 copies/ml [} 1654 A6-77 £29(51.2-73.8)

ART, antiretrowiral therapy, Cl, conhdence intrval

* Only indudes data from studies Inwhich suppression was detected by cneviral load test per patient

5 Poaled proportions an o Cls wese

wias cosar o 1000 coples/ml was usad

= calculated using the Freeman-Tukey method in a rardiom effects modsl.
= When teu diffesent threshulds were apglied in the study of one o

shuont, thee data for the threshold that

“These values changed o 842 [P4.1-88.7) when we induded in the clculstions the data for the study in

which ran viral loae measurs ments wess used, e ;x_f_lnﬂl__r_n-lr_'l'ul: viral supgression [ie SCarsi o al®

[r=Z3E4]L

Fig. 2. As high levels of heterogeneity
were observed (F »%0%), all summary
estimates and 953% confidence intervals
[CI) were calculated nsing 2 random-
effects model.

The summary estimate of the pro-
portion of patients showing viral sup-
pression, for all viral load thresholds
in 43 on-treatment analyses, was 84.0%
(95% CI: 81.3-86.6; #=26599). For
the nine cohorts in which viral sup-
pression was defined as < 1000 +viral

ENA copies per ml, 83.5% (95% CI:
T7.8-88.4; n=3192) of the combined
on-treztment populations showed sup-
pression. Thresholds ranging from 300
to 500 copies per ml were used for 32
cohorts (a threshold of 400 copies per
ml was used for 27 cohorts) and 84 3%
(95% CI: 80.4-E7.9; n=215708) of the
combined on-treatment populations of
theze 32 cohorts showed suppression.
The reported outcomes for nine and six

cohorts were based on thresholds set at

Fig. 2. Viral suppression after 12 months of antiretroviral therapy in low- and middle-

income countries
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or below 200 and at or below 50 viral
EMNA copies per ml, respectively. When
threzhalds set at or below 200 copies per
ml were nsed, 76.1% (95% CI: 66 854 3;
p=2167) of the combined on-treatment
populations showed suppression.

The summary estimate of viral sup-
pression for all 27 cohorts (1= 13134} in
intention-to-treat analyses was 71.2%
[95% CI: 66.5=75.7). Lhe corresponding
wvalue for the four analyses in which a
threshold of 1000 copies per ml was used
was 77.5% (95% CI: 67 6-86.1; i =1201).
In intention-to-treat analyses of the data
from 21 and 19 cohorts, thresholds of
300-500 and 400 copies per ml, respec-
tively, were used. With thresholds that
ranged from 300 to 500 copies per ml,
70.5% (95% CI- 65.2-75.6; n=11528) of
the combined intention-to-treat popula-
tions showed viral suppression. Six stud-
ies reported the results of intention-to
treat amalyses based on thresholds set
at or below 200 copies per ml - four
studies used & threshold set at or below
50 copies per ml - and these produced
2 summary estimate for the frequency
of viral suppression of £2.9% (93% CL:
51.2-73.8 n=1654).

To investigate possible sources of
heterogeneity, we performed subgroup
analyses exploring the median time of
ART imitiation and the potential bias
introduced by the time taken to publish
results: the [® values for the subgroups
considered were all »%0%. When the
median vear of ART initiation was pre-
2004, 2004-2005 and post-2005, the on-
treatment estimates of suppression after
12 months of ART were 80.9% (95% CI:
T30-87.7) B4.1% (95% CL: 78.5-85.2)
and &§4.53% (95% CI: 80.0-88.2), respec-
tively. The corresponding values for
delays of =3, 4 and =5 years between
the median year of ART initiztion and
the vear of the publication of results
were sirnilar: 83 3% (93% CIL: 78.0-88.0),
84.0% (95% CI: 78.7-88.6) and 83.0%
[95% CI: 76.9-88.3), respectively.

Discussion

This is the first systematic review to
quam:ifjr population-level viral suppres-
sion 12 months alter ART initiation in
LMICs, and to stratify estimates by viral
ENA thresholds in on-treatment and
intention-to-treat analyses. Chwver 70% of
the cohorts incloded in the review were
investigated using thresholds ranging
from 300 to 500 viral ENA copies per
ml and, after 12 months of ART, viral

suppression was noted in #4% (on-
treatment) or 71% of patients (intention-
to-treat), These summary estimates
compare favourably with outcomes
reparted in high-income countrics after
12 months of NWETI-based ART, such
as the 58-73% wiral suppression seen
in intention-to-treat analyses in early
clinical trials and in a meta-analysis
at thresholds set from 400 to 500 viral
BEMA copies per mL™ " Observational
data from Canada, the United Kingdom
of Great Britain and Northern Ireland
and the United States of Americz also
indicate similar frequencies of viral
suppression alter 12 months of AR For
example, when a viral load threshold of
50 copies per ml was used, 82% of an
on-treatment population investigated
in the United EKingdom showed viral
suppression.™ In Canada and the United
States, in on-treatment analyses based
on suppression thresholds between
500 and 1000 copies per ml, 60-83% of
individuals initiating ART when they
had CD4+ T-lymphocyte counts of < 200
cells per pl were found to have attained
viral suppression 12 months later. ™™
Az anticipated, summary estimates
for viral suppression were found to be
higher in the on-treatment analyses than
in the intention-to-treat analyses and to
increase as the viral BINA thresholds nsed
Lo define suppression increased. Individu-
als who are lost to follow-up in studies on
the efficacy of ART - and included in
intention-to-treat analyses but excluded
from on-treatment analyses — are defined
as naot having achieved viral suppression.
In addition, as the viral load thresholds for
SUpPression areincreased, INCreasing mim-
bers of patients with lowe-level viraemia are
categorized as cases of viral suppression.
We found no evidence of studies in
LMICs that had used viral load thresh-
olds of 10000 or 5000 copies per ml - as
recommended in the ART guidelines
published by WHO in 2006%and 2010,™
respectively — to define viral suppres-
sion. The reasons for this are unclear.
Investigators in LMICs may simply have
preferred to use the lower thresholds
supported either by the national ART
guidelines used in the country where the
study was performed or by guidelines
not specifically intended for use in a
public health model of care. ™" They may
also have wished to use thresholds based
on the lower limit of sensitivity of the
viral load assay that they had available.
Only one study® reported the
frequency of viral suppression based
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on two viral load measurements per
patient. In this case, use of a2 second
testincreased the percentage of patients
showing viral suppression. A second test
is particularly likely to increase the per-
centage of patients who are virologically
suppressed if an intervention to improve
adherence to ART occurs after an initial
detectable viral load, in a strategy that
is recommended by WHO" and already
followed in several LMICs ™7 Given
that the overwhelming majority of re-
ported outcomes are based on a single
viral load measurement per patient,
efforts to understand and summarize
virological outcomes in LMICs should
also be based on a single test result for
zach patient.

As far as possible, this review nsed
intention-to-treat estimates of viral sup-
pression that, as recommended in the
relevant international guidelines,**
excluded individuals who transferred
out of the included studies. Individuals
were reported to have transferred out of
only six cohorts included in the review
and, in each case, such individuals were
excluded from the intention-to-treat es-
timate of viral suppression, 234eaaEAGAT
However, only two of the reports in-
cuded in the review specifically stated
that no patient had transferred gut ¥
For the other 1% cohorts with intention-
to-treat estimates of viral suppression,
no data on transfers out were presented.
This lack of data lefi it unclear whether
any patients had transferred out and,
if sa, whether such patients had been
incorporated in the denominator used
in the final analyses. Il any patients who
did transfer out were unreported and
still included in the denominators used
in the fimal analyses, the intention-1o
treat summary estimates generated in
this review may be too low.

The summary estimales presented
in this systematic review are important
for target-setting and benchmarking.
They provide guidance to ART clinics
and programmes on the mean rates of
viral suppression achieved in LMICs=
(normative referencing). The manag-
ers of ART programmes may define
adequate levels of programme perfor-
mance as those that lead to levels of
viral suppression that match or exceed
the summary estimates {criterion refer-
encing).™ A4 combination of normative
and criterion referencing methods,
incorporating the data summarized in
this review;, may be used to categorize
poor intermediate and optimal levels of
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performance. In its strategy for the sur-
weillance and monitoring of resistance
to antiretrovirals, WHO recommends
that ART treatment sites achieve viral
suppression (as indicated by a viral load
of « 1000 copies per ml) in at least 70%
of the intention-to-treat population
after 12 months of ART.® Although data
from this review are limited, this target
should probably be increased since, in
the four reviewed studies that used the
same viral load threshold {(n=1201],
78% of the intention-to-treat popula-
tion achieved suppression. Although
detectable viral ENA afier ART does
not prove the presence of resistance
to antiretrovirals, indrviduoals who are
virologically suppressed on ART hawve
no ellective drug resistance. Deteclable
viral ENA in populations receiving AET
is often associated with suboptimal ad-
herence to ART, which is predictive of
the emergence of drug-resistant strains
of the virus.®

The estimates presented in this
review may not be truly representa-
tive, despite being mean or mormative
levels of viral suppression. For example,
ART programmes or clinics that evalo-
ated and reported viral loads may have
greater resources and better clinical
outcomes than those where viral loads
were not evaluated and/or where vi-
rological outcomes were not reported.
Additionally, in settings where viral
loads were evaluated but where poor
virclogical outcomes were observed,
researchers may have chosen not to dis-
seminate the results, and this may have
led to publication bias. The summary
estimates may therefore overestimate the
mean frequency of viral suppression in
the broader population receiving ART
in LMICs. In addition, high levels of
statistical heterogeneity ([° = 90%) were
observed during the review. Analyses
that focused on vear of ART initiation
and the delays between the record-

ing and publishing of results revealed
persistent heterogeneity but no major
differences in the proportions achieving
viral suppression between the subgroups
considered. These findings suggest that
other, unidentified factors are poten-
tially contributing to the between-study
variation seen in the proportions of viral
suppression. Despite these limitations,
the systematic method used to identify
studies and the statistical methods used
to generate summary estimates allow for
a reliable estimate of viral suppression
rates based on the data available from
LMICs. Another potential limitation of
the present review is that most of the
data investigated came from studies that
used threshelds between 200 and 500
copies per ml Belatively few results from
studies based on thresholds set at 1000
or at or below 200 viral EMA copies per
ml were available. In the on-treatment
analyses, the summary estimate of
suppression seen with a threshold of
1000 copies per ml was similar to that
seen with thresholds in the range of
500 to 500 copies per ml. However,
only nine cohorts were included in the
calculation of viral suppression at the
high threshold (#=3192), whereas 32
cohorts (n=25708) were included in
the calculation at the lower thresholds.
The summary estimates established af
1000 copies per ml may have been too
underpowered o demonstrate a differ-
ence with the estimates established at
thresholds between 300 and 500 copies
per ml

In conclusion, this is the first
systematic review of viral-suppression
rates from LMICs after 12 months of
AFRT Itincludes summary estimates, at
multiple HIV ENA thresholds, based
on both on-treatment and intention-to-
treat anzlyses. At the most commonly
reported viral EMA thresholds (ie.
300-500 copies per ml), approximately
71% of the patients in the intention-
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to-treat analyses and 84% in those in
the on-treatment analyses had attained
viral suppression 12 months after ART
initiation. These proportions compare
favourably with outcomes observed in
high-income countries and represent
a substantial achievement for LMICs,
where ART is generally provided under
great resource constraints.

‘The data reported in this review
have important public health implica-
tions. Researchers and managers of ART
programmes in LMICs conld use these
results to support mathematical models
of the effects of ART and set rates of vi-
ral suppression as performance targets.
Use of these targets would help identify
those ART clinics with suboptimal per-
formance that would most benefit from
focused interventions to Improve service
delivery and patient outcomes. M
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Résumé

Suppression virale aprés 12 mois de traitement antirétroviral dans les pays 3 revenu faible et intermédiaire: bilan

systématique

Objectif Estmer |2 fréquence de la suppression virale dzns les pays
& revenu feible et internédiaire (PRFI) chez des patients ayant ragu
un traiterment antirdtroviral (TAF) contre linfection due au virus de
limmunaodéfcience humaine (VIH).

Méthodes Des données sur |2 suppression virale apeés 12 mois de
TAR dans les PEFl ont &té recueillies 3 partr d'artides publiés antre
2003 et 2011 et de comptes rendus de conférences qui ont eu lieu
entre 2008 et 2011, Comme estimations somimaines, on a utilisé des
proportions globales pour les populations en cours de traitement et
ayant ntention dBte traitées. On a utilisé des modeles deffets aléataires
powr les groupes détudes hétdmgéneas (12 » 759%).

Résultats Dans 'ensemble, 4% études couvrant 48 cohories et
A 0eindividus respectaient les critdres dindusion. Avec das seuils
de suppressicn allant de 300 2 500 copies d'acide ribonucléique (ARK]
wiral par ml de plasma, B4,3% [intervalle de confiance de 5%, 1T

80, 4-87,%) de |2 population en cours traitement analysde et 70.5%
(45% I 65,2-75,6) de |2 populztion ayant lintention déme raitée
indiguaient une supprassion, Lutlisation de différents seuils SARN viral
changeait bes proportions maortrant la supgression: 2 54% et 76k de la
population en cours de traitement aved des sewils ixds respeciivenment
3 plus de 300 et & 200 cogies ou micins dARM par mil, ot 2 78%, 71% ot
63% de |a populaten ayvant lntention d%tre traitée 3 des seuils frais
respectivenent 2 1 000, 3003 300, et & 200 copies ou moins par mL
Conclusion Les estimations globales de la suppression virale
ennegistrées apwds 12 mois de TAR dans les PRF indiquent que d'autres
programmes de TAR peuvent Btre utilisés pour définir des objectifs
réalistes et pour réaliser une modélisation prédictive. Evidenoe from
this review suggests that the current intemationzl t2rget — e viral
suppression in > 705 of the intention-to-treat population, with 2
threshold of 1000 copies per mil - should be revised upwards,

Pesome

BupycHaa cynnpeccua noone 12 MeCALEE aHTUPETPOBWPYCTHOWN TEPANUK B CTPAaHaX C HU3KUM W CPegHum

YPOoOBHEM QoXoga: CHCTEMATHYECKWIA Dﬁ%l-up

Lle.ﬂh [_‘]II.-;—_‘HK& ML TOTH BJI[J:,'L I-l;_;-:1 {_}-" IE2LUHH B O DGHGE O HEZKKMW K
CPENHMM vooaHaM 0oxo0a (CHCO) v NaUMeHToE, KOTOPLIE NRoWNK
AHTURETROEMRYCHYE Tepanuie (AFT) npoTHE nedekluM BupyCa
HMMYHOEEEHUMTE Yenose<a (B},

MeToge [aHHEE 0 BHEAYCHON CyNPEComm uepes 17 MecALSs Noong
Ha=ana AFT B CHCI Gunw cobpady M3 CTaTel, onyanvkoBaHHLX B
Nersa C 200300 2017 Moy W Te 00 DoENAGN0E HA KOHSEDEHL| A,
COCTORABWKECA & nepwogd ¢ 2009 no 2017 roge. B ka4yecree
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CHOOHER AaHHBEY ACNCNBI0BANKCE COBOKYNRES NPANOELWW
NH0ER, MNEHUEOWMY NEYEHAS W HIYEBLUY NEYEHHAES. Manenw co
CIYHAAHEAMA 2PHEKTAMIA ORI HONONS30BAHLE ONA FRTeROrEHHL
YN MOCNEACE3HWA 12 = 75%).

Peaynbrathi B uenom, 45 nocnefosasii, oxRatseaow 0y 48 koropt
M 30016 new, BENKY NPWEHIHE CODTEETCTEYIHLKM KEHTEQHAM
BENUEHWA. T NoporasK cynpaccui of 300 go 500 konwi
EWEIYCHOW PnBOHYKNEMHORCH KCnoma (PHE) K3 M0 nnasew, 34,3%
{35% QoBepWTENLHBd WuTepEan, OW: 804-87.9) oT CORO<yNHOH
ELGODKK NHHIER, NPOWSAWWE NEaHneE, 1 7,5% I:'Iiﬁ-:}i: .."l,l-"' a5, 2=
75,5} NIOLER, HAYABLLKY TEUEHHUE, NMDOABHNK NPWIHARA CyNDeCCli.
MCNon:30saqHe Apyrue NOROroe COJEPMaHKA BUpyCHEYE PHE
HAMEHHWNO NPCNOPUMA TEX, ¥ KOMD NPoORBNANKCE NpHWAHAKH
CYTIPECCAA: 00 B4% 1 78% NI, NO0LEOUSE NEHEHAE, © NOPOTam,
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WVETAHOBMNEHHBMY Bewe 3000 1 Ha YPOBHE WA HeEe vpoeds 200
¥l PHE Ha 1 wn, COOTBETCTESHHE, W A0 78%, 7 1% 1 63 % o7 ningeep,
HEHSBLIMA NEHEHIAE, © NGROaMI, WCTAHORMSH bW HA yDoERe 1000,
o7 300 no 500 @ 200 WIH MEHBIWKM KONMSSCTEOM KONHA Ha 1 M,
COOTBETCTREHHT,

Breiog, COSCHYTHAR OLSHHE BURYCHOR CyTPECCU, 380MKEAD0ESHHON
nocne 12 mecayes npoeegedsd APT B CHCLL, nok2aweaeT, 4To gna
NGCTAHOBKA DEANHCTHYHEX II.';-_"I'IE:"Jl W AR HORHON MOOENHRCEIHIMA
MOSHD WCNONEZ0EETE A0YTHE Noorpasmn APFT, JaHHpe W3 3Tors
q‘.a;'.r_mp.,-i NQEEONAKT COEN3TE BRBEGN O —e;?ﬁxu.umma-;'u MEpEeMOTEa
B CTOPOHY YESNWUEHMA TEKYLME MEXOYHIDOOHEY LENEEHX
NEKALATENSM, NPSIVCMATOMEIWHR BARYCHYR CYNDSCCM y 7%
N2, HAY3BLLAY NeysHre, C noporom 1000 Konra H3 1 an

Resumen

Supresidn viral tras 12 meses de terapia con antiretrovirales en paises de renta baja y media: una revision sistemdtica

Objetive Calcular 12 frecuenda de Iz supresion viral en pafses de
remtz baja y media (PREM] en pacientes que recibieron terapia
con antiretrovirales (TAR) parz tratar la infeccién por el virus de
inmuradeficiencia humana (VIH).

Métodos e recabaron datos sobre 13 supresidn viral tras 12 meses de
TAR basados en artiodlos publicados entre 2303 v 2011, asl como en
reslmengs de conferencizs gue 1avieron lugar entre 2009 y 201152
ermplearon proporciongs cormbinzdas entre poblzdones en tratamisnts
W Con intencidn de tratar coma estimaciones globales. S& usaran
modelos de afectos aleatorios para grupos de estudio heterogéneos
(12 > 75%).

Resultados En limezs ganerzles, 4% estudios gue irdluizn 48 cohortes
y 30 018 individues cumplieron los criterios de inclusidn. Bl B4,3%
(intervalo de confianza del 958, IC 804-87.9) del conjunto de la
poblacidn en tratamignto y el 705% (IC dal 853%: 63, 2-758) de |2

pobladdén con intencidn de tratar mostranon supresién con umbrales
para ka supresion de entre 300y 200 copias de Acido ribonudeioo viral
(RMA) por mi de plasma. El emipleo de diferentes umbrales virales AMA
cambid lzs proparciones qua indican supresidn: al 845 v 765 da la
pobiacitn en tratamientocon umbralas superiores a 300 v a o pordebajo
de 200 copias de ANA por mil, respectivaments, y 2 783, 71% y 65% de
la poblacicn con intencicn de tratar con umbrales fijados en 1000, 200
a 500y 200 o menaos copias por mil, respectivaments.

Conclusion Las estimacionses combinadas de supresidn viral que se
reqistraron tras 12 meses de TAR an FREM establecen gue pusden
emplezrse otros programas TAR para establecer objetivos realistas v
rgzlizar modelos de pradicaidn. Las constatadones dg esta revision
sugieran gue el objetivo intemadional en |z actuzlided — es deds, 12
suprasidn viral en > 70% de 12 pobladdn con intencidn de tratar, con
un umbral de 1000 copias por ml — debe revisarsa al alza.
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3.4 Pharmacy based adherence measures to assess
treatment and adherence to antiretroviral therapy.
Review of the literature and implications for treatment

monitoring
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INVITED ARTICLE BEGERFENNIE

Kanneth H. Mayer, Saction Editor

Pharmacy Adherence Measures to Assess
Adherence to Antiretroviral Therapy: Review of
the Literature and Implications for Treatment
Monitoring

James H. McMahon,'2 Michael R. Jordan25 Karen Kelley.® Silvia Bertagnolio,® Steven Y. Hong,' Christine A. Wanke,!
Sharon R. Lewin2*= and Julian H. Elliott345

Division of Geographic Madicing and |nfactious Dissszss, Tufts Madical Center, #Tufis University School of Medicine, Boston, Massachusatts,
fnfactious Disassas Unit, Afred Hospital, Victoria, *Dapartment of Medicing, Maonash University, S8urnet Instituts, Malbourne, Australiz, and
#Marld Health Organization, Seneva, Switzerand

Prescription or pill-based methods for estimating adherence to antiretroviral therapy (ART), pharmacy
adherence measures (FAMs), are objective estimates calonlated from routinely collected pharmacy data. We
conducted a literature review to evaluate FAMSs, including their association with virological and other clinical
outcomes, their efficacy compared with other adherence measures, and factors to consider when selecting
a PAM to monmitor adherence. PAMs were classified into 3 categories: medication possession ratio (MPR), pill
count (PC), and pill pick-up {PPU). Data exst to recommend PAMs over self-reported adherence. PAMs
consistently predicted patient outcomes, but additional studies are needed to determine the most predictive
PAM parameters. Current evidence suggests that shorter duration of adherence assessment (=6 months) and
use of PAMS to predict future outcomes may be less acourate. FAMSs which incorporate the number of days for
which ART was prescribed without the counting of remnant pills, are reasonable minimom-resource methods

to assess adherence to ART.

Since the introduction of combination anfiretroviral
therapy (AFT] in the mid-1950s, human immunodefi-
clency virus (HIV)-1 infected patients have experienced
decreasing levels of morbidity and martality in both high-
mmcome courtries (HITs) and low- and middle-income
countnes [LAICs) [1-3].

Successtul HIV treatment largely depends on patient
adherence to ART. Suboptimal adherence predicts vi-
rological failure [4-7], the development of HIV drug
resistance [8-10], and death [11-13]. Standardized,

Aemsivesd 27 Sepbember 2010; sccepbed 18 Novemsber 2090
Corespandente: Jasmes Mebishon, MO, Oiv of Geagraphic Medisine s
Irfsttinus Digtactes, Tufts Medical Gerter, BOO Wathington St, Basboe, MO 02111
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£ The fAutier 2001 . Pubifsked by Dofond Unrersisy Prect on babalf of the infectious
Dizestes Sacsty of Ameica. All dghts ressreed. For Permistions, plese e-mail
journal e ou. tom,

IE=-2830,2011,/524-0001537.00

DOk 101093 kid/cigl BT

simple, and routine cost-effective monitoring of ad-
herence is necessary to identify patients at risk of poar
outcomes who would benefit from targeted adherence
support [14]. Two simple methods for asseszing ad-
herence are patient self-report or prescription- or pill-
based adherence measures, referred to in this review as
“pharmacy adherence measures” [PAMs). Unlike pa-
tient self-reported adherchence, which can be affected by
recall or sodal desirability bias, FPAMSs are objective and
may be calculated from information rontinely available
in medical and pharmacy records [14].

The World Health Organization (WHO) recom-
mends the assezsment of adherence to ART with every
patient contact [15]. Despite these recommendations,
there is no consensus regarding the optimal method to
estimate individual- and population-level adherence to
AFRT [15, 16]. This review summarizes corrently avail-
able Imowledge on PAMs, identifies their strengths and
limitations, proposes factors to consider when selecting

HIV/AIDS # CIDF 201152 (15 February) * 433



a PAM to momitor adherence and predict treatment outcomes,
and 1demtifies areas for fture research.

DEFINITIONS AND SEARCH STRATEGY

PAMSs are prescription- or pill-based adherence estimates cal-
culated using dates of prescription refills andfor pil counts
performed during routine clinic visits. Importantly, PAM: do
not include self-reported measures, PCs performed outside of
routine clinic vi=ts (eg, unannounced PCs), monitoring of an-
tiretroviral drug levels or monitoring with electromic devices (eg,
electromic pill bottle [MEMS] caps). For purposes of danty, we
define the period of time over which individual patient adher-
ence is estimated as “the duration of adherence assessment.” In
addition, we identify 3 broad categories of PAMSs: MFPE, PC, and
PPU. Definitions and formulae used to calculate these adherence
estimates are provided in Table 1.

We searched PubMed, the Cochrane Database of
Systermatic Reviews, and the I5I Scentific Citation Index da-
tabases, using the terms “HIV" and “adherence™ or “com-
pliance,” together with “pharmacy,” “prescription,” “pill
count,” “medication possession,” or “pick-up,” for articles
published from inception until April 2010. We also searched
reference lists of all included studies. All English-language
publication: investigating associations between PAMSs and the
following outcomes of interest were included: virological
failure or suppression (ie, viral load greater or less than a de-
fined threshold), change in viral load, immunological failure,
HIV drug resistance, or mortality. Studies in which the out-
come of interest ocourred before the estimation of patient
adherence or in which estimates were calculated by combining
a PAL with an additional adherence measure were excluded.

Table 1.

Pharmacy-Based Adherence Measure (FAM) Categories

If different adherence analyses were published using data from
a single cohort, we selected the publication that provided the
most information. Because of marked study heterogeneity,

meta-analyses were not performed.

ASSOCIATION BETWEEN PAMs AND PATIENT
OUTCOMES

In total, we identified 36 studies that met our inclusion critera
12 from LWICs (Table 2) [4, 15, 17-28] and 24 from HICs
(Table 31 [10, 11, 27—48]. All IMIC studies were from sub-
Saharan Africa. Eight LMIC studies used MPR [4, 13, 17, 19—
23], 5 used PC [18, 25, 28], and 1 used FPU [24]. HIC studies
included 18 studies from North America, 5 from Europe, and 1
frorn Auwstralia Sixteen studies from HICs estimated adherence
using MFE [10, 11, 27, 29-32, 34, 3639, 41, 45, 47, 48], 5 used
PC [28, 33, 35, 40, 43], and 3 used PPU [42, 44, 48],

Association with Virolegical Outcomes

Twenty-seven (73%) of 36 studies reported virological out-
comes; 19 were from HICs [27-37, 3945, 48], and & were from
LMICs [4, 17, 18, 22-28]. PAMs= predicted virological failure in
14 (5% of 16 studies, virclogical suppression in 8§ (85%%) of 9
studies, and viral load change in 5 (80%) of 5 studies. Studies
conducted in LMICs generally assessed ART-naive populations
receiving nonnucleoside inhibitor
(WHETII)—contaiming regimens and demonstrated that PAWMs
were predictive of either virological failure or virological sup-
pression. In contrast, all studies demonstrating no assodation
between PAMSs and virclogical outcome were conducted in
HICs and assessed ART-experienced patiemts nsing smaller
sample sizes (=113 subjects; range, 40-113 subjects] [30, 31, 43,

reverse  transcriptase

PaM catagory Definition

Farmulae

Madication or drug
possession ratio

hes=uras the amount of time an
individual is in possession of 21 ARV
or prescriptions for the ARVs as a pro-

Numbar of days ARV prescribed or
dispansadinumber of days in tha
imarval

portion of the tima bebween 2 ARV

pick-ups ar prescrptions

1. (Mumbar of ARV pills dispensed —
numbar of ARV pills retumediynumber
of ARV pills dispensed

of pills dizspensed or as 8 proportion of 2_ {Mumber of days ARV pills dispenzed —

Fill count laasures the quantity of ARV gills an
individug! has used betwaen 2 ARV
pickups as a proportion of tha number
time batwaen pick-ups

Fill pickup haasures whethar an individual picks up

all or a majonty of their prescribad
ARVs and expressss the sdherence

numbar of days ARV pills returnad)f
numbar af days in the inbarval
_Whara “Adherent” = (ARY refills
picked up/ARV refills prescribed] =
predefined valua

gstimate in 8 dichotomous fashion 2. Whars "Adherent” = (ARV refills

[zame maasures require that ARV= be
pickad up on or bafora tha date the
previous ARV supply finishas).

picked up prior to previous refill
finighing/ARY refills prescribed} =
pradefined walua

Mote. ARV, antiretrowiral
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44] or estimated adherence over shorter durations of assessment
(4 weeks) [35].

Given the importance of PAMs in predicting wirological
failure or suppression, we considered ! important sources of
study heterogeneity: the duration of adherence assessment and
the temporal relationship between the adherence aszessment and
viral load testing.

The duration of adherence assessment was most commonly
the first & months [17, 22, 24, 51-33, 39, 40, 44] or 12 months
[17,27, 41, 48] after ART initiation but ranged widely (range, 1-
44 months). Al studies with a duration of adherence assessment
greater than & months demonstrated association with virological
failure or suppression [4, 17, 23, 23, 15, 217, 34, 36, 41, 48].
Howsver, only 11 (79%) of 14 studies demonstrated an asso-
ciation when the duration of adherence assessment was 1-&
momnths. Motably, associztions were maintained over shorter
durations of assessment (26 months) when larger sample sizes
were used (=115 subjects) [17, 18, 24, 26, 28, 52, 38, 42, 45, 49],
suggesting that studies that ivolved shorter durations of ad-
herence assessment or smaller sample sizes lack power to detect
statistically significant associations.

The time at which viral load was assessed varied and oc-
curred either at the end of the period of adherence asseszment
or at a future time point. Fourteen (88%] of 16 studies
demonstrated an assodation between FAMs and virological
failure or suppression at the end of adherence assessment [4,
17, 18, 2228, 30, 31, 33, 34, 36, 40], whereas in 5 (63%) of §
studies, PAMz were predictive of future outcomes (range, 1-
35 months after adherence assessment) [17, 22, 32, 39, 41, 42,
44, 48]. In I studies, PAMSs were found to be more predictive
of virological outcomes at the end of the period of adherence
assessment than at a future ime point. However, the duration
of adherence assessment used to predict the future outcome
was shorter in both studies, making it difficult to drasw further

conclusions [17, 22].

Aszzociation with Monvirological Dutcomes

All studies that assessed the assodation between PAMSs and CD4
cell count response demonstrated that lower levels of adherence
were assodated with a poorer CDM cell count responses [19-12,
17,31, 59, 42, 46, 47]. Of the 6 studies documenting assodation
between PANMs= and mortality [11, 15, 19, 20, 58, 39], all but 1
[10] demonstrated increasing mortality with lower levels of
adherence. In addition, 2 large studies that assessed African
treatment programs showed an aszociation between lower in-
dividual adherence and subsequent clazsification a= lost-to-
follow-up dunng the first 12 months after ART imbation [19] or
after a median of 7.7 months [20]. Importantly, authors of the
study in which PAMSs were assoqated with loss to follow-up and
not with mortality acknowledge that many subjects who were
lost to follovwe-up were likely to have died [20].

Data regarding the association between poor adherence to
AFRT, as estimated by PAMs and HIV drug resistance, were
lrmited. However, 2 studies that involved ART-narve patients
receiving MIMETI- or protease inhibitor [PI)-based regimens
[10, 28] demonstrated an assocation between adherence and

acquired HIV drug resistance.

Studies Assessing Pharmacy and Nonpharmacy Adherence
Measures

Ten studies documented PAMs and self-reported adherence and
their aszodations with virological outcomes. Both PAM= and
self-report measures were assodated with virological outcomes
in 3 studies; however, the superiority of one measure over the
other could not be inferred [26, 34, 37]. In 4 studies, PAMSs
predicted virological outcomes, whereas self-reported adherence
did mot [23, 24, 26, 37]. In 1 study that compared PAMs with
self-reported adherence using receiver operating characteristic
curves, the PAM was supenior to self-reported adherence (P <
A001) [40]. In contrast, self-reported adherence was supernor to
a PAM 1n 1 study [55] in which a 4-week PC assessment failed to
predict change mn viral load 12 weeks later, whereas improved
self-reported adherence measured at the later time point was
predictive of a viral load reduction. In 3 additional studies,
neither the PAMSs nor self-reported adherence predicted vire-
logical outcome [30, 43, 44].

Three stndies compared FAMSs with use of MEMS caps [35,
401, 43]. Better adherence by both measures predicted virological
suppreszion in 1 study [40], neither predicted viral load change
in & second stady [33], and only use of MEMS cap predicted
viral load change in the third [43].

In 3 studies [30, 35, 44] in which PAMs were not predictive of
virclogical outcome, antiretroviral plasma levels were zlzo de-
termined and found to be pradictive in only one [33].

Studies Assessing Different PAMs

Omly 1 study compared different PAMs by investigating 2 dif-
ferent PC measures—one incorporating time into the de-
nominator and the other without. Lower estimates of adherence
by both PC measures predicted virclogcal fallure at & and 12
months [26]. The ability of the 2 PAMSs to predict virological
failure was not directly compared; thus, superiority could not be
established Interestingly, the PC measure using time in the
denominator clazsified more individoals as nonadherent and
provided greater variability in adherence estimates.

PAM THRESHOLDS AND RELATIONSHIP TO
TREATMENT OUTCOMES

To identify patients at risk for suboptimal chimical or virclogical
response using PAMs, an understanding of the relationship
between adherence and outcomes, including potential adher-
ence thresholds or cutoffs, 15 essential. Studies commonly report
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adherence estimates dichotomously or across 53 strata. All
studies that stratifed adherence eshimates were reviewed to
identify potential threshold effects.

PAM Thresholds and Virological Outcomes

Historically, =%5% patient adherence to ART has been cited a=
the threshold to achieve virological suppression. This threshold
was based on a2 single study of ART-expenenced patients re-
Subsequent stondies hawve
suggested that adherence levels of =I93% are assocated with
virological suppression in & considerable proportion of patients
receiving NMETII or boosted-PI regimens [&, 28, 50]. Seven
studies using PAN:= with stratified adherence estimates [4, 15,
28,32, 38, 39, 41] failed to detect a threshold effect. Interestingly,
mm 2 stodies, when 100% adhersnce was used as the highest
stratum, no sigmfcant difference in the rate of viral rebound was
observed, compared with levels of adherence of 53%—59% [32]
and 90%—59% [4]; however, both studies reported decreased
risk of viral rebound for every 10 increase in adherence across
all strata. The ability of zome studies to detect a threshold efect
may have been limited by the fact that patients received different
ART regimens [32, 36, 39, 41]. However, 2 studies that assessed
only MIMETI-based regimens [4, 23] reported virological failure
rates of 29% at B0%e—93% adherence [23] and of ~25% at 800c—
9% adherence [4]. These cbhservations are consistent with
studies using self-reported adherhence, unannounced PCs, and
use of MEMS caps for patients recerving NINETI regimens in
which the majority of individuals had virclogical suppression
in adherence strata below 95% [&, 50].

ceiving unboosted-FI regimenz [7].

PAM Thresholds and Mortality

Four studies reported adherence across =3 strata and observed
a threshold effect for mortality. For individuals receiving pre-
dominantly WINETI [13, 19] or unboosted-FI regimens [ 38, 39,
=2 adherence strata above 708 [39], 73% [38], or 0% [13, 19]
did not differ in their ability to predict mortality, but lower
adherence strata did predict increased mortality. Importantly,
investigators atternpted to account for “reverse cansation” (1e,
cessation of ART becanse of reasons related to poor survival) by
using prolonged durations of adherence assessment before ob-
serving subjects for survival outcomes. On the basis of these
data, a threshold effect predicting increased mortality among
patients with a level of adherence of <80 noted by use of
PAN]s may serve as a potential target for adherence imter-
ventions, especally if avalable resources are imited.

PAM Thresholds and HIV Drug Resistance

Two studies described entirely [28] or predominantly (74% of
subjects] [10] ART-mamve populations who had received un-
boosted-FI regimens, with those who had adherence rates of
73%—90% having the highest risk for developing resistance.
Because of these limited findings, we were unable to draw

conclusions about adherence thresholds for the emergence of
HIV drug resistance. Importantly, no stadies exammned the
relationship between PAMs and drug resistant HIV in patients
exclusively receiving MINETI or boosted-FI regimens.

USE OF PAMS TO MONITOR ADHERENCE AND
TREATMENT OUTCOMES

FANs are ideally suited to monitoring adherence becauze they
are objective and can be easily derived from data routinely
collected for other purposes, such as clinical care, medication
billing, fulfillment of legal requirements, or drug supply man-
agement. Importantly, FAM= may overestimate actuzl pill taking
if individuals discard or share pills and, therefore, estimate
maximum possible adherence. In addition, FAMz do not pro-
vide information on patterns of nonadherence knowm to be
assocated with the development of resistance to WNNETI= [51,
52].

Deszpite their hmmitations, in settings in which frequent routine
viral load monitoring is not available, PAMs can play an im-
portant role in monitoring individual and population-level ad-
herence to ART. Although prospectrve studies of adherence
interventions and viral load testing targeted at patients with
lowrer levels of adherence, as determined by PAM=, have not
been reported, findings from 2 studies are optimistic [17, 36]. In
a study conducted in sub-3zharan Africa, FAMSs were superior
to CD'4 cell count critenia in predicting virological fallure, and
when PAMSs were performed before determinations of viral load
and CD4 cell count, PAMs were as acourate as CD4 cell count
changes in predicting virological failure. These results support
the use of PAMSs for potential identification of patients at nisk of
future virological fatlure [17]. In a second stady, which was from
Canada, analysis of repeated measures of adherence, which ac-
count for changes in adherence over time, predicted future viral
rebound [36], suggesting that routine surveillance of patient
adherence with PAWMs can be used to alert cimicans to poszible
future virological failure

Usze of PAMSs to monitor adherence requires the following
minimum data: ART regimen dispensed, date of dispensing, and
number of days of ART dispensed. Selection of a PAM wall
depend on availzble resources at a site or in @ program, as well as
2 local assessment of the strengths and limitations of different
FAMs. MPE estimates are the most studied and incorporate ime
in the denominator ( Table 1); thus, patients need to return to the
dizpensary before their medication finishes if taken 2= prescribed,
ta be considersd 100M% adherent. PC and PP measures that do
not incorporate time in the denominator (Table 1} may over-
estimate adherence, becanse patients may use all dispensed ART
but do zo over longer periods than intended. PC measures are
lrmited by the mncressed resources required to routinely count
and record remmnant pills at each dinic or pharmacy wisit. In
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addition, if patients do not bring all rermnant pills for counting
or share or lose pills, the rate of adherence will be overestimated.
Although PC measures may provide a more accurate assessment
of adherence by accounting for unused ART, to our knowledge,
no data comparing PC to non-PC PAMs are available FFU
measures are the least studied PAM. Unlike MFE and FC
measures, PPU estimates are dichotomous and, therefore, do not
provide a range of adherence, imiting their ability to identfy
individuzls in need of increased adherence support.

In the absence of data suggesting an advantage of PC over
non-PC measures, and considering the extra resources required
to count remnant pills, we do not suggest using PC measures.
Furthermore, measures incorporating the mumber of days for
which ART was prescribed in their defimition, such as MFPE and
some PPU, measures are likely to be the most informatove.
Avwailable data suggest that shorter durations of adherence as-
sessment (=6 months] may be less accurate at predicting viro-
logical outcome. Moreover, PAM: are more likelr to accurately
predict outcomes at the end of a period of adherence assessment
than at future time points. Not surprisingly, the balance of
studies suggests that PAMs are superior to self-reported ad-
herence in predicting virological outcome. Finally, a threshold
effect for mortality is observed at adherence levels of 70200,
In comtrast to virological outcomes, for which no adherence
thresholds were observed.

FAN-based adherence estimates can be used by pharmacists
and other health care providers to promote ART adhersnce.
Although the literature on pharmacist-directed interventions 1=
limited, pharmacy-based adherence interventions have success-
fully combined adherence education [53-35], tailoring regimens
to patient lifestyles [34, 58], and the management of adverse
drug reactions [35, 58], resulting in improved adherence [53, 54,
36] and improved virological [53, 35] and immunological [55]
response. Further investigation of these interventions 1s war-
ranted in HICs and in LMICs where stmilar interventions have
not been reported.

FUTURE RESEARCH NEEDS

Although many studies hawve assessed various PAM: and their
aszodations with clinical and virclogical outcomes, significant
gaps in our understanding remain. Fesearch is needed to
compare different PARM: in the zame population and against
other adherence measures and biomarkers, such as antiretroviral
levels in hair. In addition, the optimal duration of adherence
aszezsment remains to be clarified for differsnt clinical and vi-
rological ontcomes. Also, because the relationzhip between ad-
herence and virological outcomes varies over time [37] and by
regimmen [8, 5], studies should investigate the predictive value of
PAMSs in both ART-naive and :
cerving different regimens.

T-experienced patients re-

The potential benefit of PAMSs mcudes the identification of
individuals at risk for virological failure and undesirable treat-
ment outcomes. Prospective studies incorporating PAMs with
interventions designed to improve adherence, clinical outcome,
and virological outcome have not been reported but are neces-
sary if PAM = are to be used to optimize clinical care. Fezearchers
attempting to design such studies will face multiple challenges,
such as calculating accurate adherence estimates, devising tools
for climicians to easily interpret PAM results, and correctly ap-
phing interventions to at-risk patients.

CONCLUSIONS

Pharmacy-based methods for estimating adherence during
routine clinical care are heterogeneous, yet they predict viro-
logical and other clinical outcomes in the majonty of studies.
Limited comparative data suggest that PARs are likely superior
to self-reported adherence measures. Mevertheless, additional
studies are needed to danfy this inding and to identify which
PAM parameters are most predictive of chimeal or virclogical
outcomes and which measure is best suited to =ach treatment
setting. Available evidence suggests that PAM= are more accurate
in predicting current rather than future outcomes and that
PAMs applied over shorter durations of adherence aszezzment
(=&-monthz] are likely to be lezz predictive of cutcome than
FANs estimated over longer durations. In conclusion, available
data suggest that MFPE and PPU estimates, which indude the
number of days for which ART was prescribed, are appropriate

minimum-resource methods to assess patient adherence to

ART.
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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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4.2 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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Abstract Despite combination antiretroviral therapy
(ART), HIV infected people have higher mortality than
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Introduction

Low socioeconofnic stams (SES) has been associated with
increased mortality actoss many diseases including car-
diovascular disease, cancer, and other smoling related
condidons [1-3]. After the introduction of highly active
antiretroviral therapy (HAART) to indosmrialized countries
in 1995-1994, there were dramatic reductions in mortality
for those infected with HIV [4-6], bur data on the associ-
arion between SES and mortality has been inconsistent
over the course of the epidemic.

Prior to the introduction of HAART some smdies
reported no difference in survival based on SES [7-10] and
others reported increased mortality or disease progression
associated with low SES [11, 17]. During the HAART eta,
improved survival has been consistently linked with higher
5ES [9, 10, 13-17] but these studies are limited by the
imprecize assessment of SES. For example, SES for an
individual was established by taking neighborhood level
[9. 10, 14-16] ot county level [13] census derived SES data
such as median ineomme [10, 13-16] or a combined "SES
index™ [9] and applying this to the participant’s address at
the tme they entered the study population. In these smdies,
the titning of the census-block level SES data relative to
the tming of errollment and follow-up varied consider-
ably. For example, in one of the previous smdies [16],
a subject who entered in 1998 and died in 2004 would have
had 5ES approximated by medizn neighbothood income
from 2001 census dats, using the individual’s 1998 address.

As acknowledged by previons authors the ecological
assessment of SES has multiple possible litnitations
[2, 14-16]. It is possible that area SES data may not reflect
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ifdividual SES stamus: that area SES data obtained ar the
time of census may not accurately reflect area level SES
dara at the time of enrollment, and that if an individuals
residenice changes over tithe the address ar etwollinent may
ot accurately reflect SES over time.

The one smdy in the HAART era that did utilize an
individual measure of SES undertook one measurement of
SES at baseline and found an association berween low SES
and modtality [17]. This smdy was lindted by having no
biological marker of disease such as wviral load daa, or
repeated measnres of CDY counts. Also, despite being
petformed in the HAART era, only 22.9% of the subjects
were on HAART when the SES meazurement was taken.

Therefore, we investigated whether SES predicts mos-
tality in HIV infected persons in the HAART era using
prospective and individually collected data while control-
ling for possible confounding factors. To further undes-
stand this relationship we examined whether SES impacted
mortality directly or whether its impact was mediated
through other known predictors of death.

Methods
Smdy Population

We examined data from 872 participants enrolled in the
Mutrition for Healthy Living (NFHL) Smdy from 1995 to
2005. This is a prospective cohott smdy undertaken in the
greater Boston and Providence area o investigate the
effects of nurrirional stams on people infected with HIV.
Eligihle participants were HIV infected adules over
1B years of age. Pregnant wothen, people with diabetes,
thyroid disease of malighancies other than Kaposi sarcoma,
and those not fluent in English were excluded from the
study. Mortality information was ascertained by quarterly
review of the Massachnsetts and Rhode Island Registries of
Viral Records and Staristics and vearly searches of the
Manional Death Index. These registries were last reviewed
in Tune 2008 to capture all participant deaths occurting
through December 31, 2006, the date of censorship for this
study.

Climdcal and Laboratody Measuretneints

Participants were interviewed biananally to obtzin infos-
mation on clindeal stams, use of tecrearional drugs, soci-
odemographic  information and use of anciretroviral
therapy. HAART was defined as receipt of any of the
following regimens: two protease inhibitors, one protease
inhibitor and two mucleotide reverse-transcriptase inhibi-
tors (NETI), or one non-nucleotide reverse-transcriptase
inhibitor, and two NETIs. Individuals on triple NRTI

& Springer

regimens were classiiied as not being on HAART. Blood
was collected at each wvisit for biochemical and immuno-
logic testing: CD4™ cells were counted using flow cvtom-
ey, HIV BNA loads were measured by the Amplicor
Monitor ET-PCE. assay (Roche Molecular Systems) with a
lowet detection limit of 2.6 log, o copdesml (400 copies/ml)
and albuimin was measured by automated coloritnettic dyve-
binding methods (Beckman Coulter) and reported in g/dl.
Further details on data collection and subject selection for
the NFHL cohort have been previously reported. [18, 19].

Definition of SES and other Clinical Parameters

Poverty was defined as total household income below the
federal poverty line, which was adjusted anmually per the
United States census burean, or a personal annnal income
less than 510,000 [20]. Homeless was defined as an indi-
vidual not having a fixed and regular nighttime residence,
This inclnded living in a shelter or welfare hotel, or nsing
public and private places not normally nsed for sleeping
[21] or living in a boarding hovse. Hunger was defined
using guestions from the RadimerCornell scale thar
detfined individual hunger [22]). The questions used for the
cuorrent study are also consistent with the validarion of the
Radimer/Cornell measures performed by Keadsll er al
[23]. To meet these criteria a subject had to repoft going
withont food due o lack of money plus either: losing
weight due to lack of food, or the physical sensation of
hunger duc to lack of food. IF individuals identificd
themselves as smokers of cigarettes then they were con-
sidered active smokers, and if they had used intravenouns
drugs in the prior 6 months they were identified as active
IDU. Average daily aleohol consumprion was assessed as
part of a 3 days food record. Depression was assessed via
an B-itetn measute developed by Burnam et al., with seored
responses being entered into an algorithm to establish a
dichotomaons depression variable as per the original smdy
[24].

Statistical Analysis

Individual characteristics wese compared based o survival
stams. Chi-squate tests, Smdent’s f-tests, and Wilcoxon
rank-snm tests were used as appropriate.

Univariate Cox proportional hazards regression for all-
canse moftality was used to estimate unadjusted hazard
ratios for baseline variables. These were, SES measures
(hunger, homelessness, poverty, and education), detno-
graphics, mode of HIV transmission, harmfnl behaviors
(intravenous drug use [IDU], smoking, alechol), viral fac-
tors (CD4 counts, HIV wiral load), use of HAART,
depression, and albumin. Infermation on demographies,
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educarion, and mode of HIV infection were only collected
at baseline, unlike all other variables which were collected
ar each visit. Unadjusted hazard ratios were then estimated
using the Andersen-Gill extension to the Cox hazards
regression to account for covariates that may have changed
over time. We also tested the relationship between S5ES and
mortality, adjnsting for potenrial confounders with a mul-
tivariable Cox regression, with all variables significant to
the F < 0.2 level in univariate analvses being entered into
the model. The time varving form of the variable was used,
except for variables where only baseline informarion was
collected. Wariable selection was by stepwise elimination,
with  wvariables  not reaching  statistical  significance
(P = 0.03) being deleted from the model. We ran addi-
tiohial analyses to assess Whether there were mediating
variables between S5ES and mortality. All variables present
in the final multivariable Cox regression, excluding age and
any measures of SES irself, were considered to be potential
mediators, and were therefore selected as outcome vari-
ables for mixed model analyses. These mixed todels
examined whether baseline SES tneasures predicted
change in the selscted outcome. Investigators also con-
firmed there was a plausible association between SES and
the selected outcome variables before proceeding with the
mixed models. Also, mmltivariable Cox regression was
petformed that did aot include outcome  variables
emploved in mixed models, to examine the change in 5ES
parameters betweent models with and without these
potential mediators. For the mived models, we assumed
that missing data were missing at random (that is, narelated
to puteome), based on the typical reasons for missing visits,
including  difficulty obtaining transport. poor weather,
intercurrent illness, forgetting, incarceration, and having to
care for dependenrs. All analysis were conducted using
SAS version 9.1 (5A5 Institute, Cary, NC) with a 2-tailed
F ovalue 0005 or less indicating a statistically significant
aszociation.

Results

Table 1 shows the baseline characteristics of the partici-
pants by swrvival statns. There were 200 death: in the
cohort, giving a crode mortality rate of 23%, and median
duration of follow up in those that died was 54.8 months
(interquartile fange 28.9-83.0 months). Mean age of the
cohort was 402 £ 7.4 years. The participants who died
were older (41.5 ws. 39.9 yrs, P = 0.01) at their baseline
visit The smdy population was 36% white and had the
following HIV wansmission categories: men who have sex
with men only (MSM) 47%, only IDU 26%, heterosexnal
21%, both MSM and IDU 3%, and transfusion related or

undetermined 3%, Interestingly, there was no difference in
gender or race by survival stams. Gender, ethnicity, and
HIV transmission category were all highly reflective of the
HIV epidemic in Massachuserts and Ehode Island at the
time of the smdy [25-27]. Individuals who smoked (28%
va. 17%, P < 0.001) or used intravenous digs (40% wvs.
21%, F = 0.001) had higher mortalicy rates than those who
did not. Individuals who died had lower baseline median
CD4 counts (193 vs. 369, P -z 0.001), and albumin (3.9 vs.
4.1 gidl., P - 0.001); higher HIV log,, viral load (4.5 vs.
33, F = 0.001)

Unadjnsted Cox proportional harzards analyses for
bazeline and time varying covariates along with the final
multivariable analyvsis ate presented in Table 2. There was
significant evidence at the P - 0.001 level in both baseline
and time varying univariate analyvses that older age, higher
HIV wviral load, and lower CD4 counts, and albuimin, were
associated with inereased likelihood of death. An individ-
nal’s HIV wransmdssion categody was a predictor of death in
the uhivariate analysis (F - 0.001). When nsing the cate-
goty of heterosexnal sex only as a referent group there was
an increasing likelihood of death with the following cate-
goties; MSM only (HR 1.05), history of IDU and MSM
(HR 1.26), histoey of IDU only (1.96) and the highest
likelihood with a small group (n = 200 with either an
undetermined of ransfusion relared wransmission category
(HR 3.71). The high hazard ratio for this last category
likely reflects patients with conditions such as hemophilia
who acquired their infection early in the coufse of the HIV
epidetmic and who were possibly co-infected with other
blood borne vimses such as Hepatitis C. Consistent with
the chi-square analvses in Table 1, active IDU use (HE
232, P 0.001) and smoking (HE 1.81, P < 0.001) at the
baseline visit were predictive of death. The titme-varying
smoling variable predicted death in the nhivariate analysis
(HE 143 F =001), unlike actve IDU (HE 148,
P =023, but there was not significant evidence in the
pmultivariable model for either of these harmfnl behavior
variables predicting death. In univariate analvses HAART
at baseline was not predictive of death (HR 0.89,
P =045), but as a time-varying variable, HAART did
prediet a decreased risk of death (HR 0.73, P = 0.03).
However, being on HAART did not remain in the final
pmultivariable model. In the univariate analvses of baseline
measures of SES, there was significant evidence  that
homelessness, education level and poverty predictad death,
while univariate analysizs of tme-varying SES variables
demonstrated significant evidence of poverty and hunger
predicting death. The final muolivariable model showed
that older age (HR 1.06 per year) at baseline and increasing
HIV viral load (HR 1.36 pet log, o copies), and decreasing
CD4 counts (HRE 0997 per count/ml), and albumin
(HR 036 per g/dl): increased the likelihood of death
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Table 1 MFHL cohom

charzcteristics at baseling Effﬁm(ﬂ_sj E?PS‘?T'E’I P-value®
esn age in vesrs 415 £ 738 399+ 73 0.0l
Gender 0.64
Femals 50 (23.5) 192 (T6.2)
IMale 140 (22.4) 436 [T7.6)
Race 0.58
White 113 (23.5) 375 (76.5)
IMon whits 85 (21.9) 303 (T8.1)
HIV transmission category =0.001
Heterosewual 34 [15.3) 152 (82.7)
MSAI only 85 (20.4) 331 (79.6)
LS znd IDU 6 (227 71 (77.8)
DU only 57 (29.3) 162 (T0.7)
Note: Sample size varied based Other” 12 (60.0) 2 (40.0)
on missing data but no more Smoker =0.001
than 3% data missing, except Active 124 (27.4) 320 (T2.6)
::dma}[bﬁﬂ[":ﬁ;f] Nat Active 9 (17.0) 337 (33.0)
Values represent n (5% with thar mu <0001
charzcteristic), median (0Q1-03) Active 26 (40,00 39 (G0.0)
o mean * 5D Mot Active 169 (1.1} 632 (7.9
{capte‘;::l?al?;nﬁ:i: lE!—test HAART 004
{continuous normal distriboton) On HAART TR (15.4) 318 (20.5)
® Transfision relaed or Mot cn HAART 102 (25.5) 298 (74.5)
indeterminare DM, counts/ml 195 (65-364) 369 (216-360) =0.001
® ND Mot Detectzble. Lawer Logy, HIV viral load, copiesiml 4.5 (3.5-5.1 3.3 ND°—4.3) =0.001
limit of detection 2610, (400} gorpy athumin, gidl 3906 41+04 =0.001

copiesml

(all F < 0.001). Notably, one of the SES measures, pov-
erty, continued to significantly predict death (HRE 1530, F =
0.03) while controlling for age and the three time varving
covatiates known to predict mortality in HIV infected
individuals [3, 6, 28-30].

To explote whether measures of SES had an indirect
effect on mostality, CD¢ counts, albumin, and HIV viral
load, were exarmined as outcommes in a mixed model o see
if the markers of 5ES predicted the baseline level, or
change over tme, in these strong predictors of death
Table 3 shows the SE5 measures at baszeline that were
significant to the P < 0.03 level in predicting baseline
level and change in CD4 counts, albumin, of viral load in
the mixed models, Parameter estimates generated by the
mixed models and presented in this table are intarpreted as
follows. Estimates for the intercept indicate the degree o
which presence of the risk factor (e.g., hunger) raices or
lowers the baseline value of the outcome (e.g., CD4), and
estimates for the slope indicate the degree to which the
presence of the risk factor (e.g., college education) raises or
lowers the change in the outcome per month (e.g., change
in CD4 counts per month). In additton, Fig. 1 iz a
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schemmatic diagram, using the example of CDY counts, to
viznally aid the reader in interpreting the mixed model
parameter estimates for mtercept and slope.

For the mixed model outcome variable CDd, there was
significant evidence that; for those who reported hunger
at baseline the trajectory of their CD4 counts would be 89
cells lower at each time point cotnpared to those who did
not, and for individuals with a college education their
CD4 counts would increase by 1.04 cells per month
compared to those without this level of educadon. In
regard o albumin, there was significant evidence  for
multiple tneasures of SES to predict change in the
parameter estimate for the intercept. More specifically,
for participants who met the criteria for homelessness or
poverty at baseline, albumin measurements over ome
were 021 and 0.09 g/dl. lower, respectively, than in
those who did not, and for individuals with a college
education, albumin was 0.10 g/dL. higher Furthermore
there were no baseline measures of SES that significantly
predicted change in g/dL of albumin per month, denoting
no significant predictors of the slope for albumin. Lastly,
for the outcome variable HIV wviral load there was



ATDS Behav

Table 2 Unadjusted and Multivariable Cox proportions]l harards of mortality

Unzdjusted Hazard F-value Unadjosted Hazard ratic  P-valwe Mublivariable P-valoe
ratio for baseline dats for time varying data model Harard ratic
Age—increase by 1 year 1.03 0.001 106 =0.001
HIV transmission category =20.001 -
Heterosexmszl only 1.0
MSM only 1.05
IDTT z2nd WS 1.26
IDU only 1.95
Other® 371
Active IDLT 232 <0001 148 023 -
Active Smaoker 1.81 =0.001 143 0.01 -
CDd count—incresse by 1 cellfpl 0997 =0.001 0996 =0.001  0.997" =0.001
HIV WVirzl Load—increasze by 1 log,, 1.64 =0.001 178 =0.001  1.36° =0.001
copiesiml
Albumin—increase by 1 gfidlL 032 <0001 024 <0001 036 =0.001
COn HAART B9 0.45 073 0.03 -
Hunger® 1.07 0.31 213 <0001 -
Homeless® 1.78 0004 139 0.1z -
Poverty” 1.62 0001 1.68 <0001  1.50 0.03
College education gk 0.0z -
Note: Gender, race, alcohol, and depression were not significant to the P = 0.05 level in unadjusted analyzes
* Transfuzion related or indeterminate
® Time-varying
® Going without food due to lack of money, plus weight loss andfor hunger pengs due to lack of food
£ Not having a fixed and regular nighttime residence
® Total household income below federal poverty line or personal anmual income < 310,000
Table 3 Nixed effects model of CDd, zlbomin, and viral load over time (months) as predicted by SES
Diependent varizhble Independent variable Parameter estimate P-valoe
(strong predictor of mortslity) (SES meazure)
D count {cells/pl)
Intercept Baszeline Hunger® —E9.4 001
Slope College educated® 1.4 0.0
Albumin (g/dL)
Intercept Baszeline Homeless® —0.21 =10.001
Baseline Povertv® —0.09 0.0
College educated” 0.10 .01
Slope
Viral Load {logyo copies/ml)
Intercept Eazeline Hunges® 022 .05
Slope College educated” 0.005 0.01

* Going without food due to lack of money, plus weight loss andfor hunger pengs due to lack of food

¥ Have at lesst & college edncation

® Not having a fixed and regular nighttime residence

£ A household below federsl poverty line or personal annuosl income < 510,000

significant evidence that individuals who were hungry at
baseline had an HIV wviral load with a 0.22 log;q copies’
tnl higher trajectory, compared to those not hungry, and if
college educated there was significant evidence the wiral

load would decrease at 0,005 log,gcopies/ml per month
compared to those without a college education.

The multivariable Cox regression model that excloded
potential mediators (CD4, HIV wviral load, albumin)

&1 Springer
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Fig. 1 Schemsatic representation of differences in trajectory of CDM
over time as predicted by SES measures

Effeets (i
Model i

Fig. 2 Model summary—We smdied whether SES and other factors
directly predicted death viz Cox proportional hazards regression.
Mixed models were used to see if SES predicted chsnge in the
strongest predictors of desth from the Cox models (OO, albomin,
and HIV viral load)

selected age (HE 1.03), transmussion category (no HE
because defined as class variable). poverty (HR 1.6) and
hunger (HE. 1.7) as predicting mortality, all F - 0.035.

A graphical summary of the models uged in the analysis
is provided in Fig. 2 to illustrage SES directly predicting
death, and also having an indirect impact via CD4 counts,
albuman, and HIV viral load.

Discussion

This is the first study w examine the relationship between
SES and mortality in HIV infected people in the HAART
era using individual and repeated measures of SES. We
found that SES had a direct impact on mortality in models
that accounted for differences in HIV disease parameters
and age. Participants who met the US government defini-
tion of poverty in the interval before death were found to be
1.5 dmes as likely to die. As well as this direct effect,
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markers of SES such as hunger, education, poverty asd
homelessness have an impact through facrors found to be
strong predictors of death in this cohort; CD4 counts,
albumin, and HIV wiral load. Importantly, these three
parameters of HIV disease were also reposted as predictors
of death in other smdies of HIV infected subjects [3, 6,
28-30], and are routinely used by clinicians for padent
monitoring. The magnimde of the observed effects of SES
variables was considerable. CD4 counts were B9 cells
lower for individnals with hunger at baseline, and for a
subject with a college education at baseline CD4 counts
increased by one cell per month or 60 cells in 3 years.
Conceivably, individuals with low 5ES are mofe likely to
incnr oppormindstic infeetions or other complicarions of
immnnosuppression that accompany lower CD4 counts.
We found that poverty and hunger independently predictad
mortality in multivariable models without CD4, viral Ioad,
and albumin but hunger dropped out of the model when
these HIV parameters were added. Thus, part of the asso-
ciation between 5ES and mortality is mediated throngh its
relatiotiship with CD4 counts, viral load, and albusin.

Importantly, this 15 the first study i HIV mmfected
individuals to show that 5ES is associated with impaired
CD4, albumin, and viral load over time. These factors in
turm strongly predict death. The findings from this study are
consistenit with other smdies that low 5ES is associated
with increased mortality in HIV infected individoals in the
era of HAART [9, 10, 13-17], but differs by applying
repeated individual assessmenrs of SES and overcoming
acknowledged limitations of ecological assessments
[9, 14-16]. This work also extends on data from the pre-
HAART era where individoal baseline measures of SES
predicted clinical outcomes [11, 12], but considers the
influence of SES on mortality duning an era when climcal
outcomes have improved due o HAART [5, 6]. Futther-
more, this smdy 15 strengthened by having prospectively
collected SES measufements allowing us to obseive
changes in SES over time. This 15 i comparison to smdies
using single ecological measures of SES [9, 10, 13-16] such
as median personal income derived from neighbothood level
census data collected every five [31] of ten [32, 33] years, of
sitigle baseline measures of SES [11, 12, 17]. In addition,
smdies from the HAART era controlled for severity of dis-
ease by using single CD4 counts from the tme of diagnosis
of HIV [13], AIDS [9, 14], when comtnencing HAART
[15, 16] or the lowest kaown value [17] unlike thiz smdy
which used multiple CD4 measurements. The other benefit to
this method of assessing SES is that clinical and SES mea-
sures wetre obtained repeatedly over titne, enabling us to
examine whether 5ES impacted mortalicy through clinical
factors that were found to predict death.

The findings that SES directly predicts mortality while
controlling for markers of HIV disease severity, and also
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predicts change in CD4 coumts, viral load, and albusmin
ovet time are plansible. Individuals with low 5E5 can have
re-ordered priotities placing less importance off accessing
of maintaining medical care, and adequate nutrition i an
effort to deal with financial difficulties or unfulfilled food
and zhelter nesds [34]. Their HIV manageiment of mwutri-
tiphal stams may subsequently suffer leading to lower CD4
ot albumin, of higher viral load measurements, all three of
which are known tarkers of disease progression and
mortality in people with HIV infection [6, 29, 30, 35, 36].
Albumin is also considered 2 marker of chronde illness and
nmrritional stams [37]. Interestingly, markers of low SES
such as poverty wete found to predict mostality with
greater statistical significance than uwse of HAART in
unadjusted and adjusted anhalyses. This could be explained
by individuals with low SES not accessing HIV care, of
even if on HAART not being able to regularly maintain
therapy, comtributing to inereased mortality from HIV
aszociated conditions. Additionally, associations between
low S5ES, mental illness and drag nse [38] may lead o
increased non-HIV related mortality, regardless of HAART
use.

Along with the associarions reported in this smdy of
HIV positive subjects, seroprevalence smdies conducted in
Motth America have shown higher rates of HIV infection in
areas of low SES [30-41]. A North American HIV epi-
detmie more fornsed in areas of low SES is partienlarly
concerning When combined with findings from this and
other stmdies that SES predicts mortality in HIV positive
patients, Additionally these findings may zo some way 0
explaining the unexpected mortality stll evident in people
infected with HIV who ate on effective HAART therapy
[42, 43]. Thus, interventions aimed at itnproving SES could
have a considerable impact oh improving modtality in
people infected with HIV. These interventions may take the
form of food of transportation vouchers for individuals who
fit criteria for markers of low SES such as poverty,
emploving social workers of Ccase mahagers to assist
patients in obtaining available povernment subsidies or
suppodt to maintain medical and social service appodmne-
ments. Other strategies to alleviate poor outeomes of low
SES include shelter based interventions for those withous
pertnanent housing, and hartm reduction strategies for
individnals taking part in wasafe sex or drug use practices.

A limitation of this smdy is that it may not be gener-
alizable to all setrings due to regional and national differ-
ences in the epidemiology of HIV and the way which
health care 15 provided. It should be noted, however, that
government funding was available for HIV positive pet-
sons ih Massachnsetts and Rhode Island during the course
of the study who did not have medical insurance to receive
medical care, ART and other services throughout the
duration of the smdy [44). Despite this financial support,

individuals with low SES may stll have difficulty access-
ing care in this serting or settings of universal health care
[43]. Also, we did not wse a cause specific mortality
measure which may have better explained actors influ-
encing death in different sub-groups. That said, all canse
mortality is an accepted ontcome measure in a range of
clinical fields [46], incloding HIV clinical research [47],
and iz not affected by bias associared with incosrect
assignment of the canse of death [46, 48]. Another possible
limnitation is that of recall bias to establish total household
income for the poverty covariate in this smdy, although any
misclassification from this self report technigue is likely to
be considerably less compared with other ecological mea-
sures of household income such as neighborhood level
cetisns derived income data

Conclnsions

Our dara suggest that HIV infected individuals with ateri-
butes of low SES ate more likely to have inereased mor-
tality than those who are not living under these adverse
condidons. Our data alse indicate that SES factors increase
the risk of death through adverse effects on other strosg
predictors of mortality such as CD4 counts, albumin, and
HIV wviral load Despite HAART therapy, HIV infected
individuals who are poor, homeless, hungry, of have less
education, continne to have a higher risk of death. These
findings highlight the importance of being aware of and
addressing these issues in ouf patients as we work to
maximize chronic HIV care.
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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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Repeated Assessments of Food Security Predict CD4
Change in the Setting of Antiretroviral Therapy
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Sally Skinner, MA, 7 and Alice M. Tang, PhDY

Abstract: Food msecumty is highly prevalent in HlV-infect=d
populatons, =nd anslvess ubtlizing multple assessments of food
security to predict CI4 chenge are laclang. Five undred Ninety-foo
patismts with = 4 food secunty assessments wers  followed
prospectively. In the finsl model, for petisnts using antiretroviral
therapy, mncreases mm CD4 counts were on average 99.5 cells less for
mdividusls with st least 1 episode of food msecunty compared with
those consistently food secure (F <2 0.001). Other soclodemographic
factors were not predictrve. Bepeated assessments of food secunty are
potent predictors of treatment responss notwithstendme entiretrovieal
therapy uss. Potentisl mechamizms for this sssocistion sre proposed.

Key Words: antiretroviral therspy, food secunty, mmunclogical
Tesponse
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BACKGROUND

In 19590, an expert panel of the American Instimre of
Nutriion defined food insecurity as “existing whenever the
availability of nutritionally adequate and safe foods or the ability
to acquire acceprable foods in socially acceprable ways is limdred
or uncertain ™' North Ametican surveys of the general population
report a 9%—11% prevalence of food insecurity® In conitrast,
Hhv-infected populatdons consistently report food insecuriny at
higher rates as follows: Atlanta 52%° 53.11 Fratciseo 49%6% and
48% and T71% in 2 Canadian surveys™*

Characteristics of HIV-infected patients associated
with food insecurity include poverty, other markers of low
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sociceconotic statns (SES), intravenous dimg use (IDU), and
depression*” Within the zame cohort of HIV-infected
subjects as our present smdy, the MNutrition for Healthy
Living (NFHL) cohort, food insecure men were more Likely
to have a diet characterized by more fast food and less fruits
and vegetables® Additionally, food insecurity has been
associated with worse outcomes on antireoviral therapy,
including worse adherence, incomplete virological suppres-
siom, and lower survival **° Associations with immunoclog-
ical responses have oaly been reported cross-sectionally, and
analyses involving repeated measure of food security are not
reported 5% We examined the ability of multiple measures of
food security to predict CD4 T-cell response in the NFHL
cohort.

METHODS

We examined NFHL paricipants enrolled from 1995 w
2005 who completed 4 or move smdy visits. This prospective
cohort investigated the canses and consequences of autritional
and metabolic abnormalities on HIV-infected adults in the
Boston and Providence area. Individuals were excluded if they
were pregnant, dishetic, or suffering from thyroid disease or
cancet. Biannual smdy visits obtained information on clindeal
stams, dimg use, SES, and highly active antiretroviral therapry
(HAART)use. CD4™ T cells were counted using flow eytometry,
and HIV BINA was measured by the Amplicor Monitor reverse
transcriptase—polymerase chain reaction assay (Roche Molec-
ular Systems) with a lower detection limit of 2.6 log,, coples per
milliliter (400 copies'mL). Further details on data collection and
subject selection have been previeusly reported '™

Food Security was defined using the adult individual
food security seale questions originally derived by Radimer
et al'* but later modified by Kendall et al.** This scale included
3 questions “T eat less than I think T should because I don't
have enough money for food™, I can’t afford to ear propetly™,
and “T am often hu.ﬂgnf but T don’t eat because T also can't
afford enough for food”. The fourth question “'T eat the same
thing for several days in a row because I don’t have enough
money to buy different things™ was adapted by Eendall et al's
from the qualitative compotent of the adult household food
security scale ™ Subjects answering "Often tue™ or “Some-
times woe” to any guestion were food insecure for thar visit
For the dichotormous variable in this analysis, subjects who
were insecure on 1 or more visits were defined as food insecure
and those secure at every visit were defined as food secure. A
trichotomons variable was also created for subjects who were

| Acquir fmmune Defic Syndr = Volume 38, Mumber 1, September 1, 2011
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always food insecure, partially food insecure (insecure at =1
visit but not all visits), and always food secure. Thus, repeated
measures of food security were used to create food security
variables for this analysis. Poverty was defined as rotal
housshold income below the atnmal federal poverty line or
personal anmmal income below 510,000,

Baseline characteristics were comparad by food security
status. The 37, Stdent ¢ test, and Wilcoxon rank-sum tests
were usad as appropriate. Univariate and multvariate linear
regression was performed for the dependent variable CD4
T-cell change from baseline to last sudy visit. Independent
variables were as follows: age, gender, race {white or non-
white), cumulative vears of HAART at final study visit, history
of IDU up to final sdy visit, mean body mass index (BMI)
over period observed (=20, 20-25, =25 kg/m®). poverty at
final smdy visit, and food msecu.rm. {one of the variahles
as previously defined or baseline food insecurity). Variables
with F =2 0.2 in univariate analyses were entered into the
multivariate model. Variables not reaching staristical signif-
icatiee (P <2 0.05) were deleted from the model. A mulvivariate
model excluding participants who never received HAART was
performed as a sensitivity analysis. Interaction terms between
BMI categories and food security were examined A1l analyses
were cottiducted using SAS v0.2 (SAS Institate, Cary, NC).

RESULTS
Table 1 shows baseline characteristics of participants by
food security stams. The cohort comprised 592 subjects with
amean age of 40.6 = 7.5 years of whom 70% were male and
29% had a history of IDU. Two hundred seventeen (37%6) were
chronically food secure, and 375 (63%) were assessed as food

insecure on 1 or more occasions. Of the food insecure, 51
(14%) were insecure at every smdy visit, 137 (37%:) at 30% to
=2100% of visits, and 187 (30%) were insecure at <50% of
visits. Food secure individuals had shorter median duration of
follow-up [4.4 years (IQR: 2.9-7.4) versus 6.0 years (IQR:
3.3-T7.8), F = 0.01] and at baseline were less likely to have
a history of IDUT (14.8% vs. 47.7%, F < 0. I]Dl}a.ndhadlnuer
BMI (25.0 ws. 264, P — 0.01). Baseline CD4 Tecell counts
were 1ot sigﬂiﬁn::;ntl}r different between groups (311 vs. 342
cells/ul, P = 0.08).

Parameter estimates from regression models are pre-
sented in Table 2. Cummlative years of HAART was
significantly associated with a positive change in CD4 count
{41.3 cell greater change/additional vear of H_.!-u!.le whetreas
history of IDUL, not being white, poverry, and food insecusity
p-red.tu:ted negative changes in CD4 aver the period observed.
In the multivariate model using the dichotomous food
insecurity, variable cumulative HAART use remained a potent
predictor of CD4 change (40,3 cell greater change/addirional
vear of HAART, F < 0.001) with the only additional covariate
remaining in the model being food insecurity (99.5 cell less
change over the petiod observed P = 0.001). On the basis of
this model, a patient who was food secure and received 3 years
of HAART would expect a [—8.04 + (4036 X 5] = 194 CD4
cell increase, but if food msecure, only a [—5.04 + (40.36 X 3)
—89.52] = 94 CD4 cell increase. In an alternative multivariate
model where food security is trichotomized, those who were
partially and always insecure had similar parameter estimates
for CD4 change (1102, P < 0.001, and 95.1, P = 0.03, cells
less change, respectively). Additionally, baseline food securiry
was not predictive of CD4 change in mulrivatiate models. In
2 sensitivity analysis excluding 67 individuals who did not

TABLE 1. Baseline Characteristics

Food Secure, 217 (36.T)%

Dlean age i vears 417 = 84
Geader

Fesmale 40 (18.4)

Male 177 (Bl1.8)
HRace

Whita 169 (77.9)

MNon white 48 (212.1)
IDAT

Aptive or past IDUT 32 {14.8)

Mewver IDUT 185 (B5.3)
HAART

O HAART 112 (35.2)

Mot on HAART o1 {44.8)
BMI, kp'm 250 = 41
CT, countsiml 311 (1T6E
Logye HIV wigal load, copies'ml 34 MDE-4A)

Food Insecure, 375 (63.3) Total, 592 P

95 =83 406 =173 0.008
<0.001
136 (36.3) 176 (29.7)
239 (65.7) 416 (T0.3)
0,001
164 (43.7) 333 (56.3)
211 (56.3) 159 (43.5)
<0.001
179 (47.7) 11 {35.6)
196 (52.3) 351 (64.4)
0.08
163 (47.7) 275 (50.5)
179 (523 270 {42.5)
264 = 53 159 * 5.1 <0.001
342 (188-363) 332 {182-333) 0.08
3.5 (MDE—4.5) 34 (D345 0.38

Sample sire varied based on missing data but no more than 7% dafa missing, except for HAART nse (o = 545} and vimal load (o = 5530

Valnes Tepresant n (W with that characteristic]), madian (1-0)3), ar mean = 5T
*Food secu=e at all stdy visies.
FFood msecure at 1 or mone shedy visits.

£F vahies I {categorical), Smdenst r test (continnous nommal distribotion), Wilcoxoa ok sam t=st (cootimuous noonommal dismibotion).

SLower limit of detectica 2.6 log,. (400) copies per milliliter.
WD, not detectable.
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TABLE 2. Single and Multiple Linear Regression for C04 T Cell Change From Baseline to Final Study Visit

Undvartate Model Muldvariate Model Multvariate Model

Parameter Estdmate 1 Parameter Estlmate® r 2 Parameter Esdmatet P
Intercept -3 —&8.13
Age—ineseaze by 1 year 273 00w — — — —
Cunmlatrve years of HAART—increaze by 1 vesr 4134 ~=0.001 4036 ~=0.001 40.38 <001
Aptive of past IDUT —101.02 =001 — — — —
Gender (betnyg fernale) —41.98 014 — — — —
Rare (not being white) —a047 0.0z — — — —
Poverty at final visitE —30.77 ~=0.001 — — — —
Mean BMI > 258 Bef — — — —
Mean BMI 20-25 11.57 065 — — — —
Mean BMI < 20 —82133 016 — — — —
Food insecirs| —111.84 =001 —30 52 =0.001
Food aecared Bef Ref
Parially food neecunes —121.16 = 0.001 —100.18 <0001
Always food insecure®* —11045 001 —8507 003

“Drichoiomoas defindtion of food secarty.
TAlermative modsl using a michotomons defimition of food secarity

$Totzl honsehald imcoome below federal poverty Hme or personal anemal meome <2 10,000,

§Body mass mdex average over all stody wvisies in kgme.
Food insecore at 1 or more smdy visits

9Food secure at all shady visits.

#Focd insecore at 1 or more, but not all, shedy st

“*Food msecurne at all stody visits.

receive HAART, the multivariate model contained hoth
curmlative HAART (31.5 cell greater changeadditional year
of HAART, P =2 0.001), food insecurity (764 cell less change
over the period observed F — 0.004), and history of IDUT
(64.8 cell less change over the period observed P — 0.02)
There was no evidence of interaction between BMI categories
and food security in multivariate models.

DISCUSSION

This is the first study to describe the predictive ability
of food insecurity on changes in CDW counts over time in an
HIv-infected population and the first study to document
clinical outcomes with repeated measures of food securicy.
These ohservations persist while controlling for duration of
HAART use and SES variables (poverty, race, and IDU) that
have been previously smdied within this and other observa-
tiomal cohores 5

First, this smdy demonstrates an astonishing rate of
food insecurity in this HIV-infected cohort, the composition of
which reflects the epidemic as it currently exists. Further, this
study reveals mulriple baseline characteristies associated with
food insecurity, not all of which are consistent with previous
reports. HAART, CD4, and HIV viral load at baseline were not
significantly associated with food insecurity, in contrast to
a history of IDU, being female and non-white, which were all
significantly mote prevalent in the food insecure. Sitnilar
associations berween food security stams and IDU or gender
have been reported in a Canadian cohort™® but not elsewhere
for HTVuinfected individuals®” Baseline BMI was higher in
this study for food insecure subjects, a finding not replicated in
HIV-infected populations but reported in non—HIV-infected
subjects '*® The finding of elevated BMI is consistent with

62 | wwnw jaids.com

prior data from this cohott where food insecure individuals
consumed more fast food than the food secure ®

Mot surprisingly, cummlative yvears of HAART strongly
predicted CDd response in univariate and multivariace
regression models. The parameter estimate of a roughly 40
cell increase in CD4 count per vesr of HAART is consistent
with other large observational cohotts over similar periods of
follow-up ™= Importantly, individuals meeting criteria for
food insecurity as defined here could have a 100 CD4 T-cell
count deficit even in the setting of HAART. Therefore, it is
plausible that food insecure individuals are at increased risk
for opportunistie infections and other complications of lower
CDd. Furthermore, the finding that partally and chronically
insecure individuals have a similar negative impact on CD4
response suggests thar repeated assessments of food security
status to detect even a single assessment of insecurity could be
important to identify individuals at risk for poor mmunolog-
ical ourcomes. The finding of high levels of food insecurity in
this and other HIV-infected cohotrts combined with the
deleterious impact on imrmunological outcomes may explain
why some individuals experience more HIV-related compli-
cations and increased mortality despite HAART ™ It is also
noteworthy that using baseline food securiy stams alone was
not predictive of CD4 change, suggesting that regular
assessments of food security status are more accurate to
detect individuals at risk for poor treatment outcomes. Using
the CDMd change outcottie hot only allows us to examine how
food security predicts weatment response over time, but also to
account for potential differences in baseline CD4 previously
repotted in cross-sectional analyses **7 In contrast to previous
data_ baseline CD4 in this cohort did not differ by food security
stamus, with cnly a trend (P = 0.08) toward higher baseline CD4
in the food insecure. Reasons for this trend are unclear but

& 2011 Lippincon Willioms & Wilkins
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could reflect a longer doration of infection for individuals
infected earlier in the course of the US epidetnie, such as men
who have sex with men_

The techanism by which these associatons are

mediated is unclear, but several possibilities exist Food
insecurity may be a marker of poor access to care, potentially
leading to inadequate therapy and subsequent poor itrgnuno-
logical response. Food insecurity may also be associated with
the presence of sociobehavioral issnes such as depression,
high risk sexual behavior, drug use, and recent incarcera-
tion, ™ which may manifest as poor adherence™** leading to
lower CD4. Notably, food insecurity has been linked with poor
adherence due to fear of antiretroviral toxicity in the absence
of food and the competing demands between food and
resources to obtain health care 7 Finally, food insecurity may
influence nutriional gqualiy. As previously mentioned food
insecure participants consumed more fast foods and less fiuit
and vegetables® Micronutrient deficiencies have been asso-
clated with lower CD4.* whereas nmltivitamin supplemen-
tation has been feported o improve  imivmnological
responses.”® Thus, poor quality diet could conceivably itnpact
CD4 response via micromutrient deficiencies. Last, a combi-
nation of both social and nutritional issues may underlie the
mechanism of this association.

This smdy had several strengths and limitations. Food

security stams was assessed ar every smdy visit but to be
insecure for this analvsis, subjects had to complete at least 4
smudy visite and be insecure on 1 or more occasions. This
definition of food security status was a robust predictor of CD4
change implying that chronically food secure individuals are

a

distinet population for improved treatment response

compared with those with one of more episodes of food
insecurity over multiple years. In addition, conwolling for
HAART and factors associated with low SES allows us to draw
additional inference about food security as an independent
predictor of weatment cutcomes. A limitation of this sdy is
that it may not be generalizable to all settings due to regional
differetices in HIV epidemdology. Howevet, govertumnent
funding was available for HIV-infected patients to receive
medical care and antretroviral therapy throughout the smudy.™

In summary, food insecurity is a potent predictor of poor

immunological response even ih the setting of HAART
Fepgular assessments to identify food insecure individuals and
interventons to alleviate food insecuriy could prove valuable
o improve imemmelogical outcomes for a large number of
individuals living with HIV.
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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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Abstract

Operational research to identify factors predicting poor clinical outcomes are critical to maximize patient
care and prolong first-line regimens for those receiving free antiretroviral therapy (ART) in India. We
sought to identify social or clinical factors amenable to intervention that predict virological outcomes
after 12 months ART. We examined a retrospective cohort of consecutive adults initiating free non-
nucleoside reverse transeriptase inhibitor based regimens. Individuals remaining in care 12 months post
ART initiation were tested for HIV viral load, and surveved to identify barriers and facilitators to
adherence, and to determine clinic travel times and associated costs. Uni- and multivariate logistic
regression identified factors predicting HIV viral load =200 copies/mL after 12 months of ART. Of 230
adults initiating ART 10% of patients died, 8% transferred out, 3% were lost to follow-up and 174230
(76%) completed 12 months of ART, the questionnaire and viral load testing. HIV viral load was <200
copies’'mL in 140/174 (80%) patients. In multivariate models being busy with work or caring for others
(OR 2.9, p=.01), having clinic transport times = 3 hours (OR 3.0, p=102) and alcohol use (OR 4.8, p=103)
predicted viral load =200 copies/mL after 12 months of ART. Clinical outcomes following ART are
related to programmatic factors such as prolonged travel time and individual factors such as being busy
with family or using alcohol. Simple interventions that alter these factors should be evaluated to improve

clinical outcomes for populations receiving free ART in similar settings.



Targets for intervention to improve outcomes on ART, Tamil Nadu, India

Background

The Wational ATDS Control Organisation (NACO) of India estimates that approximately 2.4
million people in India are living with HIV. Since 2004 NACO has rapidly scaled up access to free
antiretroviral therapy (ART) (NACO, 2011) and as of Janvary 2012 over 480,000 people are receiving
free ART through NACO funded centers or programs (NACO, 2007, 2012). The identification of factors
that predict poor virological outcomes and which are also amenable to intervention represents a critical
unmet need for ART programs in India and other low-middle income countries (LMICs) where viral load
testing 1z not routine (NACO, 2007). Identification and increasing support for individuals at risk of poor
virological outcomes has the potential to prevent treatment failure and HIV related mortality, and
maintain the efficacy of available first line ART (Chi et al., 2009; Nachega et al., 2006; Simoni, Amico,
Smuith, & Nelson, 2010; Thompszon et al., 2012). This is particularly important in countries such as India
where switching to second line therapies may be difficult due to increased cost, complexity, and lack of
forther treatment options (Elliott et al., 2008).

Low adherence to ART predicts poor virological outcomes in a wide range of settings
(Bangsberg, 2006; Meszou et al, 2011; Nachega et al., 2007; Nievwkerk & Oort, 2005). In India ART
adherence has been assessed by both quantitative and qualitative studies and has identified major barriers
to ART adherence including: stisma ART side effects, depression, co-morbidities and costs of care
(Anuradha et al., 2012; Kumarasamy et al., 2005; Sarna et al., 2008; Shah et al., 2007; Shet et al., 2011;
Vallabhaneni, Chandy, Hevlen, & Ekstrand, 2011; Wanchu, Kaur, Bambery, & Singh, 2007). Important
identified facilitators of adherence included the presence of social supports, having reminders to take
medications, good mental health and perceived benefits of adherence to overall health and management of
HIV disease {Anuradha et al | 2012; Kumarasamy et al., 2003; Shah et al., 2007). Of theze studies
reporting barriers or facilitators to adherence in India only two cohorts reported virological outcomes but
thev did not report associations between adherence barriers and viral load. Instead these two cohorts
reported associations of viral load with patterns of self reported adherence (Shah et al., 2007; Shet et al |

2011; Vallabhaneni et al., 2011), cost of ART in a setting where patients paid for ART and whether the



Targets for intervention to improve outcomes on ART, Tamil Nadu, India

patients received three or more antiretrovirals (Shah et al., 2007). Therefore studies reporting
associations between HIV viral load and different barriers and facilitators to adherence are not available
in India which is important as these factors represent ideal targets for intervention to improve virological
outcomes for the large number of people receiving free ART in India

We therefore sought to identify factors that predict virelogic outcomes in a clinic providing free
ART but where viral load testing iz not routinely performed. The objective of this study was to identify
individual or programmatic factors predicting virological outcomes that could be targeted for intervention

in this setting.

Methods
Population

The study was conducted at the ACC-NACO sponsored ART Clinic at Christian Medical College
(ACTFIDY), Vellore, Tamil Nadu. This site is a public-private clinic where patients receive free clinical
care and ART via the government sponsored NACO program. Clinics of this nature started after NACO
recognized that many non-governmental and private organizations could continue providing ART
services of a high standard and contribute towards NACO’s goal of providing free ART to all eligible
people living with HIV in India (NACO, 2007). The site is one of 5 providing free government sponsored
ART in the Vellore district (population 3.5 million) and one of 36 sites in Tamil Nadu (population 62.4
million) which is considered a high prevalence state (2007 prevalence 0.34%) ("2001 Census - Tamil
Nadu," 2001; ITPS, 2007; NACO, 2011). Additionally, the clinic cares for some patients from the nearby
higher prevalence {0.97%) state of Andra Pradesh. Within the clinic there is a dedicated pharmacy and
pharmacist to dispense ART. Patients attended the clinic monthly for a medical review and to pick-up
ART and can nominate one person as a supporter to pick-up ART if thev are not able to attend.
Design

The study was a retrospective cohott of consecutive adults initiating ART followed by a survey
and HIV viral load measurement performed on patients remaining in care 12 months after ART initiation.

5
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Patients were recruited from October 2009, until October 2010. Patients were eligible for inclusion if they
were aged 18 vears or older and initiating first line ART at the site per national guidelines (all non-
nucleoside reverse transcriptase inhibitor [NNETI] based regimens) (WACO, 2007). Individuals
transferred in from other sites {government or private) with transfer records and patients who had
previously stopped ART at the site and who were re-starting were excluded. Individuals not transferring
in on ART but with prior antiretroviral exposure (e.g. prevention of mother to child transmission,
informal exposure) were eligible for inclusion. The 12 month survey assessed facilitators and barriers to
ART adherence based on previously reported literature within India (Kumarasamy et al | 2005; Sarna et
al., 2008; Shah et al., 2007; Wanchu et al., 2007) and other LMICs (Mills et al., 2006). These included
adherence barriers (e.g., busy with other activities, lowered mood), costs (transport factors, lost wages,
mncome), clinic wait times, physical symptoms, adherence reminders and substance use (alcohol,
cigarettes, other drugs). Additional questions assessing social capital were incloded due fo its important
relationship to ART adherence outside India (Ware et al., 2009). Core questions assessing “groups and
networks’ and “collective action and cooperation’ domains of social capital were included ("The World
Bank - Measuring Social Capital,” 2009). The survey was originally written in English, translated into
Tamil or Telugu and independently back-translated into English to ensure accuracy. To ensure the
meaning of the questions was maintained any discrepancies between the original and back translated
versions of the survey were clarified by the primary investigator, the translation and back translation
teams. All patients completing 12 months ART provided written informed consent and the survey was
administered in local languages by trained research nurses experienced in counseling and treatment of
HIV. The study was approved by the institutional review boards at the study and collaborating sites.
Procedures

Consecutive individuals who had started ART after August 20, 2008, were identified during a
routing clinic visit 11 — 15 months after ART start. This range was used to allow for all consecutive
starters to be included but who may not have necessarily attended in person every month to pick-up ART.

Patients were defined as lost to follow-up at 12 months if they had not attended the clinic or picked up
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ART within 20 days of their last missed appointment. Patients who missed scheduled appointments were
traced by phone (3 attempts), and physically if phone tracing failed fo ascertain an outcome. Baseling
clinical and demographic data were abstracted from clinical records and data on ART dispensing from
pharmacy records. HIV viral load testing { Artus HIV-1 RT-PCE. [Qiagen]) was performed on blood
drawn on the day of the survey and a viral load threshold of 200 copies/mL was used as the outcome,
based on data that viral load blips are rarely above this threshold (Nettles et al | 2005).
Analysis

Baseline characteristics were compared by viral load outcome for the individuals assessed 12
months after ART start. The ;{], Fisher’s exact, Student t test, and Wilcoxon rank-sum tests were used as
appropriate. Univariate and multivariate logistic regression for a detectable viral load estimated odds
ratios for different predictor variables. These were: age, gender, adherence barriers and facilitators as
previously described and ART regimen. Variables with p <0.2 in univariate analyses were enfered into the
multivariate models. Variables not reaching statistical significance (p <0.05) were deleted from the
model. Age and gender were considered as potential confounders and refained in final multivariate
models. Validation of goodness-of-fit was via the Hosmer-Lemeshow test with a p =0.05 indicating an

appropriate fit. All analyses were conducted using SAS w22 (SAS Institute, Cary, NC).

Results

Two hundred and thirty consecutive individuals were identified at baseline and at 12 months 77%
(177/230) were alive and on ART, 10% died (median 108 days after ART initiation), 8% transferred care
to a different site, 5% were lost to follow-up and no patients had switched to second line therapy.
Participants were predominantly male {61%) and reported acquisition via heterosexual sex (B8%). At
baseline, median CD4 T-cell count was146 cells/microl., 36% were classified as WHO 5tage IILTV and
all individuals were prescribed an appropriate regimen as per recommendations in the national guidelines
(Table 1). There were a small proportion of individuals positive for Hepatitis B surface antigen {§%) and

consistent with reported transmission categories no patients tested positive for Hepatitiz C antibody. For
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individuals on treatment at 12 months, 80% (140/174) had HIV viral load < 200 copies/'mL. Baseline
characteristics were not significantly different when stratified by viral load outcome, although there was a
trend (p=0.08) for virological suppression in married individuals Apart from baseline measures in Table 1
other assessments of socioeconomic status (SES) at 12 months revealed median family monthly income
of 3000 Es. (~560 USD) and 74% of patients were in the lowest 2 (lower and upper lower) of 5 SES
categories of the modified Kuppuswamy index (Mishra & Singh, 2003).

Parameter estimates from regression models are presented in Table 2. A detectable viral load at
12 months was associated with being busy doing other things, feeling depressed, transport time, the
perception of transport as a barrier to clinic attendance and alcohol use in univariate models (all p=.05). In
the multivariate model being busy (OR 2.9, p=<01), alcohol use (OR 4.8, p=.03) and transport time = 3

hours (OR 3.0, p=.02) remained predictive.

Discussion

This study has identified several factors predictive of poor virological outcomes that are
amenable to intervention. Patients who reported often being busy with family or work, or had travel times
to clinic more than 3 hours had 3 times the odds of a detectable viral load after 12 months of ART.
Additionally reporting anv history of alechol use in the previous month resulted in 5 times the odds of a
detectable viral load after 12 months of ART.

The finding that individuals with high clinic travel times had higher viral loads represents the first
report of transport predicting worse virological outcomes for patients receiving ART. In African settings
transport (Mills et al., 2006) and its associated costs (Duff, Kipp, Wild, Rubaale, & Okech-Ojony, 2010;
Hardon et al., 2007; Tuller et al., 20107 have been reported as a barrier to adherence, but it has not been
known whether this is an important determinate of treatment outcomes in India where transport
infrastructure is better than many LMICs. In addition we found that transport time as a perceived barrier
to attending clinic significantly predicted virological response in the univariate analysis but was not

significant in the multivariate analysis and we found that transport costs did not predict virological
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outcomes in either analysis. These results suggest that actual travel time is a more potent predictor of
virological outcomes as compared to the patient’s perception that travel time is a barrier or the costs of
transport. Furthermore, the 3 hour threshold is of interest as 6 or fewer hours of travel plus a clinic visit
are likely to be completed in one day as compared to total travel times above 0 hours. Taken together
these findings argue for further decentralization as a programmatic level intervention to improve access to
ART services. Decentralizing ART services so they are closer to people’s homes means care has to be
relocated to smaller and more remote ART sites. In addition the responsibility of providing care has to
move from doctors to nurses, or other paramedical staff Maintaining quality of care across a larger
number of sites of different size and health care specialization represents a challenge for ART programs
but successful outcomes after decentralization of ART services have been reported outside India (Bedelu,
Ford, Hilderbrand, & Eeuter, 2007; Massaquoi et al., 2009; Mutevedzi et al., 2010). Furthermore, these
data suggest that anv difficulties encountered by decentralization may be overcome by improvements in
virological outcomes associated with decreased travel times.

Individuals who report often being busy with duties such as caring for others or working, and
individuals who reported alcohol consumption had worse virological outcomes and demonstrate how
these factors interfere with regular pill taking behavior. Interventions for individuals that report being
excessively busy caring for others of with work commitments have not been reported but interventions
recommended to support adherence and improve virological outcomes in general populations warrant
consideration. Examples include ART regimen simplification, increased peer support and individual or
group adherence counseling (Thompson et al., 2012). The finding of alcohol intake as a predictor is of
particular importance considering other data from India linking alcohol use to poor ART adherence
(Venlatesh et al., 2010) and risk taking behaviours amongst men who have sex with men (Mimiaga et al |
2011). A randomized clinical trial in individuals receiving ART with hazardous alcohol consumption in
North America of motivational interviewing and cognitive behavioral training led to improved adherence,
virological and immunological outcomes and highlights the potential benefits of interventions for

individuals receiving ART with increased alcohol intake (Parsons, Golub, Rosof, & Holder, 2007).
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Increased screening at baseline and while on ART for factors such as alcohol intake or being excessively
busy with work or caring for family members can lead to clinician or peer based interventions to improve
outcomes for patients receiving first line ART in India.

We also attempted to assess markers of social capital due to qualitative research in Africa
describing social capital as critical to adherence (Ware et al., 2009). Using World Bank markers of social
capital validated in multiple LMICs {"The World Bank - Measuring Social Capital " 2009), although not
specific to the context of HIV, we found no firm link between social capital and virological outcomes.
This may be explained by not appropriately exploring domains of social capital as described in the
literature (Ware et al., 2009), or not appropriately contextualizing the social capital survey items to the
local situation. Alternatively social capital may not truly be as important as the other factors identified in
this study if social relationships or obligations that underpin adherence to ART in sub-Saharan Africa are
potentially not as strong in India. Considering our findings and the importance of links between social
capital and ART adherence (Bangsberg & Deeks, 2010) this relationship warrants further research in
settings outside sub-Saharan Africa.

It 15 unclear how broadly generalizable the findings of this study are to different regions of India
and other LMICs. Our finding of 80% virological suppression is consistent with other LMIC cohorts
using single viral load results at similar thresholds (100-300 copies/'mL) documenting 71-79% virological
suppression after 12 months ART (Hegazi, Bailey, Ahadzie, Alabi, & Peterson, 2010; Lyvagoba et al,,
2010; Messou et al., 2011). In addition we found 12 month mortality (10%) and lost to follow up (LTFL)
(5%) figures consistent with some LMIC cohorts (Braitstein et al., 2006; Mutevedzi et al., 2010; Palombi
et al., 2009) but LTFU figures that are lower than other sites in India who report 14-32% LTFU after 12
months ART (Hingankar et al., 2012; Sharma et al., 2010; Tassie et al., 2010). The lower LTFU rates
seen in our study compared to other Indian sites may reflect the improved classification of individuals
with unknown outcomes in our study due to tracing of lost patients by phone or physically to their homes

(McMahon, Elliott, Hong, & Jordan, 2012).
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Conclusions

This study identified multiple factors predicting a detectable viral load after 12 months of ART.
Important factors such as prolonged travel times, individoals reporting busy schedules, or use of alcohol
serve as programmatic or individual level targets for interventions such as decentralization of ART
services or increased screening and support for patients reporting aleohol use. Studies to evaluate these
interventions are critical to improve clinical outcomes for people receiving ART in the public health

model of care in India.

11
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Table 1. Baseline characteristic stratified by detectable viral load

Total Viral load <200  Viral load = 200 B

Baseline characteristic (m=174)  copies/mL (n=140) copies/mL (n=34) value
Age 383+87 385287 373293 0.5
Gender Male 105 (60.7) 84 (60.4) 21(61.8) 0s
Female 62 (39.3) 35 (39.6) 13 (38.2)
Heterosexual 136 (87.7) 108 (87.1) 28 (90.3)
Transmission Risk Factor MSM 2(1.3) 2(1.6) 0 0.5
Other 13 (8.4) 10 (2.0) 3(9.7)
Non-literate 31(19.4) 25 (19.5) 6 (18.8)
Education level Primary School 43 (26.9) 34 (26.6) 9 (28.1) os
Secondary School 63 (42.3) 36 (43.8) 12 (37.3)
College 12 (11.3) 13 (10.2) 5(15.6)
No 53 (33.3) 45 (44.4) 9 (20.0)
Employed 0.5
Yes 106 (66.7) 84 (65.6) 22(71.00
Single / Separated /
Marital Statas p mfw Df:i““ 50 (29.0) 36 (25.9) 14 (41.2) 0.08
Married 123 (71.1) 103 (74.1) 20(58.8)
None 160 (97.0) 130 (97.7) 30 (93.4)
Previous ARV exposure  PMTCT 2(1.2) 2(1.5) 0 0.13
ART 3(1.8) 1(0.8) 2(6.3)
_ B LTI 74 (42.5) 38 (41.4) 16 (47.1)
f’:;:‘“ WHO clinical "1y 38 (21.8) 30 (21.4) 8 (23.3) 0.7
IV 62 (33.6) 52 (37.1) 10 (29.4)
Weight (kg) 540=11.9 33.8+10.8 346+ 113 0.7
Anti-tuberculous No 131 (76.6) 104 (75.4) 27 (81.8) 0
treatment Yes 40 (23.4) 34 (24.6) 6(18.2) :
Opportunistic infections ~ No 144 (82.8) 114 (81.4) 30 (88.2) 03
excluding tuberculosis Yes 30(17.2) 26 (18.6) 4(11.8) )
D4TATC/NVP 78 (44.8) 39 (42.1) 19 (53.9)
i AZT/ATC/NVE 58 (33.3) 49 (35.0) 9 (26.5)
ART regimen - 0.3
DAT/3TC + EFV 27 (15.5) 22(15.7) 5(14.7)
AZT/3TC + EFV 11 (6.3) 10 (7.1) 1(2.9)
CD4 (cells/microL) 146 (77-202) 142 (73-201) 159 (81-219) 0.5
HepBsAg positive 9 (6.0) 6(5.0) 3 (10.0) 0.4

NOTE: MSM, men who have sex with men; ARV, antiretroviral; PMTCT, prevention of mother to child
transmizsion; ART, antiretroviral therapy; WHO, World Health Organization; D4 T, stavudine; 3TC, lamivudine;
NVP, nevirapine; AZT, zidovudine; EFV, efavirenz
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Tahle 2. Uni- and Multivariate logistic regression predicting detectable viral load (n=174)

Predicting viral load > 200 copies/mL

Factor of interest Univariate  p-  Multivariate p-
Model OR  value Model* OR  value

Barriers
Buzy doing other things as a barrier® (Often va < Often) 29 <0.01 29 0.01
Ulness as a barrier over last 30 days (= Never vs Never) 0.3 0.z
Naugea and vomiting last 30 days (Yes vs No) 14 0.6
Diarthea last 30 days (Yes vz No) 23 02
Bothered by feeling down and depressed last 30 days (A lot ve < a lof) 33 0.03 -
Facilitators
Dizcuss HIV with friends (Yes vs No) 13 0.6
Support from family and friends (Satisfied vs diszatizfied) 2.0 0.4
Family and friends help to remind vou to take ART (A lot vs < a lot) 18 02
Aszsisted people arocund vou in last 12 months (Yes v No) 1.8 0.13 -
Transport and costs
Transport time one way (= 3 versus < 3 hours) 2.6 0.03 3.0 0.02
Tranzport tithe iz a barrier to attendance (Yes vs No) 2.9 0.01 -
Tranzport cost — two way (For every one Bs increase) 1.0 0.7
Lost wages (For every one Fs increaze) 1.001 0.4
Other clinical factors
Alcohol intake last 30 days (Any intake vs None) 4.5 0.02 4.3 0.03
Nevirapine versus Efavirenz based regimen 12 02

Age, zender, disclosure of diagnosis, peripheral neuropathy symptoms, clinde wait time, family monthly income, sociceconomic
status (modified Kuppuswamy) index, being a member of a group, would co-operate to solve a problem of water scarcity,
cigarette use and drug use were not predictive to the P < 0.2 level in univariate analyses

2 Multivariate models alzo include age and gender (p >0.2 for both variables in both multivarizte models)

*Examples provided to subjects were: caring for others, or worldng

NOTE: OR, Odds Ratio; ART, Antiretroviral Therapy; Rs, Indian rupes
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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.

Obijectively 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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Background

It is estimated that 2.4 million people are living with HIV
in India with over 480,000 people receiving free MNarional
AIDS Control Organization (NACOD) funded antiretrovical
therapy (ART) [1] However, ART coverage femains a
challenge with somewhere berween 23 and 535 % of eligi-
ble patients receiving ART during 2009 [2]. Furthermore a
smaller group of individuals esdmated to be somewhere
between & and 25 % of the population receiving ART [3]
pay for these medications in the private system. Rapid
scale-up of free government fonded ART has occurred
sittce 2004 yet it is recognized that nearly 20 % of patients
are presenting at a very late stage (CDd count - 50) with
an increased risk of mortality. NACO has responded by
decentralizing ART services to the district and sub-district
level in an attempt to close gaps in public health infra-
stucture between HIWV testing and treatment programs, and
nott-HIV related health services [4].

Achieving optmal adherence to ART is critical to pre-
vent trearment failore, HIV related mortality, emergence of
HIV drug resistance, and preserve the efficacy of available
ART [5-E8]. High levels of adherence have been reported in
meta-analyses of smdies performed in sub-Saharan Africa
and understanding this success has become a foeus of
investigation [9, 10]. Maintaining maximal adherence is
particulatly important in countries such as India where
switching to second line ART is more costly, complex, and
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restricts fomure treatment options [11]. In addition patients
in India suspected of treatment failure on first-line ART are
only recommended to commence second-line ART once
good adherence has been ensured [12].

Multiple methods te estimate adherence to ART are
available and they inclode: self report, pharmacy adherence
measures (FPAMz:), electronic pill container caps (MEMS
caps), measuring antiretroviral drug concentrations and
web-enabled pill boxes [13] MEMS caps are considered the
gold standard for estimating adherence by many anthors
bur their nse is largely confined to research semings in a
similar manter to measuring dmg levels or web based
systetns that record the opening of pill boxes [13, 14].
PAMs esumate ART adherence using pill pick-up data that
iz routinely recorded at pharmacies dispensing ART
according to the prescription of 2 medical practitioner. This
contrasts with the most widely ntilized “over the counter™
practice for delivering medication in India where pick-up
data iz often not available. PAMs predict virological and
other clinical outcomes in high and low-middle income
countries [13] (LMICs) and have been adopted by the
World Health Organisation (WHO) as a standard for esti-
marting population level adherence [16, 17]. Interestngly
tost LMIC data originates from sub-Saharan Africa [13],
with many protninent smdies performed in the private
health sector [7, 18, 19]. Untl now, no studies from India
have reported PAM: and their association with virological
outcomes which iz notable considering the potential
advantages of PAMSs over self-report adherence measnres
[13, 153]. Furthermore, only two cohorts in India have
documented adherence to ART in associationn with wvifo-
logical outcomes with both cohorts assessing adherence by
self-report. Importantly neither cohort reported on popula-
tons exclusively receiving free ART [20-23]. Shah reports
oft patients it the private system who paid out-of-pocket for
ART [21], while a Bangalore cohort document self-reported
adherence predicting virological outcomes for individuals
receiving free ART, or paying for ART in the private
system [20, 27-24]. The Bangalore cohort also docu-
mented more treatment interruptions [23] and virological
failures [22] in patients payving for ART but did not doc-
ument associations between adherence and virological
cutcomes for individuals only receiving free ART. Thas is
an important distinction as at least 73 % of individuals
now receive free NACO funded ART [1, 3, 25] and ART
cost has been repeatedly reported as a barrier to ART
adherence in India [22, 23, 26, 27]. Therefore relationships
between adherence and viral load may be different from
what is eurrently reported for most individnals receiving
ART in India In addition to ART cost other barrers to
adherence have also besn reported in India including:
stigtna, ART side effects, depression and co-morbid
medical conditions [21-23, 26-29].

& Springer

Therefore, owr objective was to determine associations
berween ART adherence and HIV viral load for individuals
receiving free ART within the public sector in India using
both self-reported and pharmacy measures of adherence.

Methods
Popularion

The smdy was conducted at a NACO sponsored ART
Clitie at Christian Medical College (ACTFID), Vellore,
Tatnil Nadu and is one of five sites providing free gpov-
ernment sponsored ART in the Vellore district (population
3.5 million) The clinic iz one of many public—private
partnership sites in India where non-governmental and
private ofganizations collaborate with NACO to provide
free clinical care and ART services via the NACO program
[12]. Patients attended monthly for medical review and
picked-up ART from a pharmacy staffed by a dedicated
pharmacist within the clitmc. Patients did not require spe-
cific appointment times to attend the clinic which was open
& days a week and all routine pathology including testing
for CD4 T cell counts was performed at a laboratory
approximarely 10 min walk from the clinic. At the dme of
the smady 300 people were receiving ART and the clinic
was staffed by two doctors, 2 social worker, phartmacist and
clerical staff. The clinic was also able 1o manage some
other medical conditions such as intercurrent respiratory or
skin infections. Patients requiring hospital admission of
other specialist medical care were referred o inpatient
setvices of other outpatient clinics within Christian Medi-
cal College.

Design

The study was a retrospective cohott of consecutive adulis
imitiating ART and followed for 12-months. Patients were
recruited from October 26, 2009, untl October 10, 2010
and eligible for inclusion if initiating first ine ART [12].
Patients transferred in from other sites or re-initiating ART
after a weatment interragption were excluded. Self-reported
adherence [30, 31] and HIV viral load were determined for
patients remaining in care 12-months after ART start.

Procedures

Two hundred and thirty consecurive initiators of ART were
identified during a routine clinie visit after 11-13 months
of ART. Patients were considered lost to follow-up (LTFLT)
at 12-months if they had not attended or picked up ART
within 90 days of their last missed appointment All
baseline clinical and demographic data was abstracted from
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clinical records and ART dispensing data from pharmacy
records.

Standardized self-report adherence measures asked
about adherence since; mminatng ART, or the preceding
30-days [30]. An additonal 30-day self-repott measure was
the visual analog scale (VAS) where patents indicated on a
line marked from 0 to 100 % the point thar best corre-
sponded to the percentage of pills raken [31]. Adherence
questions were originally written in English, cranslated into
Tamil or Telugu and independently back-translated.
Ouestionmaires were administered in local langnages by
trained staff experienced in HIV counseling and treanment.
ART adherence was also estimared using the medication
possession ratio (MPR). This was caleulated by dividing
the days of ART dispensed by the period of time from ART
start to the day of recruitment. All patients completing
12-months ART provided written informed consent and the
study was approved by the institutional review boards of
Christian Medical College, Tufts University Health Sci-
ences and Monash Thiversity.

Laboratory Testing

The HIV wviral load test was performed at the same time as
the routne assessment of CD4 T cell counts (FACSCount)
after 12-months of ART. HIV viral load was assessed by
the Artus HIV-1 RT-PCE ((Chagen) with a detectable viral
load defined as greater than 200 copiesml. based on viral
load blips rarely being above Z00 copiesiml. [32].

Analysis

EBaseline charactetistics and dichetomons adhefence esti-
tnates after 12-months ART wete cotpared to 12-month
wiral load using };1: Fisher’s exact, Stndent’s ¢ test, and
Wilcoxon rank-sum tests as appropriate. Odds rados of a
detectable viral load after 12-months ART were also calen-
lated for the estimates of adherence. The 30-day self-repost
question was dichotomized around excellent (highest
adherence category) versus less than excellent adherence,
the self-report question for the entire period receiving ART
was dichotomized around those reporting never having
mizsed versus ever having missed ART and the VAS was
dichotomized around 25 % adherence. Dichotomons MPR
estimates were created with different thresholds o define
low adherence (<95, <100 %). To establish if MPR accuracy
could be improved we combined the most predictive MPR
measure with the 30-day and 12-month self-report questions.
Individuals with low pharmacy adherence and less than
excellent adherence in last 30-days, or ever reported missing
ART were considered to have low adherence for this vari-
zhle. Overall accuracy of adherence estimates was also
assessed by calenlating the area under receiver operating

characteristic curves (AUROCs) and 935 % confidence
intervals (CIs) for contmuous (MPR) or ordinal variables
(self-report). 95 % Cls of the AUROC that did not cross 0.3
indicared a statistically significant association. All analyses
were conducted using SAS vB.Z (5AS Institute, Cary, NC,
T5A).

Results
Baseline Demographics

Baseline characteristics of 230 patients included: 63 %
male, 41 % WHO clinical stage IV, active tuberculosis in
27 %, and median CD4 141 T cells/pl. (Table 1). After
12-months: 77 % (n = 177) were on ART of which 98 %
(n = 174) undertook HIV wviral load testung, 10 % died,
8 % transferred out 3 % were LTFU and no patients
switched to second line therapy. Median CD4 T-cell count
after 6 months was 309 cells/pL and after 12 months was
410 cells/ul. which were both significant increases from
baseline (p < 0.001) and 30 % (n = 140) of patients on
treatment at 1Z-months had HIV viral load 200 copies/
ml. There were no significant differences in baseline
characteristics when stratified by viral load although a
wend (p = 0.08) for virological suppression was present in
married individuals (Table 1).

Adherence Measures

Table 2 demonstrates associations between adherence
estimates after 12-months ART and HIV viral load. All
estimates of adherence solely using self-report were not
associated with the virological outcome (p = 0.4). Fur-
thetmore AUROC: for self-report estitnares demonstrated
no association including: 30-day self-report 052 (95 %
CI: 0.42-0.61), last time missed ART 035 (95 % CI:
0.45-0.65) and 30-day VAS 034 (95 % CI: 0.44-0.63).
The 12-month MFPRE with a 95 % threshold was not
associated with the virological outcome (OR 1.7, p = 0.2)
but there was a significant association with the 100 %
threshold (OR 2.6, p = 0.01), although a greater number
of individuals were considered to have low adherence
with the 100 % threshold (482 %) compared to the 35 %o
adherence threshold (167 %). The MFR AUROCC was
0.61 (95 % CI: 0.30-0.72) demonstraring a starisrical
association albeir on the borderline of significance The
variable that combined the 12-month MPR of 100 %
threshold with the 2 self-report questions was associated
with HIV wiral load (OR 2.1, p = 0.05) and less patients
were considered to have low adhefence (356 %) coin-
pared to the MPE with 100 % threshold not combined
with self-report.
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Table 1 Baseline characteristic swatified by detectable viral load

Baseline characteristic Total (1 = 174)  Viral losd <200 Viral loed =200 7 Value
copies/ml [ = 140)  copies'mL (r = 34}
Age 383 =37 385+ 87 373 =93 0.5
Gender Male 105 (60.7) 24 (60.4) 21 (61.5) 0.9
Transmission sk factar Heterasexuzl 136 (37.7 108 (27.1) 28 (90.3) 0.5
MM 271.3) 2 (1.6 0
Other 13 (3.4) 10 (2.00 39T
Education level Mon-literate 31 (19.4) 25 (19.5) & (15.5) 0.3
Primary schocl 43 (26.9) 34 (26.6) 9 (28.1)
Secondary schoal 68 (42.5) 56 (43.8) 12 (37.5)
Callege 18 (11.3) 13 (10.7) 5 (15.6)
Emploved 106 (66.7) 24 (63.6) 22 (TL.O) 0.5
Marital stams Singlefseparated/parmer disd 50 (29.0) 36 (25.9) 14 (41.7) 0.08
Married 123 (TL.1) 105 (74.1) 20 (55.5)
Previous ARV exposre 5 (3.0 323 2 [6.3) 0.2
Baseline WHO clinical stage LT 74 (42.5) 58 (41.4) 16 (47.1) 0.7
m 38 (21.5) 30 (21.4) 8 (23.9)
v 62 (35.6) 52(37.1) 10 (29.4)
Receiving TB trestment 40 (23.4) 34 (24.6) 6 (18.2) 0.4
ART regimen D4THATONVE 78 (44.5) 59 (42.1) 19 (35.9) 0.5
ATTATCNVE 58 (33.3) 49 (35.0) 9 (26.5)
DMT/3TC + EFV 27 (15.5) 22 (15.7) 5(14.7)
ATT/ATC + EFV 11 (6.3) 10 (7.1 1(2.9)
D4 feells/ul) 146 (T7-202) 142 (73-201) 159 (31-219) 0.5
HepBsAg positive 9 (6.0) 6 (5.00 3 (10.0) 0.4

MEM men who have sex with men, ARV antiretroviral, PUWTCT prevention of mother to child transmizzsion, ART antiretroviral theragy, WHO
World Health Crganization, TR mberculosis, D4T stavudine, 3TC lamivudine, NVF nevirapine, AZT ridovodine, EFV efavirens

Discussion

This is the first report from India describing PAMs for
individuals receiving ART and the first report from India
documenting associations berween any measure of adher-
ence and HIV viral load for a popularion that has exclu-
sively received free ART.

Imporandy, and different from smdies including
patients who paid for ART [20, 21), we did not observe
self-reported adherence predicting virological outcomes. A
porential explanation is the increased likelihood of a social
desirability hias [33, 34] leading to uaderreporting of
tizsed doses in programs where patienrs receive free care
compared to patients who pay for ART. Inaccurate and
more socially desirable responses by individuals receiving
free care may fail to detect associations berween ART
adherence and virological outcomes. Furthermore, objec-
tive assessments of adherence using pharmacy data were
more closely associated with virological outcomes, with
the 100 % threshold variable significantly associated with
viral load. This is notable as the 100 % threshold

& Springer

establishes if individuals were in possession of ART for the
entire 12-month period since inidation. By definiton
individuals with less than 100 % pharmacy adherence did
not have enough ART to take medication as prescribed for
these first 12-months.

The 95 % threshold of adherence iz the most widely
cited threshold to maximise virological suppression based
ot data from Paterson in treamment experienced patients
receiving unboosted protease inhibitor based ART [33].
Furthermore, attaining individual adherence above 85 % is
cited by NACO as one of the key goals of the national ART
program [12]. Subsequent studies have reported higher and
lower thresholds predicting virological outcomes for pop-
unlations receivifly nob-nucleoside reverse wranscriptase
inhibitor (WINETI) based regimens in high-income and
LMICs [19, 36]. Therefore alternative thresholds to iden-
tify groups at gk for poor virological outcomes warrant
consideration. Findings in this stody soggest an MPE
threshold of 100 % may be more useful for defining indi-
viduals at risk of poor virological outcomes in this popu-
lation. However, this threshold classifies approximately
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Table 2 Adherence measures and OO change after 12-months ART predicting virzl load (rn = 174)

Adherence measure or CDM criteria Total WViral load =200 WVirsl load <200 Odds p Valoe
copies copies fatio
30 day self-report (3 point Likert item) <Excellent 130 (76.5) 25 (73.5) 105 (77.2) 0.8 07
Excellent 40 (23.5) 0 (16.5) 31(22.8)
Self-report—last time miszed =Never 57 (3335 13 (383 44 (32.3) 13 0.5
Mever 113 (66.5) 21 (61.5) 92 (67.T)
30 day visual analog scale <05 % 50 (204) 12 (353) 38 (27.9) 14 0.4
=05 & 120 (70.6) 22 (B4.T) 08 (7210
17 month MPR (davs ART/whole =03 % 20 (16.7) B (23.5) 21 (15.00 17 (1}
time receiving ART) =95 &% 145 (83.3) 26 (76.5) 119 (25.00
<100 & B3 (4B9) I3 (67.7) B2 (44.3) 16 0.01
=100 % 89 (S1.1) 11 (323) T8 (53.T)
Combined self-report and MPE (12 monrh Low adherence 62 (35.6) 17 (30.0) 43 (32.1) 21 0.0s
MFR = 100 % <+ suboptimal adhetence o8 fgigh adherence 112 (54.4) 17 (50.0) 95 (67.9)
gither of 2two self-report measures)”™
MACO immunclogicsl criteriz Pasitive 18 (10.9) 3 (A8 13 (11.5) 0.7 10
for treatment failure® Megative 147 (80.1) 21 (913 116 (E2.5)

Walues represent # (% with that characteristic)

Cheracteristics compared by ¥* test or Fisher's exact test if expected cell frequencies <5
ART =ntiretrovirzl therzpy, MPR medication possession ratio, NACO Indiz national ATDS contol organization

* <Excellent adherence in last 30 davs, or ever reported missing ART

® MEnimum reguiremen: beseline end & month CDM. Positive criteria; & or 12 month CD4 < 100, or 12 menth CD4 50 % lower then & month

D, ar & or 12 month CD4 < baseline CDd

half the smdy population as having low adherence. The
ability to target this patient group for viral load testing or
adherence infervention may depend on available resources.
Therefore selection of optimal adherence measures for
different settings may be infinenced by costs of subsequent
interventions for parients with low adherence.

Combining a PAM with guestions measuring self-
reported adherenice to more accurately identify a subpop-
ulation at risk of a detectable viral load, in this study was
above 200 copies/ml., 13 an innovative technique. This
resulted in approximately one third of individuals defined
as having low adherence yet this group was sll signifi-
cantly associated with the virological outcome. This find-
ing suggests that combining different adherence measures
should be further examined in populations receiving free
ART in India. Replicating this technique in different set-
tings may reinforce findings from this study and potentially
identify alternate methods to accurately identify sub-pop-
ulations at risk for virological failure or that fequire
adherence support. In addition further research is necessary
to idenrify risk factors for low adherence and virological
failure for people receiving free ART in India Barriers
such as the stigma of HIV, medication side effects and
depression have already been identified in smdies where
patients paid for ART and cost was the most comemonly
reported barrier [21-23, 26-209]. Identifying bartiers to

adherence and rargering interventions to these factors is an
essential step to improve virological outcomes for indi-
vidunals receiving free ART in India, in addition to identi-
fying the best methods to estimate adherence.

Finally, immunclogical criteria recommended to define
trearment failure in India performed pootly for predicting
viral load greater than 200 copdesiml. with only 9 % of
subjects with detectable viral load satisfying CD4 change
criteria. This iz consistent with other LMIC data concern-
ing the limited ability of CD4 eriteria to detect virological
failure [1B, 37, 38] and supports efforts to identify non-
virological factors that accurately identify individuals with
virological falure, including assessments of ART adher-
ence. Failure to correctly identify individuals failing viro-
logically that continue NINETI containing regimens, leads
to accumulation of HIV dmyg resistance  mutatons,
decreased efficacy of the cuomrent regimen, potential
reduction in the activity of future regimens, immunological
progression and increased risk of clinical deterioration.
Furthermore, individuals who sarisfy CD4 change criteria
but remain virologically suppressed results in unnecessary
switching to expensive second line ART. Despite the
limited availability of testing for HIV drg resistance in
India, surveys performed on patients imitating ART in
2007 and 2008 reported 3-0 % of individuals inidating
ART had dmg resistance detected after 12-months ART

&) Springer
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[39]. These data highlight the need for accurate measuzes
to identify individuals at risk of failing ART that can limit
the development of HIV drug resistance.

Fharmacy adherence meazures were established using
rounnely collected data in the pharmacy regster. This
register is an essennal element to establish the volume of
ART stock by documenring the amonnt of ART dispensed,
hence there is an emphasis on accurate recording of dara to
ensure continlous antiretroviral supply. In practical terms
estimating the MPR requires a clinic staff member to tally
up the days of ART dispensed and divide that by the
tmmber of days since the patient initiared ART. This
adherence estimate can be easily updated at subseguent
ART pick-ups and integrated into the wotk flow of the
clinic. Fusthermore, if dispensing data is recorded elec-
tronically there is the potential for pharmacy databases to
automatically generate the MPR based on the dates of ART
pick-up and amount of ART dispensed.

Limitations of this study include the generalisability to
other people in India receiving free antiretrovirals in dif-
ferent settings. However, considering the pawcity of data
examining adherence measures and virclogical outcomes
for those on free ART in India the findings of this study
stll merit consideration in alternate settings. In addition
MPR estitnates in this smdy did not account for remanant
pills which may have lead to estimates of adherence with
different characteristics for predicting viral load. However
2 tecenit systematic review did not find evidence thar
adherence estimates that included counting remaining pills
were superior to MPR for predicring virological ontcomes
[13]. Finally the findings of this smdy were limited by a
relatively low sample size to derect significant association
berween the measnres of adherence and virological
OULCONEes.

Conclusions

Pharmacy adherence measures such as the MPE are a
feaszible method to assess adherence within the public
health model of care in India and appear more predictive of
virological cutcomes that commenly emploved self-repor-
ted assessments of adherence. Combining the MPR with
selfreported adherence is an innovative techndque to fur-
ther define at risk popularions in this setting and warrants
further investigation. As viral load testing is not currently
required for monitoring ART in India and immunological
criteria performed pootly for predicting HIV viral load,
adherence measures such as the ones identified in this smdy
should be further investigated to identify individnals ar risk
of virological failure and in need of inereased adherence
SUppoLT.
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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.

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
Pharmacy based methods are reliable minimum-resource methods to estimate
adherence to ART.
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.
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.
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.
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 PAMSs 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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