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CHAPTER 1

General Introduction



Chapter 1

Development of HIV/AIDS treatment

In 1984 researchers discovered that the Human Immunodeficiency Virus (HIV) was
responsible for the development of the acquired immunodeficiency syndrome (AIDS). The
virus primarily infects CD4+ cells resulting in impaired cellular immunity. As a result, patients
who are infected become vulnerable to certain opportunistic infections and malignancies
leading to AIDS. In the early days of the AIDS epidemic, there were no medicines to stop
this process. After having been diagnosed with AIDS, people usually died within a few years.
In 1987 zidovudine (AZT), the first nucleoside reverse transcriptase inhibitor (NRTI), was
approved for use. Since than, more agents of the same class became available and dual NRTI-
therapy was shown to be more durable than the AZT mono-therapy. In the early nineties a
second class of antiretrovirals; the non-nucleoside reverse transcriptase inhibitors (NNRTI’s)
became available. The use of NNRTI’s was limited due to rapid loss of effect caused by the
development of viral resistance. (1). The introduction of a third class of antiretrovirals in
1996; the HIV protease inhibitors (Pls) , resulted in the use of a far more potent combination
therapy consisting of three drugs of two separate classes and lead to a more lasting effect.
These combinations became known as highly active antiretroviral therapy (HAART) and
became the standard of treatment for HIV infection. This resulted in a dramatic decline
in HIV- and AIDS-related morbidity and mortality (1-4). At the same time plasma HIV-RNA
(viral load) measurements became available in daily practice, which enabled measuring the
effectiveness of HAART. HAART resulted in sustained and durable suppression of HIV-RNA in
the blood to levels below the detection limit of viral load assays, other than had been the
case with mono- or dual NRTI therapy. Since then additional classes of antiretroviral agents
have become available, i.e. entry-inhibitors and integrase-inhibitors. Standard combination
antiretroviral therapy (cART) nowadays is largely composed of 2 NRTI’s plus a third agent
belonging to one of the other available classes of antiretrovirals. To date there is no cure
for patients with HIV infection. Combination ART has markedly improved patients’ life-
expectancy and turned HIV infection from a lethal into a chronic and manageable disease (5).
The introduction of novel agents also gives more options to treat patients with multi-drug-
resistant HIV. Nonetheless, the risk of drug resistance resulting in treatment failure, always
remains a concern. The most common underlying cause for drug resistance and virological
failure is incomplete adherence to treatment (6, 7).

Adherence

Adherence to cART is essential in securing sustained treatment success. It can be
described as the extent to which a patient follows a treatment plan that the patient and
the medical professional have agreed upon to produce desired therapeutic results (8).
Back in 1996 anti-HIV treatment consisted of a combination of many pills that had to be taken
twice, or even three to four times a day, and often with food restrictions. Sufficiently high
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General Introduction

levels of adherence to treatment were necessary to achieve and sustain viral suppression
and prevent disease progression and death (9). Yet, many patients infected with HIV did not
succeed in achieving or maintaining adequate levels of adherence (10). Suboptimal adherence
may compromise treatment efficacy and result in selection of drug-resistant viral variants and
viral rebound. Because of cross-resistance, it may also compromise future treatment options.
In addition, suboptimal adherence is also a public health concern as it increases the risk of
transmission of drug-resistant HIV (11-13).

Paterson et.al studied the level of adherence to unboosted Pls needed for virologic
suppression and found that at least 95% adherence levels were required (6). More recent
studies on more potent cART suggest that long-lasting viral suppression can be achieved
even with lower levels of adherence (14-16). Viswanathan et.al found no difference in viral
suppression for NNRTI-users whose level of adherence was between 85% and 89% compared
to those whose adherence level was >95%. However, for users of unboosted Pls the viral
suppression significantly differed when adherence levels were <95% compared to 295% (17).
In comparison with other chronic conditions, this required level of adherence is high. In
medical conditions other than HIV, it is usually assumed that adherence levels of 80% or more
are sufficient to obtain benefit from treatment (18-20). The need to maintain high adherence
rates makes HIV treatment more challenging than that of other chronic diseases.

Although current antiretroviral treatment regimens are easier to adhere to than those in the
past, many patients still have difficulties to achieve and maintain the high levels of adherence
needed to ensure sustained virological suppression (21, 22).

One of the challenges in daily practice and therefore in research is to find an accurate and
usuable assessment of adherence. There are various adherence assessment methods,
including self-reports, pharmacy refill, pill count, therapeutic drug monitoring (TDM), and
electronic monitoring devices (EMD). Each method has its strengths and limitations and it
is commonly accepted that there is no gold standard for measuring adherence. In research
settings it is recommended to use more than one adherence assessment method as each
method adds additional information.

Adherence is considered to be a complex behavior that is influenced by a wide range of
factors, which can be categorized into: sociodemographic, condition-related, treatment-
related, patient-related, and interpersonal factors (23, 24). Health care professionals need
information about predictors and correlates of adherence, to prepare and support patients
in achieveing and maintaining good adherence levels.

13




Chapter 1

Health Related Quality of Life

Optimal adherence can contribute to the maintenance of one’s health and can contribute
to one’s quality of life. Health related quality of life (HRQL) is multifaceted, incorporating
physical, psychological and social well-being. It also refers to one’s overall level of well-
being or quality of life. (25, 26). Due to the advent of cART, life expectancy has increased
significantly in HIV infected adults. Approximately one-half of the people living with HIV in the
Netherlands are 45 years or older (27). As a consequence of the increased life expectancy,
individuals with HIV are getting older although their life-expectancy remains lower than in
the general population. Ageing HIV-infected persons have been found to be at increased
risk of age-associated non-communicable co-morbidities (AANCC) compared to uninfected
individuals (28). These co-morbidities might have a negative impact on patients’ HRQL,
because they are usually accompanied by declines in patients’physical and mental health.
Miners et al. reported that the HRQL of persons with HIV infection is significantly lower than
that of the general population, even when the former persons are virally suppressed (29).
Some of the research in this thesis was conducted in the early years of cART (chapters 3,4,5).
At that time, integrase inhibitors and simpler regimens were not yet available. Nevertheless,
the results of these studies are still relevant and the outcomes can be used in the care of
patients with HIV.

The objectives of this thesis

1) To examine which factors predict or are associated with patients’ adherence.

2) To compare different methods of assessing adherence and to identify the
interventions that enhance and sustain high levels of adherence.

3) To examine how patients who are getting older with HIV infection and develop
more co-morbidities associated with ageing, experience their quality of life.
The outline of the thesis

The first part — Factors influencing adherence — not only focuses on such factors, but also
whether use of simpler ART regimens improves adherence, treatment satisfaction and quality
of life.
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In Chapter 2 a meta-analysis is described that aims to review the evidence on predictors and
correlates of adherence to cART, and to accumulate the findings into quantitative estimates of
their impact on adherence. The literature was searched for original English-language papers
published between 1996 and June 2014. Studies reporting on predictors and correlates of
adherence of adults prescribed with cART for chronic HIV infection were included without
restriction to adherence assessment methods, study design or geographical location.

In Chapter 3 we describe the results of the FREE study: a randomized clinical trial in 207
antiretroviral therapy (ART) naive patients using standard triple-therapy - lopinavir/ritonavir
(LPV/r) and a fixed dose of zidovudine and lamivudine (CBV) - as induction, followed by
maintenance with the simplified regimen of fixed-dose zidovudine, lamivudine, abacavir (TZV)
for those who reached an undetectable viral load (less than 50 copies/ml). Randomization of
patients, continuing LPV/r and CBV or switch to TZV, took place between week 12 and 24.
The interim results at 48 weeks after baseline were reported, addressing the question of
maintening virologic efficacy with simplified single class cART.

In Chapter 4 we investigated whether this simplified regimen of reducing pill burden, dietary
requirements and reducing possible adverse events, enhanced adherence levels and resulted
in more treatment satisfaction and an improved quality of life (QolL).

Inthe second part - Assessment of and interventions on adherence - we investigate assessment
strategies of adherence and interventions to improve and maintain adherence levels.

In Chapter 5 we compare and combine various methods to assess adherence to an
unboosted Pl-containing regimen. The combination of measurements included: electronic
monitoring devices (EMD), pill count, pharmacy refill data, self-reports, diaries for registration
of food patterns and special events related to the use of EMD, adherence assessment
by the physician and clinical nurse specialist, and in-depth interviews with the patients.
Twenty-eight patients divided into two groups were included in this study: group 1 were
naive patients to cART and group 2 were patients already using a Pl containing regimen for
more than 48 weeks. Patients were monitored for 24 weeks during which three (non-naive
patients) or four (naive patients) visits were planned. During these visits all combinations of
adherence measurements were conducted, except the indepth interviews. These interviews
were conducted at the end of the follow-up period (week 24) in a subgroup of patients.

Since the advent of cART, numerous interventions aimed to enhance adherence to cART
and virological treatment outcomes have been developed and evaluated. Several systematic
reviews have synthesized the effectiveness of such interventions (30-33). In Chapter 6
we conduct a meta-analysis to review available evidence about the effectiveness of EMD-
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informed counselling amongst patients prescribed with cART for a chronic HIV infection,
and to accumulate quantitative estimates of the effect of such interventions on medication
adherence and virologic treatment outcomes. Moreover we aim to identify study design
features that are associated with stronger intervention effects.

The third and last part is devoted to Health Related Quality of Life and aging.

In view of the longer life expectancy of people living with HIV, the care should increasingly be
aimed at improving HRQL.

In chapter 7 we investigate HRQL in HIV infected individuals and a highly comparable
uninfected control group. Participants are 45 years or older, participating in the Age, IV cohort
study. The objectives of this analysis are to investigate the independent impact of the number
of co-morbidities, ageing and HIV-infection on HRQL and depression.
Forthisstudyweusedrelevantavailabledatafrom541/598(90%)ofthe HIV-infected participants
and 524/550 (95%) of the HIV-uninfected participants. They all completed questionnaires on
HRQL and depressive symptoms at enrolement. Participants were also asked to complete an
extensive questionnaire concerning socio-demographics, medical history, and medication use.

Chapter 8, the discussion and future perspectives, is an overview of 30 years of my carreer
as a clinical nurse specialist in HIV care, and discusses the influence of adherence and HRQL
research in daily nursing practice. It also discusses the implications of this thesis for future
HIV-nursing care and the possibilities for further research.
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CHAPTER 2

Predictors and correlates of adherence to
combination antiretroviral therapy (ART) for
chronic HIV infection: a meta-analysis



Chapter 2

Abstract

Background: Adherence to combination antiretroviral therapy (ART) is a key predictor of
HIV treatment success and potentially amenable to intervention. Insight into predictors
or correlates of non-adherence to ART may help to guide targets for the development of
adherence enhancing interventions. Our objective was to review evidence on predictors/
correlates of adherence to ART and to aggregate findings into quantitative estimates of their
impact on adherence.

Methods: We searched PubMed for original English-language papers, published between
1996 and June 2014 and the reference lists of relevant articles. Studies reporting on predictors/
correlates of adherence among adults prescribed ART for chronic HIV-infection were included
without restriction to adherence assessment method, study design or geographical location.
Two researchers extracted data in duplicate. Random-effect models with inverse variance
weights were used to aggregate findings into pooled effect estimates with 95% confidence
limits. The standardized mean difference (SMD) was used as common effect size. The impact
of study design features (adherence assessment method, study design, countries” United
Nations Human Development Index (HDI)) was investigated using categorical mixed-effect
meta-regression.

Results: A total of 207 studies were included. The following predictors/correlates were most
strongly associated with adherence: adherence self-efficacy (SMD=0.603, p=0.001), current
substance use (SMD=-0.395, p=0.001) concerns about ART (SMD=-0.388, p=0.001), beliefs
about the necessity/utility of ART (SMD=0.357, p=0.001), trust/satisfaction with the HIV care
provider (SMD=0.377, p=0.001), depressive symptoms (SMD=-0.305, p=0.001), HIV stigma
(SMD=-0.282, p=0.001), and social support (SMD=0.237, p=0.001). Smaller but significant
associations were observed for: being prescribed a protease inhibitor containing regimen
(SMD=-0.196, p=0.001), daily dosing frequency (SMD=-0.193, p=0.001), financial constraints
(SMD-0.187, p=0.001) and pill burden (SMD=-0.124, p=0.001). Higher trust/satisfaction
with the HIV care provider, a lower daily dosing frequency, and less depressive symptoms
were more strongly related with higher adherence in low and medium HDI than in high HDI
countries.

Conclusions: These findings suggest that adherence enhancing interventions should
particularly target psychological factors such as self-efficacy, and concerns/beliefs about
efficacy and safety of cART. Moreover, these findings suggest that simplification of regimens
may have smaller, albeit significant effects.

Key word: adherence, compliance, HIV infection, antiretroviral therapy, meta-analysis.
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Background

Adherence to combination antiretroviral therapy (ART) is a key predictor of antiretroviral
treatment success that is potentially amenable to intervention (1). Sufficiently high levels
of adherence to ART are necessary to achieve and sustain viral suppression and to prevent
disease progression and death (2). Yet, many HIV infected patients do not succeed in achieving
or maintaining adequate levels of adherence to ART (3).

Insight into predictors or correlates of non-adherence to ART offers the potential to identify
patients at risk for low levels of adherence. This would enable health care providers to
target patients in most need and to tailor their care appropriately. Moreover, knowledge of
predictors/correlates of non-adherence to ART may help to guide targets for the development
of interventions to enhance or maintain adherence to ART.

Medication adherence is considered to be a complex behaviour that is influenced by a wide
range of factors that have previously been categorized into socio-demographic, condition-
related, treatment-related, patient-related and interpersonal factors (4, 5). In recent years, a
number of systematic reviews and meta-analyses have investigated predictors/correlates of
adherence among patients prescribed ART for chronic HIV infection. One systematic review
provided a comprehensive assessment of predictors/correlates of adherence to ART, but
did not aggregate findings into quantitative estimates of their effect on adherence (5). A
number of other reviews did aggregate findings into quantitative estimates, but focussed
only on patient-reported barriers and facilitators (1), socio-demographic factors (3), clinical,
comorbid, and treatment-related factors (6) and depression (7), or investigated a particular
patient population, i.e., drug users (8).

The objective of the present study is to comprehensively review current research evidence on
socio-demographic, treatment-related, condition-related, patient-related and interpersonal
predictors and correlates of adherence to ART, and to aggregate findings into quantitative
estimates of their impact on adherence. Thereby, we aim to assess the relative importance of
each predictor/correlate of adherence. Studies on adherence to ART have been conducted in
a variety of countries and settings and have used a variety of research designs and adherence
measurement methods. For these reasons, another aim was to assess the impact of such
study design features on predictors/correlates of adherence.
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Methods

Our meta-analysis was conducted in accordance with PRISMA statement guidelines (9).
Two of the authors (NL and PN) searched PubMed for papers published from August
1996 to June 2014 using the following strategy: Search: (((((“adult”[MeSH Terms] AND
hasabstract[text] AND ( “1996/01/01”[PDat] : “2014/06/10”[PDat] ))) AND ((“patient
compliance”[MeSH Terms] OR “medication adherence”[MeSH Terms] AND hiv) AND
hasabstract[text] AND ( “1996/01/01”[PDat] : “2014/06/10”[PDat] ))) AND hasabstract[text]
AND ( “1996/01/01”[PDat] : “2014/06/10”[PDat] ))) NOT children[MeSH Terms] Filters:
Abstract available, From 1996/01/01 to 2014/06/10. Additionally, the reference lists of the
papers retrieved were reviewed for additional publications. Eligible studies met the following
criteria 1) consisting of an original research study 2) written in English 3) reporting on adult
(older than 16 years of age) HIV infected patients 4) being prescribed self-administered ART
for chronic HIV infection 4) using a quantitative method to assess adherence to ART and 5)
reporting a statistical association between a potential predictor/correlate and adherence. No
geographical restrictions were applied. We excluded studies that exclusively focussed on the
following specific populations: drug users, prison inmates, homeless persons, and psychiatric
diseases patients.

We considered the following sociodemographic predictors/correlates of adherence: age,
gender and financial constraints. Financial constraints were defined as being unemployed or
having an income level in the lowest category as defined within a particular study. Treatment-
related predictors/correlates were: duration of ART, number of prescribed antiretroviral pills
per day (i.e. pill burden), daily dosing frequency and whether or not the regimen contained
a protease inhibitor (Pl). Disease-related predictors/correlates included CD4 cell count and
time since HIV diagnosis. We also investigated inter-personal predictors/correlates: social
support, HIV stigma and trust or satisfaction with the HIV care provider. Finally, patient-related
predictors/correlates were current substance use (alcohol and drugs), depressive symptoms,
adherence self-efficacy (the extent to which patients’ belief that they will be able to adhere),
motivation to adhere, locus of control (the extent to which individuals believe that they can
control events that affect them), concerns about adverse effects of ART, and beliefs in the
necessity or utility of ART.

Two authors (NL and PN) independently extracted data from each study that fulfilled
inclusion criteria using a scoring sheet. We extracted the following information: name of
the first author, year of publication, sample size, country in which the study was conducted,
year study was started, adherence assessment method (self-report, electronic monitoring
device (EMD), pharmacy refill, pill count), and whether patients were initiating, restarting or
switching an ART regimen or were already on ART, and the potential predictors or correlates
of adherence. Factors that were assessed at the same time as the adherence measurement
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were considered to be correlates and factors assessed prior to the adherence measurement
to be predictors. Because we included studies conducted in any country around the world,
we categorized countries according to the United Nations Human Development Index (HDI)
(10) during the year the study was started into low- (HDI £ .50), medium- (HDI between .50
and .79), and high development (HDI > .80) countries.

When data from the same study were reported in multiple publications, we selected the
publication with the largest sample size and/or reporting on the largest number of predictors/
correlates. If the study evaluated adherence at multiple timepoints, the value of the first
measurement was used to avoid dependence. When relationships between predictors/
correlates and adherence were reported for discrete subgroups within one study, groups
were included as independent samples.

The quality of the reporting of included studies was assessed using the twenty-two items
recommended by the STROBE statement (11). Items fulfilling the STROBE statement were
assigned as V and items not fulfilling the statement were assigned as -.

Statistical analysis

We used the standardized mean difference (SMD) as the common effect size to express the
magnitude of the association between predictors/correlates and adherence. If studies did not
provide the SMD, we calculated the SMD from r, means and standard deviations, odds ratios,
t-, x2-, or F-statistics, contingency table data or exact P values (12). When studies reported an
insignificant association without data we assigned a value to the SMD of 0.001. We adjusted
the SMD using the small sample size bias correction prior to analysis. Values of the SMD of
0.2, 0.5 and 0.8 can be interpreted as small, medium and large effects, respectively (13).

Predictors/correlates were selected for quantitative pooling if ten or more independent
effect sizes could be calculated. Random effect models with inverse variance weights were
used to aggregate individual effect sizes into pooled effect estimates with 95% confidence
limits (CI) using the SPSS macro MeanES from Lipsey and Wilson (12, 14).

We examined whether the effect sizes differed significantly across levels of potential
moderators of the predictor-adherence relationship, if there was heterogeneity across studies
(I? >50%) and sufficient data (k>4 in each subgroup) to support these analyses (15). The
following study design features were investigated as potential moderator: whether the factor
was a predictor or correlate, whether the adherence assessment method was self-report
(versus all other methods) or EMD (versus all others), whether the study was conducted
in a high HDI country (versus medium and low HDI country), and whether patients were
already on ART (versus initiating, restarting or switching ART). For the moderator analyses,
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subgroup analysis were performed by grouping effect sizes by study design feature and
assessing heterogeneity between groups using the between-group Q statistic (Q-between)
within a mixed effects model using the method of moments estimation. If Q-between is
significantly greater than Q-within (heterogeneity within groups due to error), this indicates
that a moderator variable explains a significant proportion of the total heterogeneity in effect
sizes. The moderator analyses were conducted using the SPSS macro MetaF from Lipsey and
Wilson (12, 14).

Results

Figure 1 shows the study selection process. A total of 207 studies were included in our
analysis, reporting on a total of 103,836 patients (16-223). A total of 200 studies consisted
of one independent sample for calculating effect sizes, five studies of two samples and
two studies of three samples, resulting in a total of 216 independent samples (k=216). A
total of 67% (k=145) of the samples reported on correlates of adherence and 33% (k=71)
on predictors. A total of 54% (k=117) of the samples included patients already on ART and
46% (k=99) included patients who were (re)starting or switching. The following adherence
assessment methods were used: 77% self-report (k=166), 11% EMD (k=23), 8% (k=18) a
pharmacy refill-based measure and 4% (k=9) a pill count-based measure. A total of 67%
(k=145) of the samples were from countries with a high HDI, 19% (k=40) from countries
with a medium HDI and 14% (k=31) from countries with a low HDI. For characteristics of the
included studies, see Additional file 1. (https://static-content.springer.com/esm/art%3A10.1
186%2Fs12916-014-0142-1/MediaObjects/12916_2014 142 _MOESM1_ESM.pdf)
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Figure 1: Flow diagram
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Locus of control and motivation to adhere were excluded from our analysis because less than
ten independent effect sizes could be calculated for these two predictors/correlates.

The strongest association with adherence was found for the predictor/correlate adherence
self-efficacy, with the pooled effect size being medium to large (SMD=0.603, 95% Cl 0.47 to
0.73, k=39, p=0.001; Figure 2 (1.1.1)).

The following predictors/correlates were significantly associated with adherence with their
effect sizes being small to medium: current substance use (SMD=-0.395, 95% CI -0.49 to -0.30,
k=80, p=0.001), concerns about ART (SMD=-0.389, 95% Cl -0.53 to -0.25, k=14, p=0.001),
trust/satisfaction with the HIV health care provider (SMD=0.377, 95% Cl 0.29 to 0.46, k=30,
p=0.001), beliefs about the necessity/utility of ART (SMD=0.357, 95% ClI 0.23 to 0.49, k=25,
p=0.001), depressive symptoms (SMD=-0.305, 95% ClI -0.35 to -0.26, k=90, p=0.001), HIV
stigma (SMD=-0.282, 95% Cl -0.36 to -0.21, k=47, p=0.001) and social support (SMD=0.237,
95% Cl 0.18 to 0.29, k=67, p=0.001). The predictors/correlates yielding small to medium
effects are shown in Figure 2 (1.1.2)

The following predictors/correlates were significantly associated with adherence with their
effect sizes being small: being prescribed a Pl containing regimen (SMD=-0.196, 95% CI -0.27
to -0.12, k=26, p=0.001), daily dosing frequency (SMD=-0.193, 95% Cl -0.25 to -0.14, k=29,
p=0.001) and financial constraints (SMD=-0.187, 95% Cl -0.24 to -0.14, k=110, p=0.001). The
predictors/ correlates with small effect sizes are shown in Figure2 (1.1.3)

The following predictors/correlates were significantly associated with adherence but their
effect sizes were very small: pill burden (SMD=-0.124, 95% Cl -0.18 to -0.07, k=57, p=0.001),
age (SMD=0.118, 95% Cl 0.089 to 0.147, k=158, p=0.001), time since HIV diagnosis (SMD=-
0.116, 95% ClI -0.17 to -0.06, k=57, p=0.001) and male gender (SMD=0.081, 95% ClI 0.037
to 0.12, k=142, p=0.001). Two predictors/correlates were not significantly associated with
adherence: CD4 cell count (SMD=-0.015, 95% CI -0.079 to 0.048, k=67, p=0.64) and duration
of ART (SMD=0.003, 95% Cl -0.047 to 0.052, k=51, p=0.92). The predictors/ correlates with
very small effect sizes are shown in Figure 2(1.1.4).
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Figure 2: Predictors/correlates of adherence to ART

Std. Mean Difference
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1.1.3 small effects

Plin regimen -0196  0.038 -+
Daily dosing frequency -01583  0.029 +
Financial constraints -0187  0.025 +
1.1.4 < small effects
Pill burden -0.124  0.028 +
Age 0118 0014 +
Time since HMY diagnosis -0116 00249
CD4 cell count -0.015 0,032 i
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A4 s 0 0.5 1
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For forest plots of the individual studies examining predictors/correlates, see Additional
file 2. (https://static-content.springer.com/esm/art%3A10.1186%2Fs12916-014-0142-1/
MediaObjects/12916_2014 142 _MOESM2_ESM.pdf) For the scoring of included
studies according to the items of the STROBE statement, see Additional file 3.
(https://static-content.springer.com/esm/art%3A10.1186%2Fs12916-014-0142-1/
MediaObjects/12916_2014_142_MOESM3_ESM.pdf)

The study design feature HDI of the country in which the study was conducted was significantly
associated with four predictors/correlates. Trust/satisfaction with the HIV care provider was
more strongly associated with adherence in countries with a low or medium HDI than in
countries with a high HDI (Figure 3 (1.2.3); Q-between=8,04, P=0.005). Daily dosing frequency
was more strongly and negatively associated with adherence in countries with a medium or
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low HDI than in countries with a high HDI (Figure 3 (1.2.2); Q-between=3,88, P=0.049). Older
age was associated with higher adherence in countries with a high HDI but not in countries
with a medium or low HDI (Figure 3 (1.2.1); Q-between=5,16, P=0.02). Depressive symptoms
were more strongly associated with lower levels of adherence in countries with a medium or
low HDI than in countries with a high HDI (Figure 3 (1.2.4); Q-between=4,38, P=0.04).

Figure 3: Countries’ Human Development Index as moderator of the predictor-adherence relationship

Std. Mean Difference

Study or Subgroup 5td. Mean Difference  5E IV, Random, 95% Cl
1.2.1 Age

medium and low HDI nog 002 +

high HDI 014 002 +

1.2.2 Daily dosing frequency

medium and low HDI -0.31 007 ——

high HDI -0.158 003 +

1.2.3 Trust/ satisfaction HIV care provider

medium and low HDI 059 004 —
high HDI 029 004 -+

1.2.4 Depressive symptoms
mediurm and low HDI -0.41 005 —+
high HDI -0.27 003 +

[l 1 | 1
A4 05 0 0.5 1
lower adherence higher adherence

The adherence assessment method was significantly associated with two predictors/
correlates. Adherence self-efficacy was more strongly associated with adherence in studies
using self-report as adherence assessment method than in studies using another method
(Figure 4 (1.3.2); Q-between =6,94, P=0.008). Higher age was more strongly associated with
adherence in studies using EMD as adherence assessment method than in studies using
another method (Figure 1.3.1; Q-between= 10,12, P=0.002).

Whether investigated factors were predictors or correlates vyielded two significant
associations. Trust/satisfaction with the HIV care provider was more strongly related with
adherence if assessed as a correlate than as a predictor (Figure 4 (1.3.4); Q-between =7,44,
P=006). Current substance use was more strongly and negatively related with adherence if
assessed as a correlate than as a predictor (Figure 4 (1.3.3); Q-between= 6,34, P=0.012).
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Figure 4: Adherence assessment method and study design as moderators of the predictor-adherence

relationship
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Discussion

In our meta-analysis based on 207 papers reporting on 103,836 patients, we provided
a comprehensive overview of the relative importance of various predictors/ correlates of
adherence to ART. Adherence to ART was most strongly associated with patients’ beliefs, i.e.,
adherence self-efficacy beliefs, concerns about adverse effects of ART and beliefs about the
necessity/utility of ART, and also with current substance use, trust or satisfaction with the
HIV care provider, depressive symptoms, HIV stigma and social support. Aspects of regimen
complexity such as daily dosing frequency, pill burden and whether the regimen included a
Pl, had smaller albeit significant effects.

Our findings are consistent with a recent meta-analysis among patients with various long-term
medical conditions showing that patients’ beliefs have an important influence on medication
adherence (224). Results are also consistent with previous studies showing that substance
use, depressive symptoms and HIV stigma are associated with lower levels of adherence, and
trust or satisfaction with the health care provider with higher levels of adherence (7, 8, 181,
225). These results should be encouraging to HIV care providers as it suggests several avenues
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for intervention that could result in improved adherence. Especially, the patients’ adherence
related beliefs and the relationship between patient and HIV care provider are factors that are
in principle modifiable and thus possible targets for adherence-enhancing intervention. Eliciting
and addressing the patients’ beliefs and an improved relationship between patient and health
care provider have previously been associated with improved levels of adherence (226, 227).

This study has several limitations. With the current study we aimed to provide a global
overview of the relative importance of various predictors/correlates of adherence to ART.
Therefore several predictors/correlates were aggregated into broad categories, i.e., social
support, HIV stigma, trust or satisfaction with the HIV health care provider, financial constraints
and substance use. Within these broad categories, distinct types of predictors/correlates
may have a different impact on adherence that will remain undetected in the present global
analysis, e.g. alcohol use could have a different impact on adherence than cocaine use.

Another limitation is that the search was done in a single database only, i.e., PubMed, and
included only published English language papers. This may have influenced our results.

This meta-analysis has also several strengths. It provides a comprehensive overview of
predictors/correlates of adherence to ART with quantitative estimates of their impact.
Moreover this meta-analysis provides information about the relative importance of
predictors/correlates.

Papers were included without restriction to geographical region, adherence assessment
method or study design. This likely resulted in a consequent large heterogeneity in effect sizes
for most predictors/correlates. Guidelines for the reporting of meta-analyses of observational
studies have recommended using broad inclusion criteria and then to perform analyses
relating design features to outcomes (228). We thus conducted meta- regression analyses to
explore the impact of study design features on predictors/correlates of adherence.

The study design feature HDI of the country in which the study was conducted was
significantly associated with four predictors/correlates. Trust/satisfaction with the HIV health
care provider had a stronger positive effect on adherence in countries with a low or medium
HDI than in countries with a high HDI. A possible explanation could be that in countries with
a low or medium HDI, patients are more dependent on their HIV healthcare provider for
information, support and care. Conversely, in countries with a high HDI, patients usually have
more extensive access to health care providers and information about health, HIV and ART,
making them less dependent on their HIV healthcare provider. There could also be cultural
differences in the relationship between patients and healthcare providers with the healthcare
providers having more authority in low or medium income countries.
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Daily dosing frequency was more strongly and negatively associated with adherence in
countries with a medium or low HDI than in countries with a high HDI. A possible explanation
could be that achieving or maintaining high levels of adherence is more challenging in low or
medium HDI countries. The added challenge of more frequent daily dosing could therefore
more easily result in lower levels of adherence in these countries. However this explanation is
in contrast with previous studies showing higher levels of adherence in low income countries
than in high income countries. (3, 229)

Older age was associated with higher adherence in countries with a high HDI but not in
countries with a medium or low HDI. This finding could simply reflect the fact that studies
from low and medium HDI countries included few older patients. Finally, depressive symptoms
were more strongly and negatively associated with adherence in countries with a medium or
low HDI than in countries with a high HDI.

A remarkable finding was the limited effect of the adherence assessment method on effect
sizes. Self-reports are known to overestimate adherence. We expected to find stronger
associations between predictors/correlates and adherence in studies using electronic
monitoring devices than in studies using self-reports because electronic monitoring devices
are usually considered to be a more valid adherence assessment method (230). A possible
explanation for the limited effect of the adherence assessment method could be that
although self-reports overestimate adherence, the rank order of patients on an adherence
scale is similar for self-report and electronic monitoring, thus yielding similar associations.

Duration of ART was not related to adherence in the present meta-analysis. It is usually
assumed that adherence declines with time on treatment. A recent study investigating the
natural history of changes in adherence to ART over time has shown that the decline is
nonlinear with substantial heterogeneity across studies (231). In view of these results and
the fact that the present meta-analysis included both patients already on ART and patients
(re)starting ART, the absence of a relation between duration of ART and adherence is not
surprising.

Conclusions

This meta-analysis of predictor/correlates of ART showed that adherence was strongly related
with patients’” adherence-related beliefs. These findings suggest that adherence-enhancing
interventions should target psychological factors such as self-efficacy and necessity/concerns
beliefs about ART. Additionally, simplification of regimens may have smaller, albeit significant
effects.
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Chapter 3

Abstract

Maintenance with a triple nucleoside reverse transcriptase Inhibitor (NRTI) regimen
after successful induction with a dual NRTI/protease inhibitor (PI) combination may be
advantageous, because of low pill burden, favourable lipids, and less drug interactions. This
strategy to become free of Pl-related problems without losing viral efficacy has not been
formally tested. We performed a randomized, open-label, multicentre, 96-week comparative
study in antiretroviral therapy (ART)-naive patients with CD4 350 cells/mm3 and HIV-
1 RNA concentrations (viral load [VL]) greater than 30,000 copies per millilitre. Patients
were randomized after reaching VL less than 50 copies per millilitre on two consecutive
occasions between 12 and 24 weeks after start of zidovudine/lamuvidine and lopinavir/
ritonavir combination. Eligible subjects switched to abacavir/lamivudine/ zidovudine (TZV)
or continued the Pl-containing regimen. Here we present the 48-week data with virologic
success rate (failure: VL>50 copies per millilitre). Two hundred seven patients had similar
baseline (BL) characteristics: median CD4 180 cells/mm3, median VL 5.19 log'® copies per
millilitre. One hundred twenty subjects (58%) met randomization criteria. Baseline VL differed
significantly between dropouts and randomized subjects (median 5.41 versus 5.06 log™
copies per millilitre, p=0.017), as did CD4 cells (median 160 and 200 cells/mm?3, p=0.044).
Sixty-one subjects received TZV and 59 subjects continued NRTIs/Pl. At week 48, 2 patients in
the TZV group and 5 in the Pl group did not have a sustained virologic suppression (log rank
test; p=0.379). CD4 counts increased significantly in both arms. In ART-naive patients, TZV
maintenance had similar antiviral efficacy compared to continued standard ART at 48 weeks
after baseline. Patients on successful standard ART can be safely switched to a NRTI-only
regimen, at least for the tested time period.
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Introduction

Current standard therapy of HIV infection consists of a two-class combination of three
antiretroviral (ART) agentsl (Panel on Antiretroviral Guidelines for Adult and Adolescents.
Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents.
Department of Health and Human Services. December 1, 2009, www.aidsinfo.nih. gov/
ContentFiles/AdultandAdolescentGL.pdf). Preferred starting regimens include a backbone
of two nucleoside reverse transcriptase inhibitors (NRTIs) either combined with a non-
nucleoside reverse transcriptase inhibitor (NNRTI) or a ritonavir-boosted protease inhibitor
(P1). In the backbone, one of two NRTIs may be a nucleotide reverse transcriptase inhibitor
(NRTI). These combination antiretroviral therapies (cART) usually suppress HIV replication
adequately, with increase of CD4 cell count and at least partial restoration of immunity.
Triple-NRTI regimens are generally not re- commended, although in ART-naive patients,
the combination of abacavir/lamivudine/zidovudine (TZV) demonstrated virologic activity
comparable to indinavir-based, (1, 2) nelfinavir- based,(3) and atazanavir-based (4) regimens.
In two of these studies (1, 4) virologic response to TZV was suboptimal in subjects with higher
baseline viral loads (HIV1-RNA 100,000 copies per millilitre). In addition, the AIDS Clinical Trial
Group (ACTG) 5095 study showed that TZV was inferior to an efavirenz (EFV)-based regimen
regardless of baseline viral load (5). Current cART has been associated with significant short-
and long-term adverse events, including hyperlipidemia, insulin resistance, and lipodystrophy
syndrome (6-8). These metabolic side effects appear to translate into an increase of
cardiovascular events in HIV-infected patients compared to HIV-seronegative individuals
(8-11). Because of these and other toxicities, there is a need to explore other therapeutic
approaches, including induction-maintenance strategies with simplified treatment regimens.
Simplifying treatment regimens can also improve adherence, which in turn is pivotal to
achieve optimal response to treatment (12). Complex regimens, higher daily pill burden, and
higher dosing frequencies are predictors of nonadherence, with relatively low difference
between once or twice daily dosing (13-15). PI-based regimens appear associated with lower
adherence compared to triple NRTI regimens (16-18). Lower adherence to Pl-based cART
than to NNRTI-based regimens has also been shown (19, 20). Similar adherence was observed
during maintenance phase between patients on a NRTI-only regimen or a NNRTI-based
regimen (21). Compared to continued quadruple NNRTI-based treatment, adherence to
triple NRTI maintenance therapy was better (22). Earlier studies addressing a switch to triple
NRTI included patients who had not been ART-naive from the start, resulting in suboptimal
responses (18, 21, 23-27). Subsequent studies exploring the induction—maintenance concept
in ART-nalve patients showed similar virologic success (i.e., noninferiority) for triple NRTI
regimens compared to two-class cART (17, 21, 22, 28-31). However, some of these studies
were not entirely prospective (17, 21, 29), or did not have a comparative design for the
maintenance phase (28, 30), or used poorly tolerated quadruple regimens as induction
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regimens (22, 32). Here we describe a randomized, prospective study in ART- naive patients
using a standard triple cART as induction therapy, followed by maintenance with TZV in those
who reached an undetectable plasma viral load (less than 50copies per millilitre). We report
the interim results at 48 weeks after baseline, specifically addressing the question of virologic
efficacy of maintenance with single-class ART. and atazanavir-based (4)

Methods

Study population

HIV-1-infected, ART-naive adults were eligible with a CD4 cell count 350 cells/mm? and an
HIV-1 RNA level 30,000 copies per millilitre or more at screening. Exclusion criteria included
diabetes mellitus or being treated for abnormality of the lipid spectrum. Laboratory exclusion
criteria were hemoglobin<10g/dL (male) or 9g/dL (female), absolute neutrophil count<1000
cells/mm?, platelet count <75,000 cells/mm?3, transaminases more than 5 times the upper
limit of normal (ULN), total bilirubin >2mg/L, serum pancreatic amylase more than 1.5 times
the ULN, fasting glucose >6.9 mmol/L or nonfasting glucose >11 mmol/L, fasting triglyceride
level >4mmol/L, or fasting LDL cholesterol >5mmol/L or low-density lipoprotein/high-
density lipoprotein (LDL/HDL) ratio >5. Patients were also excluded if they had a history of
cardiovascular events or diabetes mellitus, combined with fasting triglyceride level >3mmol/L,
or fasting LDL cholesterol >4mmol/L, or LDL/HDL ratio >4.

Study design and study sites

FREE is an investigator-initiated, randomized, open-label, 96-week study conducted at
10 sites in the Netherlands and 1 site in Belgium. During the induction phase, all patients
were treated with 1 fixed-dose tablet of lamivudine (3TC) 150mg/ zidovudine (ZDV) 300mg
(Combivir®; GlaxoSmtihKline, Zeist, The Netherlands, and Genval, Belgium) twice daily
and with 3 capsules lopinavir (LPV) 133mg/ritonavir (r) 33mg (Kaletra®; Abott, Hoofddorp,
The Netherlands and Louvain- La-Neuve, Belgium) twice daily. In 2005, the manufacturer
changed the formulation of LPV/r, and the capsules were replaced by tablets x 200/50mg,
2 tablets taken twice daily. Only patients with HIV-1 RNA levels less than 50 copies per
millilitre between week 12 and week 24, measured on two consecutive visits at least 4
weeks apart, were eligible for randomization into the maintenance phase. Patients were
randomized on a 1:1 basis by computer-generated allocation to either continue 3TC/ZDV
and LPV/r (Pl arm) or to 1 fixed- dose tablet of Abacavir 300mg/3TC 150mg/ZDV 300mg
(Trizivir®; GlaxoSmtihKline, Zeist, The Netherlands, and Louvain-La-Neuve, Belgium; the TZV
arm), twice daily. A minimization rule was applied for the patient factor: HIV-1 RNA copy
number. Patients were stratified in three groups: 30,000-100,000; more than 100,000—
1,000,000; or more than 1,000,000 copies per millilitre at study entry. Screening evaluation
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included a clinical assessment and laboratory evaluations: plasma HIV-1 RNA, CD4 cell count,
haematology, clinical chemistries, and collections of a plasma sample for retrospective
research for viral resistance mutations. Screening for the presence of the human leukocyte
antigen (HLA)-B*5701 subtype was not performed. In recent years a statistically significant
correlation with the abacavir hypersensitivity reaction and the presence of this allele has
been shown (33). At the time this study was started routine genotyping for the HLA-B*5701
allele was not available. On-study evaluations included clinic visits at baseline and at week
4,8, 12, 18, and 24, for the induction phase; and at weeks 36, 48,60, 72, 84, and 96 for
the maintenance phase. HIV-1 RNA was assessed locally at each visit using the Roche
Ultrasensitive Assay (Roche Diagnostics, Indianapolis, IN) with a lower limit of detection of
less than 50 copies per millilitre.

End points

The primary end point of the study was antiviral efficacy at week 96, defined as plasma HIV-
1 RNA less than 400 copies per millilitre. The purpose of the study was to assess treatment
equivalence of this endpoint between both groups. Secondary end points included safety and
tolerability; effect on absolute and cumulative CD4* cell count changes compared to baseline;
use of cART related comedication, especially lipid-lowering agents; and time to treatment
failure (HIV-1 RNA less than 50 copies per millilitre). Here we addressed the secondary end
points at week 48: virologic efficacy (sustained viral load suppression less than 50 copies per
millilitre), and premature discontinuation of allocated ART for any reason. We considered
detectable viral load as well as treatment discontinuation as treatment failure for the present
interim analysis.

Sample size

With an expected antiviral efficacy percentage of 80% at week 96 and an equivalence limit of
20 percent points (as assumed in the protocol), 50 randomized evaluable subjects per group
are needed to show equivalence with 80% power, using a test size of 0.05 (one-sided).

Statistical analyses

Time to virologic failure was analysed using the Kaplan- Meier method, and the log-rank test
was used to compare survivor functions (sustaining HIV-RNA less than 50 copies per millilitre)
between groups. The 95% confidence interval was estimated for the difference in the
percentages of treatment failure (virologic failure or premature discontinuation) between the
two groups. All tests for secondary end points were two-sided with a confidence level of 95%.
Changes in the absolute numbers of CD4 cells during the randomization phase were analysed
using mixed-model analysis of variance (ANOVA). Statistical analyses were performed using
SPSS version 16 (SPSS, Inc., Chicago, IL).
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Ethics

The protocol was approved by Institutional Review Boards of all hospitals involved. All
participants gave consent after written information had been given, in accordance with the
national and international legislation, as well as the Declaration of Helsinki.

Role of sponsor

This was aninvestigator-driven study; the sponsor was notinvolved in the design, data analysis,
draft of the paper, or in the decision to submit the paper for publication. The protocol (with
revisions and updates) was registered at Clinicaltrials.com; Registration Identifier Number:
NCT00405925.

Results

Patient disposition

Of 241 patients screened, 207 were enrolled in the induction phase. Table 1 shows their
demographic and baseline characteristics. Patients at baseline were predominantly male,
with a median age of 40.8 years (range, 19.4—78.1), had a median baseline HIV-1 RNA 5.19
log™ copies per millilitre (range, 2.97—7.45), and a median CD4 cell count 180/mm?3 (range,
10-440). Eighty-seven patients (36%) did not reach the maintenance phase (Fig. 1) primarily
because they did not achieve virologic suppression (HIV-1 RNA less than 50 copies per millilitre
on two occasions) before week 24 (47 patients, 54%), or because of side effects (22 patients,
25%). Of baseline variables only HIV-1 RNA level and CD4 cells differed significantly between
the patients who did not reach the maintenance phase of the study (drop outs; HIV-1 RNA
median 5.41 log!® copies per millilitre) and the patients who could be randomized (median
5.06 log'® copies per millilitre). Median CD4 cell count was 160 cells/mm? in the dropouts and
200 cells/mm? in the randomized group. A total of 120 patients were randomized to either
continuation of the induction regimen (n=59) or to switch to TZV (n=61). The two groups
were similar, and characteristics did not change between initial enrolment of participants
and at randomization (Table 1). Nine patients were randomized, but did not start with the
maintenance phase, 5 patients randomized into the Pl arm, and 4 into the TZV arm. These
9 patients had no follow-up visits during the maintenance phase and were excluded from
the analyses. Figure 1 provides details about these study participants that did not follow the
allocated treatment regimen.
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Table 1. Demographic and Baseline Characteristics of Patients

Induction Phase

Maintenance Phase

CBV/LPV/r
(n=207)

CBV/LPV/r
(=59)

TZV
(n=61)

Median age (range), yr
Male sex, n (%)
Median baseline plasma
HIV-1 RNA

Level (range), log,,
copies/ml
>100.000 copies/ml
Median CD4 cell count at
baseline

cells/mm?3 (range
<50 cells/mm?, n (%)
>50-<200 cells/mm?, n (%)
Median CD4 cell count at
randomization cells/mm?(range)

39.7 (19.4-78.1)
181 (87%)
5.19 (2.97-7.45)

115 (60%)
180 (10-440)

31 (15%)
73 (35%)
NA

40.3 (24.7-62.0)
52 (88%)
5.03 (4017-6.61)

29 (49%)
207 (10-370)

6 (11%)
18 (34%)
350 (50-610)

42.1(21.9-68.6)
50 (82%
5.07 (2.97-6.18)

33 (54%)
195 (10-437)

9 (16%)
20 (35%)
310 (50-780)
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Figure 1: Flow chart and disposition of study participants in the FREE trial; interim results at week 48

207 patients entered

induction phase CBV + LPV/r 87(42%) not randomized

| 42 failure
[

120 randomized into

27 adverse events

. 18 miscellaneous reasons
maintenance phase

61 randomized to TZV 59 continued CBV + LPV/r
57 received allocated treatment 54 received allocated treatment

4 allocated treatment
- 3 adverse events

5 allocated treatment

- 4 patient request

5 discontinued treatment

1 discontinued treatment

- 5 adverse events - 1 patient request

2 HIV-1RNA >50
copies/ml

5 HIV-1RNA >50
copies/ml

50 continued TZV with viral
suppression at week 48

48 continued CBV +LPV/r with viral
suppression at week 48
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Virologic response and treatment (dis-)continuation

At week 48, the proportion of patients with treatment failure(virologic or treatment
discontinuation) was12%(7/57)in the TZV group and 11% (6/54) in the Pl group. The
difference between the TZV group and the PI group was 1.2 percentage points (TZV-PI;
95%Cl-11.0 to +13.4). With these confidence limits lying wholly in the predefined range
equivalence is demonstrated. In the TZV group most failures (5/7) were not virologic but
premature discontinuations because of adverse events. Five patients in the Pl group had HIV-
1RNA 50 copies per millilitre or more at any one time before the end of week 48, compared
to two patients in the TZV group (log rank test; p=0.379).In two of the patients in the Pl group
only a transient viral “blip” (defined as a single isolated or recurrent but transient episode of
detectable low-level viremia greater than 50 copies per millilitre) was detected (at week 24
and at week 36), the three other patients had HIV-RNA greater than 50 copies per millilitre
for the first time at their visit in week 48.In the TZV group one patient had HIV-1 RNA greater
than 50 copies per millilitre in week 36, with no result known at week 48. The second patient
in the TZV group had HIV-1 RNA greater than 50 copies per millilitre only at week 48. There
was an increase of CD4 cells in both maintenance treatment arms at week 48 compared to
their CD4 cell counts at randomization: in the Pl group 95 (95% Cl 42—149) CD4 cells/mm3
(p=0.001), and in the TZV group 69 (95% Cl 25- 113) CD4 cells/mm3 (p=0.002). The increase
of CD4 cells at week 48 was not significantly different between groups (p=0.46).

Discussion

The FREE trial is the first study exploring a 100% prospective, well-designed induction-
maintenance strategy in ART-naive patients after induction therapy with standard cART. We
show that viral suppression can be maintained by a single-class regimen after successful
induction by two-class triple cART standard induction therapy. At week 48,virologic success
rates with the triple NRTI regimen (TZV: 96.5%) and the continued standard Pl-based cART
regimen (90.7%) were similar. Our interim results confirm findings from two earlier studies
showing that the induction-maintenance approach is effective (22, 32), but induction
therapy in these studies consisted of four drugs, TZV, and EFV. In these studies the four-drug
regimens had high discontinuation rates (24% and 37%). The Trizefal study (30) compared
two quadruple induction regimens, TZV with either LPV/r or EFV, which after successful
induction were followed by maintenance therapy with TZV. In the induction phase there
was also a high discontinuation rate: 45% did not reach the maintenance phase primarily
be- cause of adverse events. Although we show that a triple cART as induction therapy can
be followed successfully by a single- class maintenance regimen, our dropout was fairly
high, mainly because of strict inclusion criteria for the decision to switch to maintenance.
Undetectable viral load (HIV-1 RNA<50 copies per millilitre) on two different visits 4—6 weeks
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apart within 24 weeks after baseline was an unattainable goal for nearly half the patients;
only 58% of patients enrolled at baseline could therefore be randomized. Patients (42%) who
could not be randomized had significantly higher HIV-1 RNA copies per millilitre, and a lower
CD4 count at baseline. Other studies used longer induction periods (24-48 weeks) (22, 30)
and such policy would have increased the sample size of our study subjects. The rationale
to determine a relatively short induction period was the fear to include subjects with pre-
existing resistant mutant (quasi-)species virus with an enhanced chance to fail on a single
class NRTI maintenance regimen. Since the average second phase HIV-1 RNA decay after
CART initiation is 2—4 weeks on average (34), treatment of approximately 6—-12 half-lives, or
approximately 24—-48weeks, would result in a substantially reduced residual viral burden at
the time of treatment simplification. Our findings at 48 weeks suggest that such a policy to
prolong the induction phase to reduce the risk for failure may not be necessary for those
subjects that reach undetectable viral loads at week 20 and week 24, as virologic failure was
equally uncommon in both arms of our study analysed at week 48. Potential weaknesses of
our study are first, the limited sample size; had the design allowed for randomization with
viral suppression after week2 4,this would have increased the sample size. Second, lack
of concealment may have influenced failure rates, especially because the major source of
failure was not virologic failure per se, but rather stopping study medication “for any reason.”
Third, at this interim analysis at week 48, it is too early to predict the success of simplified
treatment with TZV if such maintenance regimen were continued for longer periods of time.
The simplification of cART after a successful induction period to a single-class regimen may
be advantageous, even if such simplified treatment were only justified for limited periods
of time. Triple NRTI regimens offer convenient dosing regimens with a very low pill burden
(two pills per day) leading to better adherence, show favourable lipid pro- files (17, 22, 25),
and result in fewer potentially serious drug interactions than standard cART. This may be
helpful if during intercurrent medical or surgical events, drug—drug interactions need to be
avoided, e.g., the use of rifamycin-based regimens for tuberculosis and non-tuberculous
mycobacterial infections; anti-convulsive, anti-arrhythmic, or antimalaria therapy. Based on
our observations, patients with viral suppression who need to interrupt Pl or NNRTI agents,
can be safely managed with single class NRTI—at least temporarily— with acceptably low
chances of viral failure. With continued viral suppression less than 50 copies per millilitre,
the chances of acquiring drug resistance are generally low (35). Although there was a low
virologic failure rate after randomization in both arms in our study at week 48, results at week
96 have to be awaited to determine the safety and efficacy of single-class NRTI maintenance
therapy during longer periods of time.
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Abstract

Objective: To investigate the effect of a simplified regimen, in terms of reducing pill burden,
dietary requirements and possible adverse effects, on patients’ adherence, treatment
satisfaction and quality of life (QolL).

Methods: Antiretroviral naive patients who achieved a viral load <50 ¢/ml after induction
therapy with bid lopinavir/ritonavir (LPV/r) and fixed dose AZT/3TC (CBV) were randomly
assigned to continue CBV/LPV/r or switch to fixed-dose AZT/3TC/Abacavir (TZV). Patients
completed standardized questionnaires on adherence, treatment satisfaction and QoL at
randomization (between week 12 and 24) and at weeks 48, 72 and 96.

Results: Patients on CBV/LPV/r were more likely to have skipped medicines in the last week
(p=0.035) and during the preceding weekend (p=0.027) than patients on TZV. Patients on
CBV/LPV/r were significantly less satisfied with convenience of their treatment (p=0.004) and
tended to be less satisfied with side effects of their treatment (p=0.091) and continuation
of their present treatment (p=0.056) than patients on TZV. Patients on CBV/LPV/r reported
significantly lower levels of role functioning (p=0.013) than patients on TZV.

Conclusion: In this randomized controlled trial, simplification of therapy to fixed-dose TZV

among patients with suppressed HIV RNA was perceived to be more convenient, and resulted
inimproved adherence and better role functioning than continuing treatment with CBV/LPV/r
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A simplified combination antiretroviral therapy regimen enhances adherence, treatment satisfaction and quality of life:
results of a randomized clinical trial

Introduction

The introduction of combination antiretroviral therapy (cART) has been accompanied with
a significant decline in HIV- and AIDS-related morbidity and mortality. This significantly
improved life expectancy has turned HIV-infection into a more chronic- than a fatal disease.
The goal of cART is to suppress plasma viral load below the limits of detection and maintain
this suppression as long as possible. To date, suppression of HIV is possible in the vast majority
of patients with a wide variety of combination antiretroviral therapy (cART) regimens. Each
of these effective cART regimens however may differ in their associated characteristics
including the complexity of regimen and side effect profile Optimal adherence to cART is the
key to success. It is generally assumed that simplification of cART regimens will lead to better
adherence, higher treatment satisfaction and a better quality of life (QoL), but randomized
studies demonstrating such advantages of simplified regimens are scarce.

Regimen complexity is considered to be composed of a number of regimen attributes
including the number of prescribed pills (“pill burden”), the frequency of daily dosing,
dietary requirements and adverse events (1). Most randomized studies investigating the
advantages of simplified regimens have focussed on the effect of once daily dosing versus
twice daily dosing on treatment adherence and treatment satisfaction, generally yielding
more favourable outcomes for once daily regimens (2-6).

Whereas it is likely that reducing pill burden and dietary requirements also result in higher
levels of adherence to cART, there is little empirical evidence to support this assumption. We
could identify only two observational studies that have investigated the association between
pill burden, adherence and patient’s QoL (7, 8). The aim of our study was to investigate the
effect of a simplified regimen in terms of reducing pill burden, dietary requirements and
possible adverse effects on patient’s adherence, treatment satisfaction and QoL within the
context of a randomized trial

Methods

The FREE study was an investigator-initiated, randomized, open-label, 96-week study
conducted at 10 sites in the Netherlands and 1 site in Belgium. During the induction phase,
all patients were treated with one fixed-dose tablet of lamivudine 150 mg /zidovudine
300 mg (CBV) twice daily and three capsules lopinavir 133mg/ritonavir 33 mg twice daily
(LPV/r). In 2005 the manufacturer changed the formulation of LPV/r and the capsules were
replaced by tablets of 200/50 mg, taken as two tablets twice daily. After 12 to 24 weeks of
induction therapy patients were randomized, after achieving a viral load <50 copies/ml at
two consecutive visits. Group one switched to a fixed dose single tablet of zidovudine 150
mg/ lamivudine 300 mg/ abacavir 300mg (TZV) twice daily and group two continued LPV/r
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and CBV. All patients were naive to cART when entering the study. Both arms yielded similar
antiviral efficacy after 48 weeks as reported previously (9).

Patients completed questionnaires on adherence, treatment satisfaction and QoL at
randomization and after 48, 72 and 96 weeks. Adherence was measured with the Simplified
Medication Adherence Questionnaire (SMAQ)(10). The SMAQ.is a self-reported questionnaire
containing 6 items. The questions ask how forgetful and careless patients are in taking their
cART and if they stop taking medicines if they are feeling worse. It also asks about missed
doses in the past seven days and in the last weekend and how many days within the past
three months patients did not take their pills.

Treatment satisfaction was measured using the HIV Treatment Satisfaction Questionnaire
(HIVTSQ) (11). The HIVTSQ consists of 10-items, which ask about satisfaction with current
treatment, with control of HIV infection and with side effects of treatment. It also asks about
the extent to which treatment is demanding and flexible, satisfaction with understanding HIV
infection, with the extent to which treatment fits into life style and satisfaction to continue
present treatment. It also asks if a patient would recommend their treatment to someone
else. Items are scored on a 7-point scale, ranging from “very satisfied” to “very dissatisfied”,
“very convenient” to “very inconvenient”, and from “yes, | would definitely recommend the
treatment” to “no, would definitely not recommend the treatment”.

To measure QoL we used the Medical Outcome Study HIV (MOS-HIV) Health Survey. This
questionnaire contains 10 subscales: physical functioning, pain, role functioning, social
functioning, health perceptions, mental health, health distress, overall quality of life, cognitive
functioning, and energy/vitality. All subscales range from 0-100 with higher scores indicating
better QoL (12).

Statistical analyses

We compared characteristics at randomization between both study groups using Student
t-tests, Mann-Whitney U tests, and Chi-squared tests for continuous variables with a normal
distribution, for continuous variables with non-normal distribution and for categorical
variables, respectively.

We used repeated-measures linear mixed models to test for differences between both
study groups in treatment satisfaction and QoL over time. Model results were summarized
by the estimated mean values. We used generalized estimating equations to investigate the
difference between the 2 groups in treatment adherence over time. Model results were
summarized by odds ratios and 95% confidence intervals.

Both linear mixed models and generalized estimating equation use all the available data,
without excluding patients with missing observations. Both methods use maximum likelihood
estimation for estimating missing data based on available data.
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We conducted a sensitivity analysis to examine how our substantive results depend on the
way we handled missing data. First, we conducted a complete cases analysis. Second, we
repeated the analysis using last observation carried forward (LOCF) as imputation methods.
Two-sided p values <0.05 were considered to indicate statistical significance. Data were
analyzed using SPSS version 19 (SPSS, Inc., Chicago, lllinois).

Results

Of the 207 patients participating in the FREE study who were enrolled in the induction
phase with CBV/LPV/r, 120 patients were randomized to either continuation of the induction
regimen (N=59) or to switch to TZV (N=61). A total of 95 of these patients (79%) completed at
least one questionnaire of whom 53 patients were allocated to the TZV group (87%) and 42 to
the CBV/LPV/r group (71%). These patients were included in the present study on treatment
satisfaction, treatment adherence and Qol.

There were no statistically significant differences between patients who completed at least
one or no questionnaire(s) in gender, race, CD4 count and plasma HIV RNA concentration at
start of the induction therapy and at randomization. Patients who completed questionnaires
were, however, slightly older (mean age 43 years) than patients who did not complete
questionnaires (mean age 37 years) (p=0.01). The characteristics at randomization of patients
in both study groups who completed questionnaires are shown in Table 1.

A total of 65 patients completed a questionnaire at randomization (CBV/LPV/r: n= 22, TZV:
n= 43), 53 patients completed a questionnaire at week 24 (CBV/LPV/r: n= 23, TZV: n= 30),
41 patients completed a questionnaire at week 48 (CBV/LPV/r: n= 19, TZV: n= 22) and 39
patients completed a questionnaire at week 72 (CBV/LPV/r: n= 19, TZV: n= 20).

Overall, 17% of the patients reported forgetting taking their medicines sometimes, 23%
reported to be careless sometimes when taking medicines, and none of the patients reported
to stop taking medicines when they were feeling worse. A total of 16% reported to have
skipped medicines at least once during the past week, 5% reported skipping medicines
during the last weekend and 1% reported not taking medicines on more than two days within
the past three months.

75




Chapter 4

Table 1: Patient characteristics at randomization

LPV/r TZV P value
n=42 n=53
% males 83 81 0.50
% Caucasian race 82 76 0.61
Age (years), mean (SD) 43 (10) 44 (11) 0.51

CD4 count at start induction, (cells/uL) [median (IQR)] 220 (145-300) 180 (90-248) 0.03
CD4 count at randomization, (cells/uL) [median (IQR)] 387 (280-490) 300 (195-396) 0.09

HIV-1 RNA (log*® copies/ml) [median (IQR)]

) . 5.00 (4.78-5.31) 5.00 (4.70-5.25) 0.63
at start induction, mean (IQR)

Patients in the CBV/LPV/r group were significantly more likely to report skipping medication
in the last week (OR: 1.81, 95% Cl 1.04 to 3.14, p=0.035) and to report not taking medicines
in the last weekend (OR: 2.87,95% Cl 1.13 to 7.29, p=0.027).

Patients in the TZV group found their present treatment more convenient (mean score 5.6
versus 5.1, p=0.004), tended to be more satisfied with the side effects of treatment (mean
score 5.4 versus 4.9, p=0.091) (Figure 1A) and tended to be more satisfied to continue with
their present treatment (mean score 5.6 versus 5.1, p=0.056) (Figure 1B) than patients in the
CBV/LPV/r group.
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Patients in the TZV group had a significantly better QoL with respect to role functioning than
patients in the CBV/LPV/r group over follow-up (mean score 91 versus 80, p=0.013).

Overall, the results from our sensitivity analyses were in the same direction of our primary
analysis and generally in favor of the TZV group. Using complete cases analysis, we observed
no significant differences between both study groups in terms of treatment adherence, the
same differences between both study groups with respect to treatment satisfaction and found
patients in the TZV group to be significantly more inclined to recommend their treatment to
someone else (mean score 5.8 versus 5.0, p=0.042). The complete cases analysis also yielded
similar results with respect to QoL as the primary analysis.

The analysis using LOCF as imputation method yielded similar results with respect to treatment
adherence and treatment satisfaction as our primary analysis with two exceptions. First, we
found no difference between both groups in satisfaction with side effects. Second, patients in
the TZV group tended to be more satisfied with the extent to which treatment fits in with their
lifestyle (mean score 4.9 versus 4.6, p=0.088). However, using LOCF as imputation method,
we observed the same difference between both groups in QoL as in our primary analysis, i.e.,
in role functioning. Additionally, we observed a better QoL in the TZV group with respect to
energy/fatigue (mean score 66 versus 61, p= 0.021), but a lower QoL with respect to social
functioning (mean score 81 versus 87, p=0.032) than patients in the CBV/LPV/r group.

Discussion:

In this randomized clinical trial, simplification of therapy to a fixed dose single class regimen resulted
in higher treatment satisfaction, better adherence and better QoL than continuing a ritonavir-
boosted Pl-based regimen among patients with suppressed HIV-1 RNA.

To date, randomized studies investigating advantages of simplified regimens in terms of treatment
satisfaction, adherence and QoL are scarce. We believe the present study entails a proof of principle
that simplifying regimens in terms of pill burden, dietary requirements and potential side effects can
lead to more favourable patient reported outcomes.

Our finding that a simplified regimen consisting of TZV resulted in better adherence than a
standard Pl- or NNRTI based regimen is consistent with two previous randomized studies (13,
14). Our finding that a simplified regimen consisting of TZV resulted in better adherence and
in higher treatment satisfaction is consistent with one non-randomized switch study (15).
Clearly, advantages of simplified regimens in terms of treatment satisfaction, adherence and
Qol should be weighed against treatment efficacy and the choice for simplified regimens
should be individualized.

Our study has several limitations. It had a relatively small sample size. Also, a considerable
number of patients did not complete the questionnaire on treatment satisfaction, adherence
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and QoL on one or more occasions. Moreover, patients enrolled in the CBV/LPV/r group
more often missed the baseline measurement at randomization than did patients in the TZV
group. We can only speculate why patients in the CBV/LPV/r group more often missed the
baseline measurement. Possibly, patients themselves or the persons responsible for handing
over the questionnaire to the patient perceived it to be more relevant in the TZV group. At
randomization, patients in the TZV group had a change in their treatment regimen whereas
patients in the CBV/LPV/r group just continued their prescribed regimen.

Patients who did complete questionnaires were on average five years older than patients
who did not. Otherwise, we found no differences in demographic or clinical characteristics
between patients who did and did not complete questionnaires.

Because of the relatively high number of missing questionnaires, we performed a sensitivity
analysis to determine if different methods for handling missing observations would lead to
different results than our primary analysis. The results of both our primary analysis and our
sensitivity analysis were in the same direction and yielded evidence in favor of the simplified
regimen. Nevertheless, we cannot rule out the possibility that the missing observations may have
biased our results and overestimated the beneficial effect of the simplified regimen.

Another limitation is that we used a self-report measure of adherence, which is known to
overestimate adherence. Because such possible overestimation was likely present in both
study arms, we doubt whether this has influenced the comparison of adherence between
the treatment arms.

Conclusion:

In this randomized controlled trial, simplification of therapy to fixed-dose TZV among patients
with suppressed HIV RNA was perceived to be more convenient, and resulted in improved
adherence and better role functioning than continuing treatment with CBV/LPV/r.

Although TZV is not a treatment of choice these days, this study is a proof of concept to
show that simplification enhances treatment satisfaction, adherence and Qol. Increasing
availability of single tablet combination cART regimens is a major advance, but food
restrictions may still hamper optimal adherence. With expected treatment durations of over
30 years, convenience and treatment adherence will be of major importance to maintain
patients on cART in the long term. As patients live different lives, individualization of therapy
remains of the utmost importance.
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Chapter 5

Abstract

Background: Adherence to protease inhibitor-containing antiretroviral therapy is crucial,
but difficult to measure. Objective: To compare and combine various methods of measuring
adherence to the strict protease inhibitor-containing regimens.

Methods: The following methods were used: medication event monitoring system (MEMS)
caps (electronic monitoring), therapeutic drug monitoring, pill count, pharmacy refill data,
questionnaires, diaries (for registration of food patterns and special events related to the use
of MEMS), adherence assessment by the physician and clinical nurse specialist, and in-depth
interviews. In addition, ultrasensitive viral load and resistance testing was performed.

Results: Twenty-eight patients were included; data could be evaluated in 26. According to
MEMS data, 25% of the patients took fewer than 95% of all doses, and two thirds of the
patients took fewer than 95% of the doses on time. Only 43% of the patients showed good
adherence with food restrictions. Methods that showed significant correlations with MEMS
results were patients’ self-reported adherence; therapeutic drug monitoring, indicating
plasma levels outside predefined ranges; and estimation of adherence by a clinical nurse
specialist, especially by in-depth interview.

Conclusion: Diary-corrected MEMS data gave a detailed insight into patients’ adherence
patterns. Patients’ self-report and therapeutic drug monitoring were significantly correlated
with the MEMS data, and the clinical nurse specialist may also play a role in identifying
patients who are imperfectly adherent.
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Introduction

Although protease inhibitor-containing antiretroviral therapy has dramatically improved
the outcomes for HIV-infected patients, suboptimal adherence to these complex regimens
decreasesthe likelihood of suppress-viral replication and increases the likelihood of developing
resistance (1-15). High adherence seems necessary (1,8,12,14), which means ingestion of
the correct number of pills at the right time according to the prescribed food requirements.
Adherence is further complicated by adverse events and factors such as stigmatization (16-
19). Whereas the virologic implications of suboptimal adherence are becoming increasingly
clear, itis not yet apparent how adherence to these stringent regimens can best be measured.
One problem in studying adherence is the lack of a gold standard (20-22). Thus far, self-report
has predominantly been used (5,6,8, 10,13,23-27). Recently, a few studies using electronic
monitoring have been presented (1,28-30). The medication event monitoring system
(MEMS) records the opening and closing of a medication vial and thereby provides more
detailed information. Nevertheless, it is still an indirect method because it does not measure
drug ingestion. A direct, objective measure of ingestion of a drug is its plasma concentration
(20,31), although it only gives short-time information. Adherence with food requirements
can be measured with a diary or other kinds of self-report. The objective of our study was
to combine several adherence-measuring methods to compare the information provided
by these various methods. We aimed to find a set of methods that enables adherence
monitoring of all relevant aspects of protease inhibitor-containing antiretroviral therapy. With
the availability of tools to reliably monitor adherence, an important step toward developing
effective interventions that improve adherence can be made.

Materials and methods

Patients

Two groups of outpatients were included in this study: 1) patients who were starting
antiretroviral combination therapy including one or more protease inhibitors (naives) and
2) patients who were already using protease inhibitor-containing combination therapy for
more than 48 weeks and who had an undetectable viral load (i.e., <400 or 500 copies/mL
at the previous two measurements before start of the study; non-naives). In this descriptive
study, the patient sample is a convenience sample, i.e., patient numbers were based on the
availability of suitable patients in the two centers that participated, the University Medical
Centre, Nijmegen and the Rijnstate Hospital, Arnhem. The goal was to include 20 naive and 20
non-naive patients, equally distributed over the two centers. Patients had to be between 18
and 65 years of age and able to read and speak Dutch. During follow-up evaluation, patients
continued their original medication regimen, although changes according to standard of care
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were allowed. Patients were monitored for 24 weeks during which three (for non-naives) or
four (for naives) visits were planned, analogous to regular visits. Sociodemographic and other
patient characteristics were registered during the first of these visits. If patients did not want
to participate, the reasons for refusal, according to the patient and the nurse, were marked.
All participants signed written informed consent, and the study was approved by the local
Ethics Committees of both study centers. Medication Event Monitoring System In this study,
the MEMS was used, more specifically the eDEMs Track caps (Aardex, Zug, Switzerland), in
combination with 200-mL pill bottles. Medication dosing times were retrieved from the cap
and analyzed by the Powerview program (Aardex, Zug, Switzerland). For our study, we used
an intermediate version of Powerview that enabled us to insert and delete events to correct
the MEMS data. These corrections were necessary because the bottle was also opened during
study visits and for refills, although generally no medication was taken at those times. In
these cases, data were corrected based on notes from the diary or on the study visit forms.
Patients who used a medication cassette to organize their protease inhibitor ingestions and
who were not willing to stop this practice during the study were excluded, although patients
were allowed to take their medication out of the MEMS bottle before the actual ingestion time,
if only sporadically. MEMS data were also corrected for these occurrences. The MEMS caps
were supplied only for the protease inhibitors. During the study, regular prescriptions were
used. Medication was supplied by the patient’s local pharmacy and registered according to the
regular method at that particular pharmacy. Patients performed the refills themselves. They
were explicitly instructed only to use the MEMS bottle and to make notes of deviations. Also,
they were told to ingest the medication directly after taking it from the bottle. Patients were
aware of the function of the MEMS bottle. Parameters extracted from the Powerview report
were percentage of prescribed medication taken, percentage of medication taken on schedule
(i.e., within 1 hour before or after the scheduled time), and percentage of days on which the
correct number of doses was taken. The calendar plot (overview of number of doses taken each
day) and chronology plot (schematic report of dose-timing) were also visually inspected.

Questionnaires

Questionnaires were completed by patients at every planned study visit, i.e., at baseline
and at 12- and 24-week follow-up evaluations. For naive patients, an extra questionnaire
was supplied at week 4, and an adjusted questionnaire was given at baseline. The questions
were completed without supervision of the physician or nurse. The names of antiretroviral
agents used, with dosing regimen and food restrictions, were noted on the questionnaire.
In addition, patients assessed their adherence based on ingestion of the correct number of
doses and pills, the timing of ingestion, and adherence with food restrictions (visual analog
scale from 1 [not precise] to 10 [very precise]). After completion, the questionnaires were
placed in a sealed envelope and sent directly to the investigator. The mean estimate over the
various visits was calculated.
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Diaries

Patients were given six 31-day diaries. With respect to measuring adherence, the diary
contained the following items: timing and composition of meals (scale 1-5 for amount and
fat content, examples were given in the instructions) and specific issues related to MEMS
use (participants had to mark refills, device use, and other unscheduled openings). The
use of diaries in this study was not intended for measuring adherence regarding ingestion.
Patients were asked to update their diaries four times a day. Analysis of adherence with food
requirements was done by relating what the patient reported to consider as food requirements
in the questionnaire to the data concerning food in the diary and the MEMS ingestion times.
We looked at general food patterns over the entire study period and performed a detailed
analysis of five randomly chosen days per patient. The interval between medication and food
intake and the composition with respect to portion and fat content were compared with the
requirements (indinavir, minor or no food intake 2 hours before and 1 hour after ingestion
of medication; other regimens, intake of medication within 2 hours of food intake). Thus,
patients were categorized into three groups: (I) good (no deviation), (2) moderate (minor
deviations, irregularly), and (3) poor (frequent or major deviations) compliance with food
restrictions.

Adherence Assessment by Treating Physician and Clinical Nurse Specialist

At each visit, the treating physician and clinical nurse specialist assessed the adherence of
the patient in the same way the patient had done in the questionnaire (based on ingestion of
correct number of doses and pills, timing of ingestion, and adherence with food restrictions;
visual analog scale from | [not precise] to 10 [very precise]). The mean estimate over the
various visits was calculated.

Plasma Drug Concentrations

Plasma samples were drawn at each visit, including unplanned visits, to determine
protease inhibitor concentrations. Two weeks after start of the follow-up period, an 8-hour
pharmacokinetic profile was recorded. The samples were analyzed with a validated high-
performance liquid chromatography (HPLC) method, with a lower limit of quantitation of .04
mg/L (32). Random plasma concentrations were compared with the expected concentration
at the corresponding time after ingestion, i.e., the interval between dose intake and plasma
sampling according to the patient. For a comparison with the individual curve, deviation
from the expected concentrations was calculated by determining the median absolute
deviation from the expected ratio | (I = equal to concentration after observed ingestion).
For a comparison with population curves, predefined limits, known as concentration ratio
limits (CORALS), were used. CORALS generally reflect plasma concentrations 2-3 times higher
than reference population values after observed ingestion or lower than one third to one
sixth of these population values. Concentrations outside these limits have been found to be
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predictive for nonadherence (33). For each patient, the percentage of samples outside these
limits was determined.

Pill Count and Pharmacy Refill Data

At each visit, patients were asked to bring their antiretroviral medication to the hospital for
a pill count. The number of pills in the MEMS bottle and those in the unopened and opened
bottles were counted and registered separately. On the second part of the pill count form,
the prescriptions given at that particular visit were registered. By combining pill count and
prescription data, the percentage of doses taken of the protease inhibitor could be calculated.
At the end of follow-up period, the pharmacy refill data for each patient were requested at
the local pharmacy. Most pharmacy refill reports already include a calculation of the date
on which the stock will be finished. From this refill report, the regularity of the refill pattern
could be deduced. Pill count and refill data were combined to calculate the percentage of
doses taken. The pill count at baseline reflected the initial stock; the one at the end of follow-
up period, the final stock. The in-between refills reported by the local pharmacy reflected
new stock. The following formula was used to calculate the percentage taken.

(initial stock+ refilled amount) - final stock

X100 = % of pills taken
number of pills per day *

number of days in follow-up

In-Depth Interview

An in-depth interview by the clinical nurse specialist was held with a subgroup of patients
at the end of follow-up period. Patients had to give consent for the interview at the start
of the study; patients who either refused or stopped prematurely were replaced. The
interview was semi-structured: a list of questions was supplied to give direction to the
conversation. The interviews were recorded on tape, and the patients were told that no
one besides the investigators would hear the interview and that the interview would be
processed anonymously. After transposition, statements regarding the patients’ adherence
were extracted by two researchers. By combining these statements, patients’ adherence was
categorized as 1) good (no deviations in ingestion, timing, or food requirements reported), 2)
moderate (minor deviations reported), or 3) poor (patient admitting skipping doses, irregular
drug intake, or deviations from food requirements).
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Viral Load and Resistance Analysis

In addition to standard viral load measurements (cut off, 400 or 500 copies/mL), ultrasensitive
measurements (cut-off, 25 copies/mL; Ultrasensitive HIV-1 Cobas Amplicor Monitor Assay,
Roche Diagnostics, Pleasantin, CA, U.S.A.) were performed at baseline and at the end of
follow-up period. If the viral load at the end of follow-up period was > 1000 copies/mL,
genotypic resistance analysis was performed using an automated sequencer (ABI 377, PE
Biosystems, Foster City, CA, U.S.A.) and Big-Dye-terminator chemistry (PE Biosystems).
Population sequencing of the entire protease gene and of the RT gene from amino acid 1-300
was performed using polymerase chain reaction (PCR) amplified genome fragments derived
from plasma virus RNA (34).

Statistics

Statistics were performed with SPSS for Windows (v. 9.0, SPSS Inc., Chicago, IL, U.S.A.). To
compare the various methods with MEMS data, nonparametric Spearman correlation
coefficients (r) were calculated with their corresponding levels of significance. Spearman r
values of < .35 were regarded insufficient, whereas r values of 0.6--0.7 were high enough to
consider the method comparable with MEMS data. p < .05 was regarded as significant. To
compare a combination of methods with MEMS, categoric data of the specific methods were
multiplied and then Spearman correlation coefficients were calculated again. Categorization
of the data was done to increase the sensitivity of the methods to discriminate poor adherence
from moderate or good adherence, although some methods did not result in numerical data.
The categories were based on the literature or extracted from the data. The following cut-
off points were used: MEMS % taken and % of days correct number of doses taken, | (good
adherence): 2:95%, 2 (moderate): 95%-90%, 3 (poor): <90%; MEMS % on schedule, >90%,
90%- 80%, and <80%,; self-reported adherence/physician and nurse estimate, >9.0, 9.0-8.0,
:S:8.0; pill count/refill data, I: 2:95%, 2: 95%-90%, 3: <90%; plasma concentrations, I: 0%
plasma concentrations outside CORALS, 3: >0%; in-depth interviews, categorized based on
the statements of the patients concerning their own adherence.

Results

Patients

Twenty-eight patients were included in the study: 21 non-naive, 7 naive. Non-naive patients
had a median duration of antiretroviral therapy use of 2.5 years (interquartile range [IQR],
2.0-3.3). Thirteen patients used a twice-daily regimen; the other 15 used a thrice-daily dosing
frequency. Indinavir taken alone and the combination of ritonavir + saquinavir were the most
frequently used protease inhibitors (12 and 10 patients, respectively). All patients but 1 were
male, and all but 1 white; most (19 of 28) were homosexual. Twenty-six patients completed
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follow-up week 12, and 24 completed follow-up week 24. Four of the 28 patients stopped
prematurely (before follow-up week 24) because of protease inhibitor toxicity (1 naive, 2
non-naive patients) or patient request (I non-naive patient). Two of these patients stopped
therapy before follow-up week 4 and were not included in the analyses.

Medication Event Monitoring System

According to the corrected MEMS reports (corrected for notes in diary, during visits, etc.), the
median percentage of prescribed doses taken (% taken) was 98.9% (range, 10.1%-102.0% );
the percentage of days on which the correct number of doses was taken (% correct days) was
94.6% (range, 4.1%-99.5% ), and the percentage of doses taken on schedule (% on schedule,
within 1 hour before or after the scheduled time) was 91.1% (range, 6.4%-100.3%). Twenty-
five percent of the patients took fewer than 95% of all doses; 50% of the patients took the
correct number of doses fewer than 95% of the days, and two thirds of the patients took
fewer than 95% of the doses on time (Fig. 1). Figure 2 shows an example of perfect and
imperfect compliance as depicted in MEMS chronology plots.

FIG 1. Distribution of adherence over the study population. Twenty-seven percent of the patients took fewer
than 95% of all doses; 54% took the correct number of doses dor fewer than 95% of the days, and 69%

took fewer than 95% of the doses on time (within 1 hour before or after the scheduled time)
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FIG 2. Chronology plot and missing doses of 2 patients on a twice-daily schedule. The upper two panels
are form a patient with perfect adherence (taken, 101%; on schedule, 100%; days with correct number
of doses, 99%). The lower two panel are form a patient with imperfect adherence (taken, 92%; on
schedule, 77%,; days with correct number of doses, 81%). Time is depicted on the Y axis; the date, on
the X axis. Manually inserted and excluded events are based on notes in the diaries and visit forms. The

grey horizontal bars represent the permitted time interval of the scheduled doses (+ 1 hour).
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Questionnaires

From the questionnaire, the patient’s dosing regimen was extracted and used to analyze
the MEMS data. In 4 cases (15%), food restrictions, according to the patients, were different
than advised. Median patients’ selfreported adherence (average of several measurements
per patient) was 8.6 on a scale from 1 to | 0 (IQR, 8.0- 9.3). The lowest mark given was 5.7.

Diaries

Of the 26 patients, | patient did not take enough doses to analyze his accompanying food
pattern, 1 did not sufficiently complete the food part of the diary, and 3 patients reported
not to be restricted to food requirements. Of the other 21 patients, 9 (43%) complied
well with the food restrictions, 4 (19%) complied moderately, and 8 (38%) poorly. Of the
evaluative patients, 11 had to take their medication on (nearly) empty stomach, whereas
10 patients had to take their medication with (fat) food. Adherence with food restrictions
in the first group was comparable with that in the second group (p = .495, Mann-Whitney U
test). Adherence Assessment by Treating Physician and Clinical Nurse Specialist The median
adherence as reported by the nurse was 8.8 (IQR, 7.9-9.3) and by the physician 9.0 (IQR, 8.3~
9.6). The nurses did not give anyone a score below 6.0 compared with the 7.1low score given
by the physicians.

Adherence Assessment by Treating Physician and Clinical Nurse Specialist

The median adherence as reported by the nurse was 8.8 (IQR, 7.9-9.3) and by the physician
9.0 (IQR, 8.3- 9.6). The nurses did not give anyone a score below 6.0 compared with the
7.1low score given by the physicians.

Plasma Drug Concentrations

The mean number of plasma samples per patient was 5.5 (SD, 1.9). The number of evaluative
samples was 143. Deviations in protease inhibitor concentrations compared with intrapatient
reference values recorded under supervised ingestion ranged from 10% to 167%, with a
median deviation of 36%. Using CORALS, the percentage of abnormal plasma concentrations
among patients ranged from 0% to 88% (median, 0%), with 6 patients (23%) having one
or more abnormal plasma concentrations. Two patients (8%) had one or more plasma
concentrations below the lower limit of quantitation.

Pill Count and Pharmacy Refill Data

When pill count and pharmacy refill data were combined, the median percentage of pills taken
was 100% (range, 71%-132% ). Thirty percent of the patients were regarded as overadherent.
In a small pilot study of 5 patients, a detailed analysis of the pill count and pharmacy refill
data was performed. Several problems with these methods were encountered. First, there
were strong indications that the pill count data had been manipulated, as has also been found
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by others, by the patient with the poorest compliance according to the MEMS data (35). For
example, MEMS openings were recorded shortly before visits, although no medication had
been ingested at that time as was shown by undetectable plasma levels. Also, prescriptions
were refilled shortly before visits, although the pill count forms indicated that this patient
had had insufficient stock much earlier. Most likely the stock that the patient was assumed to
have at home was brought to the hospital, and the excess was left at home. Nevertheless, it
was difficult to determine the patient’s actual behavior from the pill count and refill data, and
the combination provides an enormous overestimation of the adherence according to MEMS
(101 [pill count/refill] vs. 10% [MEMS] taken). Problems encountered with other patients
from the pilot study were mixing of stocks among partners who used the same medication,
inaccurate reporting of prescriptions by nurses, patients having old prescriptions at home,
patients forgetting to bring the medication to the hospital, either purposely or accidentally.

In-Depth Interviews

The clinical nurse specialist held an in-depth interview with 14 of the 26 patients. One
patient (7%) was categorized as having poor compliance; 6 (43%) were categorized as having
moderate compliance, and the other 7 (50%) as having good compliance.

Correlation Between Different Methods

Table 1 shows all individual results as numeric values, if available, and categorized as well, as
described in the Methods section. Table 2 lists the Spearman correlation coefficients (p) of
the MEMS data compared with the other methods. According to the plasma concentration
data obtained from the CORALS listed in the tables, protease inhibitor plasma concentrations
deviated more from intrapatient reference values, recorded under supervised ingestion, in
patients who were less adherent according to the MEMS data (% taken: Spearman p, -.426;
p <.05; % on time: Spearman p, -.527; p < .01). In addition to assessing adherence in itself,
plasma concentrations added relevant information to MEMS in cases where the MEMS data
reported ingestion but plasma levels were undetectable or vice versa, and they were an
objective check for the accuracy of the MEMS data. After adherence with food had been
categorized as (1) good (no violation of food restrictions), (2) moderate (minor violations),
or (3) poor (repetitive and more serious violations), the correlation with the categorized
MEMS data was as follows: MEMS % taken: Spearman p = .559, p < .01; MEMS %on time:
Spearman p =.673, p <.01. Methods that showed relatively high and significant correlations
with the MEMS results were patients’ self reported estimate of adherence in the anonymous
guestionnaire (p, .73; p < .001), plasma levels outside predefined ranges (p, .77; p < .001),
and, to a lesser extent, estimation of adherence by the clinical nurse specialist (p, .57; p <
.01). A combination of these methods did not increase the relation with the MEMS results
(p, .57; p<.01,top,.72; p<.001). The physician’s estimate of adherence correlated less well
(p, .43; p < .05), and the combination of pill count and pharmacy refill data only correlated
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Table 2. Correlations between MEMS results and other methods to measure adherence

MEMS (% taken} MEMS (% taken on time)
Spearman Spearman
Method rho numeric Ordinal tho numeric ordinal
Questionnaire (self-report) 0.552¢ 0.538° 0.721¢ 0.731¢
Plasma concentrations <> CORALS —0.568° 0.768“ -0.593° 0.3437
Nurse estimate 0.287 0.472% 0.567° 0.330°
Physician estimate 0.273 0.4267 0.429% 0.387
Pill ¢count/refil]l data
Percentage -0.074 0.284 0.027 0.382
Deviation from 100% —0.146 0.414 -0.229 0.430"
In-depth interview" X 0.550% X 0.778°
Combination of methods
QxPIxN X 0.618° " 0.684¢
Q% Pl X 0.642¢ X 0.721¢
QxN x 0.569° x 0.7057
PIx N % 0.610° ¥ 05867

For the ordinal results the categorization as listed in Table 1 is used. Additionally, the pill
count/refill data are calculated as the absolute deviation from 100% and categorized by dividing the
deviations into 3 equal groups.

“ In-depth interviews were held in 14 of the 26 patients. CORALS. concentration ratio Himits; Q,
questionnaire; Pl, plasma concentrations; N, nurse estimate. Combination of methods was calculated
by multiplying the category numbers.

b p< 05,

“p< .01,

4 p< 001

Acceptance of Study Methods

The following comments on the study methods were made: the MEMS vial was too large to
handle (200-mL bottles were used because of the large number of pills); having only one vial
was inconvenient, and not being able to use a medication cassette was problematic. Keeping
the diary was problematic, especially adding entries four times a day. Specific items with
respect to MEMS were scored well, but items that had to be scored more often, such as the
amount and fat content of food, were more difficult for some patients. As a result, several
patients filled in all items once daily. The pill count was accepted well, although in practice,
patients sometimes did not bring their pills with them.

Viral Load and Resistance Analysis

For 23 of the 26 patients, ultrasensitive viral load data (cut off 25 copies/mL) were available
at the end of follow- up period. In 2 patients, the viral load was detectable. One of these
patients (non-naive, number 14 in the table) had 1290 copies/ml. According to MEMS, this
patient took 99% of the doses, and 87% were taken or time. Deviations in timing were small
but occurred regularly. However, the viral load increase may also be explained by a relatively

97




Chapter 5

low indinavir exposure, which was seen even after observed ingestion. Resistance analysis
showed resistance to zidovudine and abacavir although zidovudine was only used before
the study. A second non-naive patient (number 8 in the table) had 3635 copies/mL; this
patient had the poorest adherence (10% taken according to MEMS and probably even less
according to undetectable plasma concentrations after MEMS opening). This patient’s virus
was resistant for zidovudine, abacavir, and lamivudine but not for pro tease inhibitors. He had
used zidovudine and lamivudine during the study and long before. The viral loads of the other
21 patients were undetectable (<25 copies/mL) although 5 patients (3 non-naive and 2 naive)
had taken fewer than 95% of their doses (the lowest % taken was 83%) and 8 (7 non-naive,
1 naive) had taken fewer than 90% of their doses on time (31 %-83%) according to MEMS.

Discussion

In this study, diary-corrected MEMS data gave a detailed and accurate insight into adherence
patterns of HIV -infected patients using protease inhibitor containing antiretroviral therapy.
Patients’ self-report and therapeutic drug monitoring were significantly and highly correlated
with adherence according to MEMS, as was the case for the in-depth interviews held by the
clinical nurse specialist.

Medication Event Monitoring System

The MEMS caps were only supplied for the protease inhibitors because this class of
medication has the most stringent requirements with respect to dose frequency, timing, and
food intake. Nucleoside reverse transcriptase inhibitors are less vulnerable, and although
nonnucleoside analogs are at high risk for development of resistance, their long elimination
half-lives make them less prone to nonadherence. Because of the different appearance of the
MEMS bottle and cap and the refill necessity at home, telling the patients about the function
of the MEMS caps could not be avoided. For this reason, and others, a follow-up period of
24 weeks was chosen: we assumed it to be unlikely for patients to mimic perfect adherence
for a long period (36,37). By using MEMS caps, various patterns of adherence were seen
among different patients. Specific problems such as missing afternoon doses, variation in the
timing of the bedtime dose, and changed timing during weekends were seen. Such detailed
information will enable a targeted intervention to improve adherence (38).

Self-Report and In-Depth Interview

Self-report is often regarded as a method that overestimates adherence ( 13,29,30). However,
an estimate of poor adherence by a patient should be regarded seriously (21); several studies
have demonstrated an association between self-report and viral outcome (10, 12,23,29).
When patients were asked anonymously about their adherence in our study, their estimate
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corresponded relatively well with the results from the MEMS caps. Particularly, patients who
repeatedly gave themselves an 8 or lower on a visual analog scale from 1 to 10 appeared to
be imperfectly adherent, which proves that it is useful to ask patients about their adherence.
This request may be done in writing by a third party, i.e., not by the treating physician, but,
for example, by a pharmacist. The physician too often gave a wrong estimate of the patient’s
adherence to turn his or her judgment into a useful method, as has been shown before
(1,28). The nurse was better able to judge the patient’s adherence. When the nurse held an
in-depth interview with the patient and remarks with respect to adherence were extracted
to categorize the patients’ adherence, a rather strong correlation with adherence according
to MEMS was found. This finding could mean that the approachability of and the close
relationship with the nurse, as mentioned by patients in their interviews, reveals detailed
and reliable information on adherence.

Therapeutic Drug Monitoring

When looking at plasma concentrations drawn after unobserved ingestion, the patients
with larger deviations from their individual pharmacokinetic profile after observed ingestion
appeared to be less adherent according to MEMS. Additionally, we saw a strong relation
between having plasma concentrations outside predefined population concentration
limits assessed after observed ingestion (i.e., CORALS) (33) and nonadherence, especially
with respect to the number of doses taken. Five of the 6 patients with one or more plasma
concentrations outside the CORALS took less than 90% of their medication according to
MEMS, and thus were detected by repeated therapeutic drug monitoring. These 5 patients
were the only ones who were categorized as having poor compliance (MEMS, <90% taken,
category 3). Adisadvantage of plasma sampling is that patients could mimic perfect adherence
by taking doses shortly before a visit (37 ,39). Although this still may cause abnormal plasma
concentrations, for example, because no auto induction has occurred during the days of
nonadherence, dose-timing is wrong, or extra doses are taken to compensate for missed
doses (40), there is a chance that nonadherence will not be detected. Nevertheless, the
results of the current study show that when patients knew that their plasma concentrations
were determined, deviating plasma concentrations were found that correlated with imperfect
adherence according to MEMS. This result agrees with the observation that the MEMS
reports did not show an improvement in adherence shortly before study visits. The absence
of this “toothbrush effect” has been described before (36).

Pharmacy Refill Data and Pill Count

Only a rough estimation of the refill pattern could be extracted from the pharmacy refill data
(3). Most patients in this study were in the non-naive group and may have had a stock of pills at
home. The number of pills in this stock is unknown if no pill count is performed, and thus the
exact situation cannot be assessed with refill data alone (35). Only a combination of pill count

99




Chapter 5

and pharmacy refill data could give an estimation of adherence in this study. Nevertheless,
even by combining pill count and pharmacy refill data, a percentage of adherence could
be calculated that may appear rather good, but that, when reviewing the stocks at several
time points, shows overuse or underuse, indicating that the overall calculation is actually
inaccurate. This finding agrees with the poor correlation between adherence according to
MEMS and adherence according to pill count and refill data in the current study and with the
limitations of the methods recognized by others (3,4,20,31,40,41).

Diaries

Analysis of adherence with food restrictions registered in the diaries was based on the food
requirements reported by the patient in the questionnaire because instructions may have
been incorrect. From the analysis of food patterns in the diaries, it became clear that violation
of the requirements occurred for the drugs that had to be taken with food (fat) and those
that had to be taken on a nearly empty stomach. It was found that keeping a diary, especially
when it has to be completed several times per day, is problematic for patients and therefore
cannot be applied to larger patient groups. Monitoring adherence with food restrictions is
difficult to perform. One approach is to have the clinical nurse specialist discuss this issue
with the patient.

Adherence Rate

Our patient group may seem highly adherent compared with the adherence rates found
by others (1,3,13, 29,36), but we suspect that 11%-16% of the patients who refused to
participate would have been nonadherent; in other words, we did not select an extremely
adherent patient group. A more likely explanation for the relatively high adherence may be
found in the inclusion criteria: only patients without communication problems were included,
and in the majority of the participants, their therapy thus far had been effective-one of the
causes of good efficacy may be good adherence.

Viral Load

From the viral load data in this study, it is noted that virologic failure occurred only in the
patient with the poorest compliance during the 24-week study period. Other patients
reached or kept undetectable viral loads even though adherence was sometimes lower
than the threshold necessary for virologic suppression as suggested by others (1,8,12,14).
However, the viral load results from this study are only indicative because the study group is
heterogeneous, with respect to duration of therapy, kind of pretreatment, and pretreatment
viral load. The latter was not always known and may be important for the grade of adherence
needed to reach and maintain viral suppression. Nevertheless, patients with lower adherence
are at risk for virologic failure and possible development of virologic resistance (1-14),
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although no thresholds can be determined from this study, and exact relations are not yet
fully understood.

In conclusion, the MEMS data give a detailed insight into patients’ adherence patterns. Notes
about special events occurring in relation to MEMS caps, such as visit openings, refills at
home, or device use, should be used to correct the MEMS data to improve their accuracy
(42). Therapeutic drug monitoring can be used as a direct measure to objectify the MEMS
results, whereas plasma concentrations outside predefined limits are highly correlated with
the MEMS results and thus can be used to detect nonadherent patients. Another method that
showed a highly significant correlation with the MEMS results was the patients’ self-reported
estimate of adherence in an anonymous questionnaire and, to a lesser extent, the estimation
of adherence by a clinical nurse specialist. In a random subgroup, in-depth interviews with
the clinical nurse specialist resulted in a high correlation with the MEMS results, which
could mean that by allowing patients talk to a person they trust and who is easily accessible
may help to reveal nonadherence. Thus, therapeutic drug monitoring, patients’ self-report,
and clinical nurse specialist assessment of adherence after an in-depth interview with the
patient can be used to detect patients who have a problem with adherence, and MEMS can
be used in problematic patient groups in whom interventions are planned because MEMS
give a real insight into adherence patterns. In addition to MEMS, diaries should be used,
plasma concentrations should be measured, and patients should always be asked about their
adherence, preferably by a clinical nurse specialist or a third party, such as a pharmacist.

Acknowledgments

The authors thank clinical nurse specialists: Arnold Coors, Yvonne Vincken, and Karin Grintjes
for their help in realizing this study. The authors also thank the HIV internists of the UMC
Nijmegen and Rijnstate Hospital Arnhem for their adherence judgments, and the technicians
of the Department of Clinical Pharmacy for measuring the plasma drug concentrations. The
authors thank Aardex for providing the intermediate Powerview version. Additionally, the
authors thank Roche Diagnostics for the supply of materials for the ultrasensitive viral load
test, and clinical psychologist Jan Vercoulen for his advice on the questionnaires and diaries.
The authors also thank Marijcke Schoots van de Siepkamp for transposition of the in-depth
interviews.

101




Chapter 5

References:

10.

11.

12.

13.

14.

102

Paterson DL, Swindells S, Mohr J, et al. Adherence to protease inhibitor therapy and outcomes in
patients with HIV infection. Ann Intern Med 2000;133:21-30.

Vanhove GF, Schapiro JM, Winters MA, et.al. Patient compliance and drug failure in protease
inhibitor monotherapy. JAMA 1996; 276:1955-6.

Maher K, Klimas N, Fletcher MA, et al. Disease progression, adherence, and protease inhibitor
therapy for HIV infection in an Urban Veterans Affairs Medical Center. J Acquir Immune Defic Syndr
1999;22:358-63.

Grimes RM, Easling |, Ray S, et al. Non-adherence to protease inhibitors in 758 patients from 3
separate cohorts of HIV infected patients in Houston, Texas [abstract ThPeB4983]. 13th International
Aids Conference, Durban, South Africa, July 9-14, 2000.

Wutoh AK, Brown CM, Jones T, et al. Associations between treatment behaviors and viral load
among older HIV-infected adults [abstract ThPeB4971]. 13th International Aids Conference,
Durban, South Africa, July 9-14, 2000.

Nieuwkerk PT, Gisolf EH, Danner SA, et al. Impact of patient adherence on viral suppression in a
randomized clinical trial [abstract 441]. 7th European Conference on Clinical Aspects and Treatment
of HIV-Infection, Lisbon, Portugal, October 23-27, 1999.

Cato A, Cavanaugh J, Shi H, Hsu A, Leonard J, et al. The effect of multiple doses of ritonavir on the
pharmacokinetics of rifabutin. Clin Pharmacal Ther 1997;63:414-21.

Balfour L, Khalig Y, Gayton J, et al. Adherence to HIV protease inhibitor therapy and maximal
suppression of plasma viremia: when is adherence enough? Aids Impact 1999, Ottawa, Canada,
July 15-17, 1999.

Bangsberg D, Hecht FM, Charlebois E, et al. Adherence to protease inhibitors, HIV -I viral load, and
development of drug resistance in an indigent population. AIDS 2000;14:357-66.

Le Moing V, Masquelier B, Moatti JP, et al. To study predictors of immunologic response to Pl
therapy, along with virologic response including adherence to therapy [abstract 596]. 39th ICAAC,
San Francisco, California, September 26-29, 1999.

Deeks S, Loftus R, Cohen P, et al. Incidence and predictors of virologic failure to indinavir or/and
ritonavir in an urban health clinic [abstract LB-2]. 37th ICAAC, Toronto, Ontario, Canada, September
28-October 1, 1997.

Haubrich RH, Little SJ, Currier JS, et al. The value of patientreported adherence to antiretroviral
therapy in predicting virologic and immunologic response. AIDS 1999;13:1099-107.

GolinC, LiuH, HaysR, etal. Self-reported adherence to protease inhibitors substantially overestimates
an objective measure [abstract 95]. 6th Conference on Retroviruses and Opportunistic Infections,
Chicago, lllinois, January 31-February 4, 1999.

Kaplan A, Golin C, Beck K, et al. Adherence to protease inhibitor therapy and viral load [abstract
096]. 6th Conference on Retroviruses and Opportunistic Infections, Chicago, lllinois, January
31-February 4, 1999.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Assessment of adherence to HIV protease inhibitors: Comparison and combination of various methods, including MEMS
(Electronic Monitoring), patient and nurse report, and therapeutic drug monitoring

Tuldra A, Fumaz CR, Ferrer MJ, et al. Predicting long-term adherence to HAART [abstract 512]. 7th
European Conference on Clinical Aspects and Treatment of HIV-Infection, Lisbon, Portugal, October
23-27,1999.

Weidle PJ, Ganea CE, McGowan JP, et al. Multiple reasons for nonadherence to antiretroviral
medications: need for a multifaceted approach to improve adherence [abstract 32360]. 12th
World Aids Conference, Geneva, Switzerland, June 28-July 3, 1998.

Stewart KE, Call SA, Cloud GA, et al. Prospective prediction of antiretroviral adherence: the role of
patient-perceived barriers [abstract 587]. 39th ICAAC, San Francisco, California, September 26-29,
1999.

Knobel H, Rubio R, Miro JM, et al. Adherence to antiretroviral therapy: the patient’s perspective
[abstract 857]. 7th European Conference on Clinical Aspects and Treatment of HIV-Infection,
Lisbon, Portugal, October 23-27, 1999.

Quirk J, Wilks J. Patient compliance on combination HIV antiretroviral therapies [abstract 32384].
12th World Aids Conference, Geneva, Switzerland, June 28-July 3, 1998.

Grymonpre RE, Didur CD, Montgomery PR, et al. Pill count, self-report, and pharmacy claims data
to measure medication adherence in the elderly. Ann Pharmacother 1998;32:749-54.

US Health & Human Services. Adherence to potent antiretroviral therapy [online]. Available at:
http://www.medscape.com/govmt/. dhhs/guidelines/hiv/hiva. Accessed October 18, 1999.
Wagner GJ, Rabkin JG. Measuring medication adherence: is assessment of missed doses sufficient?
AIDS 1999;13:2491-2.

Demasi R, Tolson J, Pham S, et al. Self-reported adherence to HAART and correlation with HIV RNA:
initial results with the patient medication adherence questionnaire [poster 94]. 6th Conference on
Retroviruses and Opportunistic Infections, Chicago, Illinois, January 31-February 4, 1999.

Gordillo V, Amo dJ, Soriano V, et al. Sociodemographic and psychologic variables influencing
adherence to antiretroviral therapy. AIDS 1999;13:1763-9.

Luber AD, Mulnick J, RaberS, et al. Patient adherence with twice daily dosing of nelfinavir equivalent
to non-nucleoside reverse transcriptase inhibitors when given in combination with dual nucleoside
analogues [abstract ThPeB4991]. 13th International Aids Conference, Durban, South Africa, July
9-14, 2000.

Murri R, Ammassari A, Gallicano K, et al. Patient-reported nonadherence to HAART is related to
protease inhibitor levels. J Acquir Immune Defic Syndr 2000;24:123-8.

Eldred LJ, Wu AW, Chaisson RE, et al. Adherence to antiretroviral therapy and Pneumocystis
prophylaxis in HIY disease. J Acquir Immune Defic Syndr Hum Retrovirol 1998;18: 117-25.

Miller L, Liu H, Beck K, et al. Providers’ estimates of adherence overestimate reports from
medication event monitoring system (MEMS) for patients on protease inhibitors [poster 97]. 6th
Conference on Retroviruses and Opportunistic Infections, Chicago, Illinois, January 31-February 4,
1999.

103




Chapter 5

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

104

Bangsberg DR, Hecht FM, Charlebois EC, et al. Spontaneous adherence audits predict viral
suppression in the REACH cohort [abstract 93]. 6th Conference on Retroviruses and Opportunistic
Infections, Chicago, lJlinois, January 31-February 4, 1999.

Melbourne KM, Geletko SM, Brown SL, et al. Medication adherence in patients with HIY infection:
a comparison of two measurement methods. AIDS Reader 1999;9:329-38.

Stockwell Morris L, Schulz RM. Patient compliance-an overview. J C/in Pharmacal Ther 1992;17:283-95.
Hugen PWH, Yerwey-van Wissen CPWGM, Burger DM, et al. Simultaneous determination of the HIV
-protease inhibitors indinavir, nelfinavir, saquinavir and ritonavir in human plasma by reversed- phase
high-performance liquid chromatography. J Chromatogr B Biomed Sci Appl 1999;727:139-49.

Hugen PWH, Burger DM, Aarnoutse RE, et al. Concentration ratios of protease inhibitors can
be applied to assess noncompliance [abstract 3.1]. First International Workshop on Clinical
Pharmacology of HIV Therapy, Noordwijk, The Netherlands, March 30--31, 2000.

Nijhuis M, Boucher CAB, Schuurman R. A sensitive one-tube RT-PCR for the amplification of HIY
RNA. Biotechniques 1994; 19:323-7.

Gregoire J-P, Guilbert R, Archambault A, et al. Measurement of non-compliance to antihypertensive
medication using pill counts and pharmacy records. J Soc Admin Pharm 1997;14:198-207.
Kastrissios H, Suarez JR, Katzenstein D, et al. Characterizing patterns of drug-taking behavior with a
multiple drug regimen in an AIDS clinical trial. AIDS 1998;12:2295-2303.

Urquhart J. The electronic medication event monitor: lessons for pharmacotherapy. Clin
Pharmacokinet 1997;32:345-56.

Matsuyama JR, Mason BJ, Jue SG. Pharmacists’ interventions using an electronic medication-.event
monitoring device’s adherence data versus pill counts. Ann Pharmacother 1993;27:851-5.

Cramer JA, Scheyer RD, Mattson RH. Compliance declines between clinic visits. Arch Intern Med
1990;150:1509-10.

Rudd P, Ahmed S, Zachary V, et al. Improved compliance measures: applications in an ambulatory
hypertensive drug trial. Clin Pharmacal Ther 1990;48:676-85.

Cramer JA, Mattson RH, Prevey ML, et al. How often is medication taken as prescribed? JAMA
1989;261:3273-7.

Arnet |, Haefeli WE. Overconsumption detected by electronic drug monitoring requires subtle
interpretation. Clin Pharmacal Ther 2000;67:44-7.



Assessment of adherence to HIV protease inhibitors: Comparison and combination of various methods, including MEMS
(Electronic Monitoring), patient and nurse report, and therapeutic drug monitoring

105



Nienke Langebeek?, Pythia Nieuwkerk?

1 Department of Internal Medicine, Rijnstate Hospital, Wagnerlaan 55 6815 AD, Arnhem, Netherlands
2 Department of Medical Psychology, Academic Medical Center, Meibergdreef 9, 1105 AZ, Amsterdam, Netherlands

Frontiers in Public Health 2015, 3; article 139

www.frontiersin.org



CHAPTER 6

Electronic monitoring-informed counselling to
improve adherence to combination
anti-retroviral therapy and virologic treatment
outcomes: a meta-analysis



Chapter 6

Abstract

Background: Adherence to combination antiretroviral therapy (cART) for HIV infection is a
primary determinant of treatment success, but is often suboptimal. Previous studies have
suggested that electronic medication monitoring-informed counselling is among the most
effective adherence intervention components. Our objective was to review available evidence
about the effectiveness of monitoring-informed counselling and to aggregate findings into
quantitative estimates of the effect of such intervention on medication adherence and
virologic treatment outcomes.

Methods: We searched PubMed for papers reporting on randomized controlled trials (RCTs)
comparing intervention groups receiving monitoring-informed counselling as one of the
intervention components versus control groups not receiving such counselling for their effect
on medication adherence and viral load concentrations. The standardized mean difference
(SMD) in adherence and the odds ratio (OR) of undetectable HIV RNA in intervention versus
control groups were the common effect sizes. Random-effect models with inverse variance
weights were used to aggregate findings into pooled effect estimates with 95% confidence
limits.

Results: A total of 13 studies were included. Adherence was significantly higher in intervention
groups than in control groups (SMD 0.51, 95% Cl1 0.31 to 0.71). Patients in intervention groups
were significantly more likely to have undetectable HIV RNA concentrations than patients
in control groups (OR 1.35, 95% ClI 1.12 to 1.63). However, in studies in which monitoring-
informed counselling was the only intervention component, the difference in adherence and
virologic response between intervention and control groups was not statistically significant.

Conclusion: Electronic monitoring-informed counselling improved adherence and virologic
response compared with control groups not receiving such counselling in studies in which it
was one out of multiple intervention components, but not in studies where it was the only

intervention component.

Keywords: adherence, compliance, HIV infection, antiretroviral therapy, meta-analysis .
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Introduction

Adherence to combination antiretroviral therapy (cART) is a primary determinant of
antiretroviral treatment success. Sufficiently high levels of adherence to cART are necessary to
achieve and sustain viral suppression and to prevent disease progression and death (1-3). Yet,
many HIV infected patients do not succeed in achieving or maintaining adequately high levels
of adherence to cART (4). Adherence to cART is potentially amenable to intervention. Since
the advent of cART, numerous interventions aimed at enhancing adherence to cART have
been developed and evaluated. Several systematic reviews have reviewed and synthesized
the effectiveness of such interventions to improve adherence and virologic treatment
outcomes (5-8). Overall, these reviews have shown that various types of interventions can
significantly increase adherence, but effects vary considerably across studies and most types
of interventions have also been found not to produce significant effects in other studies.

An appreciable number of adherence enhancing intervention studies have provided patients
and/or their health care providers with objective information about the patients’” medication
taking behavior as one of the intervention components. In these studies, medication adherence
is typically measured using an electronic medication monitoring device. Electronic medication
monitoring devices register the time and date of each opening of the device which is assumed
to represent medication ingestion. The date and time of openings of the device over a long-
time period can be shown to patients in the form of a graphical display. Such graphical feedback
could make medication taking behavior and the occurrence of non-adherence more concrete
or real to the patient who may be unaware of suboptimal adherence. Personalized feedback
based on the pattern of medication use could open discussions between patients and health
care providers about adherence barriers and potential solutions to deal with these.

Research conducted across medical conditions have suggested that feedback on
adherence performance and the accompanying counselling informed by recent adherence
performance are among the intervention components that improve adherence most
consistently (9-11). However, studies investigating the effectiveness of such monitoring-
informed counselling among patients with chronic HIV infection have yielded inconsistent
results. Some studies (12) have found significantly improved adherence and virologic
treatment outcomes whereas others have found no beneficial effects (13).

Our objective was to review available evidence about the effectiveness of monitoring-
informed counselling among patients who are prescribed cART for a chronic HIV infection
and to aggregate findings into quantitative estimates of the effect of such intervention on
medication adherence and virologic treatment outcomes. Moreover, we aim to identify study
design features that are associated with stronger intervention effects.
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Materials and methods

Literature search
We searched PubMed for papers published from August 1996 to October 2014 using the
following strategy:

((“intervention” [tiab]) OR (“intervention” [tw])) AND (HAART(title/abstract] OR CART[title/
abstract] OR ART[title/abstract] OR ARV([title/abstract] OR ARVsJtitle/abstract] OR
antiretroviral[title/abstract] OR anti-retroviral[title/abstract] OR anti-viral[title/abstract] OR
antiviral[title/abstract] OR “Antiretroviral Therapy, Highly Active”[Mesh] OR “Anti-Retroviral
Agents”[Mesh])) OR ((HIV Infections[MeSH] OR HIV[MeSH] OR hiv[title/abstract] OR hiv-
1[title/abstract] OR hiv-2*[title/abstract] OR hivl[title/abstract] OR hiv2[title/abstract]
OR hiv infect*[title/abstract] OR human immunodeficiency virus[title/abstract] OR human
immune deficiency virus[title/abstract] OR human immuno-deficiency virus|[title/abstract]
OR human immune-deficiency virus[title/abstract] OR ((human immun*) AND (deficiency
virus|[title/abstract])) OR acquired immunodeficiency syndromes(title/abstract] OR acquired
immune deficiency syndrome[title/abstract] OR acquired immuno-deficiency syndrome[title/
abstract] OR acquired immune-deficiency syndrome[title/abstract] OR ((acquired immun*)
AND (deficiency syndrome([title/abstract])) or “sexually transmitted diseases, viral”[mh]) OR
HIV[title/abstract] OR HIV/AIDS[title/abstract] OR HIV-infected[title/abstract] OR HIV[title] OR
HIV/AIDS[title] OR HIV-infected|[title])) AND (adhere*[tiab] OR complian*[tiab] OR adhere*[tw]
OR complian*[tw] OR Patient Compliance[MeSH] OR Medication Adherence[MeSH])) AND (
“1996/01/01”[PDat] : “2014/12/31”[PDat] )))

The reference lists of the papers retrieved were reviewed for additional relevant publications.
Additionally we searched abstracts from the International AIDS conference (years 2006,
2008, 2010, 2012, 2014), the IAS Conference on HIV Pathogenesis, Treatment and Prevention
(years 2007, 2009, 2011, 2013), the HIV Drug Therapy Glasgow Meeting (years 2008, 2010,
2012, 2014) and the International Conference on HIV Treatment and Prevention Adherence
(years 2010 to 2014).

Eligible studies met the following criteria 1) randomized controlled (cross-over) trial 2)
comparing monitoring-informed counselling as one of the intervention components versus
not receiving such counselling. Intervention groups could thus consist of multi-component
and single component interventions 3) outcomes are medication adherence and/or viral load
concentrations 4) participants are HIV infected persons prescribed cART for a chronic HIV
infection. We included English language papers only.
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Data extraction

We extracted the following information from each study: name of the first author, year of
publication, sample size, whether patients were initiating, restarting or switching a cART
regimen or were already on ART, whether the intervention was only administered to patients
with low pre-intervention adherence levels (yes/no), or if patients were triaged to different
levels of intervention intensity depending on their adherence level (yes/no), the percentage
of patients with undetectable viral loads at baseline, duration of the intervention period
(weeks), number of intervention sessions and intervention components. The categorization of
intervention components was adapted from two previous systematic reviews of antiretroviral
adherence interventions (6, 8). Intervention components additional to 1) monitoring-
informed counselling were coded as: 2) didactic provision of information about HIV, cART
and adherence, 3) behavioral, cognitive behavioral, or motivational counselling, 4) provision
of reminder devices, 5) social support enlistment, 6) depression screening, treatment or
referral, 7) financial incentives for good adherence, and 8) substance use screening, treatment
or referral. We calculated the number of intervention components per study. Both authors
independently extracted information and discrepancies were resolved through discussion.
When more than one type of intervention was tested, data from each arm of the intervention
were considered as separate data points.

Statistical analysis

We defined adherence as the percentage of prescribed doses of cART taken. We used the
standardized mean difference (SMD) as the common effect size to express the difference in
adherence between intervention and control groups. If studies did not provide the SMD, we
contacted authors to get additional data. If no additional data were available, we calculated
the SMD from correlation coefficients, means and standard deviations, odds ratios, t-, x*-,
or F-statistics, contingency table data or exact P values (14). When studies reported an
insignificant effect on adherence without data we assigned a value to the SMD of 0.01. Values
of the SMD of 0.2 to 0.49, 0.5 to 0.79, and >0.8 can be interpreted as small, medium and
large effects, respectively (15).

We used the odds ratio (OR) as the common effect size to express the difference in the
percentage of patients with an undetectable viral load in intervention versus control groups.
When studies reported an insignificant effect of the intervention on viral load without data,
we assumed an OR of 1.01.Random effect models with inverse variance weights were used to
aggregate individual SMDs and ORs into pooled effect estimates with 95% confidence limits
(CI) using Review Manager 5.3.

We compared pooled effect estimates of adherence and undetectable viral loads between
studies in which monitoring-informed counselling was the only intervention component
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with studies in which monitoring-informed counselling was one out of multiple intervention
components. We conducted a sensitivity analysis to examine potential bias resulting from
over-representation of studies with more than one intervention arm. We examined the
extent to which results would change when studies with more than one intervention arm
were excluded from the analysis or if only a single intervention arm was included.

We examined whether variation in effect sizes of adherence and viral load were significantly
associated with study design features. We investigated the effect of the following study design
features: whether patients were initiating, restarting or switching an cART regimen (yes/no)
or were already on ART, the percentage of patients with undetectable viral loads at baseline,
whether the intervention was only administered to patients with low pre-intervention
adherence levels (yes/no), or if patients were triaged to different levels of intervention
intensity based on their adherence level (yes/no), duration of the intervention period (weeks),
number of intervention contacts, whether intervention components administered to the
intervention group included the following: didactic provision of information about HIV, cART
and adherence (yes/no), behavioral, cognitive behavioral, or motivational counselling (yes/
no), provision of reminder devices (yes/no), social support enlistment (yes/no), depression
screening/treatment/referral (yes/no), financial incentives for good adherence (yes/no), and
substance use screening/treatment/referral (yes/no).

Subgroup analysis were performed by grouping effect sizes for adherence and viral load by
study design feature and assessing heterogeneity between groups using the between-group Q
statistic (Q-between) within a mixed effects model using the method of moments estimation.
These analyses were conducted using the SPSS macro’s MetaF and MetaReg from Lipsey and
Wilson (14, 16). We performed meta-regression analysis with method of moment estimation
to assess the relationship of the number of intervention components per study with the SMD
in adherence and the log odds ratio of undetectable HIV RNA using Comprehensive Meta-
Analysis version 2. We examined the presence of publication bias by the visual inspection of
funnel plot symmetry and formally with Egger’s regression intercept.

Results

Our literature search yielded a total of 10274 potentially relevant articles. We found an
additional article from another data source, resulting in a total of 10275 potentially relevant
articles. All articles were subsequently screened on the title and abstract. After reading the
full text of 67 articles, we excluded 54 articles mainly because the intervention did not consist
of monitoring-informed counselling. Thus, a total of 13 articles, reporting on 1419 patients,
were found to meet inclusion criteria and were entered in our meta-analysis (Figure 1).
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Figure 1: Flow diagram
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Overall, we found adherence was significantly higher in intervention groups which had
received monitoring-informed counselling as part of the intervention compared with control
groups that did not receive such counselling (SMD 0.51, 95% Cl 0.31 to 0.71) (Figure 2). This
represents an improvement of a moderate magnitude in terms of effect sizes. Moreover,
patients in these intervention groups were more likely to have undetectable HIV RNA
concentrations than patients in control groups that did not receive such counselling (OR 1.35,
95% ClI 1.12 to 1.63) (Figure 3). We identified three studies in which monitoring-informed
counselling was the single intervention component and was compared with a control
group not receiving such counseling (13, 14, 22). In these three studies, the effect of the
intervention on adherence (SMD 0.24, 95% Cl -0.17 to 0.66) (Figure 2) and on the likelihood
of undetectable HIV RNA concentrations (OR 0.94, 95% Cl 0.64 to 1.38) (Figure 3) were not
statistically significant.

Figure 2: Effect of interventions on adherence

Std. Mean Difference Std. Mean Difference
Study or Subgroup  Std. Mean Difference  SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Multiple component intervention
De Bruin 2010 066 018  83% 0.66 [0.31,1.01] o
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1.1.2 Single component intervention
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Figure 3: Effect of interventions on the likelihood of undetectable HIV RNA
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A total of 12 out 13 studies included, compared a single intervention arm with a control
group. In one study, two intervention arms were compared with the same control group (20).
One of the intervention arms of this study provided financial incentives for good adherence
in addition to the other intervention components, whereas the other intervention arm did
not provide financial incentives. Excluding this study from our analysis or including only the
intervention arm without financial incentive resulted in pooled effect estimates for adherence
of SMD: 0.49 (95% Cl 0.30 to 0.69) and SMD: 0.47 (95% ClI 0.28 to 0.66), respectively, and for
the likelihood of achieving undetectable viral load of OR: 1.37 (95% Cl 1.13 to 1.66) and OR:
1.36 (95% ClI 1.12 to 1.64), respectively.

Variation in effect sizes of adherence were significantly associated with the study design
features; percentage of patients with undetectable viral load at baseline and providing financial
incentives for good adherence. Studies with a lower percentage of patients with undetectable
viral loads at baseline (dichotomized at the median of 35%) yielded larger effect sizes than
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studies with a higher percentage of patients with undetectable viral loads at baseline (SMD
0.65 (versus 0.31, Q= 6.87, p=0.009). Studies providing financial incentives for good adherence
(22, 23) yielded larger effect sizes than studies without financial incentives (SMD 1.32 versus
0.40, Q=10.83, p=0.001). Both effects remained statistically significant in a multivariate model.

Variation in effect sizes for undetectable viral loads were significantly associated with whether
the intervention components included didactic provision of information about HIV, cART and
adherence, or behavioral, cognitive behavioral, or motivational counselling. Studies in which
the intervention components included didactic provision of information about HIV, cART and
adherence yielded higher effect sizes than studies not including this intervention component
(OR 1.81 versus OR 1.19, Q=9.91, p=0.0016). Studies in which the intervention components
included behavioral, cognitive behavioral, or motivational counselling yielded higher effect
sizes than studies not including this component (OR 1.64 versus OR 1.08, Q=11.89, p=0.0006).
We were unable to include both variables in a multivariate model due to high collinearity.

Meta-regression analysis showed that a higher number of intervention components was
significantly associated with a higher likelihood of undetectable HIV RNA (Figure 4), but not
with higher adherence in the intervention groups.

Figure 4: Meta-regression of number of intervention components on the logg odds of undetectable
HIV RNA
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The funnel plot for the outcome measure medication adherence was suggestive of publication
bias (Egger’s regression intercept p=0.04), with an absence of small studies yielding negative
effects (Figure 5). The funnel plot for the outcome measure virologic treatment response was
not suggestive of publication bias (Egger’s regression intercept p=0.99) (Figure 6).

Figure 5: Funnel plot medication adherence
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Figure 6: Funnel plot undetectable HIV RNA
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Discussion

Our meta-analysis of randomized controlled trials investigating the effect of monitoring-
informed counselling on treatment adherence and virologic treatment response, yielded
significantlyimproved adherence andvirologic treatment response only when such counselling
was part of a multi-component intervention. The improvement in adherence constituted a
medium sized effect. The improvement in medication adherence achieved in the intervention
groups was clinically relevant as it was accompanied by an increased likelihood of having an
undetectable viral load.

We distinguished between studies in which monitoring-informed counselling was the only
intervention component and studies in which monitoring-informed counselling was one out
of multiple intervention components. In the vast majority of studies included, monitoring-
informed counselling was one out of multiple intervention components that patients received.
Consequently, the separate contribution of monitoring-informed counselling to the improved
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levels of adherence and virologic treatment response is difficult to establish. However,
this reflects the current state of the art in hiv adherence support research in which most
interventions consist of multiple components (29). Moreover, it reflects the clinical reality
that adherence is behavior that may be affected by multifactorial barriers that may best be
addressed by comprehensive interventions (9). Multicomponent interventions may increase
the likelihood of having an impact on adherence and treatment outcomes compared with
single component interventions. Researchers may first combine approaches to document an
effect and in later studies attempt to isolate effects of intervention features.

We identified only three single component studies with divergent results. Two single
component studies found insignificant effects of the intervention on adherence (13, 14).
In contrast, one single component study found significantly improved adherence in the
intervention group (22). In one of the single component studies with insignificant results,
the lack of effect of the intervention was attributed to inadequate adherence counselling
techniques of the health care providers who delivered the intervention (13). Although the
amount of adherence-related dialogue increased in the intervention group, little of that
dialogue was problem solving in nature but tended to have a scolding or lecturing quality
(13).

In contrast, the single component study that yielded improved levels of adherence in the
intervention group mentioned that participating health care providers had received practice
and role-playing training sessions during which it had been emphasized that the goal of
counselling was to help subjects to improve their medication-taking behavior, not to scold
them about poor adherence (22). The authors speculated that for patients with adherence
problems, monitoring-informed counselling offered an opportunity for meaningful discussion
about medication-taking issues specific to the individual and point in time, which may have
provided patients just the focused discussion of behavior changes that they needed (22).
Given the quest for effective and practical interventions to promote medication adherence
(30), it would be most interesting to see if future studies employing a similar relatively simple
monitoring-informed counselling with prior training of health care providers would also
result in improved adherence.

We aimed to identify study design features that were associated with larger effect sizes for
adherence and virologic treatment response. Lower percentage of patients with undetectable
viral loads at baseline and providing financial incentives for good adherence were significantly
associated with larger effect sizes for adherence but not for virologic treatment response.
The clinical relevance of these findings is therefore uncertain. Studies including the
didactic provision of information about HIV, cART and adherence, or behavioral, cognitive
behavioral, or motivational counselling as intervention components yielded larger effect
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sizes for virologic treatment response than studies that did not include these intervention
components. We were unable to assess the independent effect of these two intervention
components in a multivariate model, due to the low number of included studies and due to
the fact that many studies including one of the two intervention components also included
the other component. While the multiple component studies were associated with larger
improvements in adherence and virologic treatment response than the single component
studies, it remains thus largely unknown which intervention components are responsible for
this difference.

There is also more a fundamental reason why it could be difficult to determine which
adherence intervention components are most responsible for improvements in adherence
than others. It is increasingly recognized that multifactorial barriers may influence patient
adherence and that these barriers may differ between patients and change within patients
over time. There is also increasing recognition that interventions should be targeted to people
who are clearly identified as needing that specific intervention. By analogy with a medical
condition that can only be adequately treated when an accurate diagnosis is established, the
treatment, i.e., adherence intervention, should be matched to the diagnosis, i.e., barriers to
adherence that the patient is experiencing (31). For example, reminder devices aren’t that
likely to help people whose adherence barriers aren’t related to problems remembering doses.
Consequently, adherence intervention components that are highly effective for a particular
patient may be largely ineffective for another patient depending on the specific problems
with adherence a particular patient is experiencing. The most effective interventions are
probably those that carefully tailor the intervention components to the adherence problems
an individual patient is experiencing.

There has been attention in the field to the content of adherence care that is provided in
control groups of adherence intervention studies. It was previously found that the difference
in adherence intervention components provided in the intervention and control groups was
a significant predictor of the difference in viral load and adherence success rates between
intervention and control groups (32). In the present study, the difference in adherence
intervention components provided in the intervention and control groups was not a significant
predictor of the difference in virologic success nor of the difference in adherence between
intervention and control groups (data not shown). This finding may have been due, however,
to a limited description of adherence care provided to control groups in many of the included
studies.

The present study has several limitations. First, because in the vast majority of studies
monitoring-informed counselling was one out of multiple intervention components, the
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separate contribution of such counselling to the improved levels of adherence and virologic
treatment response is difficult to establish.

Second, we searched a single electronic database only, i.e., PubMed, which may have resulted
in publication bias. However, we supplemented this database with searches in abstracts of
the most relevant HIV conferences for the subject of medication adherence.

Third, if studies reported insignificant differences in adherence or virologic response between
intervention and control groups without data, we assumed an effect size of 0.01. This may
have been a too conservative estimate which may have resulted in an underestimate of the
effectiveness of the concerning interventions.

Fourth, we categorized adherence intervention components in several broad categories, for
example, behavioral, cognitive behavioral or motivational counselling. Within these broad
categories, distinct types of intervention components may have had a different impact on
adherence and virologic response that will remain undetected in the present global analysis,
e.g. cognitive behavioural counselling could have had a different impact on adherence and
virologic response than motivational interviewing.

Fifth, when more than one type of intervention was tested within a single study, we
considered data from each arm of the intervention as separate data points. This may have
resulted in an over-representation of a study with more than one intervention arm. However,
a sensitivity analysis in which we excluded this study from our analysis or included only one
of the intervention arms did not change our overall results.

In conclusion, monitoring-informed counselling improved medication adherence and
virologic response compared with control groups not receiving such counselling in studies in
which it was one out of multiple intervention components, but not in studies where it was
the only intervention component.
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Impact of co-morbidity and ageing on
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and HIV-negative individuals



Chapter 7

Abstract

Background: HIV-infected individuals may be at risk for the premature onset of age-associated
non-communicable co-morbidities. Being HIV-positive, having comorbidities and being of
higher age may adversely impact health-related quality of life (HRQL). We investigated the
possible contribution of HIV infection, co-morbidities, and age on HRQL and depression.

Methods: HIV-infected individuals and uninfected controls from the AGE, IV Cohort Study were
screened for the presence of co-morbidities. They completed the Short Form 36-item Health
Survey to assess HRQL and the nine-item Patient Health Questionnaire to assess depression.
Linear and logistic regression were used to investigate to which extent co-morbidities, aging
and HIV infection were independently associated with HRQL and depression.

Results: HIV-infected individuals (n=541) reported significantly worse physical and mental
HRQL and had a higher prevalence of depression than HIV-uninfected individuals (n=526). A
higher number of co-morbidities and HIV-positive status were each independently associated
with worse physical HRQL, whereas HIV-positive status and younger age were independently
associated with worse mental HRQL and more depression. The difference in physical HRQL
between HIV-positive and HIV-negative individuals did not become greater with a higher
number of co-morbidities or with higher age.

Conclusions: In a cohort of largely well-suppressed HIV-positive participants and HIV-negative
controls, HIV-positive status was significantly and independently associated with worse
physical and mental HRQL and with an increased likelihood of depression. Our finding that
a higher number of co-morbidities was independently associated with worse physical HRQL
reinforces the importance to optimize prevention and management of co-morbidities as the
HIV-infected population continues to age.

Key words: HIV infection, health-related quality of life, ageing, comorbidity, cohort study,
depression
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Introduction

HIV-associated morbidity and mortality have dramatically declined since the introduction
of combination antiretroviral therapy (cART) (1, 2). As a result, the number of HIV-1
infected adults living into old age is steadily increasing wherever access to cART is ensured.
However, even among well-treated HIV-infected individuals without comorbidity or AIDS-
defining events, life-expectancy remains lower than in the general population (3). Currently,
approximately 50% of individuals in care with HIV in the Netherlands are 45 years or older (4).
In view of a longer life expectancy, the care for people living with HIV should increasingly be
aimed at not only improving the quantity but also the quality of life.

Several studies have shown that people diagnosed with HIV have impaired health-related
quality of life (HRQL) compared with the general population (5, 6). However, HIV-infected
individuals may differ from general population samples with respect to background and
behavioral characteristics. Sexual- and ethnic minorities are more prevalent in the HIV-infected
population than in the general population. Differences in lifestyle factors, notably substance
use, have also been demonstrated between HIV-infected and uninfected populations (7, 8).
Both minority status and lifestyle factors have previously been associated with a lower level
of HRQL (9). The contribution of HIV on HRQL is therefore preferably studied by comparing
individuals with HIV to uninfected individuals with similar demographic- and lifestyle
characteristics.

HIV-infected personsare atincreased risk of age-associated non-communicable co-morbidities
compared to the general population (10). Such co-morbidities were previously shown to have
a negative impact on the physical dimension of HRQL among persons with HIV infection (11-
13). Previous research has demonstrated that HIV infection (5, 6, 15, 16) and aging (15, 16)
also negatively impact HRQL both in general terms and concerning the physical dimension
of HRQL. Older HIV-infected individuals were previously shown to have a worse performance
on physical function tests such as walking speed and grip strength than older HIV-uninfected
individuals. Lower walking speed and grip strength were associated with lower levels of
physical HRQL and an increased mortality rate (17-19). Furthermore, depression is more
prevalent among HIV-infected individuals than among HIV-uninfected individuals (20, 21).
The inflammatory pathway is a possible contributor to the high incidence of depression in
HIV positive individuals (22). Chronic inflammation is inherent to HIV infection, while elevated
levels of inflammatory markers have been associated with depression in HIV positive and HIV
negative individuals (23).

The objectives of the present study were to compare HRQL and depression between HIV-
infected and HIV-uninfected controls while adjusting for a range of socio-demographic,
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clinical/biological and lifestyle characteristics. Additionally, we aimed to investigate the
independent contribution of co-morbidity, age and HIV infection to HRQL and depression.

Methods

Participants

The AGE, IV Cohort Study is an ongoing, prospective comparative cohort study. Between 2010
and 2012, a total of 598 HIV-1 infected individuals were recruited from the HIV outpatient
clinic of the Academic Medical Center in Amsterdam, the Netherlands. As a control group,
550 HIV-uninfected individuals were recruited from the sexual health clinic and the
Amsterdam Cohort Studies on HIV/AIDS at the Amsterdam Public Health Service, from the
same geographical region and with similar socio-demographic and behavioral (risk) factors.
The inclusion criteria were age 245 years and laboratory confirmed presence or absence of
HIV-infection. After obtaining informed consent participants were screened for the presence
of the following age-associated non-communicable co-morbidities: hypertension, angina
pectoris, myocardial infarction, peripheral arterial disease, ischemic cerebrovascular disease,
diabetes mellitus type 2, obstructive pulmonary disease, impaired renal function (i.e.
estimated glomerular filtrate rate <60ml/min), non- AIDS cancer and atraumatic fractures/
osteoporosis (10).

At enrolment, participants were asked to complete an extensive questionnaire to collect data
on socio-demographics, lifestyle factors, HRQL, and depressive symptoms.

Detailed information concerning HIV and cART history was obtained from the Dutch
HIV Monitoring Foundation. The study protocol was approved by the local ethics review
committee and registered at www.clinicaltrials.gov (identifier NCT01466582).

For the present study, we included 541/598 (90%) of the HIV-infected participants and
524/550 (95%) of the HIV-uninfected participants who completed the questions on HRQL
and depressive symptoms at enrolment.

Dependent variables

HRQL was measured using the Medical Outcomes Study Short Form 36-item health survey (SF-
36) (24). The SF-36 contains eight subscales from which a physical health summary (PHS) and
mental health summary (MHS) score can be calculated. The subscales physical functioning,
role- physical, bodily pain and health perceptions contribute most to PHS and vitality, social
functioning, role-emotional and mental health contribute most to MHS. All subscales and
summary scores range from 0—100, with higher scores indicating better HRQL. The summary
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scores are transformed into a standardized scale with a mean of 50 and standard deviation of
10. The SF-36 subscales and the PHS and MHS yield high levels of reliability and validity (25).

Depressive symptoms were assessed using the nine-item Patient Health Questionnaire
(PHQ-9) (26). Scores may range from 0-27 with higher scores indicating more depressive
symptoms. Scores equal to or higher than 10 are indicative of clinically relevant levels of
depression (26). Depressive symptoms were also assessed by the Centers for Epidemiologic
Studies Depression scale (CES-D) consisting of 20 items (27). Scores may range from 0 to 60
with higher scores indicating more depressive symptoms. Scores equal to or higher than 16
are indicative of clinically relevant levels of depression.

Independent variables

Individuals with laboratory confirmed HIV infection were categorized as HIV-infected and
individuals with laboratory confirmed absence of HIV infection were categorized as HIV-
uninfected. We counted the number of non-communicable co-morbidities per participant
and categorized them into O, 1, 2 or >2. Participants’ age was categorized into the following
categories: 45 to 49, 50 to 54, 55 to 59, 60 to 64 and 65 years or older (10).

Demographic, clinical/biological and lifestyle covariates

We considered a range of demographic, clinical/biological and lifestyle characteristics,
previously shown or suspected to be related with HRQL and/or depression as potential
covariates. We considered the following socio-demographic characteristics: gender (male/
female), Dutch origin (yes/no), being married/cohabiting (yes/no), men who have sex with
men (MSM) (yes/no) and educational level (low-middle/high).

We considered the following clinical/biological measures: mean CD4 cell count in the year
prior to enrolment, being hepatitis B serum antigen (HBsAg) positive (yes/no) and being
hepatitis C virus (HCV) RNA positive (yes/no).

In the context of a frailty assessment (28) we performed two physical functioning tests: grip
strength and walking speed. Maximum grip strength was assessed using Jamar handheld
dynamometer (Jamar Plus + Digital Hand Dynamometer, Jamar, USA), the mean value of three
consecutive measurements of the dominant hand was used for analysis. Walking speed was
determined by asking the participants to walk a distance of 4.57 m (15ft) at their own usual
pace. The average of two consecutive measurements was used. Grip strength and walking
speed were categorized according to the strata described by Fried (29). Stratification of grip
strength was based on gender and BMI. Stratification of walking speed was based on gender
and body height. Persons in the per stratum lowest quintile were considered to have low grip
strength (yes/no) or low walking speed (yes/no).
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Because depression may be driven by inflammation and immune activation, we also
considered measures of inflammation and immune activation that were assessed in the
AGE, IV Cohort Study, i.e., high sensitivity C-reactive protein (hs-CRP), soluble (s)CD163 and
sCD14, as potential covariates.

We considered the following lifestyle characteristics: being a current smoker (yes/no), heavy
daily drinking (yes/no), defined as (almost) daily intake of at least 3 (females) or 5 (males)
alcoholic consumptions, ever injecting drug use (IDU) (yes/no), and daily to monthly use of
cannabis (yes/no), cocaine (yes/no) or XTC (yes/no).

Within the HIV-infected group, we also considered the following HIV and ART-related factors:
years known to be HIV-1 seropositive, years since start of first ART, HIV diagnosis prior to 1996
(yes/no), exposed to nucleoside reverse transcriptase inhibitor mono/dual therapy prior to
CART initiation (yes/no), nadir CD4 cell count, history of AIDS (yes/no), undetectable viral
load in the year prior to enrolment (yes/no), duration of suppressed plasma HIV RNA, and
duration of CD4 count <200 cells/mm?.

Statistical analysis

Differences in characteristics at enrolment between HIV-infected and uninfected participants
were examined with Chi-square tests for categorical data and Wilcoxon rank-sum tests or
Student t-tests for continuous data, where appropriate. We calculated SF-36 and PHQ-9 scale
scores according to standard scoring instructions.

To examine the magnitude of potential differences in HRQL between HIV-infected and
uninfected individuals, we calculated effect sizes by dividing mean differences by the pooled
standard deviation. Effect sizes of 0.2, 0.5 and 0.8 were interpreted as small, medium and
large, respectively (30). The magnitude of the difference in depression (PHQ-9 score >10)
between HIV-infected and uninfected individuals was expressed as odds ratio (OR). ORs
of 1.44, 2.47 and 4.25 were interpreted as small, medium and large, respectively (30). To
examine if potential differences between HIV-infected and uninfected individuals were
attenuated after adjustment for the independent variables and covariates, we first calculated
unadjusted effect sizes (model 1). Next, we calculated effect sizes that were adjusted for the
number of comorbidities (model 2). Next, subsequent models were additionally adjusted for
age (model 3), demographic factors (model 4), clinical/biological factors (model 5) and for
lifestyle factors (model 6).

To investigate factors independently associated with HRQL, we conducted multiple linear
regression analyses with the PHS and MHS as the dependent variables. To investigate factors

independently associated with depression (PHQ-9 score >10), we conducted multiple
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logistic regression analysis. The independent variables were HIV infection, the number of co-
morbidities and age. The demographic-, clinical/biological and lifestyle variables were treated
as covariates. First we conducted series of bivariate analyses. Factors that yielded bivariate
associations with HRQL or depression with p-values <0.20 were subsequently entered in a
multivariate model using a backward selection of variables for the final model. We checked
for violations of necessary assumptions in multiple regression by examining normal plots
of the residuals of the linear regression models and by examining the possible presence of
collinearity (Tolerance/Variance Inflation Factor statistics). In a sensitivity analysis, we used
the Center for Epidemiologic Studies Depression scale (CESD) score >16 instead of a PHQ9
score 210 to define depression.

We explored if age and the number of co-morbidities had a different impact on HRQL and
depression in HIV-infected versus uninfected individuals by including an interaction term in
the models, i.e., age by HIV status, and co-morbidities by HIV status. Two sided p-values <0.05
were considered statistically significant. Data were analyzed using SPSS version 20 (SPSS Inc.,
Chicago, IL, USA).
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Results

Characteristics at enrolment

The characteristics at enrolment of the HIV-infected and uninfected participants are shown

in Table 1. HIV-infected participants were less likely to be of Dutch origin and to have a high

educational level. HIV-infected participants were more likely to be married/cohabiting, to

have chronic HBV infection, low grip strength and low walking speed, a higher number

of age associated non-communicable co-morbidities, a lower CD4 cell count and higher

concentrations of measures of inflammation and immune activation (hs-CRP, sCD163, sCD14)

than HIV-uninfected participants. HIV-infected individuals were more likely to be a current

smoker and to have ever used intravenous drugs and less likely to use XTC daily to monthly.

Virtually all HIV-infected participants were on cART and had undetectable HIV-1 plasma viral

loads.

Table 1: Characteristics of HIV infected and HIV uninfected study participants.

Characteristic HIV-infected HIV-uninfected P value
participants (n=541) participants (n=524)
Demographic characteristics
Age (yrs), median (IQR) 52.9 (48.2 t0 59.6) 52.1 (47.9 to 58.5) 0.19
Male sex, No (%) 497 (89%) 446 (85%) 0.12
MSM, No (%) 400 (74%) 365 (70%) 0.14
Dutch origin, No (%) 391 (72%) 425 (81%) 0.001
High educational level , No (%) 217 (42%) 285 (56%) <0.001
Married/cohabiting, No (%) 268 (50%) 221 (42%) 0.017
Clinical/biological factors
Hepatitis B serum antigen (HBsAg) positive, No (%) 34 (6.3%) 3(0.6%) <0.001
Hepatitis C virus (HCV) RNA positive, No (%) 15 (2.8%) 5(1.0%) 0.052
Low grip strength, No (%) 129 (24%) 72 (14%) <0.001
Low walking speed, No (%) 154 (29%) 66 (13%) <0.001
e g e 102 o9 oo
ﬂz:ﬁs%iffez;sg;ted non-communicable co- 129(1.2) 0.96 (0.96) <0.001
m:;;sl()é;?ll count in year prior to enrolment, 565 (435-745) 840 (660-1050) <0.001
hs-CRP (mg/L), median (IQR) 1.5(0.7-3.5) 1.0 (0.6-1.9) <0.001
sCD14 (ng/mL), median (IQR) 1574 (1297-2011) 1353 (1079-1738)  <0.001
sCD163 (ng/L), median (IQR) 289 (207-419) 252 (182-342) <0.001
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Lifestyle characteristics

Heavy daily drinking, No (%) 26 (5%) 38 (7%) 0.13
Current smoker, No (%) 173 (32%) 129 (25%) 0.009
Ever intravenous drug use, No (%) 19 (3.6%) 6 (1.1%) 0.017
Daily to monthly use of cannabis, No (%) 74 (14%) 60 (12%) 0.32
Daily to monthly use of XTC, No (%) 23 (4%) 45 (9%) 0.006
Daily to monthly use of cocaine, No (%) 20 (4%) 15 (3%) 0.55

HIV /ART specific factors

Currently on cART, No (%) 517 (96%)

Years know to be HIV-1 seropositive, median (IQR) 12 (6-17)

Years since start first cART, median (IQR) 10 (4-15)

Exposed to nucleoside. reverse trahs.c.riptase inhibitor 114 (24%)

mono/dual therapy prior to cART initiation

Nadir CD4 cell count, median (IQR) 180 (78-260)
) 5 )

Duration of CD4 < 200 cells mm?, median (IQR), 0.7 (0-8)

months

History of AIDS, No (%) 173 (32%)

HIV diagnosis prior to 1996, No (%) 173 (32%)

Years since last plasma HIV RNA >200 copies/mL,

median (IQR) 5:8(25-10.2)

Plasma HIV RNA <200 copies/mL in the year prior to 495 (92%)

enrolment, No (%)

Differences in HRQL and depression between HIV-infected and uninfected individuals
HIV-infected individuals reported significantly worse HRQL than HIV-uninfected individuals
on eight out of the ten SF-36 scales and they reported significantly more depression on the
PHQ-9 in the unadjusted analysis (Table 2, model 1). The difference in HRQL on subscales
related to physical functioning and the physical health summary score between HIV-infected
and uninfected individuals was slightly attenuated after adjustment for comorbidities (model
2) and was attenuated even more after adjustment for the biological/clinical covariates
(model 5). The difference in HRQL on subscales related to mental health, the mental health
summary score and depression between HIV-infected and uninfected individuals became
more pronounced after adjustment for the biological/clinical covariates (model 5). This was
mostly due to adjustment for sCD14 concentrations. The difference between HIV-infected
and uninfected individuals in HRQL and depression remained significant on six of the SF-36
scales and on the PHQ-9 after adjustment for all independent variables and covariates (model
6). These differences were of a small to medium magnitude with effect sizes ranging from
0.17 for role-physical and the mental health summary score, to 0.32 for vitality and 0.40 for
health perceptions and an OR indicative of a medium effect for depression.
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Association between HIV-status, comorbidities and age with HRQL and depression

Table 3 shows the factors that were independently associated with physical- and mental
HRQL and with depression in a multivariate model. HIV-positive status was independently
associated with worse physical HRQL (Figure 1A, Table 3), worse mental HRQL (Figure
2A, Table 3) and with a higher likelihood of depression (Table 3). A higher number of co-
morbidities was significantly associated with worse physical HRQL (Figure 1A, Table 3) but not
with mental HRQL (Figure 2B, Table 3), or depression (Table 3). Younger age was significantly
associated with worse mental HRQL (Figure 2B, Table 3) and with an increased likelihood of
depression (Table 3) but not with physical HRQL (Figure 1B, Table 3).
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Table 3: Multivariate model of factors associated with physical- and mental HRQL and depression.

Physical HRQL Mental HRQL Odds Ratio
score p-value score p-value depression p-value
score 210
Main study parameters
HIV infection (0=no, 1=yes)) -1.6 0.002 -1.7 0.009 1.60 0.002
Number of chronic co-morbidities -1.4 <0.001 - - - -
0,1,2,>2)
Age (per 10 yrs increase) - - 1.8 <0.001 0.76 0.007
Demographics
Gender (O=male, 1=female) - - -2.2 0.02 - -
MSM (0=no, 1=yes) 1.4 0.02 - - - -
Dutch origin (0O=no, 1=yes) - - - - 0.68 0.018
High educational level (0=no, 1=yes) 1.0 0.045 - - 0.70 0.011
Married/cohabiting (0=no, 1=yes) 2.4 <0.001 0.60 <0.001
Clinical/physiological/
biological factors
Current HBV infection (0=no, 1=yes) - - - - - -
Current HCV infection (0=no, 1=yes) -4.8 0.012 - - - -
Low grip strength (0=no, 1=yes) -1.8 0.008 - - - -
Low walking speed (0=no, 1=yes) -2.7 <0.001 - - 1.45 0.032
Mean CD4 cell count in year prior - - - - - -
to enrolment
Log hs-CRP (mg/L) - - - _ - _
Log sCD14 (ng/mL) - - 45 0.02 0.35 0.016
Log sCD163 (ng/L) - - - - - -
Lifestyle factors
Heavy daily drinking (O=no, 1=yes) - - -3.4 0.007 - -
Current smoker (0=no, 1=yes) - - -1.7 0.02 1.58 0.003
Ever IDU (0=no, 1=yes) - - - - - -
Daily to monthly cannabis - - - - - -
(0=no, 1=yes)
Daily to monthly XTC (0O=no, 1=yes) - - 3.6 0.004 - -

Daily to monthly cocaine
(0=no, 1=yes)

A higher physical and mental HRQL score indicates a better HRQL. A depression score >10 indicates clinically relevant
depressive symptoms.
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There was no evidence that the difference in HRQL between HIV-infected and HIV-uninfected
individuals became more pronounced with a higher number of co-morbidities (Figures 1A,
2A), or at an older age (Figure 2B). In fact, the difference in physical HRQL between HIV-
infected and HIV-uninfected individuals tended to become smaller with increasing age
(interaction HIV status by age, p=0.07) (Figure 1B).
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Mental Health Summary
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Demographic, clinical/biological and lifestyle covariates associated with HRQL and
depression

Covariates independently associated with a worse physical HRQL were a low grip strength,
a low walking speed, HCV infection, lower educational level and not being MSM. Covariates
independently associated with a worse mental HRQL were female gender, not being married
or cohabiting, lower sCD14 concentrations, heavy daily drinking, being a current smoker
and not using XTC daily to monthly. Covariates independently associated with an increased
likelihood of depression were being of non-Dutch origin, having a low educational level, not
being married or cohabiting, low walking speed, lower sCD14 concentrations and being a
current smoker (Table 3). A sensitivity analysis using a CESD score 216 to define depression,
yielded fairly similar results with two exceptions. Using the CESD, female gender was
significantly associated with depression, whereas being a current smoker was not associated
with depression according to the CES-D (data not shown).

Of the HIV/cART specific covariates, not being exposed to nucleoside reverse transcriptase
inhibitor mono/dual therapy prior to cART initiation was independently associated with
a better physical HRQL (2.7 point higher HRQL, p=0.005). None of the HIV/ART specific
covariates were associated with mental HRQL or depression.

Discussion

In this cohort of HIV-positive individuals with largely suppressed viremia on cART and HIV-
negative controls, all aged >45 years, we found that HIV-positive status was significantly
and independently associated with worse physical- and mental- HRQL, as well as with an
increased likelihood of depression. Differences in HRQL between HIV-positive and HIV
negative individuals, however, were of a small to medium magnitude. The difference in HRQL
between HIV-positive and HIV negative individuals did not become more pronounced with
a higher age or with a higher number of comorbidities. A higher number of comorbidities
was independently associated with worse physical HRQL. Younger age was independently
associated with worse mental HRQL and a higher likelihood of depression.

Our finding that a higher number of comorbidities (12, 13), reduced walking speed (17) and
grip strength (18) are associated with lower physical HRQL are in line with previous studies
among HIV-infected and uninfected controls. It has previously been suggested that HIV-
infected individuals may age more rapidly than their HIV negative counterparts. We therefore
investigated whether the difference in HRQL between HIV-infected and HIV-uninfected
individuals became greater with a higher age. We did not find such an age effect. Conversely,
we observed the opposite trend in that the difference in physical HRQL between HIV-positive
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and HIV-negative persons decreased somewhat with higher age, which is in line with findings
from a previous study (5). However, we cannot rule out survival bias, i.e., persons with poorest
HRQL may not have lived long enough to be part of the oldest age categories. We found that
the difference in HRQL between HIV-positive and HIV negative individuals was statistically
independent and did not become more pronounced with a higher number of comorbidities.
This suggests that the negative impact of HIV on HRQL is not only entirely mediated through
the increased risk of developing co-morbidities with HIV-infection.

If one of the main aims of health care is to enhance patients’ HRQL, then it is important
to understand which factors may be associated with impaired HRQL. HIV-positive status, a
higher number of comorbidities, low walking speed, low grip strength and being HCV infected
were all significantly and independently associated with a reduced physical HRQL. To the
extent that these factors are modifiable, our findings suggest that optimizing the prevention
and management of comorbidities and treatment of HCV co-infection may contribute to
enhancing patients’ HRQL. However, our findings also suggest that a negative impact of HIV-
infection on HRQL will remain even in the presence of optimized prevention and management
of co-morbidities and HCV co-infection, because the impact of HIV-infection was statistically
independent of all other variables.

Mental HRQL and depression were independently associated with HIV-positive status, lifestyle
factors, i.e., substance use, and demographic characteristics. Substance use can be both a
cause and a consequence of a low mental health or depression. Given the cross sectional
nature of our analysis we cannot make inferences about the direction of this relationship.
Female gender, non-Dutch origin, a low educational level, and living alone were all associated
with an increased risk of having a low mental HRQL and/or depression. HIV health care
providers need to be alert to individuals with one or more of these characteristics as they
may require more additional support or referral to mental health services.

Our finding that HIV-positive status was significantly and independently associated with lower
mental HRQL and more depression is in line with a large body of evidence showing a high
prevalence of depression in HIV. Negative affect in HIV infection has previously been linked
to stressors such as HIV stigma and discrimination and also to poverty, unemployment, and
social isolation, which are disproportionately prevalent in the HIV-infected population (31).

There is nowadays an extensive body of data showing significant associations between
depression and increased inflammation and immune activation in persons with and without
somatic conditions (23, 32), although some investigations have reported a lack of association,
or occasionally aninverse relationship (33, 34). Afew studies in HIV-infection have investigated
the relationship between inflammation and immune activation and depression, with some
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studies finding support for this relationship (22, 23, 35), while others did not (6, 36). Contrary
to our expectation, we found that higher sCD14 concentrations were independently associated
with better mental HRQL and a decreased likelihood of depression. This finding remained
when we used the CES-D instead of the PHQ-9 to assess depression. In a previous study also
finding such inverse relationship among a general population sample of middle aged adults,
it was hypothesized that persons with better mental health might be more likely to take on
physiologically demanding occupational or social roles or tasks. These demanding roles or
tasks could, in turn, have resulted in increased systemic inflammation even in the absence
of emotional distress (33). Another study among patients with established coronary heart
disease (CHD) found that depression was associated with lower levels of inflammation. In this
study, it was hypothesized that elevated levels of cortisol associated with depression might
explain this relationship because cortisol has anti-inflammatory properties (34). Another
explanation for the inverse relationship is the cross-sectional nature of our analysis that may
not allow for properly capturing longitudinal relationships between variables. Finally, our
finding might simply be due to chance.

The present study has limitations. As previously mentioned, the cross-sectional nature of
our analysis does not allow for making causal inferences. Also, the present study attempted
to include HIV negative controls with comparable demographic and lifestyle characteristics.
Although the HIV-positive and HIV-negative study groups were largely comparable,
differences in some demographic and life-style related factors were present, which was
addressed by adjusting all regression analyses for a broad range of demographic and lifestyle-
related factors. Nevertheless, we cannot rule out the possibility of unmeasured confounders
potentially influencing our results.

In conclusion, HIV-infected individuals have a worse physical and mental HRQL and more
depression than HIV-uninfected individuals. Our findings suggest that optimizing the
prevention and management of comorbidities and treatment of HCV co-infection may
contribute to enhancing patients” HRQL. Nevertheless, our findings also suggest that the
negative impact of HIV-infection on HRQL will remain even in the presence of optimized
prevention and management of co-morbidities and HCV co-infection, because the negative
impact of HIV-infection was statistically independent. Future studies should continue to search
for modifiable factors associated with HRQL with the aim to develop strategies tailored to the
needs of the growing population of HIV-infected persons of older age to enhance their HRQL.
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Chapter 8

This thesis is the result of research based on questions we encountered in treating and
supporting patients in daily clinical practice. It describes the results of investigating adherence,
quality of life and ageing in patients with HIV infection.

Introduction

Thirty years ago, in 1986, when | started my career as a nurse in HIV care, | only knew that
we were dealing with a lethal infectious disease. Especially young homo-and bisexual men
and intravenous drug users were victims of this disease as well as people who had received
blood or blood products, e.g. people with hemophilia. The median time after seroconversion
to the development of AIDS was seven to ten years, and with the diagnosis of AIDS, the
median time till death was 2,5 years. My work as a nurse in those days was mainly to support
patients, provide terminal care, and give support to their family and friends. Additionally,
educating other healthcare providers about HIV and the way the virus could be transmitted
was essential to help take away their anxiety to care for persons with HIV or AIDS.

The knowledge we gained in those days was mainly based on the results of medical research
and on exchange of experiences with other clinicians and nurse colleagues. In those early
days of the AIDS epidemic, nursing research in HIV was scarce.

Advances in AIDS research, especially the development of zidovudine (ZDV) and effective
chemoprophylaxis against Pneumocystis carinii (now named Pneumocystis jiroveci)
Pneumonia (PJP) have brought major changes to the clinical management of persons with
HIV (1, 2). In 1987, ZDV was the only agent licensed for use in HIV disease. Soon after the
introduction of ZDV, more agents became available from the same class (NRTI’s) and dual-
therapy became the norm. The importance and impact of adherence on the outcome of
the disease was something we as nurses became increasingly aware of. In the early nineties
of the last century, more and more publications became available that described nursing
research on adherence, its influencing factors and the interventions needed to enhance
adherence (3-6).

With the introduction of HAART in 1996, a new era started for HIV treatment. HIV changed
from a lethal infectious disease into a chronic disease. However it remained very important
for patients to take medication at the right time and follow the correct dietary requirements
in order to avoid the selection of a resistant virus.

Being completely adherent to HAART was very difficult for patients due to the complicated
regimens and the number of pills they had to take. Most medication needed to be taken three

timesaday, every eighthours.Inaddition, some proteaseinhibitors had to be taken onanempty
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stomach (indinavir) and some with fat food (ritonavir), and one of the NRTIs, i.e., didanoside,
was not allowed to be taken at the same time as one of the Pls, i.e., indinavir. This meant that
some patients had to fast nine hours a day due to their treatment regimen. It is therefore not
difficult to imagine that many patients experienced difficulties with adherence to this regimen.
Some patients forgot a dose, others forgot to eat while taking the medication, and some
others chose to take a ‘drug holiday’ to forget that they had a chronic illness. In the course of
time, we also learned that drug-resistance could be a serious problem due to the existence of
cross-resistance among the available medicines from the same class. Consequently, it became
more and more difficult to give patients new combinations. To avoid resistance a high level of
adherence (>95%) (8) was necessary. Adherence therefore became a hot issue in daily clinical
practice. Nurses were now not only confronted with the importance of adherence, but also
with the problems their patients encountered to achieve these high levels of adherence.
New devices were launched to help patients take their pills at the right time and in the right
way, including different types of alarms, pillboxes and computer programs (7).

We learned from studies in other chronic diseases that adherence levels were usually
suboptimal. Fifty to sixty percent of patients with a chronic disease were found to be
adherent to their medication and/or the required lifestyle. The question raised was how
much adherence was necessary to avoid HIV resistance? Paterson and colleagues were the
first researchers to publish data about viral suppression and adherence rates. They found that
a level of more than 95% adherence was needed to reach viral suppression and to avoid the
selection of resistant virus (8).

Adherence therefore became an even bigger challenge for nurses: coaching and supporting
patients to reach and maintain these high levels of adherence. The factors that adversely
impact adherence became more important; depressive feelings, lack of social support, and
the experienced stigma of the HIV disease. More studies were launched on how to best
measure adherence, and to evaluate adherence enhancing interventions (9-12).,

Increasingly, the perspectives of patients were taken into account, and research evolved
around questions such as: What do patients think is needed to reach the high levels of
adherence? What kind of support do they need? (13, 14)

In the course of those years, medication regimens also changed and became easier to take.

Fixed-dose combinations were introduced, thereby reducing pill burden and once or twice
daily regimens became available, which made it easier for patients to adhere. (15-19)
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At the time of completion of this thesis, most newly identified patients will start cART with
a once daily fixed-dose single-pill combination regimen. Despite these advances, long-term
adherence still remains a challenge.

Furthermore, as a result of improved treatment options, the life expectancy of HIV-infected
patients has increased tremendously. The profession of HIV-nursing has changed accordingly.
Initially we knew everything about the treatment of HlV-associated infections, now we
need to be aware of common co-morbidities and their treatments which patients will face
as they age with HIV. Co-morbidities like hypertension, diabetes mellitus, cardiovascular
disease and other common co-morbidities that occur when people grow older (20). Also the
management of side-effects of the medication regimens, such as depression, osteoporosis
and renal disease, needs our attention. Nurses still need to discuss medication adherence
with their patients to avoid poor health maintenance habits as well as dangerous drug-drug
interactions and side effects, but also lifestyle changes to prevent co-morbidities such as
cardiovascular disease. Co-morbidities may be aggravated by cART. Moreover, they also
require medicines, thereby making adherence an even more important focus of our attention.
With HIV infection becoming a chronic instead of a lethal disease, patients’” HRQL has
become an increasingly important treatment outcome. Whereas antiretroviral medication
may prevent full-blown AIDS, the medication and underlying chronic condition can interfere
with HRQL. HIV and ageing become key issues influencing HRQL, providing nurses a unique
challenge how to facilitate resilient aging in this growing population.
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The impact of this thesis in daily practice

Adherence

According to Vervoort et al. the nurse plays a central role in the adherence support of
HIV-infected patients (21). The results of the meta-analysis (chapter 2) can be used by
nurses to prepare patients starting or switching to cART. For example, nurses may take
into consideration the relevant predictors and correlates such as depressive symptoms,
self-efficacy, beliefs about necessity and/or utility of cART and concerns about cART.
Tailor-made interventions based on these psychological factors can be useful to support
patients’ adherence. The use of education and counseling of patients before and during
therapy can decrease the negative influence of the above mentioned predictors/correlates
on adherence, and can enhance or maintain the necessary high levels of adherence.
To date cART regimens are much simpler than the regimens described in chapters 3, 4 and
5. In the induction-maintenance trial (chapter 4) we saw that simplification of