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CASSIDY E. HENEGAR: Maternal rﬁgf)t(;ﬁgte to antireiravtherapy in Johannesburg,
South Africa: Adherence and drug toxicities
(Under the direction of Daniel Westreich and AneglVan Rie)

South Africa has one of the highest HIV prevalenoethe world, with women of
reproductive age disproportionately affected bydpiglemic. Access to lifesaving highly
active antiretroviral therapy (HAART) is expandimgthe region, and many HIV-positive
women are experiencing pregnancy after initiatifeddng treatment with HAART. The
benefits of continued treatment with HAART duringgnancy include prevention of
mother-to-child transmission of HIV, as well as nmaization of maternal health. Optimal
effectiveness of HAART, however, is dependent @omplex set of factors, most of which
have not been adequately described in women estteldlion HAART prior to pregnancy.

Using high quality observational data from a lacieical HIV cohort in
Johannesburg, South Africa, and robust epidemiologithods, including inverse probability
weighted marginal structural models, we examinetemal responses to HAART among
women established on treatment at the time of @egy

An optimal adherence indicator was derived frontireely collected antiretroviral
drug refill data from nearly 9,000 adult HIV-pos#i men and women, and evaluated based
on ability to predict virological failure among then-adherent. In our cohort of 7,510 HIV-
positive women on treatment, pregnancy was comrftentdAART initiation, with 896
women experiencing at least one pregnancy durithgweup. Risk of non-adherence was

similar among non-pregnant and pregnant women (wetRisk Ratio (RR): 0.95, 95%



confidence interval (CI): 0.78 1.17), while womaerthe postpartum period, defined as six
months after birth, experienced an increased fiston-adherence compared to non-pregnant
women (weighted RR: 1.46, 95% CI: 1.17, 1.82). Agthe women in our cohort, we also
observed few serious adverse events of renal irieait related to use of tenofovir, a widely
used first-line agent in HAART regimens, regardlespregnancy exposure.

Despite limitations of our pregnancy exposure datid findings were robust to
sensitivity analyses. In general, our results ssgthat for women established on treatment
prior to conceiving, continuation of HAART throughegnancy, in addition to protective
effects against transmission, does not seem teasermaternal risks in respect to adherence

or renal toxicity related to tenofovir use.
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Chapter 1

Specific Aims

South Africa has an HIV prevalence among the raghethe world, with women of
reproductive age disproportionately affected byeprelemic. Women between the ages of
18 and 45 are up to four times as likely to beatdd with HIV compared to men of the same
age, and national surveys have estimated an Hlvajgece of 30% among pregnant women.
[1,2]

In part due to increased access to antiretroviiiapy, a growing proportion of
pregnancies among HIV-infected women are occutnrtose already on highly active
antiretroviral therapy (HAART) prior to conceivin@] The benefits of continued treatment
with HAART during pregnancy include prevention @frtical transmission and
maximization of maternal health, which is proteetfer both mother and child.[4] Optimal
effectiveness of HAART, however, is dependent @omplex set of factors, most of which
have not been adequately described in pregnant woxesting studies of antiretroviral use
during pregnancy, particularly in resource limissdtings, have mainly focused on treatment
initiated after conception for the primary purpad$e@reventing mother-to-child transmission.
[5,6]

Biological and behavioral changes related to paegyp and recent delivery could

potentially alter tolerability of drug regimens,\asll as the ability to maintain the high



degree of adherence required for sustained vigr&ssion. Increased understanding of the
challenges related to treating HIV-infected womatiating HAART for their own health

and then experiencing pregnancy could help to apéroare for both mother and child. The
analyses in this dissertation aim to address méthedimitations of what is currently

known about treating HIV-positive pregnant women.

Specific Aim 1:

Identify an optimal indicator for adherence derivedfrom routinely collected pharmacy

refill data.

Rationale: Pharmacy-based adherence measures, such as grescefill data, are
convenient and low resource methods, often utdjziata routinely collected for clinical use.
A variety of adherence indicators can be calcul&t@a raw pharmacy refill data, and there
is at present no agreed-upon standard of how tmleaé or apply these different measures.
Given the established relationship between vir@algiesponse to treatment and degree of
adherence, we will assess the association betvexenas calculated indicators and
virological failure in order to select the optinaherence measure to be applied to Specific

Aim 2.

Hypothesis for Aim 1. Given the common data source, non-adherence wakbeciated with
virologic failure for each of the derived indicatoindicators using more extreme definitions
of non-adherence will have a stronger associatiitim wirologic failure, but will also have a

lower sensitivity for identifying true non-adherdyghavior.



Specific Aim 2:

Evaluate the effect of pregnancy and the postpartumeriod on adherence to HAART in

HIV-infected women initiated on treatment prior to pregnancy.

Rationale: A high degree of adherence to HAART regimens isiiregl in order to achieve
maximal virological suppression, and in the caspregnant women, to minimize the risk of
mother-to-child transmission. Current knowledgeuwlibe impact of pregnancy and the
postpartum period on maternal adherence to ARiImigdd in scope. In particular, little is
currently known about how pregnancy affects adlrmremong women that initiate HAART
for their own wellbeing and subsequently becomgmaeat. The longitudinal nature of our
data allows comparisons of adherent behavior beflumeng and after pregnancy, as well as
comparisons with women not experiencing pregnane. will use marginal structural log-

binomial regression models to estimate the effepregnancy on adherence.

Hypothesisfor Aim2: Women who are pregnant will be more likely tolfgfrescriptions on

time compared to women who are either not pregoapostpartum at the time of adherence

assessment. The risk of non-adherence will beegee the postpartum period.

Specific Aim 3:

Assess the impact of pregnancy and the postpartunepod on frequencies of ARV-

related drug toxicities, specifically tenofovir-induced renal toxicity



Rationale: One particular challenge to maintaining a high l@fedherence is adverse
events related to antiretroviral drugs. Treatinggmant women with these potent drugs
creates concerns for both maternal and child safébgt of what is currently known about
ARV drug toxicities in pregnant women is limitedriew users initiating treatment during a
pregnancy.

With updated treatment guidelines, tenofovir issedw widespread in first line
HAART regimens, yet little is currently known abots safety profile in pregnant women,
particularly in resource limited settings. Whildvarse events are generally lower after the
initial phase of treatment, the effect of pregnaacydrug toxicities later in treatment has not

been established for many ARVSs, including tenofovir

Hypothesis: Incidence of moderate and severe renal toxicityvalrare, regardless of
pregnancy status. Reduced renal function, deteay assessment of creatinine clearance,
will occur more frequently in individuals on HAAREgimens containing tenofovir than

other antiretroviral regimens.

As pregnancy cannot be randomized, our specifis @am only be addressed using
observational data. This research will be conduateThemba Lethu Clinic in
Johannesburg, South Africa, one of the largest AR®tment sites in sub-Saharan Africa,
initiating more than 20,000 adults on treatmenteiopening in 2004. [7] The analysis of
high quality patient level observational data frins site allows a unique opportunity to ask
new questions and use innovative methods in ocdeetter understand the effects of

pregnancy on being treatment with HAART.



Chapter 2

Review of the Literature

A. General Background
Epidemiology of HIV/ AIDS in sub-Saharan Africa

Worldwide, more than 34 million people were livimigth AIDS in 2011. [1] The
global prevalence of HIV remains high, in part hessaof sustained rates of incident
infection, as well as increased life expectanaytattable to effective antiretroviral therapy.
Despite improvements to treatment and access & Edv/AIDS causes 1.7 million deaths
annually, and to date has taken more than 30 miliiees. [1]

Sub-Saharan Africa has been disproportionatebctdtl by the epidemic and is home
to more than two thirds (22.5 million) of all peepiving with HIV/AIDS. Sixty-nine percent
of incident infections (1.8 million) and <.....,rpent ( 1.2 million ) of fatalities due to
HIV occurred in this region in 2011.[1] HIV hasdchfar-reaching effects in sub-Saharan
Africa, impacting economic and social developmant decreasing the life expectancy by as

much as 20 years in some countries. [8]



HIV/ AIDS in South Africa

The HIV epidemic has been particularly devastaitin§outh Africa, which continues
to have one of the highest rates of HIV-infectiorthe world, as well as more individuals
living with HIV than any other country. With an aedl adult prevalence of 17%, an
estimated 5.1 million South Africans were HIV-posstin 2011 .[1] Although the country is
home to just 0.7% of the world’s population, 17%abfglobal HIV cases are found there. [9]
Twenty-three percent of the estimated 1.8 milliewradult cases in sub-Saharan Africa in
2009 also occurred in South Africa. [9]

There is evidence to suggest that South Africaideamic is stabilizing, but
prevalence and incident infection rates remaingetxanally high, particularly in certain
segments of the population. [2] These high riskugsofor infection include young women,

creating unique challenges for treatment and irdaatontrol.

Gender, Age, and HIV in South Africa

Women are disproportionately affected by HIV in maarts of the world,
particularly in sub-Saharan Africa. This is espkgimue for women of reproductive age. In
this region, young women 15-24 years old are ashmas® times more likely than men the
same age to be HIV positive. [10]

In South Africa, women make up 3.3 million of tt@untry’s 5.6 million cases
(59%). [2] The situation is even more disparatganng women. The prevalence in 15-24
year olds is estimated at 13.6% for women, comperdd5% in men the same age. [1]
Prevalence may be as high as 33% in women 25-28 g&h compared to an overall adult

prevalence of 17%. [2]



Young women have a greater chance of being edeeten when practicing less
high risk behaviors than men of the same age. Pl Déspite interventions to educate youth
on safe sex practices, both young women and memoniy participate in high risk
behaviors. In a representative survey of SouthcAfriyouths 15-24 years old, the majority of
both men and women reported not using condoms stensgly, and 25% of women and 15%

of men reported never being tested for HIV. [13]

B. HIV and Pregnancy
HIV and pregnancy in South Africa

An estimated 1.4 million HIV-infected women gavéfbin low and middle income
countries in 2008, with 75% of these births ocaigiin sub-Saharan Africa. [4,14] In South
Africa prevalence of HIV in pregnant women has beemsistently high over the last decade,
with 30% of pregnant women attending public sebtmalth facilities infected in 2010. [3]
(Figure 2.1)

The increased prevalence of HIV among pregnantevooompared to the general
population is a reflection of both high rates dection and high incidence of pregnancy
among young women in this population. Likelihoddecoming pregnant is closely
correlated with age, regardless of HIV status, tliedncidence of pregnancy highest for
women between the ages of 15 and 24. [15,16] Aonally representative survey of young
people in South Africa found that 33% of 15-19 yelais and 59% of 20-24 years olds
reported ever being pregnant. [17] HIV prevaleac®ng pregnant women is predicted to
remain high as the number of women receiving antiveal therapy continues to increase.

[18]



Impact of HIV on incidence of pregnancy

Prior to widespread availability of ARVs, HIV-irdeed women were much less likely
to both conceive and experience live births congpémaininfected women. [19-22]
Biologically, a woman’s degree of immunosuppresssoaissociated with her ability to
conceive. Fertility decreases with duration of atien. A woman in the early stages of HIV
may experience fertility rates similar to uninfett@omen. [23,24] A trend has been
demonstrated between decreasing CD4 cell§/ratso associated with duration of infection
in untreated individuals, and reduced fertility.05l most immunosuppressed (CD4 < 100
cells/mn?) rarely experience pregnancy. [15,25,26] The frrtilong in the disease process
she is, the lesser her likelihood of becoming paagnparticularly if her disease has
progressed to AIDS. [25]

Women with greater disease progression are alse likely to be symptomatic, and
reduced fertility is more common among women withical symptoms related to HIV.
Feeling physically ill can create behavioral changecluding declines in sexual activity.
[22,27] However, low pregnancy rates have alsomlmdxserved in HIV-positive women not
displaying symptoms. Changes in menstruation, tholyiamenorrhea and anovulation, are
common in HIV-infected women, and could be attrdalito altered hormone production
related to HIV or reduced BMI associated with meegere disease progression. [28]

Reduced female fertility related to HIV is onlyeoaxplanation for lower incidence of
pregnancy among HIV-infected women in the pre-HAA&®. If a woman's sexual partner
is also infected with HIV, his illness can also tdute to reduced sexual activity and
reduced sperm viability.[29] Concerns about motieechild transmission or fear of being

unable to care for a child while sick could alsogmbially cause altered behavior in women



and their partners in order to avoid pregnancyuohiog abstinence from sexual activity and

use of contraceptives.

HIV and pregnancy outcomes

Untreated HIV-infected women who become pregnamiess likely to carry a
healthy child to term compared to uninfected womwéo conceive. Maternal HIV has been
associated with increased adverse pregnancy ouscmtleding still birth, infant mortality,
intrauterine growth retardation, and low birth weig14,30] Conducted by Brocklehurst and
French, a meta-analysis of early studies (1983-1ffihd an association between HIV
infection and adverse pregnancy outcomes acrosssai\settings, with the exception of
infant mortality, which was only associated withvHh developing countries. [30] HIV has
also been associated with increased risk of spentanabortion. [31] It has been
hypothesized that in addition to reduced fertildgcreased pregnancy rates among HIV-
positive women could actually be attributed to yé&stal loss due to infection before
pregnancy is recognized.[31] Several mechanismeifé-related adverse events during
pregnancy have been proposed, including the daféett of the HIV on the placenta, thymic
abnormalities, altered cytokine production, and clative effects of immunosuppression
that may facilitate infection. [32]

Pregnancy among HIV-infected women is also assedtwmith increased risk of
maternal death, potentially independent of disgasgression. [33] Infected women are
more likely to die from both HIV-specific and obiste causes. [34] This increased risk may
extend into the postpartum period as well. Whgk of death is closely correlated with CD4

count, an HIV-infected woman is at increased risdyong during pregnancy even when her



immune function is comparable to that of an unitdgd@regnant woman. [33] In 2011, 70%
of maternal deaths in South Africa were associati#ld HIV infection. [35] Globally, HIV is
the leading cause of death in women of reproductges and contributes more to maternal

mortality than any single obstetric cause.

Pregnancy and HIV disease progression

There is some evidence to suggest that pregnamcgickngically affect the
progression of maternal HIV disease, although #ta Have been conflicting and appear to
be setting dependenkn the pre-HAART era, studies from high income dos did not
show an association between pregnancy and diseageegsion, either during the period of
pregnancy or long-term. [36-38] Studies in low im@countries in the same time period,
however, suggested a possible association betweetesated HIV progression and
pregnancy. [39- 41] These studies were conducteadpulations receiving either no ART or
a single dose nucleoside reverse transcriptaskiiahi

More recent studies conducted among women witbsacto HAART have reported a
potential protective effect against disease pragoasfor women on treatment. Two studies
from the same cohort in the US examined the etieptegnancy on disease progression in
women on HAART. The initial study by Tai, et alxaenined the incidence of AIDS-defining
events or death among women, both pregnant angregmant, on lifelong HAART. [42]
The authors concluded that pregnancy was condigtesgociated with lower disease
progression, although care should be taken inpnééing the results due to methodological
flaws in the analysis. In this analysis, pregnaweg assigned as a baseline exposure, with

those experiencing pregnancy at any time duringeLip treated as pregnant the entire

10



duration. In reality, women who were pregnant dgifillow-up contributed both exposed
and unexposed person-time if they were in care feyast the duration of their pregnancies.
Conducted within the same clinic population asTilg et al. study, Melekhin, et al.
looked at the effect of timing of HAART initiatiofioefore, during or after pregnancy) on
HIV disease progression and found that women imgaHAART during pregnancy
experienced both improved immunologic and virolagisponse to treatment compared to
women initiating treatment after pregnancy.[43]this study, the authors appropriately dealt
with the exposure of pregnancy by ending individodbw-up at the end of pregnancy. All
covariates, however, were fixed at baseline, ampiatidimitation for this longitudinal study.
Immunologic and virologic protective effects okgnancy, however, have not been
seen in all settings. In a study using data froemfthC cohort (the same population studied
in this dissertation) conducted by Westreich, gt\abmen experiencing pregnancy after
HAART treatment initiation had a modest increassk of virologic failure. [44] The
study design allowed women to contribute both egdand unexposed time on study, and
appropriate methods were used to control for timeAng confounders, namely marginal

structural models.

C. HIV, Pregnancy and Antiretroviral Therapy
Antiretroviral therapy in South Africa

Even with effective antiretroviral regimens devedd@and distributed in many parts
of the world, access to the drugs in South Afreaained extremely limited until late in the
history of the country’s epidemic due to governrnaérgsistance and other political

challenges. [45]

11



The first national PMTCT program in South Africatn place in 2002. Early
PMTCT policy called for provision of sdNVP for &lllV-infected pregnant women and their
infants, as well as expansion of related healthiees and HIV counseling and testing.
Ongoing maternal HIV treatment after delivery was addressed in this early program, as
HAART was not widely available to anyone until 20046,47]

In 2004 the South African government introduceagpams for comprehensive care
and management of HIV, which included the provissdéantiretroviral drugs free of charge
to eligible individuals. National standards forgdbility were created using internationally
recognized clinical guidelines for the initiatioh®dAART. This marked the start of the
national HAART rollout program. Under these nevatreent guidelines, pregnant women
with CD4 cell counts < 200 cells/nfwere eligible to begin lifelong treatment with
HAART. [3,18]

In part due to its more established infrastructuned greater financial resources than
many other countries with large HIV burdens, dissation and uptake of HIV services
were relatively rapid once programs were put ic@ld he number of HIV-infected
individuals on HAART rose from less than 2,000 002 to more than 200,000 in 2005. [48]
Access to HAART continues to expand, although tlaeeestill substantial gaps in coverage
for eligible (according to clinical guidelines) indluals. In 2009, it was estimated that 42%
of South Africa’s 2.3 million eligible adults wereceiving HAART, rising to 66% of 2.4
million eligible adults in 2011. [1]

Uptake of PMTCT services in South Africa was exmasre dramatic. In 2005, under
50% of all pregnant women were tested for HIV ptamdelivery. [49] Today maternal

testing is essentially universal, and more than #5%IV-infected women are treated with

12



appropriate ART for PMTCT. [1] The number of infaforn to HIV-infected mothers that
are tested using PCR within the first two monthifefhas also increased, from 36% in 2008
to 70% in 2011. [1] The measure of success in aMYy®T program is the transmission rate
between mother and child. The proportion of infdagtéants born to HIV-positive mothers
continues to decline in South Africa. The firstioaal population-based surveys on early
HIV transmission in infants took place in 2010 &@d.1, reporting transmission rates of

3.5% and 2.7%, respectively. [8]

Guidelines for treatment with HAART

When government provided HAART was first introduce@004, HIV-infected
adults, including pregnant women, were consideligibe to initiate lifelong treatment with
ART if they had a CD4 cell count of less than 2@0stmn?, or had experienced a WHO
stage IV AIDS-defining illness, irrespective of Cbdunt. Unless contraindicated, all
treatment naive patients were initiated on onevofregimens consisting of two nucleoside
transcriptase inhibitors and one non-nucleosidersavtranscriptase inhibitors: stavudine
(d4T) and lamivudine (3TC), plus either efavireBEY) or nevirapine (NVP). The standard
second line regimen was zidovudine (ZDV), didanegadl) and lopinavir/ritonavir (LPV/r,
Kaletra ®). [50]

In 2010, the national eligibility criteria and stiardized regimens were updated to
reflect current WHO recommendations. Pregnant woamehpatients with TB are now
eligible to initiate lifelong treatment with HAARWith a CD4 count of 350 cells/mitar
less. Individuals with stage IV HIV disease or dragistant TB are still encouraged to start

ART immediately, independent of CD4 count. A C&l count of 200 cells/mfrremains

13



the recommended cutoff for starting HAART in achatients not meeting these special
criteria. [51]

For treatment naive patients initiating HAART, therent recommended first line
regimen now consists of tenofovir (TDF), either iandine (3TC) or emtricitabine (FTC),
and either EFV or NVP. Patients on d4T- based regswprescribed under prior guidelines
and who are tolerating treatment well are encouragenaintain these regimens. Standard
second line regimen options have been updated lhsFwethose failing on a d4T or AZT
based regimen, the recommended replacement isJBEFTC, and LPV/r. For individuals
failing on a TDF-based first line regimen, the necoended second line regimen is AZT,
3TC, and LPVI/r. [51]

For women who become pregnant after initiating ABdntinuation of the current
treatment regimen is encouraged, given that there@other indicators for drug
substitution. If a pregnancy is recognized befbre12" week of gestation and EFV is part of
the current HAART regimen, NVP should be substdudee to concerns about potential
birth defects (discussed in greater detail in sadd). [51] Until this year, women who were
eligible to initiate treatment for their own heattbcording to the most current CD4 count
thresholds were initiated on standard first lingimeens as appropriate, and women that were
not eligible for HAART were started on a PMTCT magin. The most recent
recommendations for these regimens were daily AB@mnfl4 weeks gestation, sSUNVP plus
AZT every three hours during delivery, and singbs@ TDF and FTC post-delivery.

Regardless of whether the mother is on lifelongARA during pregnancy, infants
should be given NVP at birth and daily for 6 weaklter birth. If the mother is not on

HAART and breastfeeding, daily NVP should contifioiethe duration of breastfeeding.
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Maternal treatment with HAART should continue thgbyregnancy, delivery and
breastfeeding, with a few exceptions. For womegilak to initiate HAART for their own
health during pregnancy, treatment is recommenelgardless of gestational age.

The recommendations for PMTCT in South Africa @rerently being updated with
the goal of further reducing mother-to-child tramssion rates and improving maternal
health outcomes. The newest guidelines recommaentist all pregnant women not
currently on HAART on a standard triple drug regmmegardless of CD4 count. Treatment
would continue through pregnancy and for the daratif breastfeeding. If the woman is
eligible to initiate lifelong treatment, the tripteug regimen taken during pregnancy should
be continued after breastfeeding has stopped.tidasment strategy is known as Option

B.[52]

Pregnancy among HIV-infected women in the HAART era

With increased access to HAART in South Africa, veonare initiating treatment
more frequently and earlier in their disease preegsA corresponding increase in the
incidence of pregnancy among women on lifelong HAARS been observed.

Because widespread access to long-term treatmtnART is relatively new in sub-
Saharan Africa, there are limited reports of tHeatfof treatment on incident pregnancy.
Myer et al. compared the incidence of pregnancyregweomen participating in the MTCT-
Plus Initiative in six African countries: Cote ddiwe, Kenya, Rwanda, South Africa,
Uganda, and Zambia. Pregnant and recently postpavtumen receiving PMTCT services
were enrolled in the study, regardless of disetgges[15] After completing treatment with

PMTCT regimens, women who were eligible accordmyWHO guidelines were initiated on
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lifelong HAART. Both women who were on treatmenddhose that ceased ART after
delivery or breastfeeding were then followed uthtdy experienced another pregnancy or
were administratively censored at the end of thdysperiod. Women who became eligible
and initiated HAART during the course of follow-apntributed both pre-ART and on-ART
time on study. The rate of incident pregnancies lvgiser among women on ART (9.0
pregnancies/ 100 person-years) than women not oh (@R pregnancies/ 100 person-
years), with an adjusted hazard ratio of 1.74 (¥994.19, 2.54). Among women on ART,
the likelihood of pregnancy increased the longeytivere followed up on treatment.

The women contributing time on treatment in theekéy et al. study were a
combination of those initiating HAART during pregrey and those initiating at some point
after the index pregnancy. These women experieanedf two general scenarios: a) they
were healthy enough to become pregnant but stiiumosuppressed enough to initiate
HAART during pregnancy, and spent the entire daratf follow-up being treated, or b)
they were healthy enough to conceive and healtbygimto avoid starting HAART during
pregnancy, but then experienced disease progressi@ne enough to make them eligible for
treatment at a later point in follow-up. It is reaable to think that person-time contributed
on treatment between these two groups of womennuagalge comparable in regard to factors
associated with conceiving another child. Furtaéhough there was variability in the
degree of immunosuppression at the time of pregnaaiicof these women were at least
healthy enough to conceive and carry a child, g@kyindicating that they were healthier
at baseline than the general population of HIV-¢tdéd women.

A second study conducted by Westreich, et al.,usmmy data from the TLC clinical

cohort, also examined the incidence of pregnanayngmvomen on HAART. Women who
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were both pregnant and not pregnant at the tinteeatment initiation were included in this
analysis. Women pregnant when starting HAART wearenger and healthier than those not
pregnant at initiation. In this cohort, pregnanttg@HAART initiation was common,
particularly among younger women, with an overathalative incidence in six years of
follow-up of 22.9% (95% CI: 20.6%, 25.4%), and antdiative incidence of 52.2% (95% CI:
35.0%, 71.8%) among 18-25 year olds. Women pregmhanh starting HAART conceived
more frequently (6.2 pregnancies/ 100 person-y¢€a58s Cl: 5.1, 7.7%)) than women not
pregnant when starting treatment (5.0 pregnanti@3fperson-years, (95% CI: 4.7, 5.5%)).
[53]

Treatment with effective ART may result in a véyief biological and behavioral
changes that contribute to increased incident @negyin HIV-infected women. A trend of
increasing rates of pregnancy with increasing Coudhts has been observed in various
settings. [53] As previously discussed, women wieohéghly immunosuppressed are more
likely to have symptoms, as well as HIV-related @ppnistic infections. After initiating
HAART, improvements to general physical wellbeingynmake women more likely to
engage in sexual activity. As treatment continoéiser conditions associated with HIV
disease progression may resolve, including low BN anemia, making a woman’s body
more capable of supporting a pregnancy, with adrigikelihood of conception and lower
risk of early fetal loss. [54,55]

Additionally, access to HAART and the associatagrovements to health and
wellbeing could increase the likelihood that HIVsitove women will actively attempt to
become pregnant. Studies in various settings, dmatusub-Saharan Africa, have indicated

that improved health after initiating ART is assded with an increased desire to have
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children among both HIV-infected women and thentpers. [56- 58] Driving this increased
desire to have children may be an improved pereemf the risks involved with pregnancy
among HIV-infected women, driven by the positiveonmvements to pregnancy outcomes

associated with access to appropriate ART duriegmancy.

Access to lifelong HAART has dramatically altereshsval time and quality of life
for HIV-infected women. Before effective antireti@l regimens were available, long-term
survival for women, as well as for children coneghafter maternal infection, was low.
Without access to appropriate treatment, HIV gyeatiuces life expectancy, and dramatic
declines in health and quality of life typicallyar within a few years of primary infection.
In some settings, HIV-positive individuals treateith HAART have life expectancies
comparable to uninfected individuals. [1]

Without the intervention of antiretroviral thesaguring pregnancy and delivery, the
risk of transmission from mother to child is asthas 15-30%. Breastfeeding adds an
additional 5-20% risk of transmission. [4] Most tketl transmission occurs in the
intrapartum period, but can also occur during aeinor breastfeeding. [4] Risk of
transmission is affected by the mother’s diseasgrnession, duration of ruptured
membranes, premature birth and exposure to gesitaétions related to STI co-infections
common in HIV-infected women.[14]

The use of ART during pregnancy, particularly camabion therapy, is associated
with greatly reduced risk of vertical transmissifg] In South Africa, universal HIV testing
in pregnant women and nearly 100% coverage withesform of ART during pregnancy
and delivery have resulted in low transmissiong&te3.0%) comparable to those seen in

high income countries (<2.0%). [60] As part of moaenprehensive HIV care, women are
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also exposed to more extensive counseling on issletmng to pregnancy, including
appropriate treatment to prevent mother-to-chag$mission, appropriateness of
breastfeeding, and the importance of early infaiv tdsting.[3,61]

Access to knowledge on how to have a healthy @egyand delivery, as well as
reduced fears about mother-to-child transmissioony pirth outcomes, or early maternal
mortality, may encourage more women to activelytérgonceive, or to be less likely to
terminate an unplanned pregnancy. [56] With impdoaecess to both ART and HIV testing,
more women are being assessed for treatment arating lifelong HAART when
appropriate. The result is a growing number of kifécted women, living longer and
healthier lives, creating increased opportunitesricident pregnancies among women on

HAART.

D. Pregnancy and Drug Toxicities Related to Antiretoviral Therapy

Adverse events related to treatment in pregnant woen

While HAART provides many benefits for eligible Hivifected individuals, there
are also challenges to optimizing therapy for matirasponse; primary among these
concerns are drug toxicities. Adverse events relaieherapy range from mild reactions that
can be a nuisance to the patient, generally lowgegirality of life and potentially leading to
poor adherence or treatment interruption, to meve® reactions, which can be life
threatening or have long-term physical effects.

Treatment with ART during pregnancy creates add#i concerns about drug
toxicities, as both the safety of the mother aridnhmust be balanced with maintaining

optimal viral load suppression. Potential changgshtarmacokinetics in the body of a
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pregnant woman could also alter the risk profiledertain toxicities. Adding to the
challenges of treating pregnant women in resoungdd settings is the reduced selection of
available drugs, limiting options for regimen chasgvhen faced with intolerable side
effects.

There is evidence to suggest that pregnancy niegtdhe incidence of treatment-
related adverse events. Women in general diftenfmen in their likelihood of
experiencing certain drug toxicities, regardlesprefgnancy. Observational studies have
reported a higher risk of adverse events due to &dRMWvomen compared to men. [62]
Pharmacokinetics, the process by which drugs aserbbd, metabolized and eliminated
from the body, differ by gender, with women terglio have higher concentrations or lower
clearance of several drugs, including indinavirVEEPV and NVP. [62] Women are also at
higher risk for toxicities related to these drugsjuding lactic acidosis and NVP-associated
rashes and hepatotoxicity. [63-65]

Looking again within the setting of TLC, Sanneak{66] observed that during the
four year period of follow-up, women were more tltarce as likely to experience at least
one drug substitution, an indicator of drug intateze, than men (HR: 2.19, 95% CI: 2.00-
2.39). Looking at specific toxicities, women weignificantly more likely to experience
lipodystrophy, lactic acidosis, and symptomaticénj@ctemia compared to men, although
peripheral neuropathy did occur more commonly imme

Higher incidences of both rash and hepatotoxas#gociated with NVP use have also
been reported in women. In a multicenter cohodystuom 7 clinics in the US, Bersoff-
Matcha, et al., observed that women were severstmae likely than men to develop a

rash, and 3-5 times more likely to discontinue NY&@ due to the rash. [67] Changes to HIV
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treatment since the time of this study (1993-1988)yever, may limit the generalizability of
the findings. Results of a randomized trial in $oAifrica to examine the safety and efficacy
of 3TC compared to FTC, given in combination wi#Tcbr NVP were reported by Sanne, et
al.[68] Hepatotoxicity early in treatment occuriadl7% of the NVP group, but in none of
the d4T group. Hepatotoxicity occurred in 12.8% ZR¥Fof men taking NVP and 20.1% of
women (N=46) (aRR 3.9, 95% CI 1.9-8.0).

Differences in size and body volume between genadey partially explain the
increased drug concentrations found in women. Woimed to have greater intolerance for
drugs that require dosage adjustment for weigl2{. (Bhder the same mechanism, increases
in body size and blood volume associated with pragyg may lead to reduced drug
concentrations and fewer drug toxicities. A few Brstaudies have indicated that pregnant
women have lower concentrations of several antivétil drugs compared to non-pregnant
women. [69,70]

Fluctuation in drug concentrations of antiretralsrin pregnant women have also
been attributed to differences in enzymatic agtijitl] Cytochrome P450 is the primary
hepatic enzyme responsible for metabolizing PISNIN&TIs. The production of this
enzyme differs by sex, but is also altered by har@sgresent in pregnancy. [72,73]
Induction of P450 enzymes may increase the likelthof hepatotoxicity. [74,75] Pregnancy
has been shown to be a risk factor for hepatottyxiciother conditions, including hepatitis
E. [74,76]

Changes in maternal blood volume during pregnancgombination with drug

activity, have been associated with the increasidof anemia in women taking AZT.
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Anemia in pregnancy is common due to the 50% irsgréa plasma volume balanced with
only a 30% increase in red blood cell mass. [59eWtaking antiretroviral agents that alter
the production of red blood cells, such as AZT,rikk of anemia is even greater. [77,78]

Changes to hormone production in pregnancy haeelaen linked to antiretroviral-
related adverse events. Pregnancy hormones arenkioorave an anti-insulin effect.[79]
Treatment with protease inhibitors has been shaiatve an effect on glucose metabolism
in non-pregnant HIV-positive adults. [80] The comddion of the two effects may explain
the increased risk of gestational diabetes seeh\irpositive women taking Pls during
pregnancy. [79] Pregnancy has also been assoacigttetbw levels of riboflavin, which
potentially increases the risk of mitochondrialitity, including severe lactic acidosis.
[81,82]

It is also plausible that the incidence of ARVateld adverse events is associated with
adherence, both generally and in pregnant womgmetnancy has an impact on compliance
with taking pills as prescribed, independent ofezigncing side effects, the degree of
adherence could affect drug concentrations cirmgan the body. This potential relationship
will be discussed in more detail in the reviewitdrature examining adherence to ART

during pregnancy.

General safety profiles and guidelines for use inrpgnancy of ARVs by drug class
While toxicities in pregnant women have not bedecuately evaluated for all
antiretroviral drugs, certain drugs and drug corabans are not recommended during

pregnancy due to observed or suspected toxic sff€be following is a summary of
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guidelines and potential toxicities for the antiogtral drugs most commonly available to

pregnant women in South Africa:

Nucleoside Reverse-Transcriptase Inhibitors (NRTIS)
Zidovudine (AZT) and Lamivudine (3TC)

AZT and 3TC are the most common NRTIs used in Séifrtlea, particularly prior to
updates to treatment guidelines in 2010. Thesesdrug used during pregnancy, both in
HAART regimens for women initiating or continuini¢elong ART, as well as in
combination PMTCT regimens. In general, the daygsears to be well-tolerated.[4,83]
Hematological toxicities have been associated Wi, including anemia and neutropenia.
For women presenting with severe anemia at inotntalternative NRTIs (TDF) can be

prescribed. [84]

Savudine (d4T)

The use of d4T in pregnant women is no longermenended as a preferred option
for ART. Its use is associated with increased ofskiitochondrial toxicity, which can result
in lipoatrophy, peripheral neuropathy, lactic asidaand pancreatitis. [85] Case reports and
cohort studies in developing countries have in@dahat d4T during pregnancy, particularly
when taken with didanosine (ddl), can lead to iaseel rates of life-threatening lactic
acidosis.[59,81] For this reason, the combinatibthese two drugs should be avoided

during pregnancy.
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Tenofovir (TDF)

TDF is currently recommended for first line ART magns, including regimens for
pregnant women.[4] Updated recommendations taateitadults on TDF-based HAART
were based on clinical trials and observationalistiindicating that TDF has comparable or
better efficacy than other first line drugs , irdihg d4T, but has a better safety profile.
[86,87,88,89] A multi-site trial in Africa found ssciations between TDF and increased risk
of moderate or severe nephrotoxicity, but stilirnequent occurence (1.3%).[90] Few
studies have looked at TDF use specifically amaegmant women in resource limited
settings, but existing literature suggests thatiing is well tolerated among pregnant

women and an effective means of PMTCT. [91]

Non-nucleoside Reverse-Transcriptase Inhibitors (NRTIS)
Nevirapine (NVP)

Historically NVP has been the most widely used NMRTthe developing world,
regardless of pregnancy status. The most commacaitiex associated with NVP are
cutaneous rash and hepatotoxicity.[59] The frequei NVP-induced adverse events
reported in the literature varies widely dependingstudy population and design, as well as
definitions of adverse events. NVP related rashlepmhtotoxicity can be life-threatening,
especially in women with CD4 counts above 250 fralis’. [92,93]

Studies on the effect of pregnancy on NVP toxibéye produced conflicting results

as to whether or not pregnant women are at incde@sle of hepatotoxicity.
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Efavirenz (EFV)

In addition to NVP, EFV is the other recommendesifine NNRTI. The most
significant toxicities associated with its use aegiropsychiatric disorders. Development of
rash is also common. The primary concern with Ekposure during pregnancy is the
potential association with neural tube defects wia&en in the first trimester of
pregnancy.[94] Research to date has not establesledinitive link between EFV and
impairment of fetal neural tube development in hospdut avoidance of the drug early in

pregnancy is recommended if possible. [4]

Protease inhibitors (PIs):
Lopinavir/ritonavir (LPV/r)

LPV/r has been associated with weakness, headadlyestive disorders and
metabolic complications. [59,90] There have alserbeports of increased risk of low birth
weight infants women taking LPV/r. [4] There haweh conflicting findings from
observational studies on the effect of PIs on domatf pregnancy. A joint analysis of two
large European cohorts including over 4,000 motindd pairs found that antenatal ART
including Pls were associated with 2.6 greater oisgremature birth compared to women
taking no treatment.[95] Data from the Women arfdrits Transmission Study in the US,
however, found no differences in the rates of pteneabirths between those taking

combination therapy including PI's and AZT monotygy. [96]
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Toxicities related to tenofovir among pregnant woran

Most of what is currently known about drug toxiestirelated to ARV use during
pregnancy is derived from studies conducted in héglource settings. Research to date has
also disproportionately focused pregnancy outcoanelslong term effects for the infant,
rather than toxicities to the mother. Among studibeking at maternal toxicities conducted
in high income countries, most examined the inaidenf adverse events in pregnant women,
without a comparative group of non-pregnant wonj@s,70,71,75,77,79,93,97- 101]

Further, while a limited number of studies inclddeomen initiating HAART prior
to becoming pregnant, none specifically focusethegroup of HAART users. In general,
antiretroviral use during pregnancy appears redatiwell tolerated among women in high
and low income settings.

Due to widespread use in both long-term HAART BMITCT regimens, the safety
TDF during pregnancy is of particular interest. itations of the study populations and
designs used to date have left unresolved questspecially concerning incidence of drug
toxicities related to TDF among pregnant womenldistaed on ART prior to conception.

In the general adult population on ART, TDF hagacellent safety profile, with low
incidence of nephrotoxicity, proteinuria, and retddular dysfunction with Fanconi
Syndrome reported. [102- 104] The standard ugdbét in first line combination ART
regimens for pregnant women is a relatively new ramtduniversal, and as such there are
limited studies on the safety of its use duringgpeency. TDF remains a category B drug for
pregnancy according to WHO classifications, indigathat more data on safety in mothers
and infants is needed. Of particular concern atergial impact on bone mineralization

(seen in animal studies) and renal impairment.1a%),

26



Using data from the Development of AntiRetrovifalerapy in Africa (DART) trial,
Gibb, et alexamined the effect of TDF exposure during pregpamchirth outcomes.[106]
In this study, the frequency of birth defects wiasilar in TDF exposed and unexposed
infants, andn utero use did not appear to increased the risk of nemairment or
hypophosphataemia. This study had the advantadataffrom a large trial of women
initiating ART for their own health during pregnana Africa, where data is still scarce, but
maternal adverse events related to the drug wearevatuated.

To date, there is only one large scale cohortystadub-Saharan Africa examining
the effect of pregnancy on TDF-related adverse tsvdohnson, et ahssessed predictors of
renal impairment, including pregnancy, in adulisating ART in Malawi.[107] Renal
impairment was evaluated using laboratory resoltgffeatinine clearance (CrCl). While
pregnancy itself did not appear associated withalrenpairment, other predictors of reduced
CrCl varied by pregnancy status. Among pregnant &mmnly increases in age were
associated with increased risk of reduced CrCljerbiw BMI and hemoglobin were risk
factors for non-pregnant adults. This study, howeshel not address the long-term risks of
TDF-related adverse events in adults, pregnannanepregnant, among individuals
established on treatment.

Maskew, et alassessed the impact of TDF exposure among womeivireg
HAART on incident pregnancy in the TLC clinicallemt. [108] Results of the analysis
suggest that women on ART regimens containing T@Rpgared to those on d4T-based
regimens may be slightly less likely to become pesq while on treatment. The effect
estimates, however, were modest and impreciseh&uihcident pregnancy while on

HAART is common in this population, suggesting twa&h most women now initiating on
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TDF-based regimens, there will still be a large bemof women conceiving while on the

drug regardless of a slightly reduced risk ofdecit pregnancy. [53]

E. Pregnancy and Adherence to Antiretroviral Therapy

Maintaining a high degree of adherence to HAARJimens is challenging, yet
proper compliance is vital to achieving viral suggsion, avoiding viral resistance, and
prolonging life. Adherence to ART is one of theosigest predictors of progression to AIDS
and death. [109] Adherence during pregnancy isadiqular importance, as it protects both
maternal health and lowers the risk of mother-tdddinansmission of HIV. [109- 111]

The exact degree of adherence required to achiedenaintain viral suppression is
drug and regimen dependent. Earlier HAART regingamaonstrated a threshold of 95%
adherence for reduced risk of virological failurelgoor clinical outcomes. [110] The higher
potency and longer half-lives of current HAART megins, however, appear to require a
more moderate degree of adherence to maintainsugression. Recent studies have
suggested that regimens containing ritonavir-babBie or NNRTIs suggest that viral
suppression can be achieved with 70-80% adherdad@,113] Given the observed linear
relationship between degree of adherence and giadbsuccess, however, the goal for
individuals patients should still be complete aénee. [113] Further, a high but imperfect
level of adherence (80-90% of doses taken on timas)been associated with a greater risk of

developing mutations for drug resistance than maiddo low levels of adherence. [114]
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Review of studies of ART adherence during pregnancy

An individual’s adherence is determined by a compglet of mental, biological and
social factors. The experience of pregnancy whil¢d&ART adds complexity to
understanding and measuring adherence duringiéspgeriod. Studies examining
adherence to ART during pregnancy have been linmtagdope, revealing currently
unanswered questions.

Most studies examining adherence to ART amongraneigivomen have indicated a
high degree of compliance during pregnancy, pderbuwhen compared to the postpartum
period. During pregnancy, women may have motivataogors beyond their own wellbeing
to comply with treatment guidelines. The same pastean be seen for other conditions,
such as cessation of smoking during pregnancyetteibdietary control among diabetic
pregnant women. [115] Pregnant women also expegierare frequent interactions with
care providers, which may introduce additional opyaties for adherence counseling or
simply encouragement to maintain healthful prasti¢£16,117]

High pill burden has been associated with redachdbrence, due to complexity of
the regimen or an individual simply feeling overiwhed. In some settings, pregnant women
may actually have a lower pill burden compareddn-pregnant women, a factor which
could contribute to maintaining high levels of adinee. [117]

It is also possible that challenges specific egpancy could interfere with achieving
maximal adherence. [118,119] While estimates okaglice during pregnancy are typically
high, some studies have reported low rates of camge, and nearly all indicate room for
improvement. There are many potential barriersagimal adherence unique to pregnancy

and the postpartum period. Women who experieneeediécts related to pregnancy, such as
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nausea or headaches, may avoid taking medicaticchwbuld exacerbate these symptoms.
[120] Treatment fatigue from dealing with both pragcy and HIV-related issues, as well as
depression, both during pregnancy and during tis¢gppotum, could impact personal
motivation to adhere to medical routines duringgpency. [121,122] After delivery, the
demands of caring for an infant, in addition toloreger being concerned about transmitting
HIV to the baby, may partially explain the lowepportion of adherent women typically
observed in the postpartum period.

Nachega, et apublished the only current review of the existiitgrature on
adherence to ART during pregnancy and the postpaf& The authors evaluated
adherence estimates from 72 studies, and usingshibld of 80% adherence or higher,
reported pooled estimates of 76% (95% CI: 72%, 86Pmomen being adherent during
pregnancy and 53% (95% CI: 33%, 73%) during thegastum period. The variation in
study designs and populations, however, makesahe wf a pooled estimate questionable.

The threshold for identifying adherent and noneadht behavior varied between
values of 80%, 90%, 95%, and 100%. Studies witbstolds below 80% (n=2) were
excluded from the analysis. The virological andickl outcomes of someone maintaining
100% adherence compared to someone with 80% adiegneaxticularly when drug regimen
and year of study are taken into account, may sabgtantially, making it inappropriate to
label the two types of behavior as the same. Brespecially true when considering that
pooled estimates included adherence measuresNiMsdiven at the onset of labor, AZT
taken for PMTCT during pregnancy, and combinatidgiTAaken for both the purposes of
PMTCT and lifelong maternal treatment. Both theawar required to be fully adherent, as

well as the motivation and challenges associatdl these different regimens, suggests
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these forms of ART should be considered separdiElghega, et al. did estimate separate
pooled adherence based on type of ART, but estgwedee not stratified by any other
variable, including whether data was collected fitb pregnancy or postpartum periods.
Not surprisingly, adherent behavior for combineeigmancy and postpartum periods was
reported more frequently in sANVP (79% of womeneaadht (95% CI1.70%, 87%) and AZT
(79% (95% CI: 74%, 83%) regimens compared to coatlmn ART regimens (64% (95%
Cl: 56%, 71%). In the analysis of CART regimensgdisiinction was made between women
taking combination therapy for the duration of pragcy for PMTCT purposes, women
initiating lifelong combination therapy for theima health during pregnancy, and women
becoming pregnancy while on cART. A closer lookhat individual studies examining
adherence to combination therapy reveals a de&nttioomation on women initiating
HAART for their own health prior to pregnancy, peutarly in low and middle income
countries.

Of the twenty four studies that evaluated adhexréacART during pregnancy,
twelve included women initiating or continuing tn@@nt for their own health, while the
remainder focused on combination therapy for PMPpafiposes alone. Studies of CART for
PMTCT purposes alone tended to be older, usingatdiiacted prior to changes in treatment
guidelines which encouraged initiation of lifeloART among eligible pregnant women.
Among studies of pregnant women taking HAART fagitlown health, four were restricted
to women initiating treatment during pregnancy (€ame (2006), Kierten (2011), Mirkenzie
(2011), Shapiro (2010)), and three did not difftiede between women starting treatment
before or during pregnancy in their analyses (CHg2@11), Louis (2005), Zorilla (2003)).

Mellins, et al.assessed timing of ART initiation, but based assess of ART experienced
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vS. naive on exposure before enrollment, which weduduring the third trimester. [129]
Women starting HAART in the early phases of pregiyamould be classified as ART
experienced, along with women starting treatmeiatr po pregnancy.

Bardeguez, et al. enrolled HIV-infected women dgrpregnancy or soon after giving
birth, with follow-up continuing through 48 weeksgtpartum. [122] Follow-up visits were
conducted during each trimester of pregnancy, latetg, and every 12 weeks postpartum,
with adherence at each visit assessed by selftrdpmtal of 519 women were enrolled in
the study, 90% (468) before delivery. Three quartémvomen reported perfect adherence
during pregnancy. Those that self-reported peddberence also had lower viral loads than
those reporting imperfect adherence. Self-repaatiterence fell to 65%, 64%, and 66% at
the 6, 24, and 48 week postpartum visits. Thisyste@orted higher adherence in women
starting ART during pregnancy than in those thatensn ART before becoming pregnant
(OR for perfect adherence 1.46, 95% CI 1.05-2.02).

These results contradict those of Vaz, et alhairtanalysis of a Brazilian cohort of
pregnant and non-pregnant HIV-infected women attendutpatient clinics for HIV
care.[117] Adherence was ascertained by botltpiuht and self-report, and was defined as
taking at least 95% of prescribed doses. Sevenbyptwgnant women, of whom 34 were also
assessed in the postpartum period, and 79 nongmegromen were enrolled in the study.
Pill count indicated that pregnant women were nli@edy to be adherent (p=0.001), with
43% of pregnant women and 18% of non-pregnant ¢gg8&%6 or more of their pills.
Adherence in the post-partum period was signifigaotver (20.6%, p=0.0002). Self-
reported values for adherence were much highdsdtr pregnant (83%) and non-pregnant

women (72%). This study found that there were iffer@nces in level of adherence
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between women who started ART prior to pregnanclthose that initiated once they

became pregnant (p=0.49).
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F. Figures

Figure 2.1: Prevalence of HIV Infection in pregnantwomen in South Africa, 1990-2010
(Barron, et al.,2013) [3]
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Chapter 3

Research Study Design and Methods

A. Study Setting and Population
Study Setting

Prior to 2004, access to life-saving antiretrdvireatment in South Africa was
extremely limited. With the launch of the governmgponsored national HAART rollout
that year, access to antiretroviral drugs andedl&tlV care began to expand rapidly. By
2010, South Africa had the largest HIV treatmewigoam in the world, with over one
million people accessing treatment through puldtar services. [1]

Coinciding with the start of the national HAARTIowt, the Themba Lethu Clinic
(TLC) in Johannesburg opened in April of 2004 g®@ernment run treatment center. The
clinic is located in a large, public sector teaghifiacility, Helen Joseph Hospital, and
receives patients referred primarily from withie tGauteng Province. Individuals testing
positive for HIV are referred to TLC to be asses®edA\RT eligibility. Most patients
referred to TLC received testing and preliminarymseling from other clinical sites; TLC
does, however, conduct about 12,000 HIV tests dhynuwath immediate referral of HIV-
positive adults into care at the facility in moases. Individuals testing positive but not
eligible to initiate HAART can enter into pre-ARare. Eligible patients are started on

lifelong treatment with appropriate antiretroviragjimens. Since opening in 2004, the clinic



has initiated over 22,000 adults on ART, with apprately 40% of these individuals still in
care at TLC. [7]

In addition to funding and management from thetBdudrican Department of
Health, TLC is also supported by the NGO Right &we; which receives partial funding
from the United States Agency for International Blepment (USAID) through the

President’'s Emergency Plan for AIDS Relief (PEPFAR)

Study Population

The base cohort for our analyses included patieritated on HAART at TLC
between April 1, 2004 and September 30, 2011. matlzecame eligible for inclusion at the
time they initiated treatment with ART, and follawp-time spent in pre-ART care was
excluded from all analyses. Patients receivingitneat with ARVs for any reason prior to
initiating at TLC were excluded, as well as thos#hwnissing data on treatment start date or
initial HAART regimen. In Johannesburg, pediatiiy/ services, including testing and
treatment, are conducted at separate specializédiés. Therefore, our base cohort was
restricted to individuals 18 years of age and ol no upper age limit. Once enrolled,
patients were followed until they died, transferoade to another facility, or were lost to
follow-up. Patients still in care at the end of #malysis period (September 30, 2011) were

administratively censored.

Patient Follow-up and Clinic Procedures
Eligibility for ART initiation was determined ugjstandardized criteria endorsed by
the South African Department of Health. [50,51}alfle 3.1) Between April 1, 2004 and

March 30, 2010, patients were eligible to initiAlRT with a CD4 cell count of less than 200
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cells/mn?, or if determined to have stage 4 HIV disease miicg to WHO classifications,
regardless of CD4. Pregnant women could be indiatehigher CD4 counts based on
clinician discretion.

In April of 2010, eligibility requirements were @hged to recommend pregnant
women and those with tuberculosis start HAART veit@D4 count of less than 350 cells/
mm®. The threshold for initiating treatment remain@® 2ells/mnifor the general
population of treatment naive HIV-infected adull]

In September of 2011, initiation criteria were iagadjusted, and currently all adult
patients with CD4 counts of less than 350 cells/mma eligible to start HAART. Due to
exclusion criteria of the analyses for the indiabaims of this dissertation, all included
individuals began treatment under the 2004 or 20itéria for treatment initiation. [7]

At the time of treatment initiation, baseline labsluded full blood count,
hemoglobin assessment, and liver function testsechout to determine most appropriate
treatment regimens. In addition to the baseling (nsonth 0), clinic appointments are
typically scheduled at 1, 3, 6, and 12 months dféginning HAART. Again in accordance
with national ARV treatment guidelines, viral loasisessments are not performed prior to
treatment initiation. The first viral load assessaine done 4 months after treatment
initiation, along with a CD4 count, in order to @ss virological and immunological response
to HAART. [51]

Prior to April 2010, follow-up visits with full laoratory assessments were scheduled
every six months after the first 6 months on treattmWith the updated guidelines, visits for
routine care are now scheduled for every 12 moaities the first year of treatment (with

visits at 1,3,6, and 12 months the first year).uattlinic visits may vary from these
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guidelines, as clinicians can schedule more fregusits if indicated. Patients can attend the
clinic between standard follow-up visits for aciggues, including adverse events related to
ARVs or suspected opportunistic infections. Nomdtad laboratory tests can also be
scheduled as needed. All clinical labs are procebgdhe National Health Laboratory
Service (NHLS), which has a branch located in Hdleseph Hospital.

ARVs are refilled and picked up from the onsitahacy at TLC. In most cases,
appointments to pick up refills are scheduled migrittr the first six to twelve months, and
every two months thereafter. If the patient is stable on treatment, including being non-
adherent, visits may remain on a one month schedule

Antenatal care is not included in routine clinisatvices for HIV-infected pregnant
women at TLC. Women who initiate HAART while preghgas well as those who become
pregnant while on treatment, attend primary caread or specialized antenatal care clinics
within the community for prenatal services. Matémeeds related to HIV, including refills
of ARV prescriptions and routine laboratory asses#s) are still handled by TLC during
pregnancy and the postpartum period. Most womes lgirth in hospitals, where additional
treatment with ARVs should be provided to mothet arfants in order to prevent mother-to-
child transmission. Follow-up for infants born téM-infected women, including HIV
testing, is handled by yet another provider in @igteic HIV clinic. During the period of
our analysis, there was no routine communicatidwéen TLC and antenatal clinics,
hospitals where women deliver, or pediatric HIVhads. Any information in the patient
record related to pregnancy is, therefore, infolyredsessed and highly dependent on patient

self-report.
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Data Management

TLC utilizes an electronic patient management systeherapy Edge-HIV® (TE), to
record and track all patient level data. Individekdctronic records are continuously updated
at each patient encounter with the clinic. (Tab® Before 2007 all patient information was
first recorded in paper records, and then transfieimto TE by data capturers. Beginning in
mid-2007 TLC transitioned away from using paperdoasedical records, implementing live
updates to TE as the patient moves through thecliihe details of each clinic and
pharmacy visit, as well as laboratory results,ugg@ated in real time. In 2010, the NHLS
electronic data management system became integratted E, allowing for immediate and
accurate transfer or laboratory data into patieadrds. Data capturers are responsible for

cleaning and verifying the data in TE, as well aalohg with missing information.

B. General Definitions and Inclusion Criteria

For each of our three aims, we selected individirals the sub-cohort of all TLC
patients who had ever initiated ART at the climiod who were ART-naive prior to
beginning treatment at the clinic. Patient emnelht ran between April 1, 2004 and
September 30, 2011, although the enroliment peniddded in each of the specific aims
varied in order to allow all participants adequalow-up time for the question being asked.

All analyses were restricted to those over 18esdttnent initiation.

Incident vs. Prevalent Pregnancy
We excluded women pregnant at the time of HAARTiahon from our analyses.

We will refer to existing pregnancies at the tini¢ddART initiation as_prevalent
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pregnanciesin contrast, incident pregnancwsgl be defined as those occurring after a

woman has started on HAART. Women initiating HAARiEh a prevalent pregnancy tend
to have less advanced HIV disease than thosetingireatment for their own health, as
well as being younger and generally healthier.[1EBhdamental differences between
women with prevalent and incident pregnancies¢hahot be accounted for in the analysis
could make causal interpretation of the resultscdilt if these women were analyzed
together.

In relation to our specific aims, overall bettealth and different motivations for
starting treatment among women pregnant and nghjre at baseline may influence
different patterns of adherent behavior. If woraeth prevalent pregnancies do have less
advanced disease progression, it may also altexetherity and incidence of adverse events

related to specific drugs.

C. Definitions and Methods Specific to Aim 1
Aim 1: To identify an optimal indicator for adherence derived from routinely collected
pharmacy refill data.

This analysis included all adults who were ARTweadnd not-pregnant at baseline,
and who initiated treatment between April 1, 2064 duly 31, 2011. This enrollment
window allowed all patients at least two monthdreatment before the end of follow-up
(September 30, 2011), as the adherence indicatnes ased on adherence in the two

months immediately prior to each pharmacy ref#itvi
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Definitions
Adherence (Exposure)

At TLC patients attend scheduled appointmentheactlinic pharmacy to refill their
prescriptions. Records of each scheduled refikk das well as the actual date of pharmacy
attendance, are maintained in TE®. As previoustgitksl, individuals typically refill their
prescriptions approximately every 28 days earlthafirst several months after initiating
HAART, and if there are known treatment concermearlan follow-up. Once patients are
stable on treatment, they are usually scheduleefiibprescriptions approximately every 56
days.

In order to avoid missed doses due to unforesieert delays in attending scheduled
visits, two and four extra pills are dispensed eesipely for each 28 and 56-day refill cycle.
Because not all appointments could be schedulectlg»28 or 56 days apart, we allowed
some flexibility when categorizing pickup schedudssmonthly or bimonthly. Visits
scheduled within one week of either the standardrZ® days apart were classified as one
of these standard schedules, with the assumptairetiough pills were dispensed to allow
for complete pill coverage between visits.

For visits with a non-standard scheduled lengtiveéen appointments, attendance
measures were not calculated due to uncertaintytabe number of pills dispensed and
reasons for the non-standard scheduling. Usingtheduled and actual dates of pharmacy
visits as the basis, we constructed and evaluagpd @dherence measures. (Table 3.3)

In addition to pharmacy data, beginning in 2009sas began asking some patients
about their adherence as a percentage of dosasdakiéme in the week prior to the current

visit using the following scale: “All"X 90%), “Most” (60-90%), “About half’ (30-60%), “A
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few” (10-30%) or “None” (<10%). We dichotomized fsetported response into patients
taking 90% or more of doses on time and those tglkiss than 90%, i.e. “All” vs. other

categories, and compared self-report to pharmatigators.

Virological Failure (Outcome)

Virological failure was defined as either failuoeachieve suppression of plasma HIV
to <400 copies/mL within six months of initiating HAAR®r as a viral load above 400
copies/mL after documented viral load suppress#®0 copies/mL. [44, 124]

In order to maintain consistency between both et and viral load assessments,
we used only viral load measurements with pharntiatg corresponding to either 2, 28-day
cycles or 1, 56-day cycle in the two months immtgdyeprior to the lab results. Adherence
and viral load measurements that did not meet thtsgia were excluded. Viral load was
assessed on a routine basis, and pharmacy attendasanonitored at every pharmacy visit,
meaning there were multiple assessments of botbradbe and viral loads for most patients,
and individuals could “fail” multiple times if mufile viral loads were greater than 400

copies/mL.

Analysis

We used logistic regression with generalized esiimy equations to examine each 2-
month adherence indicator as a predictor of vinalaldgailure. The odds ratios (ORs) and
95% confidence intervals (Cls) calculated with rettatandard errors were examined to

identify which measures of adherence most stroagépciated with virological failure. We
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also stratified logistic regression models by praeyrefill schedule (monthly vs.
bimonthly).

We used c- (or concordance) statistics, defindti@area under the under the
receiver operating characteristic curve, to idgritie measures of adherence best able to
properly classify a case of virological failuresarccess.[125] Sensitivity, specificity, and
predictive values, all with corresponding 95% cdafice intervals, were also calculated. We
examined the association between viral load anéradice for all eligible visits, as well as a

stratified analysis by refill schedule.

D. Definitions and Methods Specific to Aim 2
Aim 2: To evaluate the effect of pregnancy and the postpartum period on adherence to
HAART in HIV-infected women initiated on treatment prior to pregnancy.

Women with no prior ART exposure (including prleMTCT regimens) before
starting treatment at TLC were eligible for inclusi As previously addressed, women with
prevalent pregnancies were excluded. Pregnaneytaft age of 45 was rare in this cohort,
and women who become pregnant at older ages meydeptional in other ways that cannot
be accounted for in the analysis. Furthermorerdeioto maintain positivity, [126] person-
time in women 45 years of age and older will beleded due the very small number of

women exposed (experiencing pregnancy) in thisgagep.

43



Definitions
Not Pregnant, Pregnant, and Postpartum (Exposure)

The primary exposures of interest for Aim 2 weregmancy and the subsequent
postpartum period. Women who experienced an intiplesgnancy during follow-up
contributed both unexposed and exposed person-tWoneien who never become pregnant
during follow-up contributed only unexposed persiome.

As previously discussed, assessment of pregnanaytipart of routine follow-up
care at TLC, but when a woman self-reports thatisipeegnant, or when the condition is
recognized by a clinician, information related & pregnancy is entered into her TE®
record. The recorded start and end dates of eathtigmal period are primarily estimates
based on maternal self-report. . There will be &gl variance in both the gestational age
at which a woman learns she is pregnant and wheneglorts it to her provider.

Exposure status was assigned for each month ofifallp based on self-reported
dates of incident pregnancies, if applicable: megpant, pregnant, or postpartum. Clinically,
the postpartum period is defined as the time frova loour after delivery to six weeks post-
delivery. [10] Maternal changes (biological, phydiand emotional) associated with recent
delivery, however, likely extend beyond six wedkat this reason, studies of adherence to
ARVs postpartum have followed women for several thero two years after delivery.
[117,122, 127] For our primary analysis, a fixedige of six months defined the postpartum
period. At the end of the fixed postpartum periwdmen experiencing incident pregnancies

were censored.
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Adherence (outcome)

The outcome of interest was non-adherence, measiitie a binary indicator of
100% pill coverage between pharmacy visits or fkaa 100% coverage. Details about the
construction and selection of this adherence indicare provided in the methods section for

Aim 1.

Analysis

The longitudinal nature of the data collection e=k possible to assess effects of
time-varying as well as time-fixed covariates, adl\&@s changes in exposure status, with
women able to contribute both exposed and unexposesdn-time. In our analyses we
accounted for both baseline and time-updated catearias potential confounders. Baseline
covariates were patient demographic and clinicalatteristics assessed at or immediately
prior to HAART initiation. Time-updated covariate®re clinical indicators updated at
different time points over patient follow-up. SEable 3.4 for a summary of baseline and
time-updated characteristics.

Baseline characteristics at the time of HAARTIatibn for women meeting our
inclusion criteria were described. Categorical c@tas were compared using chi-square
tests, while continuous covariates were comparetyugests (means) or Wilcoxon rank-
sum tests (medians). We used modified inverseghbty of treatment weights to fit
marginal structural log-binomial regression modelserder to estimate relative risks of non-

adherence during periods of pregnancy, postparmehhon-pregnancy.
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Marginal Structural Models

Longitudinal data from observational studies pn¢smique challenges that cannot be
addressed using more traditional epidemiologic wastHor estimating causal effects. In
particular, when a time-updated covariate confouhdgelationship between the exposure
and the outcome at one time point, yet also acéscisal intermediate between the
exposure and the outcome at a later time poimgdsta methods for controlling for
confounding will produce biased effect estimaté28]

Figure 3.1 demonstrates this concept. For Aim&gewamined the relationship
between incident pregnancy and adherence to ARy sleBign no one in our cohort was
pregnant at HAART initiation. There are three tipmnts (times 2,3, and 4) in Figure 3.1
representing 6 month intervals. At each follow-umpet, the most recent CD4 count is
associated with the likelihood of becoming pregn@m4 is also potentially associated with
adherence if the degree of physical illness impacigvation to take medication as
prescribed. CD4 count, therefore, confounds thetioeiship between pregnancy and
adherence. Pregnancy also affects subsequent GIDd @m incident pregnancy (or not) at
time 2 affects CD4 counts assessed at time 3,qgdcbD4 count on the causal pathway
between incident pregnancy and adherence at time 4.

Using standard stratification methods to fix Cct at each follow-up time would
control for confounding by CD4, but would also biae estimate of the total effect as a
result of controlling for a causal intermediate.riylaal structural models (MSM) offer an
alternative approach to controlling for both tinmeefl and time-varying confounding based

on the concept of standardization rather thaniftiation.
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MSM use inverse probability of treatment weighBTW) to control for confounding
of a treatment (exposure) - outcome relationshptdua set of covariates by reweighting the
data to account for selective observation. IPT@/calculated as the inverse of the
probability that an individual experienced the esyo@ that she did given covariates unique
to that person (represented as 1/ (P(E=e | Z=ppligation of this weighting structure to the
data, in which the original observations are miiégbby their unique weights, creates a
“pseudopopulation” where the association betweerctmfounder and subsequent exposure
is removed. [128,129] After controlling for baseiconfounders (and assuming no
unmeasured confounders), the potential outcomemfadherence is modeled as if the
exposure, pregnancy, were randomized. [130]

Typical IPTW calculations assume that there iggls transition in exposure state,
from untreated(unexposed) to treated (exposedk tretransition occurs it is assumed that
treatment continues until the end of follow-up,wiihe probability of receiving the treatment
from that point forward fixed. [129- 133] This asgption does not hold for the exposures of
pregnancy and postpartum.

Here, we were interested in three levels of expysamd so the typical method of
weight construction did not apply. Further, we cbubt treat non-pregnancy, pregnancy and
postpartum as a simple polytomous exposure. Irsghgsial situation, all women who
become pregnant transitioned from pregnancy (urdessored in the middle of pregnancy)
into a third exposure category, the fixed postparstiage. Further, the postpartum period
could only be experienced by those women thatéxgerienced pregnancy. The postpartum
exposure is conditional on, but separate fromptiegnancy, and weights had to be

calculated accordingly.
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There is some variability to when a woman wilhsdion from pregnancy to
postpartum, and this second change in exposuréna@porated into the calculation of our
IPT weights. First, weights were calculated far hverse conditional probability of
pregnancy for all women in the cohort. Then weidbtghe inverse conditional probability
of becoming postpartum were calculated only amaegmant women, and only after
pregnancy began. Weights for the two periods werkiphed across time, yielding a
predicted probability of remaining non-pregnantéach month of follow-up where a woman
was not pregnant or in the first month of pregnaaeyl the predicted probability of
remaining pregnant once a woman became pregnanigihithe first month of the
postpartum. The probability at each month, t, idtiplied by the probabilities for all
previous months of follow-up to create weights esgnting total history of exposure.

In the process of fitting IPTW, individuals withre covariate patterns given their
exposure status will be heavily weighted, and eamesented in the “pseudopopulation.” In
order to reduce variance created by these up-werghtlividuals, we used stabilized
weights, constructed by multiplying the IPTW (carmhal probability of treatment) by the
probability of treatment conditional on baselineaaates only. The stabilized inverse
probability of treatment weights (with weight A repenting the pregnancy exposure and
weight B for the postpartum exposure, calculatdg for women experiencing pregnancy)

are given as:
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SW — Pr[Xik |Xik—1; Zi(), C_ik—l = 0]

Pr[Yik | Yig—1, Zi0, Cir—1 =0

SWi = = = ]
1 LPr[¥y | Vi1, Zi—1, Cix-1 = 0]

For weight A, the numerator is the probability atipnti having pregnancy exposure given
her past exposure history up to the current makith_(;), her baseline covariat¢€;,) and

not being censored in the previous month of follgev-The denominator is the probability of

patienti having pregnancy exposure given her past expdsst@y up to the current month
(Xik—1), her time-varying covariate€{; _) including her baseline covariates, and not

being censored in the previous month of follow4dmglusion of baseline covariates in the
numerator stabilizes the model, but also meanglileatISM no longer controls for the
baseline measures. The baseline covariates arefdhes included in the model with the
exposure parameter estimate representing the nahegiect of exposure conditional on

baseline covariates.

For weight B, the numerator is the probabilitypatienti entering the postpartum

exposure given her past exposure history up tedhent monthXj,_;), her baseline

covariategZ;o) and not being censored in the previous month ¢éelip. Due to

biological limitations on the gestational periodegnancy was defined to end with a
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probability of 1 10 months and later after thetfironth of pregnancy. The denominator is

the probability of patientbeing postpartum given her past exposure histpripihe current
month {;,_1), her time-varying covariate€(;,_1) including her baseline covariates, and

not being censored in the previous month of follgev-The model is then fit using robust
variance methods (GEE) to account for the repeatiécbme assessments of the study design
as well as the induced clustering from the pooleiskt.

The above equations are for estimates of theteffgaregnancy or postpartum in the
absence of censoring_&c_l = 0). Inverse probability of censoring weights (IPCW&re

constructed in the same way as IPTW, with censaeptacing the exposure. IPTW and
IPCW were multiplied together at each observatie.also considered that loss due to
death was potentially more informative than cemgprand constructed inverse probability of
death weights (IPDW) for inclusion in a separatadetoUltimately, neither the inclusion of
death nor censoring weights had any effect on stienates and were excluded from the

main analysis and sensitivity analyses.

Sensitivity analyses
Several sensitivity analyses were conducted tesasthe robustness of our risk ratio
estimates when adjusting our exposure definitiorectount for potential misclassification

and other uncertainties.

1) Exclude first six months of follow-up, due teetfact that the occurrence of both non-
adherence and drug-related adverse events arallygheghest in the first several months

after initiating HAART. [134,135]
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2) Restricting the analysis only to women that eigpee pregnancy during follow-up: while
it is problematic to condition inclusion at baselivased on future exposure status, we
performed this sensitivity analysis to accounttfa fact that there may be fundamental
differences between women who pregnant duringviellp and women who do not, and that
it may bias our results to lump the unexposed petsoe (non-pregnant) from both groups
of women together.

3) Extended postpartum length: The fixed duratibthe postpartum period was extended
from 6 months to 12 months to account for social psychological changes related to

having a child that may impact adherence and sy e#tend beyond six months duration.

Analyses to account for errorsin recorded pregnancy dates, including missing values:

4) Fixed duration of pregnancy: All women expea@g incident pregnancy were assigned
an end date for the pregnancy that was 9 months tine indicated start date. A fixed
postpartum period of six months was then assigasddon this new end date. Based on
prior studies among HIV-positive pregnant womeigaih be hypothesized that the median
duration of the pregnancy will be between clostulieterm (all four cited studies reported
median gestation lengths of 39 weeks). [136- 1B9puting a pregnancy end date nine
months from the reported first month of pregnaneglsl both with missing data, and
potentially errors in the recorded last month @&gorancy.

5) Pregnancy start date moved 3 months earlierrd@orded date: In order to account for
the pregnancy start dates potentially being regdeee, we moved the start date back by the

equivalent of one trimester, and reassigned expasatuses based on this new start date.
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6) Pregnancy start date reassigned as 9 montheelrefmorded end date: under the
assumption that end dates of pregnancy are moreonadia, and therefore more reliable,
pregnancy start dates were reassigned as a fixatiauof 9 months from recorded end
dates.

7) Multiple imputation for missing end dates: hader to account for the large number of
missing pregnancy end dates (N=365), we used niitigputation techniques to impute a
duration of pregnancy, which was then used to assigregnancy end date. The postpartum

period was then fixed at 6 months after the newkigned end date.

E. Definitions and Methods Specific to Aim 3

Aim 3: To assess the impact of pregnancy and the postpartum period on frequencies of ARV-
related drug toxicities, specifically tenofovir-associated renal toxicity.

Definitions

Not pregnant, Pregnant, and Postpartum (Exposure)

Incident pregnancy and the postpartum period wefimed as in Aim 2. Women who
were pregnant at baseline (HAART initiation) wegaia excluded. Using the discrete time
model constructed from the data in Aim 2, we assilgexposure status (not pregnant,
pregnant, postpartum) to each unit of person-timenth of follow-up). Women

experiencing incident pregnancy were censoredeagtia of the fixed postpartum period.

Reduced Creatinine Clearance (Outcome)
Tenofovir, especially at high concentrations, hasrbshown to accumulate in the

proximal tubules of the nephron of the kidney, ptitdly leading to renal failure, Fanconi
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syndrome, proteinuria and tubular necrosis. Seweparotoxicity occurs infrequently, and in
most cases, renal function can be restored withséents to drug regimens or dosing. [102]
For this reason, regular monitoring of renal fuoctin recommended for those on tenofovir.
Baseline tests for creatinine clearance are alsdetwto determine appropriateness of
treatment with tenofovir. A minimal baseline Cr@te of 50 mL/min is recommended for
those starting the drug. [140] With tenofovir nawluded in most first line regimens at the
clinic, TLC has added creatinine clearance assegsimstandard follow-up labs.

The creatinine clearance test is used to estirhatglomerularfiltration rate (GFR),
which describes the flow rate of filtered matetfabugh the kidney. The creatinine
clearance rate is the volume of blood plasma ctkafereatinine per unit of time. This test
assesses how well the kidneys are functioningrmgeof excreting substances. Creatinine is
produced naturally by the body, and is filtered authe blood stream by the glomerulus.
[141] True creatinine clearance involves collectiogh serum and urine samples,
determining the creatinine removal rate in the@and dividing it by the plasma creatinine
concentration. [140] Due to small amounts of creaé filtration through capillaries
surrounding the kidneys, creatinine clearance tesits to overestimate true GFR by 10-20%.
This method is involves collection of multiple wispecimen and calculations, making
routine clinical use impractical. [140]

A surrogate indicator derived using the Cockcf®#ult formula and requiring only
serum creatinine concentrations is a practicatratéve for estimating the GFR. Creatinine
clearance reported in TE® is estimated using thmsfila, and reported as ml/min cleared.
[142] CrCl is highly dependent on age and weiglhit) whe acceptable range for “normal”

clearance being 90-139 mL/min for an adult male, 8125 mL/min for an adult female.

53



Pregnant women experience a 40-50% increase imsaeatinine, and calculations
estimating CrCl in pregnant women should be adguateordingly. [142] See Tables 3.5 and

3.6 for definitions of renal function impairment foregnant and non-pregnant women.

Analysis

Women with no prior ART exposure (including prleMTCT regimens) before
starting treatment at TLC and who were less thape#s old at initiation were eligible for
inclusion in this analysis. Baseline charactersstiere stratified by tenofovir in the initial
HAART regimen, and were assessed using standaotlipliege statistics.

We reported the number of creatinine clearancesassents performed by pregnancy
exposure status for women both on and not on teredontaining regimens. Renal function
was categorized according to a standardized ssaéeTable 3.5). We also reported the
outcomes a proportion of total creatinine clearaagsessments in non-pregnant, pregnant, or
postpartum women. CrCl results were compared lestvegposure categories by degree of
severity using Fisher’s exact tests. Exact metheate required due to a small number of
moderate and severe outcomes occurring during preyrand the postpartum. Use of
traditional approximate methods may produce inviagllts when sample sizes are small.

A sensitivity analysis was performed among pregmaomen, regardless of current
tenofovir use, to adjust the CrCl grading scaladoount for changes to kidney filtration that
occur during pregnancy. The scale for non-pregaadtpostpartum women remained the

same as in the primary analysis.
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The small number of outcomes in certain exposategories precluded multivariate
analysis. Rates were also calculated among onbfdein users at the time of testing. Non-

pregnant person-time was the referent group inaatiparisons.
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F. Tables and Figures

Table 3.1 Themba Lethu Clinic standard clinical practices

2004 ARV Treatment
Guidelines
(‘April 1, 2004- April 2010)

2010 ARV Treatment Guidelines
(April 1, 2010- September 30,2011)

Eligible for ART

CD4 count < 200 cells/min
Irrespective of clinical stage
(including pregnant women)

OR

WHO stage IV HIV disease
Irrespective of CD4 count

CD4 count < 200 cells/min
Irrespective of clinical stage

OR

CD4 count < 350 cells/min
AND pregnant
or active TB disease

OR
WHO stage IV HIV disease
Irrespective of CD4 count

First Line ART
Regimens

For all eligible
adults, including
pregnant women*

* NVP is preferred
over EFV for
women of
childbearing age not
on reliable
contraception

d4T + 3TC +EFV
OR
d4T+ 3TC +NVP

OR

If d4T is contraindicated:
AZT +ddl + LPVIr

TDF + 3TC + EFV
OR
TDF + 3TC + NVP

OR

If TDF is contraindicated:
AZT + 3TC + EFV/INVP

Those already on d4T based regimens
with no side effects at the time of the
guideline updated should remain on
current regimen

Follow-up Schedule

Clinic visits at1,3,6 and
12monthsafter treatment
initiation

Appointment atmonth 4 for viral
load and CD4 assessment

After first year, follow-up
appointmentgvery 6 months

Clinic visits at1,3,6 and12 months after
treatment initiation

Appointment amonth 4 for viral load
and CD4 assessment

After first year, follow-up appointments
every 12 months

Routine laboratory
tests

Full blood count, hemoglobin,
liver function tests: baseline,
months 1,3,6 and 12 month visit
every 6 months after the first yea

Viral load: 4 months after
treatment initiation and every 6
months after

Full blood count, hemoglobin, liver
function tests, creatinine clearance:
5, baseline, months 1,3,6 and 12 month
arvisits, every 12 months after the first

year

Viral load: 4 months after treatment
initiation and every 12 months after
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Table 3.2. Data fields forroutinely collected data among thosenicare at Themba
Lethu Clinic (Fox, etal., 2013) [7]

Data fields Variable list

Demographics Name, national ID number, contact details, gender, date of birth, employment status, alcohol use,
smoking history, ethnicity and education level

Clinical visit data Date of visit (scheduled and actual), TB screening, urine analysis, vital signs, height, weight,
description and duration of new symptoms and systems-based clinical examination
(e.. cardiology, neurology, and respiratory)

Laboratory results ART initiation and monitoring bloods, induding CD4 count, HIV viral load, full blood counts, liver
function tests, renal function tests, TB microscopy and culture results, lactate levels and glucose
and lipid profiles

Medication history  Date of start and stop of ART and non-ART medications, reasons for treatment discontinuation and
self-reported treatment adherence

Clinical diagnoses Pregnancy, opportunistic infections including TB, hepatitis, PCP, AIDS-related malignancies
incduding Kaposi sarcoma, ART toxicties including peripheral neuropathy, anaemia, hyperlacta-
taemia/lactic acidosis and lipoatrophy
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Table 3.3 Indicators constructed from pharmacy refil and self-reported adherence data

(Aim 1)

Indicator

Type

Definition

On time

Clinic attendance

Binary indicator of whether
actual visit to pharmacy
occurred on or before
scheduled appointment

Less than 5 days late

Clinic attendance

Binary indicator of whether
pharmacy refill occurred
fewer than 5 days before the
median time late among
those not attending on time

Less than 30 days late

Clinic attendance

Binary indicator of whether
pharmacy refill occurred
before 30 days late or after

100% pill coverage

Pill possession

Binary indicator taking into
account extra pills dispense
with last refill with on time
attendance occurring before
pills ran out (100% coverage

~

> 90% pill coverage

Pill possession

Binary indicator taking into
account extra pills dispense
with last refill; in the time
between visits, were there
pills for at least 90% of days

> 80% pill coverage

Pill possession

Binary indicator taking into
account extra pills dispense
with last refill; in the time
between visits, were there
pills for at least 80% of days

Categorical

Clinic attendance/ pill

possession

On time with enough pills for
complete coverage between
visits vs. late with enough
pills between visits vs. late
and not enough pills for
coverage between visits

>90% doses on time in
last week

Self-report

Based on nurse interview.
Individuals reporting taking
90% of doses in the week
before are adherent,
compared to those with less
than 90%
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Table 3.4 Summary of baseline and time-upded covariates included in the

analysis

Variable

Specification

Baseline, Time-
updated

Description

Age

Continuous, cubic
splines

Baseline

Age at enrollment

WHO Disease
stage

Binary

Baseline

Patients were assessed at theofim
treatment initiation as having stage
1,2,3,0r 4 HIV disease according to
WHO criteria; coded categorically a

D

S

either disease state 1lor 2 OR disease

stage 3 or 4

Employment
status

Binary

Baseline

Coded as employed or unemploye
at enroliment

d

BMI
(kg/n™)

Continuous, cubic
splines

Baseline, time-
updated

Modeled as a continuous variable,
described as both continuous (meal
SD) and categorical (baseline)
according to the following
categories: underweight (<18.5
kg/m?), normal (18.5-24.9 kg/fh
overweight (25.0 kg/R), obese¥ 30

kg/n?)

=

CD4 Count
(cells/mn?

Continuous, cubic
splines

Baseline, time-
updated

Modeled as a continuous variable,
described as both a continuous
(mean, SD) and categorically (at
baseline) according to the following
categoriess 50 cells/mm, 51-100
cells/mnd, 101-200 cells/mrh, 201-
350 cells/mm

Hemoglobin
(g/dL)

Categorical

Baseline, time-
updated

Coded as normal (>11.35 g/dL),
moderately anemic (7.35-11.35
g/dL), and severely anemic (<7.35)
for non-pregnant women (adjusted
for altitude); categories for pregnan
women: (>10.35 g/dL, 6.35-10.35
g/dL, <7.35 g/dL)

Viral load
(copies/ mL)

Binary

Time-updated

Measured as a continuousevalu
number of viral copies, coded as
virological failure (>400 copies/ ml)
or not; not modeled as baseline
covariate because viral load is not
assessed regularly at baseline
(missing for 80% of women)

Tuberculosis

Binary

Baseline

Indicates if diaggwband on
treatment for active TB at the time ¢
treatment initiation; coded as yes/n

o=

Efavirenz (EFV)

Binary

Baseline, time-
updated

Binary indicatory of whether baselin
(or current) regimen contains EFV

Stavudine (d4T)

Binary

Baseline, time-
updated

Binary indicatory of whether baselin

(or current) regimen contains EFV
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Table 3.5 Classification of renal dysfunction accating to creatinine clearance
for adult, non-pregnant womert [32]

Stage CrCl

Normal > 90 mL/min
Mild 60-89 ml/ min
Moderate 30-59 ml/min
Severe < 30 ml/min
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Figure 3.1. Simplified directed acyclic graph (DAG)of causal model for the effect of

incident pregnancy on the risk of non-adherenceOnly time-varying confounders are
included in this diagram.
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Chapter 4

Pharmacy-Based Measures of Adherence to Antiretroval Therapy as a Predictor of
Virological Failure

A. Introduction

Adherence to highly active antiretroviral therap\AQART) is a major determinant of
clinical outcomes in HIV infection. [143,144] A sased high degree of adherence has been
shown to be the strongest predictor of viral supgitn among HIV-positive patients on
HAART.[145, 146] Standardized, routine and cos¢&fve monitoring of adherence is thus
necessary to identify patients who would beneditrfrtargeted adherence support to prevent
poor treatment outcomes. [147]

Several methods are commonly employed to assdssdnal degree of adherence in
clinical settings. However, there is currently mmsensus on a standard measure for routine
use. [148]While direct assessments of adherence, includegireinic monitoring (MEMS)
and laboratory serum drug assays, are typicallyeraocurate than indirect measures, they
are costly and impractical in resource-limitediagi with high HIV disease burden. [149]
Pharmacy-based adherence measures, such as grescsefill data, are simple and
objective methods for assessing compliance andhésenation that is often routinely

collected for medical or pharmacy records.[150]



Adherence indicators calculated from pharmacylreééita can take a variety of
forms. Measures commonly used assess timing ofgagoln acquisition or enumerate doses
available/taken, both with the intent of identifgigaps in treatment. [151,152] In most
cases, dichotomous or categorical measures aredrigam continuous indices, using a
variety of cutoffs which may or may not have clalisignificance. [152,153ssessment
and reporting of adherence to HAART using pharnmradiyl data have not been
standardized, making comparison across time, betwi@cs, and between study
populations difficult.

The purpose of this study was to optimize pharrsracgrd-derived indicators of
adherence to HAART by comparing measures of assacibetween various pharmacy-
refill adherence indicators and viral load suppresswhile also considering the simplicity of
each measure for routine use. These findings amntribute to the standardized use of
routine pharmacy data to assess adherence amopkg peoHAART in resource limited

settings.

B. Methods
Study Population

We analyzed data from the Themba Lethu Clinic (J;a€ observational cohort of
adult patients initiating treatment on HAART in doimesburg South Africa. [7The clinic is
one of the largest providers of HAART in South A&j and over 20,000 individuals have
been started on HAART since the beginning of gowent treatment provision in April of

2004. At TLC, treatment and HIV-related care axevpaled free of charge.
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Included in our analysis were treatment-naive ar@hwomen initiating HAART
between April 1, 2004 and July 31, 2011. Individuakre followed until they died,
transferred care to another facility or were losfiadlow-up. Patients still in care at the end of
follow up (September 30, 2011) were administrayivednsored. Women starting HAART
while pregnant were excluded due to potential fumelatal differences in overall health and

motivation for treatment initiation. [125]

Definitions

TLC patients attend scheduled appointments atlthie pharmacy to refill their
prescriptions for antiretroviral drugs and othermications. An electronic data management
system maintains records of what drugs are dispeasewell as the scheduled and actual
dates of pharmacy attendance. Pharmacy visitschezlaled based on standard 28 or 56 day
refill cycles. To avoid missed doses due to unfeeesshort delays in attending scheduled
visits, two and four extra pills are dispensed eesipely for each 28 and 56-day refill cycle.
Visits scheduled within one week of either the dtad 28 or 56 days apart were still
classified as one of these standard schedulesthiatassumption that enough pills were
dispensed to allow for complete pill coverage betveisits. Visits scheduled outside of
these standard refill periods were excluded froenathalysis.

Based on the difference between the schedule@detndl dates of each visit,eight
different adherence measures were calculated,sisgeasning of clinic attendance, the
proportion of visits covered by the medication éisged at the prior visit, and a combination
of timing and pill coverage. Adherence measuresdbas clinic attendance included(1) a

simple binary indicator of presenting on or befthre scheduled appointment date, (2)
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coming late more or less than the median numbdagé$ late among all late visits at TLC
and (3) coming more or less than 30 days late.uUlzlons of pill coverage included (4) a
binary indicator of having complete or incompleteerage, and based on a continuous
measure of coverage, if the medication dispens#teagtrevious visit covered (5) 100%, (6)
more than 90%, or (7) more than 80% of the timevbenh visits. Finally, a categorical
indicator combining attendance and pill coveraggéegorized visits as (8) either on time, late
with sufficient pill coverage, or late with missddses.

For a subset of TLC visits, self-reported adheremag assessed during routine
clinical visits. Adherence questions were admimedeat the discretion of the clinic nurse
and participants were selected without a specifjorehm. Patients were asked to evaluate
the number of prescribed doses taken on time invdek prior to the current visit using the
following scale: “All” (> 90%), “Most” (60-90%), “About half” (30-60%), “Aew” (10-

30%) or “None” (<10%). We dichotomized self-repdrtesponse into patients taking 90%
or more of doses on time and those taking less30&6 i.e. “All” vs. other categories.

Virological failure was defined as a hybrid mea&saf failure to achieve suppression
of plasma HIV to<400 copies/mL within six months of initiating HAARAr a viral load
above 400 copies/mL after documented viral loagsegsion<400 copies/mL.[124] To
increase temporal association and predictive valuke adherence measure, only those
pharmacy refill data visits corresponding to the twonths prior to the viral load assessment
were eligible for inclusion in the analysis. Vitahd measurements without pharmacy data
for the two months immediately prior to the assessmwere also excluded. Because all
eligible visits for individual patients were incled, a single patient could contribute multiple

visits and could “fail” multiple times if multiplgiral loads were greater than 400 copies/mL.
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For refills on a 28-day schedule, attending bo#ityiby the scheduled date, one for each
month before the viral load lab result, was reqlireorder to be classified as “on time” for
the entire two month period. Continuous measures wemulative over both visits. For
refills on a 56-day cycle, two- month adherencesuess could be calculated from a single

Visit.

Statistical Methods

Baseline characteristics of individual patientslAART initiation were described
using standard descriptive statistics. We useeémgdéimed estimating equations (GEE) with a
binomial distribution, logit link function, and iependent correlation matrix to measure the
association between each of the adherence indscataf virological failure while accounting
for within-individual correlation. The odds rati®Rs) and 95% confidence intervals (CIs)
calculated with robust standard errors were exathnioedentify which measures of
adherence most strongly associated with virologeiadre. We used c- (or concordance)
statistics, defined as the area under the undeeti@ver operating characteristic curve, to
identify the measures of adherence best able $si€Jaa case of virological failure or
success.[154] Sensitivity, specificity, and prége values, all with corresponding 95%
confidence intervals, were also calculated. Weremad the association between viral load

and adherence for all eligible visits, as well asratified analysis by refill schedule.

C. Results
A total of 8,695 adults contributed a total of 2®7eligible visits. The median age at

HAART initiation was 37 years (IQR 31,43) and 638=6505) of those starting treatment
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were women. The mean baseline CD4 count was 108roet’ (standard deviation: 74
cells/mn?) with 32% having 50 cells/m#ror fewer. (Table 4.1) Of the 29,937 viral load
assessments, 7% (N=4,095) indicated virologidalri either due to failure to suppress
400 copies/mL or less by six months (N=1259) cditmeent or rebounding to over 400 copies
after successful suppression (N=2836).

Adherence was high regardless of measure, with &4ékgible visits occurring on
or before the scheduled pharmacy visit date, afdd 88curring before pills from the last
refill ran out. Among visits occurring late, the dnen time of actual attendance was five
days after the scheduled visit. Most late visitsuneed within several days of the scheduled
visit, but 15% (N=737) occurred more than 30 days.|Accounting for extra doses
dispensed with each refill, only 20% of those shagnip late did not have enough pills to
cover at least 80% of days between the two visits.

Independent of pharmacy refill schedule, all measdemonstrated increased
probability of virological failure with lower adhence (Table 4.2).More extreme
classifications of non-adherence showed strongecastions with virological failure,
including a gap in treatment of 30 days or more @%5; 95% CI:2.16, 3.03)and having less
than 80% pill coverage in the two months prior t@Moad assessment(OR 1.89; 95% CI:
1.62, 2.20).However, simple binary measures of agmon time (OR 1.27, 95% CI: 1.16,
1.38) or having enough pills between visits (OR6125% CI: 1.15, 1.39) were also
associated with virological failure. The c-statistiwith a potential range of 0.5 to 1.0, were
low for all of the assessed measures, ranging 0&@6 to 0.521 (data not shown).

All of the indicators had low sensitivity (Se) (la 4.4), particularly those for the

most non-adherent behaviors, coming 30 days or latE€Se: 5%) and having less than
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80% pill coverage between visits (Se: 6%).The himadicators for being on time (Se: 19%)
and having complete pill coverage (Se: 14%) weseaated with increased sensitivity while
maintaining moderate specificity (Sp: 84% and 3868respectively). Self-reported
adherence assessment also performed comparablyhega two indicators (Se: 13%; Sp:
88%).

When the relationship between adherence and gicdbfailure was stratified by the
refill schedule (28 days vs. 56 days), hon-adherdmtween visits was more strongly
associated with virological failure if refills werequired every two months; that is, if only
one visit to the pharmacy was required in the tvamths prior to the viral load assessment,
rather than two. (Table 4.3) This held true forpddarmacy-based measures of adherence,
although refill schedule seemed to have less afng@ct on the indicators for coming on
time and having complete pill coverage betweertsuisi

Self-reported adherence assessment was perforned@atf eligible visits. Those
experiencing virological failure were more likelylbe asked for self-assessment than those
achieving virological suppression (17.2% vs. 12.8%).01).Among those assessed, 83%
(n=15,434) indicated taking >90% of their presedluloses in the week prior to the
appointment. Rate of virological failure was similathose reporting suboptimal adherence
(19%) and those reporting taking 90% of more ofgthescribed doses (17%). In the
subgroup of people with data on self-reported agter, pharmacy refill indicators showed
comparable associations with virological failugelf-reported adherence showed a slightly
weaker association with virological failure compmhte pharmacy-based measures (OR 1.14;

95% CI: 1.02, 1.28).
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D. Discussion

The study cohort had high adherence with neardg 80pharmacy appointments
occurring before medication ran out, consistenhwliservations in similar settings.
[155-157] This high level of adherence corresponds with logwplence (7%) of virological
failure seen in our cohort.

Independent of the type of adherence indicatorutated from pharmacy visit data,
we were able to distinguish between true adhemhinan-adherent behavior patterns.
Notably, the two simplest indicators, binary assesss of whether an individual showed up
to an appointment by the scheduled date and whettwargh pills were available between
visits, were shown to be adequate predictors @lagical failure in comparison with more
complex indicators. While the strongest associatvas found between being more than 30
days without antiretroviral (ARV) drugs and lesarnl80% coverage of ARVs between visits,
these measures are not sensitive enough to predsttvirological failures.

While non-adherence was more likely to occur waemndividual had to refill drugs
monthly, there was a stronger association betweergmon-adherent and experiencing
virological failure if the prescription was refileevery two months instead of monthly. It is
important to note that, in this setting, individsialith known issues or barriers to adherence
are asked to pick up their medication more fregyehain those with a record of high
compliance. Therefore, among individuals who pipkdougs monthly, there may be other
barriers to being fully adherent which cannot b&eased with pharmacy data, and on time
pick-ups may make them appear more adherent tlegraittually are. [158] Similarly, being
placed on a bimonthly pickup schedule may corredpoare directly to overall pill-taking

behavior, making on time pick-up a stronger incdbcatf true adherence in these patients.
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The association between self-reported adhererssssiment and virological failure
was weaker than that of pharmacy-based measussthefence, in agreement with other
studies which suggest self-reported adherence e biased and less accurate than
pharmacy refill-based measures. [150,159] Ovdralh self-reported and pharmacy
measures had modest associations with virologathiré. Conclusions about the value of
self-report in monitoring adherence in our datalanéed by the fact that self-reported
adherence data was collected in a limited subsedafiduals in our cohort.

A limitation of our study is the exclusion of dkfiata that did not fit the definition
for either the standard 28- or 56-day cycles omditihave a corresponding viral load
assessment. In addition to a decrease in powertfertoss of these records, these
exclusions also created gaps in the pharmacy d=fid which made assessing adherence
cumulatively or over longer periods of time not gibte. Some studies have found that
adherence over a longer period of time, for exarfgale or six months prior to viral load
assessment, may be stronger predictors of vircbgigtcomes.[152]

In our study setting, there are few other resaifoeobtaining ARVs outside of the
clinic pharmacy. This limits misclassification adm-adherent behavior among those
attending pharmacy visits late, as it is unlikddgyt actually procured their medication from
another source. The observed behavior, however refgesents the upper limit of potential
adherence, in that if a patient does not possesgsdihey cannot take them; while mere
possession of drugs does not guarantee drug iftakenly enables it. Thus, these measures
may be generally regarded as less sensitive bu spmcific. [150]

While regression results indicated associatiotséxn virological failure and each

of the adherence indicators, our odds ratios wergast and none of the c-statistics were
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strong in their predictive value (a c-statistidddd is the equivalent of random classification,
and none of the c-statistics associated with adicators exceeded 0.521). In our analysis,
81% of virological failures occurred in those witbmplete pill coverage in the prior two
months. This may reflect the crudeness of our afoer measurement, in which pharmacy
refill does not directly correspond to taking doassrescribed. The predictive ability of the
indicators may also be in part due to the prevanp@radox, in which most cases of
virological failure occur among those who appedtdlg adherent by our measures.
[160,161] Virological failure in those with high gieees of adherence may be attributed to
other factors, including drug resistant HIV straamgl dosing issues. [162]

In assessing the value of different adherenceatdis, a direct assessment of true
adherent behavior would be a more specific and m@é¢arent standard. As this type of
adherence data is rarely available, however, wecta a stricter standard of virological
failure. In our analysis we were able to demonsttia¢ value and limitations of routinely
collected pharmacy refill data for assessing adttdrehavior. When pharmacy refill data is
the best available source for monitoring adhereodjme attendance and complete pill
coverage, two simple binary indicators, perfornwai as more complicated indicators of
adherence in resource limited, high volume clingegtings, where rapid screening for non-

adherence is critical. [163]
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E. Tables

Table 4.1.Characteristics of 8,695 HIV-positive pagnts at time of
HAART initiation in Johannesburg, South Africa.

Demographics All patients
Age, years 37 (9)
Female 63.3
Unemployed 49.9
Clinical
Body mass indekg/n' 22.6 (5.3)
WHO stage Il or IV 42.0
Prevalent tuberculosis 17.9
Laboratory
CD4 count  cells/mm?’ 103 (74)
CD4 categorgellsmm®
< 50 32.0
51-100 20.9
101-200 36.3
201-350 10.9
Viral load" log;,copies/ml 5.6 (6.2)
Viral load categorycopies/ml
401-10,000 17.4
> 10,000 82.6

Categorical variables are expressed as % totalimearus variables are expressed

as mean (standard deviation).

+ Viral load at baseline was missing in 6761 (7§fAfients.
*Those with viral loads <400 copies/ml at baselivere presumed to not be
treatment naive and were excluded from the analysis
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Table 4.2.Associations between pharmacy-based indiors of
adherence and virological failure

Visits with self

All visits reported adherence
(n=29,937) data (n=18,082)
OR (95% CI) OR (95% CI)

Pharmacy attendance

Picked up prescription refill on or before schedule 1 1.

date '

Picked up prescription refill late 1.27 (1.1639) 1.42 (1.27, 1.60)

Picked up refill fewer than 5 days after schedwdate 1. 1.

Picked up prescription refill more than 5 days'at 1.38 (1.24, 1.53) 1.32 (1.15, 1.52)

Picked up refill fewer than 30 days after scheduled 1 1.

date '

Picked up more than 30 days late 2.56 (2.16, 3.03) 1.70(1.32, 2.18)
Percentage of Days Covered

Had 100% coverage between pharmacy visits 1. 1.

Had < 100% coverage between pharmacy visits 1L2AGK(1.39) 1.17 (1.03, 1.34)

Had> 90% coverage between pharmacy visits 1. 1.

Had < 90% coverage between pharmacy visits 1.BD(1.96) 1.34 (1.08, 1.67)

Had > 80% coverage between pharmacy visits 1. 1.

Had < 80% coverage between pharmacy visits 1.82(2.20) 1.34 (1.11, 1.61)
Combination attendance and pill coverage

Came on time, had enough pills 1. 1.

Came late, had enough pills 1.23(1.62,2.20) 0.88(0.72, 1.07)

Came late, did not have enough pills 1.39 (1.285)1 1.34 (1.16,1.56)
Self-reported adherence

Took > 90% of prescribed doses in the week before 1

assessment '

Took < 90% of prescribed visit 1.14 (1.02,1.28)
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Table 4.3.Associations between pharmacy-based indiors of

adherence and virological failure stratified by refll schedule (28 vs. 56

days).

OR (95% Cl)

Adherence based on 2 visits Adherence based on 1 visit

OR (95% Cl)

Pharmacy attendance
Picked up prescription refill on or
before scheduled date
Picked up prescription refill late

Picked up refill fewer than 5 days
after scheduled date

Picked up prescription refill more
than 5 days late

Picked up refill fewer than 30 days

after scheduled date

Picked up more than 30 days late

Percentage of Days Covered
Had 100% coverage between
pharmacy visits
Had < 100% coverage between
pharmacy visits

Had> 90% coverage between
pharmacy visits
Had < 90% coverage between
pharmacy visits

Had > 80% coverage between
pharmacy visits
Had < 80% coverage between
pharmacy visits

Combination attendance and pill
coverage
Came on time, had enough pills
Came late, had enough pills

Came late, did not have enough pills

1.
1.17 (1.04, 1.33)
1.

1.22 (1.04, 1.43)

1.

1.85 (1.46, 2.34)

1.

1.13 (0.98, 1.30)

1.

1.34 (1.10, 1.62)

1.

1.49 (1.20, 1.86)

1.
1.15 (0.94, 1.42)
1.26 (1.07, 1.48)

1.
1.22 (1.09, 1.38)

1.

1.46 (1.26, 1.68)

1.
3.16 (2.52, 3.97)

1.

1.32 (1.16, 1.51)

1.

2.00 (1.66, 2.39)

1.

2.17 (1.77, 2.67)

1.
1.45 (1.24, 1.68)
1.57 (1.25,1.98)
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Table 4.4. Test characteristics for adherence meass identifying patients with

virological failure.

Indicator Sensitivity Specificity PPV* NPV*
(95% CI) (95%Cl)  (95%Cl)  (95% CI)
. 0.19 0.84 0.18 0.86
Came after scheduled refill date (0.18,0.20)  (0.83,0.85) (0.17,0.19) (0.85, 0.86)
Came 5 or more days late 0.12 0.91 0.19 0.85
(0.11,0.13)  (0.91,0.92) (0.18,0.21) (0.85, 0.86)
0.05 0.98 0.30 0.85
Came more than 30 days late (0.04,0.06) (0.98,0.98) (0.27,0.34) (0.85, 0.86)
. . 0.14 0.89 0.18 0.85
Less than 100% pill coverage (pill count) ) 15°6 15y (0.88,0.89) (0.17,0.19) (0.84, 0.86)
. 0.07 0.96 0.23 0.85
Less than 90% coverage (pill count) (0.06,0.08) (0.95,0.96) (0.20,0.25) (0.85, 0.86)
. 0.06 0.97 0.24 0.85
Less than 80% coverage (pill count) (0.05,0.06) (0.97,0.97) (0.22,0.27) (0.85, 0.86)
Fewer than 90% of doses taken (self-report) (© 102'18 14) © 808'82 89) (0 107'18 21) (0 802'88 84)

+ Positive predictive value; £ Negative predictixadue; the NPV and PPV only apply to this populatiz one

with an identical prevalence
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Chapter 5

The Effect of Pregnancy on Adherence to Highly Actie Antiretroviral Therapy Among
HIV-Infected Women Established on Treatment

A. Introduction

Increased access to highly active antiretroviratdapy (HAART) in human
immunodeficiency virus (HIV)-infected pregnant wamigas dramatically decreased rates of
mother-to-child transmission of HIV, in additionitaproving maternal survival and clinical
outcomes.[164] The benefits of HAART have beenipaarly evident in high HIV
prevalence settings, such as South Africa, whexdtinden of the disease is concentrated in
women of reproductive age.[2,10]

The effectiveness of HAART, however, depends orragn’s ability to take
medications as prescribed. A high degree of adleergnantiretroviral drugs is required for
viral load suppression, is associated with prolonggrvival and delayed HIV disease
progression, and in the case of pregnant and lheed#tg women, reduced risk of mother to
child transmission. [110,111,143,146] Among predraand postpartum women the
consequences of failing to maintain adequate adber@nd therefore maximal viral

suppression) are particularly significant due wéased risk to both mother and child.



A recent systematic review and meta-analysis exathjpublished studies of adherence to
ART both during and after pregnancy, finding sulopt adherence in both periods, with a
greater reduction in adherence in the postpartuasel6] Nearly all existing knowledge of
adherence to ART in pregnancy, however, is derfv@a studies of women who initiated
PMTCT regimens during pregnancy, rather than woreeaiving lifelong treatment with
HAART and experiencing pregnancy subsequent to HAARiation. Additionally,
differences in patterns of adherence among pregmrahhon-pregnant women drawn from
the same population have not been assessed, inmfierences about whether or not the
degree of adherence observed during pregnancirilsuédble to pregnancy alone or to
another characteristic of the study population7[122]

There is a growing need to understand the effiegotegnancy on maternal responses
to antiretroviral therapy among women establishettr@eatment. Increased access to
HAART means that more women are experiencing pregnafter initiating combined
antiretroviral treatment, particularly in resouteeited settings. [15,53] Furthermore, with
Option B+ gaining momentum in sub-Saharan Africarenwomen initiating HAART
during one pregnancy will remain on treatment felloy delivery, and potentially through
subsequent pregnancies. [52] Using longitudinad fl@im a large cohort of HIV-infected
women treated with HAART in South Africa, we exaeunthe risk of non-adherence during
pregnancy and 6 months postpartum in women estaiolisn HAART compared to

adherence during periods of non-pregnancy.
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B. Methods

Study population

We studied women who initiated HAART at the Thernhkéhu Clinic in
Johannesburg, South Africa. The Themba Lethu Cigane of the largest ART sites in
South Africa, and has initiated over 20,000 adoitdHAART since 2004; more than 12,000
patients remain in care. [7] We included previowstyiretroviral therapy-naive women
initiating HAART at the Themba Lethu Clinic betwegi\pril 2004 (when treatment first
became available at the clinic), and 31 March 20%¥d&men ages 18 and older were
included; we excluded women over age 45 (censa@irage 46) because pregnancy is rare in
women over age 45. Women were followed until thiegldtransferred care to another
facility or were lost to follow-up. Women who exparced none of these outcomes and who
remained in treatment at the end of data colleatiere administratively censored at the end
of follow-up (30 September 2011).

Women initiating HAART during a pregnangy évalent pregnancy) were excluded
from this analysis. Women initiating HAART duringagnancy are typically healthier than
the general population of men and women beginniAdRIT for their own health, which
could alter patterns of response to antiretroviratapy and retention in care as well as

adherence to HAART. [123,125]

Definitions
The primary factors of interest were new pregnaaftgr HAART initiation (ncident
pregnancy) and the subsequent postpartum period. The stdréad dates of incident

pregnancies were extracted from electronic patieedical records. These dates are primarily
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noted in the record once a clinician recognizegptiegnancy or self-reported by the mother.
Regardless of pregnancy outcome (which is not dembm the present database), we defined
the six months following the last recorded montipi@gnancy as the postpartum period.

For each month of follow-up, a woman’s exposuatust was defined as 1) not-
pregnant, 2) pregnant, or 3) postpartum. Persoa-tiontributed after the end of the fixed
postpartum period was excluded. For women with ipleljpregnancies during follow-up,
analysis was restricted to the first incident paegy after HAART initiation. For our
primary analysis, women who experienced incideagpancy but were missing either a start
or end date for the pregnancy were excluded oreelihcame pregnant. We performed a
sensitivity analysis using multiple imputation farssing pregnancy dates (see below).

The outcome of interest was non-adherence. At peedcription refill appointment,
adherence was assessed as the proportion of ddymedication available in the 60 days
prior to that pharmacy visit, creating repeatecsssients within individual patients.
Scheduled and actual dates of pharmacy attendagireecompared, and a binary indicator of
adherence, 100% pill coverage between pharmadg wisi less than 100% coverage, was
calculated. This indicator was selected from amsmgeral candidate measures due to its
ability to predict virological failure and relativease of calculation for use in routine

adherence assessment.[see CH 4]

Statistical Analyses
Baseline characteristics for all eligible womeitiating HAART were reported with
basic descriptive statistics. Selection of confangdariables for inclusion in multivariate

analyses was based on substantive knowledge frestingxstudies and included the
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following variables at baseline: age, employmeatust, WHO stage, treatment for
tuberculosis, inclusion of efavirenz (EFV) or stdine (d4T) in the initial HAART regimen,
and initial CD4, hemoglobin and body mass indexsneaments. Baseline viral load was not
included in the models as this information is rattmely collected at the initial clinic visit in
this setting.

In this analysis we were concerned about the piisgiof time-varying confounders
affected by prior exposure. [128] Potential confders of concern included time-updated
measurements for CD4, viral load, hemoglobin, bodgs index, EFV and d4T in the most
recent HAART regimen. Time-varying confounding afisd by prior exposure cannot be
dealt with using traditional regression methodshase may produce biased effect estimates;
methods such as marginal structural models areenlet®dobtain unbiased estimates. [129,
130] Inverse probability weights accounting for tiplé exposure transitions were calculated
to control for bias due to confounding. [131,132]

Common practice for construction of inverse prolighiveights model a single
transition between two exposure states; typicallgingle transition from unexposed to
exposed (for example, to HAART). [130] In our arsay, we wished to estimate the effect of
pregnancy and the postpartum period (six monthevimhg pregnancy) on adherence to
HAART. A novel weighting structure incorporatingetibumulative probability of exposure
transitions between three states was required (&ibu not-pregnant to pregnant (a
transition for which all women were eligible, bubiwh was experienced by only some
women) and pregnant to postpartum (for which omggpant women were eligible, and all

which all pregnant women experienced).
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We used these weights to fit marginal structwgtbinomial regression models to
estimate relative risks of non-adherence for agsests taken during periods of pregnancy,
postpartum, and non-pregnancy. Generalized estignatuations were used to account for
repeated adherence assessments within individuals.

In all models, restricted cubic splines were useflieixibly and efficiently control for
the continuous and time-updated variables of a@el, @iral load, and time-on-study. [165]
Weights for censoring due to loss to follow-up aleath were fit but not included in final
models as they had minimal effect on model estimateorder to reduce variance, all
weights were truncated at the Oadnd 99.9 percentiles. After truncation, mean of weights in

primary analysis was 1.00.

Sensitivity Analyses

Several sensitivity analyses were performeddbaralytic assumptions made in our
primary analysis. Because pregnancy dates are loasgelf-report or clinician observation,
we were concerned about the accuracy of the redqragnancy start and end dates, and
potential exposure misclassification. We perforraederal adjustments to pregnancy dates
including 1) shifting the pregnancy start dateiealy the equivalent of approximately one
trimester, 3 months, to account for the possibtligt many pregnancies may be recorded in
the electronic medical record later in pregnancg.(én second trimester), and 2) fixing
pregnancy start dates 9 months prior to reportelddates. We also used 3) a fixed length of
pregnancy nine months from the reported start fdatmdividuals with missing end dates for
pregnancy. A fixed duration of pregnancy allowedaiexamine the effect of reporting error

for end of pregnancy dates, as well as missingnamecy end dates, which were common
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(n=365) among incident pregnancies. We also 4)esmde&d missing pregnancy end dates
using multiple imputation to fill in end dates.

The initial period after HAART initiation is assated with higher frequencies of
drug-related adverse events and regimen changeslleas greater risk of suboptimal
adherence. [166] In order to account for this morstable period of treatment we 5)
performed a sensitivity analysis restricted to persme contributed only after the first six
months of treatment.

Clinical definitions of postpartum range from sieeks to a year and studies have
examined postpartum periods as long as two yeasause we are accounting for both
biological and lifestyle changes associated withingj birth, we were interested in a
postpartum period of several months. In additioa ®&month definition used in our primary
analysis, we also 6) examined a 1 year postpartmogh For our final sensitivity analysis
we 7) restricted inclusion in the dataset to thesenen experiencing pregnancy during
follow-up, examining the effect of pregnancy andgtpartum adherence only among those

women experiencing all three exposures.

C. Results

A total of 7,510 previously treatment-naive womseitiating HAART at the clinic
between April 1, 2004 and March 31, 2011 were leleyfor inclusion in this analysis.
Incident pregnancies on HAART were experienced 3y Women (Figure 5.2). Median
follow-up time for all women was 27 months (IQR 52), while median time from HAART

initiation to first incident pregnancy was 19 maa{lQR 9,33). The median recorded
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duration of pregnancy among women with both regbstart and end dates was 8 months
(IQR 5, 9).

The median age at HAART initiation was 34 yea@@R| 30, 39 years). At baseline,
clinical and laboratory indicators were similar aedjess of age. (Table 5.1) Younger women
(18-29 years old) were most likely to be unemplof&sPo), compared to women 30-39
years old (54%) and 40-45 years old (47%). Womea wére younger at the time of
HAART initiation were also more likely to be undexght compared to women who were
older (18-29 years old: 23% vs. 40-45 years ol@b)12

Overall, women had complete pill coverage betwgsarmacy visits two months
prior 89% of the time. Adherence based on our imaticator was nearly identical in both
the pre-pregnant or never pregnant visits and dyregnancy, with 89.2% and 89.5% of
pharmacy pickups during these periods, respectivelgurring before an individual ran out
of pills. During the postpartum period, percentagen-time pickup was slightly lower, with
84.8% of visits occurring before pills ran out.

Our primary analysis compared adherence duringppetime contributed during
pregnancy and the postpartum period with adheregnitee non-pregnant person-time. In
primary analysis, both crude and weighted modedbl@ 5.2) show no change in risk
between non-pregnant and pregnant women (weightedieince risk ratio [RR]: 0.95, 95%
confidence interval [CI]: 0.78, 1.17), but an iresed risk of non-adherence during the six
month postpartum period following the end of a pEaTcy (weighted RR: 1.46, 95% CI:
1.17, 1.82).

Results of our sensitivity analyses (Table 5.2)gast that despite definitions used to

classify pregnancy and postpartum exposed follovirap, the estimated RRs for non-
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adherence are relatively durable. Extension optiegnancy period 3 months prior to the
reported start date (postpartum vs. not-pregnaR&1R47, 95% ClI: 1.20, 1.80), as well as
adjustments to create a fixed 9 month pregnancy feported end date (postpartum vs. not-
pregnant, RR =1.39: 95% CI 1.17, 1.65), showedaditatively similar relationship between
pregnancy exposure and adherence as the crudeiaradypweighted models.

A similar but less marked (as well as less pré@@ssociation was observed when the
analysis was restricted to only women experienprggnancy, with the pre-pregnancy
period as the referent exposure (pregnancy RR; 98% CI. 0.63, 1.77; postpartum RR:
1.32, 95% CI: 0.88, 1.98). The exclusion of eadizerence assessments from restricting to
follow-up six months or later after HAART initiaticalso had little effect on the point

estimates.

D. Discussion

In this analysis of HIV-infected women on HAART South Africa, we found that
the postpartum period following an incident pregnais associated with an increased risk of
non-adherence, while the period of pregnancy itsalf not associated with increased risks
of non-adherence to HAART. The postpartum periqokaps to be time of greatest risk of
non-adherence among those women experiencing pregna

The finding of increased risk of non-adherencthapostpartum period is in
agreement with previous adherence assessmentpadtgrancy. [6,167] Prior reports of
postpartum assessment, however, have either cothfhergostpartum period only to
pregnancy, or simply reported the degree of adlweranthout a comparative exposure

period.
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Decreased adherence in the postpartum period magtitbutable to differing
motivational factors. A woman may be more inclineanaintain a high level of adherence
when she is pregnant and the ultimate goal is ptiogg her child from acquiring HIV. If her
own health is not as high a priority, and in theaizre of the desire to keep the child safe,
particularly if a woman is not breastfeeding, aghee may fall off after the baby is born.
[120] These specific motivations may be more oissne among women initiating HAART
during pregnancy, where treatment is primarily gjftttuof as a means of PMTCT. In
contrast, we analyzed women who were initiatedreatinent for their own health prior to
becoming pregnant; such women may be more invastideir own health regardless of
motivation to protect their child from HIV. Women our cohort demonstrated similar
adherence behavior in both pregnant and non-preégesiods during follow-up.

The challenges of recovering from giving birth d&aving a new baby in the home
may also lead to an increased risk of non-adherebserved postpartum. [120, 168] Caring
for an infant may create barriers to traveling attdnding pharmacy appointments on time
(which served as the indicator for adherent belramiour analysis). The tendency among
pregnant women to travel and stay with family abthre time of delivery may also interrupt
timely attendance at the clinic for prescriptiofili® in addition to increasing loss to follow-
up. [169] Depression is common among HIV-infectedividuals and is associated with
suboptimal adherence to antiretroviral therapyluiding postpartum women on long-term
treatment, although we do not have data to evath&gotential contributing factor in our
cohort. [170-172]

Suboptimal compliance in pregnant women has bésarged in other settings.

[6,173] Decreased adherence during pregnancy lesdi&gributed to pregnancy symptoms,
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particularly those that interact with side effeatARVs like nausea and fatigue, and
maternal fears about taking potent drugs duringmaacy. [174] Sustained adherence during
pregnancy observed in our study may be because wamee on acceptable HAART prior

to becoming pregnant, where studies observing desettadherence associated with
pregnancy primarily looked at women initiating HAARIuring pregnancy. Incidence of

drug toxicities and adverse events is highestempériod immediately following treatment
initiation, so women experiencing pregnancy sym@as well as the challenge of a new
treatment regimen may be at higher risk for podreaeince. The high degree of adherence
maintained during pregnancy may also be attribtdexhtenatal care and increased exposure
to health services during pregnancy, with womereptlly receiving additional counseling
and encouragement on the importance of taking thedication to prevent vertical
transmission of HIV.

Reporting errors for pregnancy dates, and theeaefosclassifying exposure, were
the primary limitation of this study. If a cliniciaecognizing and recording a pregnancy is
not associated with patient characteristics, inalgigpharmacy attendance, errors in
pregnancy dates would results in non-differentieatassification. Non-differential
misclassification generally results in effect esties being biased toward the null, meaning
that any effect of pregnancy or postpartum on astie may be attenuated in the observed
effect. It is also plausible however, that womest firesent at the clinic later in pregnancy
may also attend pharmacy refill appointments late.

Sensitivity analyses to account for exposurgctassification had little effect on the
relationship between adherence and period of pregynd he overall durability of our

estimates suggests that exposure misclassificatieriess of an impact than suspected.
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Furthermore, results of our multiple imputations#nity analysis for missing pregnancy
end dates indicated the same general relationgtipelen pregnancy and adherence, with
increased risk of non-adherence in the postpartemog but not during pregnancy.

When the effect of pregnancy and postpartum waseed only among women that
eventually experienced pregnancy at some poinhddallow-up, the postpartum was not as
strongly associated with non-adherence as when aongpthe postpartum with all non-
pregnant person time. One possible explanatiohisfdiffering result is that our primary
analysis may be overestimating the true effectrefjpancy and postpartum among women
that become pregnant, and that there may be diifesein adherence among women who
eventually become pregnant during follow-up andéhtihat do not. When comparing
women who experienced pregnancy during follow-ug #aose that did not by both baseline
characteristics and clinical attributes at the rmedime of first incident pregnancy (14
months on treatment), the two groups of women wergparable. Differences could be
attributed to unmeasured characteristics, but lmesebmparisons between the two groups of
women based on future exposure status should litedim

In comparative assessments, pharmacy-based medswe generally produced less
biased estimates compared to other indirect adben@easures, including self-reported
adherence. [150] The use of pharmacy refill dadayever, is not without limitations. The
observed behavior of refilling prescriptions ondinepresents the upper limit of potential
adherence, in that if a patient does not possegsdithey cannot take them. [152]
Furthermore, mere possession of drugs does noaigiesr adherent behavior, but only
enables it. Thus, these measures may be genexglyded as less sensitive but more

specific.
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Despite restrictions to our analysis, our study the benefit of a large cohort and
high quality data. Our findings are likely genéerable to similar resource limited settings
where the incidence of women becoming pregnant ititéating HAART for their own
health is increasingly common, yet still largelystudied.

We found that among women established on HAARTrgadecoming pregnant,
adherence overall was high and equivalent in pretggrad non-pregnant women. The
postpartum period of the six months following timel ®f pregnancy was associated with an
increased risk of non-adherence, although modtsrstill occurred on time. Our findings
suggest that in contrast to women starting ART &pilegnant, women who demonstrate
adherent behavior prior to pregnancy sustain a tiegitee of adherence during pregnancy.
This finding emphasizes that early support andvetations to establish optimal adherence
are important for long-term outcomes, and may [tagainst potential barriers to adherence
that arise later in treatment, such as pregnarug.dfop in on-time prescription refills
during the postpartum period may indicate an aoldfti critical window for increased
vigilance or interventions in clinical settings kviarge patient populations and limited

resources.
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E. Tables and Figures

Table 5.1. Characteristics of treatment-naive wonmeat time of HAART initiation at
the Themba Lethu Clinic, by age at baseline

Age at initiation |
Characteristic 18-30 years old | 30-40 years old | 40-45 years old
n=2190 n=3986 N=1334
Clinical/demographic
Unemployed 1392 (65.1) 2102 (53.8) 607 (46.5)
Body mass indexkg/n?
< 18.%g/n? 478 (23.5) 596 (15.9) 153 (12.2)
18.5-24.9 1142 (56.0) 1964 (52.3) 6465p
25.0-29.9 304 (14.9) 789 (21.0) 283@p3.
>30.0 113 (5.6) 408 (10.9) 167 (13.3)
WHO stage Il or IV 837 (44.0) 1503 (42.8) 470 M1.
Tuberculosis (treated) 387 (17.7) 670 (16.8) 196Q)L
Laboratory
CD4 countcells/mm?® 107 (79) 103 (75) 108 (76)
CD4 categoryells'mm®
< 50 665 (32.3) 1221 (32.5) 369 (29.6)
51-100 367 (17.8) 804 (21.4) 250 (20.1)
101-200 747 (36.3) 1315 (35.0) 464 (37.2)
201-350 278 (13.5) 420 (11.2) 164 (13.2)
Viral load category
401-10,00€opies/ml 86 (19.8) 138 (18.1) 54 (22.4)
> 10,000 349 (80.2) 626 (81.9) 187 (77.6)
Hemoglobin category
Normal 909 (41.5) 1635 (41.0) 592 (44.4)
Moderately anemic 1059 (48.4) 1953 (49.0) @1BL8)
Severely anemic 222 (10.1) 398 (9.9) 131 (9.8)

Categorical variables are expressed as numberté#); toontinuous variables are expressed as méamd@rd

deviation)

*:Viral load at baseline was missing in 6761 (78%fjgnts.*Those with viral loads <400 copies/ml aséline

were presumed to not be treatment naive and weteded from the analysis

*: adjusted for altitude, hemoglobin categoriesrion-pregnant women: normal: > 11.35 g/dL, modéyate

anemic: 7.35-11.35 g/dL, severely anemic: < 7.3% g/
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Table 5.2. Association of incident pregnancy with@herence from main and sensitivity

analyses.
Model RR 95% ClI
Crude
Pregnancy 0.94 0.80, 1.10
Postpartum 1.40 1.19, 1.65
Weighted
Pregnancy 0.95 0.78, 1.17
Postpartum 1.46 1.17,1.82

Sensitivity Analyses (weighted models)

Only among women experiencing

pregnancy
Pregnancy 1.06 0.63, 1.77
Postpartum 1.32 0.88, 1.98
Established on HAART
Pregnancy 0.96 0.78,1.19
Postpartum 1.49 1.20, 1.85
Start of pregnancy 9 months from end date
Pregnancy 0.97 0.86, 1.12
Postpartum 1.39 1.17,1.65
Fixed pregnhancy length (9 months)
Pregnancy 1.00 0.87, 1.17
Postpartum 1.23 1.01, 1.49
Start of pregnancy 3 months earlier
Pregnancy 0.90 0.75,1.09
Postpartum 1.47 1.20, 1.80
Postpartum period of 12 months
Pregnancy 1.08 0.80, 1.48
Postpartum 1.49 1.18, 2.09
Multiple imputation analysis
Pregnancy 0.97 0.81,1.13
Postpartum 1.34 1.11, 1.57
RR: risk ratio; 95% CI: 95% confidence interval; s use “Pre-pregnancy/never pregnant” as theerste
group.

+: referent group is pre-pregnancy person-time antbnse that became pregnant during follow-up
+: HAART: highly active antiretroviral therapy
*: analysis among alive and in care at 6 months-pi#sART initiation
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Figure 5.1. Transitions between states of pregnan@xposure

51. Not
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51. Not pregnant All women
initiating HAART start out not
pregnant. The majority remain
in this exposure category
through follow-up

52. Pregnant Some women
become pregnant during
follow-up after treatment
initiation., transitioning from
not-pregnant to pregnant (T1).

53. Postpartum All women
experiencing incident
pregnancy transition to the
postpartum period at the end
of pregnancy (12)

51. Not pregnant After a fixed
period of & months women
transitioned back to not-
pregnant (13). In our analysis ,
person-time after the
postpartum period was
censored and this transition
was not modeled.




Chapter 6

Reduced Creatinine Clearance Related to Tenofovir & Among Non-Pregnant,
Pregnant, and Postpartum Women

A. Introduction

Women of reproductive age have been dispropor@iyaffected by HIV in South
Africa, with an overall prevalence as much as ftinmes that of men the same age, and up to
30% of pregnant women infected.[2 ] Highly activeigetroviral therapy [HAART] has been
shown to be protective against maternal morbidity mortality, and effectively reduces the
risk of mother-to-child transmission of HIV. [4,1]75

Tenofovir disoproxil fumarate (TDF) is currentlycammended as part of the
nucleoside reverse transcriptase inhibitor (NRBQKbone in first-line HAART regimens for
non-pregnant adults, due to its efficacy and loxdity.[176,177] It is also recommended
that women effectively treated with TDF prior tocbening pregnant remain on treatment
with TDF throughout their pregnancies. [51] In g, TDF remains a category B drug for
administration to pregnant women, due to concebositapotential effects on renal function,
as well as limited current data on use of the camgdaluring pregnancy, particularly among
ART-experienced women. [178]

South African national guidelines recommend rouiasessment of renal function

for all individuals taking TDF. Monitoring of adves events related to the drug, however, is



complicated by the challenges of clinically detegtienal impairment in resource-limited
settings.

The purpose of this investigation was to evalulageitnplementation of clinical
monitoring for renal impairment, as well as thedence of nephrotoxicity among those
assessed, in non-pregnant, pregnant, and postpamamen on TDF from a clinical cohort in

Johannesburg South Africa.

B. Methods

We analyzed data from the Themba Lethu Clinic (YltClohannesburg, the largest
public-sector antiretroviral treatment site in SoAfrica. [7] Women initiating HAART at
TLC between April 1, 2004 and March 30, 2011, artbwere previously treatment-naive
and between the ages of 18 and 45 were includddsimnalysis. Women who were
pregnant at the time of HAART initiation were exddd due to differences in immune
function and overall health at baseline compareddmen starting treatment solely for
protection of their own health.

All data were extracted from electronic medicalorels collected and maintained for
routine clinical use. Pregnhancy exposure was asdessng self-reported or clinician
indicated start and end months for each pregnamitly, month assigned from time of
HAART initiation. The postpartum period was defiregithe six months immediately
following the last reported month of pregnancy. WWonexperiencing a first incident
pregnancy on HAART were censored after the postpageriod. Otherwise, women were
followed until they died, transferred care, werst lm follow-up, or until the end of data

collection (September 30, 2011). The first six thgron HAART were excluded from the
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analysis for all women given that the early perdtreatment is not comparable to long-
term treatment in terms of both drug-induced advekgents and incidence or pregnancy.
[105]

In order to assess renal impairment, we estimaieatinine clearance (CrCl) using

serum creatinine and the Cockroft-Gault equatiai9[1

Creatinine clearance = [(140-age)*(weight (kg))8® for females)]

(72*Creatinine mg/dL)

The results were categorized according to the Ut Na Foundation’s Kidney
Disease Outcome Quality Initiative: Normal90 ml/min), mild (60-89 ml/min), moderate
(30-59 ml/min) and severe (< 30 ml/min). [180] Gheiae clearance increases 30-50%
during pregnancy.[181] We performed sensitivitylgeas, increasing thresholds for degrees
of impairment by both 30% and 50% for assessmertigrang in pregnant women. For
these analyses, moderately impaired renal funet@s defined as <78 ml/min or <90 ml/min
in pregnant women.

Baseline characteristics were stratified by incdnof TDF in the initial HAART
regimen, as well as period of HAART initiation. Wden were classified as starting
treatment before or after implementation of newatireent guidelines beginning in April of
2010, which included TDF as a recommended firs-NRTI. Baseline characteristics were
assessed using standard descriptive statistics.

We reported crude rates of CrCl assessments byaney exposure and inclusion of

TDF in the most current HAART regimen. Renal fuantivas assessed as the proportion of
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CrCl assessments indicating normal function, odmmoderate or severe renal impairment.

CrCl results were reported by pregnancy exposudecarrent TDF exposure.

C. Results

A total of 7,534 were eligible for inclusion in ghanalysis. Overall, the mean age at
HAART initiation was 34 years old, and nearly 5086-8,686) of women had a baseline
CD4 cell count less than 100 cells/fhmedian of 95 cells/mPr(interquartile range: 36-
165)). Prior to the implementation of updated ezt guidelines in April of 2010, 82%
(N=5,134) of women starting HAART were placed argimen of stavudine, lamivudine
and efavirenz, and 9% (N=540) on stavudine andJadine with nevirapine. Only 2%
(N=141) of patients were on initial regimens comitag tenofovir. With the shift from
stavudine to tenofovir-based regimens, 75% (N=289)omen starting HAART in April of
2010 or later were prescribed tenofovir, lamivudired efavirenz, with an additional 6%
(N=75) started on the same regimen with nevirapir@ace of efavirenz.

After initiating HAART, 918 women experienced aa$ one pregnancy on
treatmentMore than 70% of women had at least one laboratsylt for creatinine
clearance on record. Over half (N=11,256) of threselts occurred after April of 2010,
when guidelines changed to include CrCl assessasepart of routine follow-up among
those on TDF. Renal function was also assessedlividuals not on TDF on a non-routine
basis. Among those on HAART regimens not contaifibgr, creatinine clearance was not
assessed more frequently among pregnant (IncideameRatio (IRR): 1.09, 95%
Confidence Interval (Cl): 0.94, 1.26) and postpartuomen (IRR: 1.03, 95% CI: 0.86, 1.28)
compared to non-pregnant women. (Table 6.1) Forevotaking TDF, rates of CrCl testing
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did not differ between non-pregnant and pregnamhem (IRR: 0.92, 95% CI: 0.77, 1.13),
but postpartum women did appear to be tested legadntly (IRR: 0.66, 95% CI. 0.52,
0.80).

Overall, moderate to severe renal dysfunction ageclinfrequently, regardless of
pregnancy exposure, with 2.8% (95% CI: 2.5%, 3.28f@ssessments in non-pregnant
women, 1.7% (95% CI: 0.2%, 3.14%) in pregnant wonaeial 2.3% (95% CI: 0.3%, 4.3%)
in postpartum women indicating creatinine clearasfdess than 60 mL/min. Among those
assessed for CrCl, a higher proportion of non-pragmwomen not on TDF were found to
have moderate (4.0% vs. 0.4%) and severe (1.7%3%) renal impairment compared to
non-pregnant women on TDF-based HAART regimenshl€fé.1) Moderate to severe renal
impairment was indicated in very few CrCl assesgmfar pregnant and postpartum women,
regardless of current TDF exposure.

Our sensitivity analyses, which adjusted the thottshfor moderate and severe renal
impairment by 30% and 50% to account for the rasfgeotential changes in filtrations rates
associated with pregnancy, identified 12 to 32 @eSllts indicating moderate renal
impairment, respectively. Increasing the cut-offgevere impairment by 50%, identified one
additional case, while the 30% increase identifiechdditional cases of severe renal

impairment.

D. Discussion
Among 7,534 ART naive women initiating HAART aradléwed-up over more than
206,000 person-months on treatment, we found tloalenate and severe reductions in

creatinine clearance were rare among both tho§d&énbased regimens and not. Among
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those on TDF, the low occurrence of patients wittdarate or severe renal impairment is
comparable to those seen in similar settings. 196, 182]

The dramatic increase in TDF use in first lineimegns, as well as the increased
frequency of CrCl assessment after April of 201dlaates efficient uptake of revised
treatment guidelines in this clinical setting. Vhiwomen taking TDF were more likely to be
assessed for renal impairment, pregnancy itselhdidseem to be an indicator for more
frequent testing. This held true for women bothl@¥-based regimens and non-TDF based
regimens. Given that pregnancy itself alters fiitnarates of creatinine [183], increased
vigilance of renal function among women receivindggrag known to induce nephrotoxicity
may be indicated. It is a limitation of our stuthat pregnant women attending TLC do not
receive any prenatal services from the facilitynfty be that additional monitoring for
nephrotoxicity is occurring for some women as a patheir follow-up outside of TLC.

Changes in glomerular filtration rates associatgd pregnancy do not occur
uniformly across the gestational period, with fluations throughout trimesters that
potentially carry over into the early part of thesfpartum period. [183] The self-reported
nature of the pregnancy start and end dates usasbign exposure status in this analysis
introduce concerns about exposure misclassificasiod limit the ability to account for
altered kidney function throughout individual pregeies, rather than applying broad
sensitivity analyses. Nonetheless, results of ens#ivity analyses accounting for higher
rates of filtration among pregnant women identifsederal additional cases of moderate
renal impairment. It is unclear from the availatf&#a whether the clinicians caring for
pregnant women also adjusted the CrCl lab resulltske pregnancy into account in clinical

decision making regarding regimen selection.
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While TDF is associated with nephrotoxicity, wesetved more frequent CrCl results
indicating moderate to severe renal impairment aymr@n-pregnant women on non-TDF-
based regimens, compared to non-pregnant womemeaarilg. This may be due to
differences in indication for assessment betweertwio groups of women. Routine
assessment of CrCl is suggested every six monthiseb$outh African national treatment
guidelines for all adults on TDF [51]. Most indivals tested under this policy are likely
stable on treatment with no signs of reduced remadtion. CrCl assessment among those
not on TDF, however, is performed when there arecall indicators suggesting potential
issues with kidney function. Moderate and sevef€l @¥sults among pregnant and non-
pregnant women were rare, limiting comparisons fioig degimens.

The primary contribution of our analysis is thelusion of women on existing TDF-
based regimens at the time of pregnancy. Studdgsating increased risk of renal adverse
events have primarily focused on ART-naive indialdunitiating tenofovir-based regimens.
The few studies that have looked at long-term dsermfovir use in pregnancy have also
focused on women starting ART during pregnancy.[188] In general, the initial phase of
treatment is associated with increased drug-relateérse events, issues with adherence and
more frequent drug substitutions as people aredirsountering complex regimens with
common side effects and potentially high pill bursl¢184] The exclusion of this more
variable time on treatment may at least partiakiplain the low incidence of renal
insufficiency experienced by the women in our coh@gardless of pregnancy exposure.

With more women of reproductive age accessindrtreat with the intention of
lifelong treatment, incident pregnancies among bsitive women will continue to

increase. Assessing maternal safety of ARVs dysnegnancy and the postpartum will be
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critical for managing care in these women. Our gisujgests that tenofovir is not associated
with increased risk of renal impairment, regardiglsgregnancy exposure. Appropriate
monitoring of CrCl during the course of treatmemnctiitical, however, particularly in
pregnancy and the postpartum, as the impact ofaltwccurring changes in kidney

function on the risk of TDF-induced nephrotoxiagystill unclear.
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E. Tables

Table 6.1 Rates of creatinine clearance (CrCl) assement, and proportion of tests
indicating impaired renal function by pregnancy exmsure status and current HAART
regimen

Pregnancy Exposure
Not pregnant Pregnant Postpartum
(N=13,845) (N=297) (N=218)
N % N % N %
Non-TDF-based
regimen
Rate Ratio of CrCl
assessmeht 1. 1.09 (0.94, 1.26) 1.03 (0.86, 1.23)
Total assessments 7,003 50.6 177 59.6 122 56.0
Normal(>90ml/min) 5084 72.6 165 94.3 103 84.4
Mild (60-89 ml/min) 1,330 19.0 8 4.6 17 13.9
Moderatg30- 279 4.0 2 1.1 2 1.6
59ml/min)
Severdg<30 ml/min) 117 1.7 2 1.1 0 0.0
TDF-based regimens
Rate Ratio of CrCl
assessmeht 1. 0.92 (0.77,1.13) | 0.66 (0.52, 0.80)
Total assessments 6,842 49.4 |120 41.1 96 44.0
Normal(>90ml/min) 5677 83.0 110 91.7 80 83.3
Mild (60-89 ml/min) 1,109 16.2 9 7.5 13 13.5
Moderatg30- 33 0.4 1 0.8 2 2.1
59ml/min)
Severg<30 ml/min) 23 0.3 0 0.0 1 1.0

+: number of total serum creatinine clearance assests performed in each exposure category

a: expressed as the number of laboratory assesspenfitsmed per person-month of follow-up in each
exposure category, with non-pregnant assessmanisges the referent

* : expressed as proportion of total assessmemtprpgnancy exposure category
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Chapter 7

Discussion

A. Summary of Findings

The results of this dissertation suggest thatfid-infected women experiencing
incident pregnancy after initiation of long-term WRT, pregnancy and the postpartum
create few additional challenges to safe and optireatment. While continuation of
HAART during and after pregnancy appeared wellrtited overall, we were able to identify
potential aspects of treatment for increased wvigieor additional study.

In Specific Aim 1 we constructed adherence indicaterived from pharmacy refill
data and based on either timing of pharmacy atteselar pill possession. The eight
indicators, in addition to a self-reported adheesassessment, were compared based on
ability to predict subsequent virological failurethe cohort of adult men and women on
HAART at the Themba Lethu Clinic. Regardless ofi¢atbr, adherence was high overall,
with 84% or more of assessments classified as ‘fedtie dependent on the definition. High
levels of adherence corresponded with the low oeskeprevalence of virological failure.
While the indicators each demonstrated a compagatlenodest degree of association with
virological response, sensitivity for each was Vewy, potentially indicating that pharmacy

data overestimated true levels of adherence icoort. The binary indicator for 100%



pill coverage (yes or no) between pharmacy vigisqumed comparably to more complex
measures calculated from the same data, and watestlas the adherence indicator to be
applied in Specific Aim 2.

For Specific Aim 2 we examined the effect of demt pregnancy and the subsequent
postpartum period on risk of non-adherence. Thmgaf pregnancy was identified using
start and end dates indicated in the medical re@ord the postpartum period was fixed as
the six months following the end of pregnancy. ides to control for confounding by time-
varying covariates, we used marginal structural @t with inverse probability of
treatment weights adapted for the unique expogtaasitions between not pregnant,
pregnant, and postpartum. Compared to refills plgrer to pregnancy or by women who
never experienced pregnancy during follow-up, b@regnant was not associated with any
changes in risk of non-adherence. Women in theppostm period, however, were more
likely to attend their pharmacy appointments afteming out of medication. Despite
concerns about exposure misclassification and ngsata, results of sensitivity analyses
indicated that the relationship between non-adleeramd pregnancy exposure was durable.

In Specific Aim 3, we used the same pregnancy supeoclassifications created in
Specific Aim 2 to examine the effect of pregnanog ¢he postpartum on the occurrence of
tenofovir-associated nephrotoxicity. We observed Hoth the use of tenofovir and the
frequency of creatinine clearance assessmentsageieover time, corresponding to changes
in treatment guidelines implemented in 2010. Ovenabderate and severe renal impairment
were relatively rare adverse events, regardlegddf regimen. Women on tenofovir were
more likely to receive a CrCl assessment, but mexgipant women on non-tenofovir-based

HAART regimens were more likely to have a lab resudicating renal impairment than
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non-pregnant women taking tenfovir. This is perhdyes to women on tenofovir being
screened for routine purposes, as opposed to aliypiadicated assessments performed more
frequently for women not on tenofovir. For CrCsassments performed in pregnant and
postpartum women, limitations related to assigmregnancy exposure made it challenging
to assess the impact of altered kidney functiambatied to pregnancy on tenofovir-induced

nephrotoxicity.

B. Public Health Significance

HIV prevalence is extremely high among women pfeductive age in South Africa.
As access to ART continues to expand, women betteeages of 18 and 49 will be one of
the largest groups initiating and continuing oelbhg treatment for HIV. Pregnancy after
the initiation of HAART is also common in this sey. In our cohort specifically, more than
half (52%) of women between the ages of 18 and [25 start treatment at the Themba Lethu
Clinic will become pregnant within five years oftiating HAART (among those alive and
in care at 5 years). [44] Understanding the effe€{sregnancy on maternal responses to
HAART, therefore, is critical for optimizing longetm HIV care for women, particularly in
resource limited settings such as South Africapeghe growing incidence of pregnancy
among women established on HAART, most of whatirsently known about ART during
pregnancy may not apply to these women.

The results of our analyses are particular infugint context of changing
recommendations for initiating lifelong ART, botloally and within South Africa. The
South African National Department of Health hasrgly (April 2013) updated PMTCT
guidelines to recommend initiating all pregnant veonon triple regimen ART for the
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duration of pregnancy and breastfeeding, regardie€H4 at baseline. Women with CD4
counts below 350 cells/nthprior to initiating treatment will be encouragedrémain on
HAART after breastfeeding is discontinued. Thisitneent strategy is known as Option B.
[13] Additionally there is growing momentum foretimplementation of Option B+ in
resource limited settings, which would initiate ldIV-infected pregnant women on lifelong
HAART regardless of CD4 count. [184] While the fibdgy of implementing these
strategies remains questionable, and there aré@udiconcerns about preferential access to
treatment for women and increased drug resistavitether or not these policies should be
implemented is beyond the scope of this researcth &y increase in the number of young
women starting ART while pregnant and remainindgreatment for the remainder of their
reproductive years, there will be a correspondisg in incident pregnancies among women

established on HAART.

C. Strengths and Limitations

To our knowledge, this is one of the first londitual studies to examine the effect of
pregnancy on adherence to ART, as well the incid@idrug toxicities, in women not
pregnant at the time of HAART initiation. Most ohat is currently understood about
maternal responses to treatment with antiretrodimatjs during pregnancy comes from
analyses of women taking antiretrovirals explicfly the purposes of PMTCT, or initiating
lifelong maternal treatment during pregnancy. Woméo initiate HAART during
pregnancy are systematically different from womdmwstart HAART due to advanced HIV
disease and subsequently become pregnant. Womeimittate treatment during pregnancy

tend to be younger and healthier (higher CD4 &iaiinon, less likely to be underweight,
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etc.), and beginning HAART at an earlier stagehefrtdisease progression, which may alter
long-term clinical and virological responses tatreent. [185]

Given that adherence is a behavior that can befmddby psychological and social
factors, it also important to consider that womepegiencing prevalent and incident
pregnancies may have different motivations for adigeto treatment. Although women
starting lifelong ART during pregnancy are in neédreatment for their own health, the
motivation to initiate promptly and take pills aggcribed may still be primarily stem from a
desire to prevent mother-to-child transmissioroun cohort, the relatively high degree of
adherence observed before, during, and even aégnancy, compared to what has been
seen in other studies, may indicate that establishdherent behavior early in treatment
makes women less vulnerable to challenges, incjuld@ing pregnant and caring for an
infant, that may interrupt taking medication asspréoed.

For Aims 2 and 3 we restricted our analyses otagliice (in a sensitivity analysis)
and tenofovir-induced renal impairment to follow-irpe after the first six months on
treatment. The early phases of treatment are agedavith more frequent side effects and
adverse events, as well as drug substitutions] [1@part related to more frequent adverse
events, adherence is also more volatile in théviessks and months of treatment with
HAART. One of the problems with looking at drudated adverse events or adherence in
women initiating HAART during pregnancy is thamty not be possible to distinguish the
effects of pregnancy and postpartum from the effetstarting new treatment.

In addition to the clear distinction between ptemaand incident pregnancy, our
study featured several design and analytical adggstfor assessing our specific aims. We

analyzed high quality, prospectively collected dabvan the Themba Lethu Clinic. The
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overall patient population and number of incider@gmancies were much larger than most
prior studies of pregnant women on HAART, particiylan sub-Saharan Africa. We had the
additional advantages of extensive patient-levi dallected for routine medical purposes,
and subject to both ongoing validation and cleanimggitudinal data collection enabled
women experiencing incident pregnancy to contrilboliew-up time to non-pregnant,
pregnant, and postpartum exposure periods. Thigyabilcompare both pregnant and non-
pregnant women within the same cohort is anotrstingdit advantage of this study.

The time-varying nature of our data required aggion of innovative epidemiologic
methods, including marginal structural models vaitiveighting structure appropriate for the
unique exposures of pregnancy and postpartum.

Despite the overall benefits of using extensive ach data from the Themba Lethu
Clinic, there are still important limitations tokamwledge. Exposure misclassification due to
errors in reporting pregnancy dates is one of teatgst potential sources of bias in our
study. As previously described, start and end datgsregnancies occurring after treatment
initiation are based primarily of patient self-refp@regnancy is not routinely assessed as
part of follow-up at TLC. Pregnancy start datesudti be entered as the general time of
conception, with end dates corresponding to the datlelivery, miscarriage or termination.
While difficult to confirm, we estimate that pregr@es are commonly recorded as starting
much later than the true dates of conception, short) the exposure time, and
misclassifying the first months of pregnancy as-poggnant person-time. This is supported
by the fact that the median duration of pregnamensn our cohort eight months.

Early pregnancy loss due to miscarriage and gktérmination are common in this

setting. Data from the DART trial indicated tha®8%f pregnancies occurring among
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women on treatment ended in either miscarriageronihation. [114] Given the suspected
tendency to recognize pregnancy later in gestati@may be missing many cases of
pregnancies that end before they are recognizedsrcohort. If the effect of pregnancy on
adherence or drug-related adverse events is sd@r @apregnancy but not later, our results
could be biased towards the null due to this mgsdata.

Furthermore, there are currently no data on pregnantcomes in TE. In addition to
helping distinguish whether a pregnancy listed aso#ths long is the result of a recording
error or a pregnancy that ended before term, itidvba valuable to know whether the effect
of pregnancy and postpartum on our outcomes ofaste extends to birth outcomes.

Missing data also poses a threat to the validityun results. Forty percent of
pregnancies had no end date corresponding to a gtaet date. We used imputation
methods to assess the impact of this missing @Gat&n our concerns about the accuracy of
recorded start dates, however, basing imputationsoying durations from the start of

pregnancy may be problematic.

D. Future Research
This dissertation adds to our knowledge of theatéfef pregnancy on maternal
responses to HAART among women initiated on treatrpdor to pregnancy. Our findings,
along with limitations of the current work, alseseadditional questions for future research.
While we restricted pregnancies included in owlysis to first incident pregnancies
on HAART, we did not have data to assess the imgpigaarity on these outcomes.
Pregnancies prior to initiating ART are inconsisignoted in individual medical records.

Censoring women after the postpartum period of fiivst pregnancy on treatment also
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limited the ability to assess the effect of subsequncident pregnancies on our outcomes of
interest. Biological changes related to pregnamay@otentially related to tolerability and
effectiveness of treatment may be restricted tatiteal period of pregnancy and
immediately postpartum. It is also possible thagpancy, either before or after treatment
initiation, induces long-term physical changes #d&r drug metabolism or other factors
related to drug tolerance. The number of pregnareci@oman has experienced, as well as
the number of children currently in her care, caaigact motivation and behaviors related
to treatment. If there is a cumulative physicéeffor any of these factors, assessing parity
prior to treatment, as well as multiple pregnancie$HAART would be critical. As long-

term longitudinal studies of pregnancy among wometAART are essentially non-
existent, these questions are currently unexplored.

Given concerns about the accuracy of pharmacydoagdl measures based on the
results of the analysis in Aim 1, the developmert @alidation of an adherence indicator
that could be incorporated into routine care, ¢ecudated from routinely collected data,
would have both clinical and research implicatiohs.analysis of this nature could also
potentially identify factors beyond adherence tlesult in poor virological responses,
highlighting areas for increased clinical intervens. These factors may have been
overlooked under current clinical practice, witlses of virological failure attributed
primarily to poor adherence. Additionally, a Higkaluable source of data for answering
guestions related to treatment with ART during peegy would be multi-generational data
linking records of antenatal care, HIV-related s=s including treatment, birth outcomes,
and infant follow-up. In our setting, these arebsave are currently handled by different

providers at separate facilities. The ability ttkldata from these multiple sources would
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allow for a more complete picture of the effecpoégnancy on maternal responses to
treatment. From a clinical perspective, piecingetbgr this information could highlight
points of care that require strengthening. Fromsaarch perspective, this type of data could
elucidate where there are true gaps in knowledggppssed to simply missing information.
The primary goal behind understanding HIV treatntening pregnancy is to protect the
short- and long-term health of the mother, as aglprotecting the health of the child; these

outcomes can be difficult to assess when data frarts of clinical follow-up are missing.
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Appendix A

Specific Aim 2: Allocation of Person-Time

Figure A.1. Allocation of person-time by pregnancystatus contributed by HAART-

naive women initiating treatment

Exposure:
Not pregnant

Exposure:
Pregnancy

Exposure:
Postpartum

Non-pregnant, HAART-nalve women initiating HAART

N=7,510
Women without Women with incident
incident pregnant pregnancies
during follow-up N=896
N=6,614 _
i W
Women with missing Women with incident
pregnancy end date pregnancy dates
N=365 N=531
202,721 non- 7,322 non- 10,050 non-
pregnant person- pregnant person- pregnant
months months (pre- person-months _
pregnancy) {pre-pregnancy} "
4,280 pregnant
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person-months

2,910 postpartum
person-months
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Appendix B
Specific Aim 3: Supplemental Tables

Table B.1. Characteristics of treatment-naive womeat treatment initiation, stratified
by initial HAART regimen and period of initiation

Baseline HAART regimen
Characteristic Before April 2010 After April 2010
aTDF No TDF TDF No TDF
N= 141 N=6,089 N=1096 N=208
Clinical/demographic
Age years 33 (6) 34 (6) 34(6) 34 (6)
Unemployed 78 (55.3) 3452 (57.8) 479 (45.1) 1045p1
Body mass indexkg/n?
<185 28 (25.0) 1045 (18. 128 (12.8) (ZB1)
18.5-249 58 (51.8) 3117 (53.9) 5121p1. 75 (44.1)
25.0-29.9 16 (14.3) 1092 (18.9) 2411p4. 39 (22.9)
>30.0 10 (8.9) 633 (9.2) 121 (12.1) 27 (15.9)
WHO stage Il or IV 51 (53.1) 2361 (43.2) 334 (38.8 70 (48.6)
Tuberculosis (treated) 32 (22.7) 1061 (17.p) 132QqL 29 (13.9)
Laboratory
CD4 categorye ls/mm®
< 50 40 (31.5) 1959 (33.3] 213 (22.9) 48 (31.8)
51-100 30 (23.6) 1215 (20.7 153 (16.4) (1B5)
101-200 34 (26.8) 2094 (35.4 364 (39.1) (ZR5)
201-350 23 (18.1) 610 (10.4) 201 (21.6) (&r2)
Hemoglobin category
Normal 40 (28.4) 2580 (42.4) 471 (43.0) 58.927
Moderately anemic 73 (51.8) 3028 (49.f) 481 79 (38.0)
Severely anemic 28 (19.9) 481 (7.9) 1738)15. 71 (34.1)

Categorical variables are expressed as numberté#); toontinuous variables are expressed as méamd@rd
deviation

*: adjusted for altitude, hemoglobin categoriesrion-pregnant women: normal: > 11.35 g/dL, modéyate
anemic: 7.35-11.35 g/dL, severely anemic: < 7.3% g/
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Table B.2. Creatinine clearance assessment scalesl@ase estimates adjusted for
altered glomerular filtration during pregnancy

Standard N 30%" N* 50%' N*
Normal > 90 mL/min 285 >117 mL/min | 184 > 135 mL/min | 141
Mild 60-89 mL/min | 17 78-117 106 90-134 mL/min| 128
mL/min
Moderate 30-59 mL/min | 3 39-77 ml/min | 15 45-89 mL/min | 35
Severe <30 mL/min 2 <39 mL/min 2 < 45 mL/min 3

+: the number of CrCl assessments classified ih eategory of nephrotoxicity

*: thresholds increased by 30% for all categorieenal impairment; 30% is believed to be the lowd ef the range
estimated change in glomerular filtration in pregna

#: thresholds increased by 50% for all categorigsmal impairment; 50% is believed to be the réghl of the potential
change in glomerular filtration that occurs in pers
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