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Abstract
Objective—Pregnancy is a common indication for initiation of highly active antiretroviral
therapy (HAART) in sub-Saharan Africa. Our objective was to evaluate how pregnancy at
treatment initiation predicts virologic response to HAART.

Methods—We evaluated an open cohort of 9,173 patients who initiated HAART between April
2004 and September 2009 in the Themba Lethu Clinic in Johannesburg, South Africa. Risk ratios
were estimated using log-binomial regression; hazard ratios were estimated using Cox
proportional hazards models; time ratios were estimated using accelerated failure time models. We
controlled for calendar date, age, ethnicity, employment status, history of smoking, tuberculosis,
WHO stage, weight, body mass index, hemoglobin, CD4 count and CD4 percent, and whether
clinical care was free. Extensive sensitivity and secondary analyses were performed.

Results—During follow-up, 822 non-pregnant women and 70 pregnant women experienced
virologic failure. In adjusted analyses, pregnancy at baseline was associated with reduced risk of
virologic failure by six months (risk ratio 0.66, 95% confidence limits [CL] 0.35, 1.22) and with
reduced hazard of virologic failure over follow-up (hazard ratio 0.69, 95% CL 0.50, 0.95). The
adjusted time ratio for failure was 1.44 (95% CL 1.13, 1.84), indicating 44% longer time to event
among women pregnant at baseline. Sensitivity analyses generally confirmed main findings.

Conclusion—Pregnancy at HAART initiation is not associated with increased risk of virologic
failure at six months or during longer follow-up.
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INTRODUCTION
Women of child-bearing age constitute the single largest group of people living with HIV in
sub-Saharan Africa.1 In South Africa and elsewhere, pregnancy is a common indication for
the initiation of highly active antiretroviral therapy (HAART), for the prevention of mother
to child transmission;2, 3 among pregnant women, HIV prevalence has been estimated as
high as 40% in some settings.4, 5

There are many reasons to hypothesize that response to HAART may be affected by
pregnancy. Changes in body mass and blood volume may lead to drug underdosing.
Pregnancy may lead to changes in metabolism of nevirapine and lopinavir.6-9 Rising levels
of beta-estradiol during pregnancy may attenuate the effect of stavudine.10, 11 Finally, social
and personal issues including stigma and intimate partner violence (negative) and desire to
protect an unborn child (positive) may affect adherence.12

While a number of studies have examined prevention of mother to child transmission of
HIV and subsequent response to HAART,13, 14 issues of fertility during HAART,15 and
more generally the effects of pregnancy on HIV disease progression in the pre-HAART
era,16 there are few published reports examining the impact of pregnancy on maternal
response to HAART in sub-Saharan Africa.12, 17, 18 Here, we examine pregnancy at time of
HAART initiation as well as biological sex as predictors of virologic outcomes of HAART.

METHODS
Study population and design

We performed an observational cohort study in the database of the Themba Lethu Clinic3.
The Themba Lethu Clinic (TLC) Cohort comprises adults initiating HAART in
Johannesburg, South Africa. TLC is located within Helen Joseph Hospital in urban
Johannesburg, and is the largest single clinic providing HAART in South Africa.

Patients starting HAART between 1 April 2004 and 30 September 2009 were selected for
study inclusion; end of follow-up was set on 31 March 2010, due to last visit, transfer of
care, administrative reasons, drop-out or death. Only antiretroviral therapy-naïve patients
were selected. 19 Subjects were also limited to ages 18-45, because the database included
only a single woman over age 45 who initiated HAART while pregnant.18

Typical first-line HAART in South Africa included stavudine, lamivudine, and efavirenz;
due to concerns about teratogenicity, women pregnant at baseline are typically placed on the
boosted protease inhibitor Kaletra (lopinavir and ritonavir) rather than efavirenz. Non-
pregnant women with declared pregnancy intention are typically placed on nevirapine rather
than efavirenz due to concerns about teratogenicity of efavirenz.20 Other aspects of the TLC
clinical database have been described previously.3, 18, 21

Definitions and data
The main exposure in this study was first biological sex (male or female), and then among
females, prevalent pregnancy: that is, pregnancy present at baseline, the time of HAART
initiation. This is distinguished from incident pregnancy which occurs subsequent to
HAART initiation for a woman's health;15, 18 prevalent pregnancy is in general the cause for
a recognition of an HIV infection requiring treatment, especially for initiation of HAART.
Incident pregnancies were ignored in this analysis, but have been addressed elsewhere.18 For
this analysis, we conducted additional review of the records of women who were on Kaletra
at baseline but were not marked as pregnant in the database.
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The main outcome in this study was time to virologic failure defined as either a failure to
achieve virologic suppression of plasma HIV-1 RNA to less than 400 copies/ml within six
months of HAART initiation, or a viral rebound to above 400 copies at any time after initial
suppression.18, 22 A second outcome was virologic failure by six months (a dichotomous
outcome). When possible, confirmation of outcome by a second viral load test within 30
days was obtained, but we included failures from patients missing a confirmatory sample.

Statistical analysis
We used simple descriptive statistics for baseline characteristics of individuals. We
examined time to virologic failure using Kaplan-Meier-type cumulative incidence curves.
We estimated relative risk of failure to suppress by six months using log-binomial (risk)
regression (and logistic regression where noted). Last, we used accelerated failure time
models to estimate relative time to virologic failure.

In multivariable analyses, we considered the following confounders based on previous
literature and plausible biological mechanism: calendar date of HAART initiation, age,
ethnicity, employment status, history of smoking, tuberculosis, WHO stage, weight, body
mass index, hemoglobin, CD4 count and CD4 percent, and whether there was any charge for
being seen in clinic (discontinued as of October 2006). We used restricted cubic splines to
flexibly control for age, body mass index, weight, CD4 count, and time-on-study.

We did not control for baseline viral load because it is collected in less than 25% of
participants; instead, we performed a sensitivity analysis restricted to women who had
suppressed virus by six months of follow-up to eliminate impacts of baseline viral load. We
likewise did not control for baseline or time-updated drug regimen in main analysis (but did
so in sensitivity analysis), because drug regimen is determined chiefly by pregnancy status
(as well as pregnancy intentions), and is thus may be part of an effect of pregnancy on the
outcome.

RESULTS
The study population comprised 9,173 men and women at time of HAART initiation, of
which approximately two-thirds (n=5,997) were women. Of the 5,997 women, 587 were
pregnant at baseline. These 9,173 individuals were followed up for a median of 18
(interquartile range [IQR] 8, 37) months until virologic failure, death, loss-to-follow-up,
transfer, or administrative end of follow-up; maximum follow-up time was 72 months. At
baseline HAART initiation, about 14% of pregnant women were in their first trimester, 43%
were in their second trimester, and 43% were in their last trimester.

Baseline characteristics of all subjects are described in Table 1. In general, men and non-
pregnant women were similar at baseline, although men generally had indicators of more
advanced disease status. For example, comparing men to non-pregnant women, men had
lower median body mass index (BMI; 20.1 vs. 22.2 kg/m2), more active tuberculosis (22.1%
vs. 17.7%), and were more likely to have CD4 count ≤ 50 cells/mm3 (40.5% vs. 32.9%).
However, as expected, pregnant women were substantially healthier than either men or non-
pregnant women. For example, median CD4 cell count at baseline was 74 cells/mm3 among
men, 92 cells/mm3 among non-pregnant women, and 156 cells/mm3 among pregnant
women. And likewise as expected, only 1.6% of pregnant women had a BMI < 18.5 kg/m2,
compared to 27.1% and 17.9% of men and non-pregnant women, respectively.

During all of follow-up, a total of 472 men (14.9%), 822 (15.2%) non-pregnant women, and
70 (11.9%) prevalent pregnant women experienced the outcome of failure to suppress or
subsequent virologic failure. The clear majority of these failures (65%) were unconfirmed
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within 30 days. Over follow-up, 408 (7.5%) non-pregnant women, 297 (9.3%) men, and 17
(2.9%) pregnant women died; while 1298 (24.0%) non-pregnant women, 919 (28.9%) men,
and 234 (39.9%) pregnant women become lost to follow-up.

The cumulative incidence of virologic failures in non-pregnant women, pregnant women,
and men are shown in Figure 1. There was no difference in hazard of failure comparing non-
pregnant women to men (crude hazard ratio [HR]=0.95, 95% confidence limit [CL] 0.85,
1.07; adjusted HR=0.98, 95% CL 0.84, 1.14); accordingly, men were excluded from further
analysis.

Results comparing pregnant women to non-pregnant women are reported in Table 2. The
crude HR for the outcome of virologic failure comparing only pregnant women to non-
pregnant women over all follow-up was 0.73 (95% CL 0.57, 0.93), and the adjusted was
similar at 0.69 (95% CL 0.50, 0.95). The time ratios comparing relative time to virologic
failure among pregnant and non-pregnant women were calculated in crude accelerated
failure time models under gamma, Weibull, and exponential distributions. All distributions
yielded similar inferences; the crude time ratio under an exponential distribution was 1.44
(95% CL 1.13, 1.84), and an adjusted time ratio was similar but less precise.

Considering only the first six months, 251 (4.6%) of non-pregnant women and only 18
(3.1%) of pregnant women had experienced virologic failure. Again among women only, the
crude risk ratio (RR) for the effect of prevalent pregnancy on risk of failure to suppress virus
by six months was 0.66 (95% CL 0.41, 1.06); the adjusted RR was 0.66 (95% CL 0.35,
1.22); the adjusted HR was similar.

Sensitivity analyses
We performed several sensitivity analyses, all adjusted for confounding and summarized in
Table 2. First, we limited analyses to women who had not failed HAART by six months of
follow-up, and examined time to virologic failure from six months onward as in the main
analysis. We found results very similar to the main “all follow-up” analysis (adjusted
HR=0.69, 95% CL 0.47, 1.02). Second, we analyzed only confirmed virologic failures
(295/822 in non-pregnant women; 19/70 in pregnant women) and found a stronger though
less precise effect (HR=0.54, 95% CL 0.30, 0.97) than in main analysis. Third, we analyzed
by trimester of pregnancy at HAART initiation; this analysis yielded similar though less
precise results overall, with no clear temporal trends. Fourth and fifth, we controlled for
whether initial drug regimen contained nevirapine or Kaletra versus efavirenz. In the six-
month analysis (analysis 4), we found RR=0.41 (95% CL 0.16, 1.00) (estimated using
logistic regression); in the all-follow-up analysis (analysis 5) we found HR=0.50 (95% CL
0.30, 0.85). Sixth, we controlled for time-updated adherence, to see if this might be a
pathway by which baseline pregnancy affected virologic failure; results suggested that it was
not (HR=0.70, 95% CL 0.50, 0.97), although residual confounding of the mediator-outcome
relationship may be present.23 Seventh, we examined time to virologic failure by baseline
CD4 count. In women with baseline CD4 > 200 cells/mm3, the association of pregnancy
with virologic failure was stronger (HR=0.30, 95% CL 0.10, 0.87); in women with baseline
CD4 ≤ 200 cells/mm3, the effect was slightly weaker (HR=0.76, 95% CL 0.54, 1.07),
consistent with the overall findings. Last, we analyzed only among women who were
indicated to start HAART for their own health: those with CD4<200 cells/mm3, or in WHO
stage IV, finding HR=0.73 (95% CL 0.51, 1.03) in this group.

DISCUSSION
The WHO has stated that women's health should be “the overarching priority in decisions
about ARV treatment during pregnancy.”24 But despite this, relatively little remains known
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about how or whether pregnancy predicts response to HAART. Here we found that, among
women who remain alive and in care in our cohort, pregnancy is associated with lower risks
and hazards of virologic failure over follow-up. Notably, time to virologic failure was 44%
longer among (prevalent) pregnant women than among non-pregnant women. These results
were generally confirmed in sensitivity analyses addressing likely alternative scenarios
(Table 2).

One possible reason for this observed effect might be dynamic observation, or diagnostic,
bias. In particular, pregnant women might have fewer viral loads, or have more time
between viral loads, than non-pregnant women; for example, if antenatal care visits during
pregnancy caused visits to our clinic to be scheduled further apart. If this were the case, then
the observed longer time to failure might be the result of less detection of failure (rather than
less failure, per se). In the first six months (the period in which these women were pregnant),
the HR comparing timing of new viral loads between pregnant and non-pregnant women
was 0.84 (95% CL 0.75, 0.95); and after the first six months, the HR was essentially null at
0.97 (95% CL 0.91, 1.04). Since the association of pregnancy on virologic failure after six
months (first sensitivity analysis) was identical to the main analysis, diagnostic bias seems
unlikely to explain away these findings.

ART Guidelines in South Africa during the study period20 stated that pregnant women
should initiate HAART at a CD4 count <200 cells/mm3 or a WHO stage IV. More recent
guidelines25 recommend starting pregnant women at CD4 ≤ 350 cells/mm3. However, in this
study 24% of pregnant women who initiated HAART had both CD4 > 200 cells/mm3 and
WHO stage of III or lower, suggesting that clinician preferences played some role in
determining HAART initiation. Sensitivity analysis which found somewhat different
associations of pregnancy with time to virologic failure by baseline CD4 cell count may
speak to such clinician preferences; but in neither baseline CD4 cell count stratum did the
point estimate indicate an increased risk of virologic failure among pregnant women.

Rates of lost to follow-up were high among these subjects, and indeed were substantially
higher among pregnant than non-pregnant women, similar to what was seen in a previous
study from South Africa.17 Among non-pregnant women and men many of these losses are
likely to be deaths,19 but among pregnant women “lost to follow-up” often does not mean
“lost from care” (such as from death, or leading rapidly to death as antiretroviral therapy is
abandoned), but instead transfer to perinatal care centers that were not tracked. The observed
relation of trimester of pregnancy to hazard of lost to follow-up is consistent with this,
where the earlier in pregnancy women enter care, the more likely they are to be lost to
follow-up. Compared to non-pregnant women, the HR for becoming lost is 2.3 (95% CL 1.7,
3.1) among women who initiate HAART in their first trimester, 1.9 (95% CL 1.4, 2.6)
among women who initiate in their second trimester, and 1.2 (95% CL 0.6, 2.1) among
women who initiate in their third trimester. Thus, comparing rates of loss to follow-up
between these two populations may be misleading.

While associated with lower risks of virologic failure, it is likely not the case that pregnancy
(in this case, prevalent pregnancy) causes lower rates of failure. Indeed, previous work in
this cohort suggests that incident pregnancy increases the risk of virologic failure.18 In this
study, many women who initiate HAART while pregnant are initiating because of
pregnancy, while those who initiate while non-pregnant are, universally, initiating because
they are sick. As importantly, pregnant women with low CD4 counts or who are in WHO
stage IV were nonetheless healthy enough to become pregnant in the first place. Thus, even
exposure groups comparable in measured health status may remain fundamentally non-
comparable due to indication, arguing against a causal interpretation of pregnancy in this
report. Instead, we argue that current standard of care for women initiating HAART at
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baseline appears to be adequate in this setting, not associated with increased risks of
virologic failure.

Notably, there was little confounding apparent in this analysis: crude and adjusted models
were similar, despite control for an extensive list of confounders. This may reflect that there
are few factors which affect risk of virologic failure beyond adherence to drugs and drug
regimen itself, and that neither factor could be a confounder of the prevalent pregnancy-
virologic response relationship because both occur after the exposure begins (in this
analysis, women were pregnant before initiating a particular HAART regimen, and before
their adherence can be measured). Nonetheless, we explored whether the effect of pregnancy
on virologic response changed while controlling for these post-pregnancy factors as a kind
of mediation analysis, albeit one whose causal interpretability may be limited (as discussed
above). Controlling for adherence did not alter the main effect estimates; the model
controlling for drug regimen suggested that increased use of Kaletra or nevirapine during
pregnancy (rather than efavirenz) may lead to relatively increased risks of virologic failure
among pregnant women. Thus, both models failed to explain the overall reduced risks
observed in main analysis; determining why prevalent pregnancy is associated with lower
rates of virologic failure should be a priority in future investigations.

In conclusion, pregnancy at time of HAART initiation was not associated with increased
hazards or risks of virologic failure over follow-up, leading us to conclude that current
clinical management of women who initiate HAART during pregnancy is likely to be
adequate. However, there is preliminary evidence that choice of drug regimen associated
with pregnancy may be leading to somewhat elevated risks of virologic failure.
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Figure 1.
Crude cumulative incidence curves for the effect of pregnancy on time to virologic failure
among men, non-pregnant women, and pregnant women initiating HAART in Johannesburg,
South Africa.
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Table 1

Characteristics of men and non-pregnant and pregnant women at time of HAART initiation.

Demographics Male (n=3,176) Female, non-pregnant (n = 5,410) Female, pregnant (n = 587)

Follow-up time months 16 (7, 36) 19 (9, 37) 22 (8, 48)

Age years 36 (32, 40) 34 (29, 38) 30 (26, 33)

Employed 1642 (51.7) 2194 (40.6) 218 (37.1)

History of smoking 593 (18.7) 264 (4.9) 26 (4.4)

Clinical

HAART regimen

    d4t-3TC-EFV 2761 (86.9) 4580 (84.7) 38 (6.5)

    d4t-3TC-NVP 177 (5.6) 473 (8.7) 58 (9.9)

    d4t-3TC-LPVr 48 (1.5) 80 (1.5) 479 (81.6)

Weight kg 59 (53, 66) 57 (49, 65) 68 (60, 77)

Body mass index kg/m2 20.1 (18.3, 22.3) 22.2 (19.4, 25.5) 26.5 (23.3, 29.7)

Body mass index category

    < 18.5 818 (27.1) 927 (17.9) 9 (1.6)

    18.5-24.9 1901 (63.0) 2813 (54.3) 198 (35.9)

    25.0-29.9 252 (8.4) 961 (18.6) 221 (40.1)

    ≥ 30 46 (1.5) 478 (9.2) 123 (22.3)

WHO stage III or IV 1521 (47.9) 2355 (43.5) 105 (17.9)

Current tuberculosis 701 (22.1) 957 (17.7) 22 (3.8)

Laboratory

Hemoglobin, low
‡ 1581 (51.1) 2884 (54.8) 131 (31.0)

CD4 count cells/mm3 74 (22, 149) 92 (35, 162) 156 (103, 200)

CD4 count category

    ≤ 50 1245 (40.5) 1727 (32.9) 48 (8.8)

    51-100 593 (19.3) 1062 (20.2) 85 (15.6)

    101-200 937 (30.5) 1843 (35.1) 280 (51.3)

    201-350 261 (8.5) 508 (9.7) 124 (22.7)

    > 350 40 (1.3) 115 (2.2) 9 (1.7)

CD4 % 6.3 (2.8, 10.5) 7.2 (3.7, 11.5) 11.6 (7.8, 15.5)

Viral load
†log10 copies/ml 4.3 (3.6, 4.6) 4.2 (3.5, 4.6) 3.8 (1.7, 4.1)

Viral load category

    ≤ 400 163 (17.9) 289 (19.1) 31 (41.9)

    401-10,000 131 (14.4) 244 (16.1) 20 (27.0)

    > 10,000 615 (67.7) 979 (64.8) 23 (31.1)

Categorical variables expressed as number (% total); continuous variables as median (interquartile range).

‡
After adjustment for altitude, lower limit of normal hemoglobin is 12.35 g/dl for men and 11.35 (10.35) g/dl for non-pregnant (pregnant) women.

†
Viral load was missing in 71% of men, 72% of non-pregnant women, and 88% of pregnant women.
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Table 2

Association of prevalent pregnancy with virologic failure from main and sensitivity analyses. All models
compare prevalent pregnant women with non-pregnant women.

Model Effect Estimate 95% CL

All of follow-up

    Crude Hazard ratio 0.73 0.57, 0.93

    Adjusted
† Hazard ratio 0.69 0.50, 0.95

    Adjusted
† Time ratio 1.44 1.13, 1.84

Six-month

    Crude Risk ratio 0.66 0.41, 1.06

    Adjusted
† Risk ratio 0.66 0.35, 1.22

Sensitivity analysis
†

No failure by six months Hazard ratio 0.69 0.47, 1.02

Confirmed failures only Hazard ratio 0.54 0.30, 0.97

By trimester

    First trimester Hazard ratio 0.72 0.42, 1.22

    Second trimester Hazard ratio 0.60 0.34, 1.05

    Third trimester Hazard ratio 0.86 0.43, 1.75

Adjusting for drug regimen

    Six-month Risk ratio 0.41 0.16, 1.00

    All of follow-up Hazard ratio 0.50 0.30, 0.85

Adjusting for adherence Hazard ratio 0.70 0.50, 0.97

By baseline CD4 count

    CD4 > 200 cells/mm3 Hazard ratio 0.30 0.10, 0.87

    CD4 ≤ 200 cells/mm3 Hazard ratio 0.76 0.54, 1.07

Started HAART for health Hazard ratio 0.73 0.51, 1.03

CL, confidence limits.

†
All adjusted models (including all sensitivity analyses) control for calendar date of HAART initiation, age, ethnicity, employment status, history

of smoking, tuberculosis, WHO stage, weight, body mass index, hemoglobin, CD4 count and CD4 percent, and whether there was any charge for
being seen in clinic (discontinued as of October 2006).
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