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Background. International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) P1078, a randomized noninferiority 
study designed to compare the safety of starting isoniazid preventive therapy (IPT) in women living with human immunodeficiency 
virus (HIV) either during pregnancy or after delivery, showed that IPT during pregnancy increased the risk of composite adverse 
pregnancy outcomes, but not individual outcomes. Many known factors are associated with adverse pregnancy outcomes: these fac-
tors’ associations and effect modifications with IPT and pregnancy outcomes were examined.

Methods. Pregnant women living with HIV from 8 countries with tuberculosis incidences >60/100 000 were randomly assigned 
to initiate 28 weeks of IPT either during pregnancy or at 12 weeks after delivery. Using univariable and multivariable logistic regres-
sion and adjusting for factors associated with pregnancy outcomes, composite and individual adverse pregnancy outcome measures 
were analyzed.

Results. This secondary analysis included 925 mother-infant pairs. All mothers were receiving antiretrovirals. The adjusted odds 
of fetal demise, preterm delivery (PTD), low birth weight (LBW), or a congenital anomaly (composite outcome 1) were 1.63 times 
higher among women on immediate compared to deferred IPT (95% confidence interval [CI], 1.15–2.31). The odds of fetal demise, 
PTD, LBW, or neonatal death within 28 days (composite outcome 2) were 1.62 times higher among women on immediate IPT (95% 
CI, 1.14–2.30). The odds of early neonatal death within 7 days, fetal demise, PTD, or LBW (composite outcome 3) were 1.74 times 
higher among women on immediate IPT (95% CI, 1.22–2.49).

Conclusions. We confirmed higher risks of adverse pregnancy outcomes associated with the initiation of IPT during pregnancy, 
after adjusting for known risk factors for adverse pregnancy outcomes.
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Globally, an estimated 10 million people developed tubercu-
losis (TB) disease in 2018, with 251 000 deaths among people 
living with human immunodeficiency virus (HIV) [1]. Of those 
who developed TB, 5.7 million were men, 3.2 million women, 
and 1.1 million children. People living with HIV comprise 
8.6% of the total, of which the vast majority are living in Africa. 
Active TB is particularly prevalent during pregnancy and the 
postpartum period [2–5]. TB disease during pregnancy or the 
early postpartum period is associated with adverse maternal, 
pregnancy, and infant outcomes [2, 6, 7]. Active TB in women 
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living with HIV is an independent risk factor for nonobstetric 
maternal mortality. According to national maternal mortality 
data in South Africa, for example, nonpregnancy related in-
fections are the leading cause of maternal deaths, accounting 
for 968 (35.2%) of all maternal deaths between 2014 to 2016 
[8]. The vast majority of deaths occurred in women living with 
HIV, and TB was the most common final cause of death in 336 
(34.7%) women.

A network meta-analysis of randomized controlled trials of 
the treatment of latent TB infection, comparing 6  months of 
INH versus a placebo in adults and children, showed a reduc-
tion of active TB, with an odds ratio of 0.61 (95% confidence 
interval [CI], .48–.77) [9]. However, this meta-analysis did 
not include any safety or efficacy data for isoniazid preventive 
therapy (IPT) in pregnant women, including those taking com-
bination antiretroviral therapy (ART), as pregnant women con-
sistently have been excluded from IPT trials [10–15].

Small studies, however, involving women living with HIV, 
including those that became pregnant on IPT, as well as ret-
rospective studies including pregnant women on IPT, did not 
identify any specific toxicity concerns or increased adverse 
pregnancy outcomes [16–18]. Based on these data, the World 
Health Organization (WHO) strongly recommends IPT for la-
tent TB infection in people living with HIV, including pregnant 
women [1]. However, pregnant women living with HIV, espe-
cially if on ART, may have a higher risk of adverse events [19]. 
Understanding the relative risks and benefits of therapies used 
in pregnancy is critical.

International Maternal Pediatric Adolescent AIDS Clinical 
Trials (IMPAACT) P1078, TB APPRISE, was a Phase IV, ran-
domized, double-blind, placebo-controlled noninferiority 
study to evaluate the safety of immediate (antepartum-
initiated) versus deferred (postpartum-initiated) IPT among 
956 pregnant women living with HIV and their infants in 
high–TB incidence settings [20]. IPT initiated in pregnancy 
was noninferior to initiation at 12 weeks postpartum with re-
spect to adverse events—defined as Grade 3 maternal adverse 
events possibly, probably, or definitely related to the study 
drug (INH or placebo)—or permanent discontinuation of the 
study drug due to toxicity by Week 48 postpartum. However, 
surprisingly, IPT initiated during pregnancy was associated 
with an increased risk of the secondary endpoint of composite 
adverse pregnancy outcomes, defined as fetal demise (still-
births or spontaneous abortions), preterm delivery (PTD), 
low birth weight (LBW), or a congenital anomaly. Given there 
are many known contributors to adverse pregnancy outcomes, 
such as twin gestation, infection, smoking, or hypertension, 
that could explain our initial findings, we performed an 
in-depth evaluation of the burdens and risk factors for adverse 
pregnancy outcomes, and explored the potential modification 
effect of these factors by IPT study arm.

METHODS

IMPAACT P1078 enrolled pregnant women living with HIV at 
≥14 through to ≤34 weeks and 6 days gestation [20]. The study 
population was at high risk for TB infection and disease due to 
residing in 8 high–TB prevalence countries, defined as having 
60 or more TB cases per 100 000 population in the WHO TB 
annual report (sub-Saharan Africa: Botswana, South Africa, 
Tanzania, Uganda, and Zimbabwe; Asia: India and Thailand; 
and Central America: Haiti) [1]. Women with suspected or con-
firmed TB disease were excluded.

Women were randomized to receive either 28 weeks of IPT or 
placebo. The immediate arm initiated IPT in pregnancy, while 
the deferred arm initiated IPT at 12 weeks postpartum. Women 
also received vitamin B6 and multivitamins from study entry 
until 40 weeks postpartum.

We previously published the primary outcome, defined as 
Grade 3 or higher maternal adverse events possibly, probably, 
or definitely related to the study drug (INH or placebo), or per-
manent discontinuation of the study drug due to toxicity by 
Week 48 postpartum, whichever occurred first. We also briefly 
reported on the secondary maternal outcomes of all-cause ad-
verse events ≥Grade 3, hepatotoxicity, death, and TB occurring 
by Week 48 postpartum. We unexpectedly identified that IPT 
given during pregnancy was associated with a 6% increased 
risk difference of composite adverse pregnancy outcomes as 
compared to deferred IPT. We focused this analysis on the risk 
factors associated with adverse pregnancy outcomes, and on 
interactions between IPT study arm and adverse pregnancy 
outcomes.

Adverse pregnancy outcomes recorded in the study were 
PTD (gestation <37 weeks using the Ballard examination, 
when available, or obstetrical estimate), LBW (<2500 grams 
at birth), congenital anomaly (according to the Metropolitan 
Atlanta Congenital Defects Program of the US Centers for 
Disease Control and Prevention), spontaneous abortion (ges-
tation <20 weeks), stillbirth (gestation ≥20 weeks), early ne-
onatal death (<7  days), and neonatal death (<28  days) [21, 
22]. The following were the composite outcome measures of 
interest used in the primary paper: spontaneous abortion, 
stillbirth, PTD, LBW, and congenital anomaly (composite 
outcome 1) [20]. For this analysis, we included neonatal death 
and early neonatal death in 2 additional composite outcomes 
(composite outcomes 2 and 3, respectively). We excluded 
congenital anomalies from these 2 new composite measures, 
as we enrolled women in their second trimester (ie, beyond 
the key period of exposure for risk of congenital anomalies) 
and because INH is not considered to be teratogenic [23]. We 
also evaluated perinatal mortality, defined as a composite of 
spontaneous abortion, stillbirth, early neonatal death, and 
neonatal death. Lastly, the individual outcomes of LBW and 
PTD were assessed.
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Statistical Analysis

The analyses of composite outcomes and perinatal mortality 
included mother-infant (M-I) pairs with at least 1 live birth, 
stillbirth, or spontaneous abortion. The analyses of LBW and 
PTD included M-I pairs with at least 1 live birth. Twin M-I pairs 
where at least 1 infant has a missing outcome and the other 
infant(s) did not meet any of the outcomes were considered 
missing and were excluded.

Logistic regression models were fit to assess the association 
of each adverse pregnancy outcome of interest with study arm, 
stratified by gestational age (14 to <24 weeks vs 24–34 weeks), 
and adjusted for important covariates. Multiple logistic regres-
sion models included potential risk factors with P < .15 in the 
univariate analysis, with the following maternal characteristics 
considered: maternal age, ART regimen, timing of ART initia-
tion, CD4 count, plasma HIV RNA, hepatitis B surface antigen 
(HBsAG) status, hepatitis C serology, interferon-gamma release 
assay (IGRA) status, mid-upper arm circumference (MUAC), 
twin pregnancy, current smoker, food insecurity, noninfectious 
pregnancy complication, infectious pregnancy complication, 
and maternal hospitalization. The interactions of the study arm 
with each of the identified significant risk factors were tested to 
identify potential effect modifiers of the treatment arm. P values 
less than .05 were considered statistically significant.

Trial Oversight

The trial was approved by local and collaborating institutional 
review boards and reviewed every 6 months by an independent 
data and safety monitoring board. All women provided written 
informed consent. In February 2016, as requested by the data 
and safety monitoring board, a patient safety letter was issued 
to all participants about potential risks of IPT and ART after 
2 deaths from fulminant liver failure occurred. The data were 
provided by the research sites and analyzed by the IMPAACT 
Statistical Data Analysis Center, according to statistical anal-
ysis plans.

RESULTS

Of 956 women enrolled, 926 women had pregnancy outcome 
data, of which 899 had at least 1 live birth, 26 had at least  
1 stillbirth or spontaneous abortion (fetal demise), and 1 had 
an induced abortion (Table 1). Excluding the 1 induced abor-
tion, we analyzed 925 women who had at least 1 live birth or 
fetal demise. Participant sociodemographic and clinical fac-
tors are summarized in Table  2. Most women (842; 91.0%) 
were recruited from sub-Saharan Africa, with 32 (3.5%) from 
Thailand, 31 (3.4%) from India, and 20 (2.2%) from Haiti. Of 
these, 914 women had singletons and 11 had twins. The me-
dian CD4 count at baseline was 494 cells/mm3, and 581 women 
(62.8%) had HIV RNA less than the lower limit of quantifica-
tion (LLOQ). All women were receiving ART at study entry, 

with 85% taking an efavirenz-containing regimen and 13% 
taking a nevirapine-containing regimen. The median maternal 
age at delivery was 30 years.

Of the women, 8% (n = 70) experienced at least 1 infectious 
pregnancy complication, with the most common infectious 
complication being vulvovaginal candidiasis (n = 63), while 
18% (n = 170) experienced at least 1 noninfectious pregnancy 
complication. The most common noninfectious pregnancy 
complications were gestational hypertension (n = 24), vomiting 
(n = 17), vaginal hemorrhage (n = 16), and preeclampsia 
(n = 14). There were 6 maternal deaths: 2 in the immediate arm 
and 4 in the deferred arm. All the deaths occurred between  
5 and 39 weeks postpartum.

The risk factors that met the criteria for inclusion in the 
multivariable logistic regression models were maternal age 
at delivery, CD4 quartile, HIV RNA < LLOQ, timing of ART 
initiation, HBsAg status, MUAC, IGRA status, twin versus 
singleton pregnancy, current smoking status, noninfectious 
pregnancy complications, infectious pregnancy complications, 
and hospitalization (7 risk factors mentioned in the subsequent 
paragraphs are included in Table 3). The adjusted odds ratio es-
timates of the risk factors significantly associated with adverse 
pregnancy outcomes when comparing the immediate treatment 
arm to the deferred arm are summarized in Table 4.

The adjusted odds of fetal demise, PTD, LBW, or congenital 
anomaly (composite outcome 1) were 1.63 times higher among 
women in the immediate IPT arm, compared to the deferred 
IPT arm (95% CI, 1.15–2.31; P = .007). HBsAg positivity, lower 
MUAC, twin versus singleton pregnancy, and having a non-
infectious pregnancy complication were also associated with 
higher odds of composite outcome 1.  The logistic regression 
analysis also found that the adjusted odds of fetal demise, PTD, 
LBW, or neonatal death within 28  days (composite outcome 
2)  were 1.62 times higher among women in the immediate 
IPT arm as compared to the deferred arm (95% CI, 1.14–2.30; 

Table 1. Summary of Pregnancy Outcomes Overall and by Study Arm

Pregnancy outcome
Immediate 

INH, n = 460
Deferred INH, 

n = 466
Total,  

n = 926

Live births

 Singletons 439 (95%) 451 (97%) 890 (96%)

 Twins 3 (1%) 6 (1%) 9 (1%)

Stillbirth, IUFD ≥ 20 wks

 Singletons 15 (3%) 8 (2%) 23 (2%)

 Twins 1 (<1%) 0 (0%) 1 (0%)

Spontaneous abortion, <20 
wks, singletons only

1 (<1%) 0 (0%) 1 (<1%)

Induced abortion,  
singletons only

1 (<1%) 0 (0%) 1 (<1%)

Discordant twin  
birth outcome: 1  
live birth, 1 stillbirth

0 (0%) 1 (<1%) 1 (<1%)
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P = .007), and the adjusted odds of fetal demise, PTD, LBW, or 
neonatal death within 7 days (composite outcome 3) were 1.74 
times higher among women in the immediate arm as compared 
to the deferred arm (95% CI, 1.22–2.49; P = .002).

Among mothers who had at least 1 live birth, 62 (14.0%) in the 
immediate arm and 46 (10.0%) in the deferred IPT arm had at 
least 1 infant with an LBW. This difference was not significant in 
the unadjusted analysis but became significant after adjustment for 
covariates. The adjusted odds of an LBW were 1.58 times higher in 
the immediate arm as compared to the deferred arm (95% CI, 1.02–
2.46; P = .041). A lower MUAC, being a current smoker, and having 
a twin pregnancy were associated with higher odds of an LBW.

The IPT study arm was not associated with perinatal mor-
tality or PTD in univariate or adjusted models. Having a 
noninfectious pregnancy complication and having a twin preg-
nancy were associated with higher odds of perinatal mortality. 
Detectable HIV RNA (with respect to the LLOQ), a lower 
MUAC, and having a noninfectious pregnancy complication 
were associated with higher odds of PTD. Infectious pregnancy 
complications were inversely related to PTDs.

There were no significant interactions of study arm with any 
of the covariates for any of the adverse pregnancy outcomes 
(P values ≥ .10 for all outcomes).

DISCUSSION

Until recently, limited data from small studies showed IPT to 
be safe, and were the basis for including pregnant women in the 
WHO guidelines of TB prevention. P1078 is the only randomized 
trial assessing IPT in pregnant women living with HIV, and found 
a surprising statistically significant increase of 6.7% in the abso-
lute risk difference in composite adverse pregnancy outcomes in 
those who started IPT in pregnancy as compared to those who 
deferred to 3 months postpartum [20]. To better understand this 

Table 2. Baseline Maternal Demographic Characteristics and Clinical 
Factors Among Women With Delivery Outcomes

Characteristic Group Total, n = 925

Treatment group Immediate INH 459 (49.6%)

Deferred INH 466 (50.4%)

Efavirenz-containing  
ARV regimen 

Yes 784 (84.8%)

No 141 (15.2%)

Timing of initiation  
of EFV

Before pregnancy 226 (24.4%)

First trimester 102 (11.0%)

Second or third trimester 465 (50.3%)

Postpartum/never  
initiated 

132 (14.3%)

Nevirapine-containing  
ARV regimen

Yes 121 (13.1%)

No 804 (86.9%)

Timing of initiation  
of NVP 

Before pregnancy 128 (13.8%)

First trimester 7 (.8%)

Second or third trimester 9 (1.0%)

Postpartum/never  
initiated 

781 (84.4%)

Timing of initiation  
of ART 

Before pregnancy 362 (39.1%)

First trimester 103 (11.1%)

Second or third trimester 460 (49.7%)

Years of age at  
delivery 

Number missing 0

Mean (SD) 30 (6)

Min, max 18, 46

Median (Q1, Q3) 30 (25, 34)

Age at delivery 18 to <21 40 (4.3%)

21 to <35 668 (72.2%)

≥35 217 (23.5%)

Country Botswana 118 (12.8%)

Haiti 20 (2.2%)

India 31 (3.4%)

South Africa 168 (18.2%)

Tanzania 78 (8.4%)

Thailand 32 (3.5%)

Uganda 164 (17.7%)

Zimbabwe 314 (33.9%)

CD4 count,  
cells/mm3

Number missing 3

Mean (SD) 523 (243)

Range 7 to 1630

Median (Q1, Q3) 494 (356, 673)

HIV RNA < LLOQ Yes 581 (62.8%)

No 342 (37.0%)

Unknown 2 (.2%)

Mid-upper arm  
circumference, cm

Number missing 2

Mean (SD) 29 (4)

Min, max 13, 45

Median (Q1, Q3) 28 (26, 31)

Mid-upper arm  
circumference,  
category

Severe malnutrition: <18 1 (.1%)

Moderate malnutrition: 18–21 2 (.2%)

Mild malnutrition: 21–23 38 (4.1%)

Normal: >23 882 (95.4%)

Characteristic Group Total, n = 925

Missing 2 (.2%)

Number of fetuses Singleton 914 (98.8%)

Twins 11 (1.2%)

Current smoker Yes 17 (1.8%)

No 908 (98.2%)

Food insecurity Yes 118 (12.8%)

No 807 (87.2%)

Noninfectious  
pregnancy 
 complication 

Yes 170 (18.4%)

No 755 (81.6%)

Infectious pregnancy 
 complication

Yes 70 (7.6%)

No 855 (92.4%)

Hospitalized Yes 53 (5.7%)

No 872 (94.3%)

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; HIV, human immunodefi-
ciency virus; LLOQ, lower limit of quantification; Q, quarter; SD, standard deviation.

Table 2. Continued
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unexpected finding, our analysis here first identified the burdens 
and strengths of associations between many of the known risk fac-
tors for adverse pregnancy outcomes, including twin pregnancy, 
maternal nutritional status (as measured by MUAC), and nonin-
fectious complications like hypertension and preeclampsia [24]. 
Twin gestation was strongly associated with adverse pregnancy 
outcomes, but only occurred in 9 pregnancies. We also identified 
noninfectious complications, such as hypertension, preeclampsia, 
and vaginal hemorrhage, which occurred in 18% of women, as 
being associated with 2-fold increased odds of composite ad-
verse pregnancy outcomes and 6-fold increased odds of perinatal 
mortality. Furthermore, as expected, LBW was associated with 

maternal nutritional status and smoking, while PTD was asso-
ciated with nutritional status and noninfectious complications 
and was less likely in women whose HIV was virally suppressed. 
Secondly, we assessed the associations of IPT exposure with 
pregnancy and adverse pregnancy outcomes, and observed that 
even after adjusting for the mentioned contributors, INH use in 
pregnancy was independently associated with 62–74% increased 
odds of composite adverse pregnancy outcomes and with 58% in-
creased odds of an LBW as compared to deferring to postpartum 
IPT initiation. Our analyses confirmed that IPT exposure during 
pregnancy has a significant, independent effect on adverse preg-
nancy outcomes.

Table 3. Summary of Composite Adverse Pregnancy Outcomes by Treatment Group and Adjusted Odds Ratio Estimates

Outcome
Immediate INH, 

n/N (%)
Deferred INH,  

n/N (%)
Unadjusted OR  

(95% CI), by study arm
Adjusted OR (95% 
CI), by study arm

Composite 1: fetal demise, PTD, LBW, or congenital 
anomaly

106/449 (23.6) 78/460 (17.0) 1.51 (1.09–2.10) 1.63 (1.15–2.31)

Composite 2: fetal demise, PTD, LBW, or neonatal 
death (<28 days)

105/450 (23.3) 78/459 (17.0) 1.48 (1.07–2.06) 1.62 (1.14–2.30)

Composite 3: fetal demise, PTD, LBW, or early  
neonatal death (<7 days)

105/450 (23.3) 73/459 (15.9) 1.61 (1.15–2.24) 1.74 (1.22–2.49)

Perinatal death 1: fetal demise or neonatal death 23/459 (5.0) 20/466 (4.3) 1.18 (.64–2.17) 1.32 (.69–2.53)

Perinatal death 2: fetal demise or early neonatal death 21/459 (4.6) 13/466 (2.8) 1.67 (.83–3.38) 1.84 (.87–3.85)

LBW: <2500 grams at birth 62/430 (14.4) 46/446 (10.3) 1.46 (.97–2.20) 1.58 (1.02–2.46)

PTD: <37 weeks gestation at delivery 48/442 (10.9) 40/458 (8.7) 1.27 (.82–1.98) 1.35 (.85–2.15)

Multivariable model for composite outcomes by study arm.

Abbreviations: CI, confidence interval; LBW, low birth weight; OR, odds ratio; PTD, preterm delivery.

Table 4. Summary of Covariates Significantly Associated With At Least 1 Adverse Pregnancy Outcome

Outcomea

Adjusted OR (95% CI)

HBsAG 
positive vs 
negative

Normal 
MUAC

Noninfectious 
pregnancy  

complication  
vs none

Infectious  
pregnancy  

complication  
vs none

Twin gestation  
vs singleton

Current smoker 
vs never/previous 

smoker

HIV 
RNA < LLOQ 

vs ≥ LLOQ

Composite 1: fetal demise, 
PTD, LBW, or congenital 
anomaly

2.32 (1.01–5.30) .92 (.87–.96) 2.06 (1.34–3.17) .46 (.22–1.00) 14.43 (3.35–62.08) … …

Composite 2: fetal demise, 
PTD, LBW, or neonatal 
death (<28 days)

… .91 (.87–.96) 2.13 (1.39–3.28) … 14.51 (3.38–62.29) … …

Composite 3: fetal demise, 
PTD, LBW, or early  
neonatal death (<7 days)

… .91 (.87–.96) 2.06 (1.33–3.19) … 15.02 (3.50–64.38) … …

Perinatal death 1: fetal  
demise or neonatal death

… … 6.21 (3.14–12.31) … … … …

Perinatal death 2: fetal demise 
or early neonatal death

… … 6.76 (3.18–14.36) … 6.01 (1.08–33.55) … …

LBW: <2500 grams at birth … .88 (.83–.94) … … 19.09 (3.95–92.35) 3.18 (1.05–9.63) …

PTD: <37 weeks gestation at 
delivery

… .93 (.87–.99) 1.90 (1.08–3.34) .29 (.09–.98) … … .56 (.32–.97)

The multivariable model includes study arm and the following covariates: maternal age at delivery, CD4 quartiles, HIV RNA < LLOQ, timing of ART initiation, HBsAG status, MUAC, IGRA 
status, twin versus singleton pregnancy, current smoker, noninfectious pregnancy complications, infectious pregnancy complications, and maternal hospitalization.

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HBsAG, hepatitis B surface antigen; HIV, human immunodeficiency virus; IGRA, interferon-gamma release assay; LBW, low 
birth weight; LLOQ, lower limit of quantification; MUAC, mid-upper arm circumference; OR, odds ratio; PTD, preterm delivery.
aEstimates are shown if P < .05.
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We explored the potential modification effect of being on an ART 
regimen, as well as other identified risk factors, but did not find any 
differences. Most women in this study were on an EFV- or NVP-
containing regimen. It remains important to examine the poten-
tial interactions between other ART regimens and INH exposure 
during pregnancy, such as the new dolutegravir-based regimen.

The analysis adjusting for important risk factors found 
stronger evidence for IPT study arm differences with respect to 
pregnancy outcomes. We found that fetal demise, PTD, LBW, 
or a congenital anomaly (composite outcome 1)  were signifi-
cantly more likely among women in the immediate arm com-
pared to the deferred arm. Excluding congenital abnormalities 
and including neonatal and early neonatal deaths in the analysis 
(composite outcomes 2 and 3, respectively) also resulted in sig-
nificantly higher risks among women in the immediate arm as 
compared to the deferred arm. This finding suggests that INH 
administration during pregnancy carries an independent risk 
of adverse pregnancy outcome, as compared to postpartum ad-
ministration. It is challenging to study the effects of drug expo-
sure in pregnancy, as often pregnant women are excluded from 
clinical trials and as the sample sizes are often too small to de-
tect small but important effects.

Adjustment for the covariates effectively increased the preci-
sion of our estimated effects and the power to detect differences 
in outcomes by study arm. Interestingly, we found IPT during 
pregnancy to be independently associated with an LBW in our 
adjusted models. This is 1 of the factors, along with fetal death/
stillbirth, that largely drove the increase in adverse composite 
pregnancy outcomes. We also found non–statistically signifi-
cant increases in perinatal mortality and PTD.

In contrast, other studies have reported different findings. 
Taylor et al [17] found no significant association with adverse 
pregnancy outcomes in 196 women living with HIV, of which 
103 were exposed to IPT in pregnancy, between 2004 and 2006 
in Botswana. This study had only 37% of participants on com-
bination ART, with minimal adjustments for risk factors and 
confounders of pregnancy outcomes.

Subsequently to P1078, a few other groups have looked retro-
spectively at data from Southern Africa. An observational study 
by Salazar-Austin et al [18] reported on 151 pregnant women in 
the Tshepiso cohort, of which only 69 were on IPT between 2011–
2014. They reported the adjusted odds of a composite adverse 
pregnancy outcome as 2.5 times higher (95% CI, 1.0–6.5; P = .048) 
in IPT-unexposed women as compared with IPT-exposed women, 
after controlling for maternal age, CD4 count, viral load, ART 
regimen, body mass index, and anemia. IPT-exposed women, 
however, were enrolled at a significantly lower gestational age 
of 29 versus 31 weeks (P = .01), which was not adjusted for, and 
were less likely to be on combination ART (65% vs 77% in IPT-
exposed women) suggesting that in this nonrandomized study the 
women who received IPT were not the same as those who did not. 
Furthermore, the authors found more severe pregnancy outcomes 

of very low PTD (<34 weeks) and very LBW in those exposed to 
IPT, but the opposite when assessing just for PTD (<37 weeks) and 
LBW (<2500 grams). The authors do mention the possibility that 
healthier women were initiated on IPT, which could have overesti-
mated its effect on pregnancy outcomes.

A second study by Kalk et al [25] conducted a retrospective 
analysis of South African programmatic data collected between 
2015 and 2017. A total of 43 971 pregnant women living with 
HIV were identified, of which 7310 received IPT. Significant 
reductions in miscarriages, stillbirths, and LBW babies were 
found in women commencing IPT subsequently to 14 weeks 
gestation (adjusted OR, 0.83; 95% CI, .78–.87); however, women 
who were placed on INH were more likely to be on ART and 
have higher CD4 counts, lower viral loads, more antenatal care, 
and less prior TB, and therefore were different from women not 
started on IPT. There may be more residual confounding and 
confounding by indication of receipt of IPT that may explain 
the differences observed, despite adjustments.

The benefits of IPT in improving maternal health by reducing 
active TB have been proven beyond doubt in randomized trials [9]. 
All women were enrolled during pregnancy in the parent study, 
with TB symptoms used as exclusion criterium [20]. All 6 women 
that developed TB became symptomatic ≥10 weeks postpartum. 
Our study is the only study that was a randomized trial, making 
the groups completely comparable between those who did and did 
not receive IPT in the second and third trimesters of pregnancy. 
Moreover, here we described the prevalences and associations of 
factors associated with adverse pregnancy outcomes, as well as 
confirmed the higher risks of adverse pregnancy outcomes asso-
ciated with initiation of IPT during pregnancy, after adjusting for 
known risk factors of adverse pregnancy outcomes. Measures to re-
duce PTD and LBW rates in low- and middle-income countries are 
important, as these infants are at an increased mortality risk [26].

Our study does have some limitations. We only studied women 
living with HIV and on ART, both conditions which also con-
tribute to adverse pregnancy outcomes. We also may have been 
underpowered to identify subtle effects of IPT on less common 
individual pregnancy outcomes, such as perinatal death.

The strengths of the study are the larger number of women 
included in a randomized controlled trial and the multiple lo-
gistic regression models, adjusted for covariates. Our findings 
provide support for deferring the initiation of IPT to 12 weeks 
postpartum in healthy, pregnant women living with HIV who 
are on antiretrovirals and are not recent contacts.

Notes
The Clinical Research sites are listed in descending order of recruitment: 

Makerere University–Johns Hopkins University Research Collaboration 
(Makerere University–Johns Hopkins University CARE LTD), Uganda; 
St Mary’s, Zimbabwe; Seke North, Zimbabwe; Soweto International 
Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT), South 
Africa; Kilimanjaro Christian Medical Centre, Tanzania; FAM-CRU, South 
Africa; Harare Family Care, Zimbabwe; Molepolole, Botswana; Gaborone, 
Botswana; Byramjee Jeejeebhoy Medical College, India; Chiang Mai 
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University Human Immunodeficiency Virus (HIV) Treatment, Thailand; 
Les Centres GHESKIO Clinical Research Site, Haiti; and Desmond Tutu 
Tuberculosis Centre, Stellenbosch University, South Africa.
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