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Background. Conflicting results have been reported among studies of protease inhibitor (PI) use during

pregnancy and preterm birth. Uncontrolled confounding by indication may explain some of the differences among
studies.

Methods. In total, 777 human immunodeficiency virus (HIV)–infected pregnant women in a prospective cohort
who were not receiving antiretroviral (ARV) treatment at conception were studied. Births !37 weeks gestation
were reviewed, and deliveries due to spontaneous labor and/or rupture of membranes were identified. Risk of
preterm birth and low birth weight (!2500 g) were evaluated by using multivariable logistic regression.

Results. Of the study population, 558 (72%) received combination ARV with PI during pregnancy, and a total
of 130 preterm births were observed. In adjusted analyses, combination ARV with PI was not significantly associated
with spontaneous preterm birth, compared to ARV without PI (odds ratio [OR], 1.22; 95% confidence interval
[CI], 0.70–2.12). Sensitivity analyses that included women who received ARV prior to pregnancy also did not
identify a significant association (OR, 1.34; 95% CI, 0.84–2.16). Low birth weight results were similar.

Conclusions. No evidence of an association between use of combination ARV with PI during pregnancy and
preterm birth was found. Our study supports current guidelines that promote consideration of combination ARV
for all HIV-infected pregnant women.

The relationship between protease inhibitor (PI) use

during pregnancy and preterm birth has been of interest

since initial studies that examined this association

found an increased risk of preterm birth with use of

combination antiretroviral (ARV) with PI compared

with no ARV use [1, 2]. Since then, numerous studies

have evaluated the association between combination

ARV with PI and preterm birth [3–13], with conflicting

results. Most studies that reported an increased risk of
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preterm birth with use of combination ARV with PI

versus either no therapy or mono and/or dual therapy

[1–10] were conducted in European cohorts, whereas

most studies involving US and Latin American women

have reported no increased risk of preterm birth [11–

13]. It has been suggested that differences in the ob-
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stetrical care or characteristics of human immunodeficiency

virus (HIV)–infected women in Europe and the US may ac-

count for the conflicting results [14]. However, 2 recent US

studies have found an association between PI use and increased

risk of preterm delivery [5, 6]. The US study from a single

obstetrical service noted that PI use was reserved for women

with more advanced HIV disease and those for whom other

ARV therapy had failed [5]. It is possible that the association

with preterm birth in this study was due to confounding by

indication by maternal HIV disease severity.

ARV during pregnancy is indicated for HIV-infected preg-

nant women to prevent mother-to-child transmission but can

also be indicated for maternal health [15]. Pregnant women

with symptomatic HIV disease [16], high viral loads, and low

CD4+ cell counts are more likely to be treated with highly active

ARV therapy, including combination ARV with PI [5]. Ad-

vanced HIV disease has also been associated with preterm de-

livery [17–20]. Failure to adjust for potential confounders re-

lated to maternal disease may result in biased estimates. None

of the previous studies were able to completely adjust for factors

related to maternal disease stage, and most were unable to

adjust for HIV load, a potentially important confounder of the

association between PI use and preterm birth [21].

Although a randomized controlled trial has been recom-

mended to definitively determine the impact of PI use on pre-

term birth [21], previous studies of existing observational co-

horts of HIV-infected pregnant women have not used available

methods to minimize the impact of confounding by indication.

Specifically, previous studies have not restricted the study pop-

ulation to women who do not have an indication for ARV

therapy at conception. Our study evaluated the effect of ARV

with PI use during pregnancy on the risk of preterm birth

among HIV-infected pregnant women enrolled in a large US-

based multicenter prospective observational cohort study who

were not on ARV therapy at conception, adjusting further for

markers of disease severity, including CD4+ cell count, viral

load, and Centers for Disease Control and Prevention (CDC)

clinical category. Our study also attempted to reduce outcome

misclassification by distinguishing spontaneous preterm births

from all preterm births, which may also include births with

identifiable causes of preterm delivery.

METHODS

Study population. The study population included women en-

rolled in the International Maternal Pediatric Adolescent AIDS

Clinical Trials Group, protocol P1025, which is a prospective

observational study designed to assess the use and safety of

ARVs and other interventions for HIV-infected pregnant

women and their infants. Beginning in October 2002, HIV-

infected pregnant women were enrolled if they were �13 years

of age, �14 weeks gestation, or within 14 days postpartum.

Since December 2007, enrollment was allowed as early as 8

weeks gestation. Institutional review boards approved the pro-

tocol at all 56 clinical sites located in the US and Puerto Rico,

and written informed consent was obtained from those en-

rolled. The population eligible for this study consisted of

women with an estimated date of conception at least 10 months

before 5 March 2008 (date that data were frozen), a singleton

pregnancy, a first enrolled pregnancy in protocol P1025, and

at least 1 CD4+ cell count obtained during pregnancy. The

primary study population included only those women who

were not receiving ARV at conception or within 6 months prior

to conception. Women who had no reported ARV use during

pregnancy or with unknown treatment history were excluded

from the study population. Women with current or recent

(within 6 months) ARV use at time of conception were ex-

cluded from primary analyses but were included in sensitivity

analyses.

ARV classification and confounders. Sociodemographic

characteristics, diagnoses, markers of HIV disease severity, ARV

use, and traditional risk factors for preterm birth were primarily

withdrawn from medical records. Substance use during preg-

nancy was ascertained by using self-administered behavioral

questionnaires that were mailed to the data management center

in sealed envelopes without site review. For statistical analyses,

substance use was defined as use of amphetamines, metham-

phetamines, barbiturates, cocaine, 3,4-methylenedioxyme-

thamphetamine, or MDMA (Ecstasy), heroin, methadone, mar-

ijuana, or nonprescribed prescription drugs (codeine, valium,

or xanax). A diagnosis of sexually transmitted disease was de-

fined to include any diagnosis of syphilis, or infection with

Chlamydia trachomatis, Neisseria gonorrhea, or herpes simplex

virus.

ARV use during pregnancy was categorized as single drug,

2 drugs, combination ARV without PI, or combination ARV

with PI. Combination ARV with PI use was defined as the

concomitant use of at least 3 drugs, one of which was a PI. If

more than 1 regimen was used during pregnancy, women were

assigned according to their most complex ARV regimen on the

basis of the following hierarchy: combination ARV with PI,

combination ARV without PI, 2 agents, and single agent. For

statistical analyses, combination ARV without PI, dual agent

ARV, and single agent ARV were combined into 1 category

because of the small number of women receiving only single

or dual agents during pregnancy.

Outcome. Gestational age at delivery was determined by

using obstetric estimates. Obstetrical gestational age of the in-

fants at delivery was estimated with the date of last menstrual

period, initial ultrasound and maternal physical examination,

or conception date by assisted reproduction. If menstrual and

ultrasound dating were discordant and the difference was

within the limits of ultrasound dating, ultrasound dating was
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Table 1. Classification of Births in the Study Population

Full-term births
(n p 647)

Spontaneous preterm births
(n p 75)

Possibly related preterm births
(n p 28)

Unrelated preterm births
(n p 27)

Born �37 weeks Born !37 weeks Born !37 weeks Born !37 weeks

Record of preterm labor, PPROM, sponta-
neous ROM, or labor without induction
medications or amniotomy.

Antiretroviral therapy possibly related to
diagnosis that led to delivery or a diag-
nosis that was highly associated with
preterm labor/PPROM

Delivery was not directly or indirectly re-
lated to antiretroviral use

PET/PIH (n p 9) Elective induction (n p 9)

NRFHT (n p 5) Elective C/S (HIV) (n p 4)

Polyhydramnios (n p 3) Elective C/S (repeat) (n p 3)

Placental abruption (n p 3) Elective C/S (malpresentation) (n p 2)

IUFD (n p 3) Placenta previa (n p 2)

Oligohydramnios (n p 2) Incompetent cervix (n p 2)

HELLP (n p 1) Elective C/S (request) (n p 1)

IUGR (n p 1) Elective C/S (abdominal cerclage) (n p 1)

Primary HSV-PROM/PTL (n p 1) Elective C/S (cholestasis) (n p 1)

Elective C/S (recommended) (n p 1)

Abdominal trauma (n p 1)

NOTE. C/S, cesarean section; HELLP, hemolysis, elevated liver enzyme levels and a low platelet count; HSV, herpes simplex virus; IUFD, intrauterine fetal
death; IUGR, intrauterine growth restriction; NRFHT, nonreassuring fetal heart tracing; PET/PIH, preeclamptic toxaemia/pregnancy-induced hypertension; PPROM,
preterm premature rupture of membranes; PROM/PTL, premature rupture of membranes/preterm labor.

used. If gestational ages calculated by last menstrual period and

by ultrasound estimates were not available or were discordant

by more than 2 weeks, the obstetrical gestational age recorded

in the patient chart was used. Preterm birth was defined as

delivery at !37 weeks of gestation, and low birth weight was

defined as birth weight !2500 g. All preterm births were re-

viewed by 1 study obstetrician (R.E.T.), who was blinded to

ARV use, and also were classified into 3 groups: (1) spontaneous

preterm births (documentation of preterm labor or preterm

spontaneous rupture of membranes, or labor without either

induction medications or amniotomy), (2) possibly related pre-

term births (diagnosis leading to delivery possibly associated

with ARV use), or (3) unrelated preterm births (delivery with

known cause not directly or indirectly related to ARV use)

(Table 1). The classifications were circulated to P1025 study

obstetricians, and a consensus was obtained. Because risk of

spontaneous preterm birth was the primary outcome of in-

terest, possibly related and unrelated preterm births were ex-

cluded from primary analyses. Additional analyses were con-

ducted for combined spontaneous and possibly related preterm

births, and all preterm births to assess the effect of outcome

misclassification.

Statistical analysis. The x2 test was used to compare char-

acteristics of women who received combination ARV with PI

versus ARV without PI. The Mantel-Haenszel x2 test was used

to compare the crude risk of preterm delivery according to

ARV use. Statistical significance was defined by using a 2-sided

Type I error rate of .05.

Logistic regression models were used to estimate the asso-

ciation of ARV with PI versus ARV without PI with the risk

of (1) preterm birth and (2) low birth weight. To construct

parsimonious multivariable models, predictors of preterm birth

or low birth weight with a likelihood ratio P value of �.10 in

a univariable model were included in respective multivariable

regression analyses. In addition, to ensure appropriate adjust-

ment for confounding by indication, clinical markers of HIV

disease severity, including CD4+ cell count, viral load, and CDC

clinical category, were added to the final regression models—

even if they were not univariable predictors of preterm birth

or low birth weight—if they changed the odds ratio (OR) for

ARV use by more than 10%. The 95% Wald confidence intervals

(CIs) and P values were used to assess whether there was a

statistically significant association between ARV with PI and

preterm birth or low birth weight. In sensitivity analyses in-

tended to replicate previous studies, logistic regression models

were used to evaluate the association between combination

ARV with PI and the risk of preterm birth and low birth weight

in an augmented study population, which included women

with recent or current ARV use at conception. In further sen-

sitivity analysis to evaluate differences in clinical practice be-

tween the US and Europe with regard to use of tocolytic med-

ications to stop preterm labor, infants of women who received

tocolytic medications prior to 37 weeks gestation were reclas-

sified as preterm. The association between combination ARV

with PI and the risk of this expanded preterm outcome was

then evaluated with logistic regression analyses. Analyses were

conducted using SAS (version 9; SAS Institute).

RESULTS

As of 5 March 2008, 1402 women had been enrolled in the

P1025 cohort, of whom 1196 were eligible for this study. Of
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Table 2. Demographic and Clinical Characteristics of the All Preterm Births Study Population (n p 777)
According to Use of Combination Therapy with Protease Inhibitors (PI) during Pregnancy

Characteristic
Total

(n p 777)
ARV without PIa

(n p 219)
ARV with PI

(n p 558) Pb

Age at conception, years .07
14–21 162 (21) 53 (24) 109 (20)
22–25 185 (24) 58 (26) 127 (23)
26–29 193 (25) 56 (26) 137 (24)
�30 237 (30) 52 (24) 185 (33)

Race/ethnicity .08
White 88 (11) 24 (11) 64 (11)
Black 450 (58) 140 (63) 310 (56)
Hispanic 234 (30) 54 (25) 180 (32)
Unknown 5 (1) 1 (1) 4 (1)

Duration of HIV infection at conception, years .06
0c 351 (45) 94 (43) 257 (46)
1–5 234 (30) 79 (36) 155 (28)
15 192 (25) 46 (21) 146 (26)

Prior preterm births .70
Yes 97 (13) 29 (13) 68 (12)
No 679 (87) 190 (87) 489 (88)
Missing 1 (0) 0 (0) 1 (0)

Gravida (incl. current) 0.11
1 154 (20) 36 (16) 118 (21)
2–5 505 (65) 155 (71) 350 (63)
15 118 (15) 28 (13) 90 (16)

Lowest CD4 cell count during pregnancy, cells/mL !.001
!200 120 (15) 21 (10) 99 (18)
200–499 425 (55) 103 (47) 322 (58)
�500 232 (30) 95 (43) 137 (24)

Highest viral load during pregnancy, copies/mL !.001
�5000 439 (56) 149 (68) 290 (52)
5001–30,000 199 (26) 50 (23) 149 (27)
130,000 127 (16) 14 (6) 113 (20)
Missing 12 (2) 6 (3) 6 (1)

Highest CDC clinical category during pregnancy .001
N/A/B 717 (92) 213 (97) 504 (90)
C 60 (8) 6 (3) 54 (10)

Duration of most complex ARV during pregnancy, weeks .88
�10 127 (16) 38 (17) 89 (16)
11–20 295 (38) 83 (38) 212 (38)
120 355 (46) 98 (45) 257 (46)

Duration of all ARV during pregnancy, weeks .33
�10 105 (14) 35 (16) 70 (13)
11–20 283 (36) 82 (37) 201 (36)
120 389 (50) 102 (47) 287 (51)

Trimester of cohort enrollment !.001
Second 242 (31) 52 (24) 190 (34)
Third 390 (50) 135 (62) 255 (46)
At or after delivery 145 (19) 32 (14) 113 (20)

Trimester of prenatal care initiation .71
First trimester 430 (55) 114 (52) 316 (57)
Second trimester 279 (36) 85 (39) 194 (35)
Third trimester 57 (7) 17 (8) 40 (7)
Never 11 (2) 3 (1) 8 (1)

Initiation of most complex ARV during pregnancy .20
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Table 2. (Continued.)

Characteristic
Total

(n p 777)
ARV without PIa

(n p 219)
ARV with PI

(n p 558) Pb

First trimester 153 (20) 36 (16) 117 (21)
Second trimester 507 (65) 144 (66) 363 (65)
Third trimester 117 (15) 39 (18) 78 (14)

Initiation of first ARV during pregnancy .08
First trimester 166 (21) 38 (17) 128 (23)
Second trimester 510 (66) 145 (66) 365 (65)
Third trimester 101 (13) 36 (17) 65 (12)

Type of delivery .48
Vaginal 385 (50) 113 (52) 272 (49)
Cesarean 388 (50) 105 (48) 283 (51)
Unknown 4 (0) 1 (0) 3 (0)

Drug use .62
Yes 114 (15) 32 (15) 82 (15)
No 572 (74) 174 (79) 398 (71)
Unknown 91 (11) 13 (6) 78 (14)

Alcohol use .15
Yes 206 (27) 70 (32) 136 (24)
No 480 (62) 137 (63) 343 (62)
Unknown 91 (11) 12 (5) 79 (14)

Tobacco Use .43
Yes 132 (17) 39 (18) 93 (17)
No 418 (54) 139 (63) 279 (50)
Unknown 227 (29) 41 (19) 186 (33)

Bleeding during pregnancy .07
Yes 65 (8) 12 (5) 53 (9)
No 712 (92) 207 (95) 505 (91)

Gestational diabetes .95
Yes 11 (1) 3 (1) 8 (1)
No 766 (99) 216 (99) 550 (99)

Gestational hypertension .55
Yes 27 (3) 9 (4) 18 (3)
No 750 (97) 210 (96) 540 (97)

Hepatitis C infection during pregnancy .76
Yes 31 (4) 8 (4) 23 (4)
No 746 (96) 211 (96) 535 (96)

Sexually transmitted infectiond during pregnancy .42
Yes 149 (19) 38 (17) 111 (20)
No 628 (81) 181 (83) 447 (80)

Year of delivery !.001
2002–2003 100 (13) 50 (23) 50 (9)
2004 134 (17) 50 (23) 84 (15)
2005 177 (23) 36 (16) 141 (25)
2006 211 (27) 52 (24) 159 (29)
2007–2008 155 (20) 31 (14) 124 (22)

NOTE. Data are no. (%) of participants, unless otherwise indicated. ARV, antiretroviral; HIV, human immunodeficiency virus.
a 6 (3%) of 219 women received monotherapy, 11 (5%) of 219 women received dual therapy, 202 (92%) of 219 women received

combination therapy without PI.
b Unknown categories removed for calculation of x2 P value.
c Women diagnosed during pregnancy.
d Includes syphilis, chlamydia, gonorrhea, and herpes simplex virus.
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Figure 1. Frequency distribution of gestational age at delivery by preterm birth study population and antiretroviral (ARV) therapy use during pregnancy.

these, 22 women were excluded from all analyses because they

had no reported ARV use during pregnancy or unknown ARV

history, and 397 women were excluded from primary analyses

because of current or recent ARV use at conception, leaving

777 women in the primary study population.

Demographic and clinical characteristics of the 777 women

in the study population are provided in Table 2. More than

half of the women were older than 25 years, 58% were black,

55% were diagnosed with HIV prior to conception, and 13%

had prior preterm births. Although no women received ARV

at conception by study design, half received ARVs for more

than 20 weeks during pregnancy, and the majority (87%) ini-

tiated ARVs in the first or second trimester. Only 15% of

women had a documented CD4+ cell count !200 cells/mL, 16%

had a viral load 130,000 copies/mL, and 8% had symptomatic

HIV disease (CDC category C, excluding CD4+ cell count cri-

teria) during pregnancy. There were also a few comorbid di-

agnoses during pregnancy. These included gestational diabetes

(1%), gestational hypertension (3%), hepatitis C infection

(4%), and sexually transmitted infections (19%).

Of the 777 women in the study population, 558 (72%) re-

ceived combination ARV with PI. The most common regimens

in this group were zidovudine plus lamivudine with nelfinavir

(47%) and zidovudine plus lamivudine with lopinavir and ri-
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Table 3. Risks of Preterm Birth and Low Birth Weight According to the Use of Combination
Therapy with Protease Inhibitors (PIs) during Pregnancy

Study population
Univariable OR

(95% CI) P
Multivariablea OR

(95% CI) P

Spontaneous preterm birth,b

ARV with PI vs ARV without PI (n p 722) 1.15 (0.67–1.97) .61 1.22 (0.70–2.12) .49
Spontaneous and possibly related preterm

birth,c

ARV with PI vs ARV without PI (n p 750) 1.31 (0.81–2.11) .28 1.15 (0.68–1.93) .61
All preterm birth,d

ARV with PI vs ARV without PI (n p 777) 1.53 (0.97–2.39) .07 1.29 (0.77–2.15) .33
Low birth weight,e

ARV with PI vs ARV without PI (n p 760) 1.48 (0.91–2.40) .11 1.36 (0.76–2.44) .30

NOTE. ARV, antiretroviral; CDC, Centers for Disease Control and Prevention; CI, confidence interval; OR, odds
ratio.

a OR adjusted for all predictors of preterm birth or low birth weight with a likelihood ratio P value of .10 or less
in a univariable model.

b Spontaneous preterm births, 75 outcomes. Multivariable OR adjusted for prior preterm births, gravida, and
duration of all ARV during pregnancy. Adding viral load, CD4 cell count, and CDC clinical category did not change
the OR for ARV use by more than 10%.

c Spontaneous plus possibly related preterm births, 103 outcomes. Multivariable OR adjusted for prior preterm
births, CD4 cell count, CDC clinical category, duration of most complex ARV during pregnancy, trimester of complex
ARV initiation, drug use, gestational diabetes, and gestational hypertension. Adding viral load did not change the
OR for ARV use by more than 10%.

d Spontaneous plus possibly related plus unrelated preterm births, 130 outcomes. Multivariable OR adjusted
for prior preterm births, CD4 cell count, viral load, CDC clinical category, duration of most complex ARV during
pregnancy, trimester of enrollment, trimester of complex ARV initiation, smoking, bleeding during pregnancy,
gestational diabetes, and gestational hypertension.

e Low birth weight defined as !2500 g, 110 outcomes. Multivariable OR adjusted for preterm birth, prior preterm
births, viral load, duration of most complex ARV during pregnancy, trimester of enrollment, trimester of complex
ARV initiation, drug use, alcohol use, and gestational hypertension. Adding CD4 cell count and CDC clinical category
did not change the OR for ARV use by more than 10%. Seventeen infants were missing birth weight information.

tonavir (22%). In addition, 202 women (26%) received com-

bination ARV without PI; the most common regimens were

zidovudine plus lamivudine plus abacavir, (61%) and zido-

vudine plus lamivudine with nevirapine (30%). Eleven women

(1%) received 2 agents during pregnancy; 10 received zido-

vudine plus lamivudine and 1 received emtricitabine plus te-

nofovir. Six women (1%) received only zidovudine during

pregnancy.

There were significant differences between women who re-

ceived ARV with PI and ARV without PI (Table 2). Women

who received combination ARV with PI during pregnancy were

more likely to have CD4+ cell counts !200 cells/mL (18% vs

10%), viral load 130,000 copies/mL (20% vs 6%), and symp-

tomatic clinical disease (10% vs 3%). They also were more

likely to have enrolled into protocol P1025 in their second

trimester (34% vs 24%) and have given birth in the later years

of the study, 2007–2008 (22% vs 14%).

One hundred thirty (17%) of 777 births in the study pop-

ulation were preterm. Of the 558 women who received com-

bination ARV with PI, 102 (18%) delivered preterm. Of the

219 women who received ARV without PI, 28 (13%) delivered

preterm. After outcome review of the 130 preterm births, 58%

were classified as spontaneous preterm births, 21% as possibly

related preterm births, and 21% as unrelated preterm births

(Table 1). There were several diagnoses associated with the

possibly related preterm births (Table 1). Most of the unrelated

preterm births were elective cesarean deliveries or inductions.

Figure 1 shows the frequency distributions of gestational ages

at delivery according to ARV use for the spontaneous preterm

birth study population (Figure 1A) and all preterm birth study

population (Figure 1B). Comparison of the 2 frequency dis-

tributions reveals that most (67%) of the 12 very preterm births

in women who took ARV with PI during pregnancy had iden-

tifiable causes of preterm delivery that may not be associated

with ARV use during pregnancy. Three were associated with

non-reassuring fetal heart rate tracing, 1 in a woman with

gestational hypertension, and 1 in a woman with active herpes

simplex virus infection. Two of the very preterm births were

intrauterine fetal deaths, and 2 were associated with placental

abruption. One very preterm birth was associated with pre-

eclampsia. Although there was a significant trend toward a

higher risk of preterm birth, particularly very preterm birth

(!32 weeks gestation) among women using combination ARV

with PI in the all-preterm birth study population ( ),P p .04

no significant difference in the risk was detected in the spon-

taneous preterm birth study population ( ) or the com-P p .56

bined spontaneous and possibly related preterm birth study

population ( ).P p .14
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In a multivariable logistic regression analysis of spontaneous

preterm birth, no significant association was observed between

risk of spontaneous preterm birth and use of ARV with PI

compared to ARV without PI (OR, 1.22; 95% CI, 0.70–2.12)

(Table 3). Similarly, no significant association was observed

between use of ARV with PI and risk of combined spontaneous

and possibly related preterm birth or all preterm birth. The

outcome review and exclusion of possibly related and unrelated

preterm births increased the univariable P values of several

known predictors of preterm birth to 1.10, so that they were

not included in the multivariable model of spontaneous pre-

term birth. Sensitivity analyses including the 397 women who

were initially excluded because of ARV use prior to pregnancy

also did not detect a significant association between combi-

nation ARV with PI and risk of spontaneous preterm birth

(OR, 1.34; 95% CI, 0.84–2.16). Finally, in further sensitivity

analyses that reclassified women who took tocolytic therapy at

!37 weeks as delivering “preterm,” no significant association

between combination ARV with PI and all preterm birth was

detected (OR, 1.25; 95% CI, 0.80–1.96).

One hundred ten (14%) of 760 infants with known birth

weight had low birth weight. No significant association was

observed between combination ARV with PI use and risk of

low birth weight in the low birth weight study population (OR,

1.36; 95% CI, 0.76–2.44) (Table 3). Sensitivity analyses includ-

ing women who were initially excluded due to prior ARV use

also did not detect a significant association between combi-

nation ARV with PI use and low birth weight (OR, 1.38; 95%

CI, 0.83–2.28).

DISCUSSION

In this large cohort of HIV-infected pregnant women in the

US we observed no significant association between use of com-

bination ARV with PI and the risk of preterm birth or low

birth weight compared with use of ARV without PI. Our result

is consistent with previous US- and Latin-American–based

studies of HIV-infected women [11–13] and is inconsistent with

the findings of large studies from Europe [2–4, 7–10] and 2

studies from the US [5, 6].

We found a similar risk of all preterm births in our study

population (13% among those who received ARV without PI

and 18% among those who received combination ARV with

PI) to that of previous US cohorts of HIV-infected pregnant

women (14% and 18%, respectively) [11]. Our overall risk of

preterm births (17%) was the same as that found in the earlier

cohort of the European Collaborative Study [2] but differed

from the risk reported in the more recent European Collabo-

rative Study [4]. There has been a steady increase in preterm

births within the European cohort over calendar time, and the

proportion of preterm births from 2000 to 2004 of 24.9% is

significantly higher than our estimate of 17% from 2000 to

2008 ( ) [4]. Even when excluding elective cesarean de-P ! .001

liveries, the proportion of preterm births within the European

cohort is significantly higher than that found in our study

within the similar time period (37.1% vs 15%; ). It isP ! .001

unclear why preterm births have increased over time in Europe,

although there has been no such increase observed between the

earlier US study and this study.

Core differences in European and US HIV-infected pregnant

women populations have been suggested as a possible reason

for the conflicting results between European studies and US

studies [14]. Comparison of some potential risk factors for

preterm birth between the more recent European Collaborative

Study [4] and our study does identify some differences between

the study populations. There were significantly more black

women and women who reported using illicit drugs in our

study population compared with the European study (58% vs

22% [ ] and 15% vs 9% [ ], respectively). ThereP ! .001 P ! .001

also was a significant difference in the age distribution, with

our study having higher proportion of younger (!25 years, 36%

vs 22%) and older (�35 years, 17% vs 14%) mothers (P !

). Given these differences, one would expect a higher pre-.001

maturity rate in the US population. This, however, was not

observed. The differences between our study and the European

Collaborative Study can be adjusted by multiple regression anal-

yses, although some residual confounding may persist. If the

contrasting results of the 2 studies are to be considered pop-

ulation specific, there must be some as yet unidentified char-

acteristic that differs between European and US HIV-infected

pregnant women that is associated with both combination ARV

with PI use and risk of preterm birth.

A unique feature of our study is that we attempted to address

factors that could explain the discrepancy in findings between

previous published studies. Previous studies that have shown

associations between PI use and preterm delivery have noted

that PI-containing regimens were reserved for women with

advanced disease [5]. Thorne et al did note a greater association

with prematurity in women who were receiving ARV prior to

pregnancy, presumably for their own health, but did not remove

these women from analysis. By excluding women who were

receiving ARV at the time of conception, presumably for their

own health, we attempted to minimize confounding by indi-

cation, that is, the possibility that PI-containing ARV was pref-

erentially prescribed for women with the most advanced disease

who might have been at increased risk for preterm delivery due

to disease. We attempted to remove residual confounding by

indication from the study population through addition of CD4+

cell count, viral load, and disease in our multivariate models,

but some confounding may still persist. By extensively review-

ing all preterm deliveries and analyzing separately spontaneous

preterm births and those preterm births potentially due to other

factors, we reduced the effect of outcome misclassification. Ad-
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ditionally, to address differences in management of preterm

labor in the US versus Europe, we modeled the extreme scenario

in which all women who received tocolytic medication prior

to 37 weeks gestation would have had an immediate cesarean

delivery.

Current Public Health Service Task Force recommendations

for use of ARV in pregnant HIV-infected women recommend

nevirapine initiation in pregnant women with CD4 cell counts

1250 cells/mL only if benefit clearly outweighs potential in-

creased risk life-threatening hepatotoxicity [22]. Thirty percent

of our study population receiving combination ARV without

PI during pregnancy used nevirapine. Most (85%) use of ne-

virapine, however, occurred before 2005, prior to revisions of

the ARV recommendations for HIV-infected pregnant women.

Our study has some limitations. Although it is reasonable to

assume that women receiving ARV at the time of conception

were receiving ARV because of more advanced disease, we were

not able to directly assess whether women were receiving ARV

during pregnancy for their own health or solely for fetal pro-

tection. As a result of the selection criteria for our primary

analysis, our numbers are smaller than those in some previous

published studies. In particular, the number of women receiving

ARV without PI is relatively small, and not many women re-

ceived either mono- or dual-drug regimens. Many of the

women receiving other regimens without PI were nonetheless

receiving highly active regimens. Our results may not be directly

comparable to those of previous analyses that found associa-

tions between PI use and preterm delivery because the com-

parison groups are quite different. Also, although our 95% CIs

suggest that a 12.1-fold increase in the risk of preterm birth

with PI use is unlikely, the size of our study population may

have limited our ability to identify smaller increases in risk.

Finally, the P1025 study enrolled women at either �14 weeks

gestation (2002–2007) or �8 weeks gestation (2007–present),

which limited our ability to assess the effect of combination

therapy with PI use on early fetal losses.

In conclusion, our study found no significant association

between combination ARV with PI and the adverse pregnancy

outcomes, preterm birth and low birth weight. Our findings

support the current recommendations for use of ARV drugs

in pregnant HIV-infected women by the US Public Health Task

Force, which promote the consideration of combination ARV

according to preferred regimens for HIV-infected adults for all

HIV-infected pregnant women whether given for indications

of maternal health or to prevent mother-to-child transmission

[22].
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