
Background

•	 The	Antiretroviral	Pregnancy	Registry	(APR)	is	an	international,	prospective,	exposure-registration	study	established	in		
1989	to	collect	data	on	birth	outcomes,	primarily	birth	defects,	following	pregnancy	exposures	to	antiretroviral	therapy.

•	 LPV/r	joined	the	Registry	in	2000	upon	US	FDA	approval.	LPV/r	is	widely	used	in	the	HIV-infected	population	and	is	the		
only	PI	currently		recommended	by	the	DHHS	(Department	of	Health	and	Human	Services)	for	the	use	during	pregnancy.1	
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•	 This	study	examines	birth	defects	following	pregnancy	exposures	to	LPV/r.	

Methodology

Objective

•	 The	analysis	population	includes	all	prospective	LPV/r-exposed	pregnancies	enrolled	in	the	APR,	with	or	without	concurrent		
exposure	reported	to	other	antiretroviral	therapy,	from	January	2000	through	July	2007.

•	 Prevalence	of	birth	defects	following	pregnancy	exposure	to	LPV/r	was	compared	to	prevalence	observed	in	the	CDC’s		
Metropolitan	Atlanta	Congenital	Defects	Program	(MACDP)2	population-based	surveillance	system.

•	 Additionally,	first	trimester	exposures	(when	organogenesis	occurs)	were	compared	with	combined	second/third	trimester	exposures.
•	 Based	on	sample	size	calculation	a	cohort	of	267	live	born	infants	with	first	trimester	exposure	to	LPV/r	is	sufficient	to	detect	a		

2.4-fold	increase	in	the	risk	of	birth	defects	(i.e.,	for	all	defects	combined)	compared	to	the	CDC’s	(MACDP)	expected	prevalence.2

	 –	This	sample	size	assumes	80%	power	and	a	two-tailed	Type	1	error	rate	of	5%.
•	 For	individual	birth	defects,	sample	size	requirements	are	greater;	the	power	to	detect	an	increased	risk	in	a	specific	defect		

varies	and	depends	upon	the	frequency	of	the	defect	in	the	population	and	the	size	of	the	LPV/r-exposed	group.

Results

•	 The	analysis	population	includes	all	complete	data	on	exposure	and	birth	outcomes	on	pregnancies	enrolled	in	the	APR	and	
exposed	to	LPV/r	during	the	period	from	September	2000	through	July	2007.

•	 The	APR	received	7255	complete	prospective	reports	of	pregnancy	exposures	to	one	or	more	antiretroviral	drugs;	of	these,		
1051	were	LPV/r	exposures.	Among	the	1051	LPV/r	exposures,	987	(93.9%)	were	reports	of	exposures	to	LPV/r	with	complete	
follow	up	and	an	additional	64	(6%)	lost	to	follow	up	(Table	1).	

•	 Of	the	987	LPV/r	exposures	with	complete	follow-up,	there	were	1006	pregnancy	outcomes.	Of	the	987,	one	case	had	no		
data	on	trimester	of	exposure	and	was	excluded	from	birth	defect	rate	analysis.

•	 968/986	(98.2%)	were	singleton	outcomes	of	which	920 were live births,	39	spontaneous	losses	or	induced	abortions		
and	9	stillbirths.

•	 Multiple	pregnancies	represented	1.8%	of	all	pregnancies	resulting	in	35 live births	and	2	stillbirths.
•	 Birth	defects	were	reported	in	22	of	the	955 live births	and	1	out	of	the	11	stillbirths.	The	rate	of	birth	defects	in	live	born	infants		

is	summarized	in	Table	2.

Table 1. Maternal Demographics at Registration, Prospective Cases with Exposure to LPV/r Through 31 July 2007*

Pregnancies enrolled N=987

Age (years)

Mean (standard error) 28.7 (0.20)

Race†

White 153 (15.5%)

Black 582 (59.0%)

Hispanic 199 (20.2%)

Asian 11 (1.1%)
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Race†

Others 23 (2.3%)

Not reported 19 (1.9%)

CD4 + T-cell categories at start of pregnancy†

≥500 cells/µl 256 (25.9%)

200–499 cells/µl 463 (46.9%)

<200 cells/µl 246 (24.9%)

Not reported 22 (2.2%)

Clinical categories at start of pregnancy†

A. Asymptomatic, acute (primary) HIV or PGL** 699 (70.8%)

B. Symptomatic, not (A) or (C) conditions 53 (5.4%)

C. AIDS-indicator conditions 216 (21.9%)

HIV-post exposure prophylaxis 1 (0.1%)

HIV uninfected/hepatitis B/C 2 (0.2%)

Not reported 16 (1.6%)

**	85%	of	the	cases	in	the	APR	are	from	the	U.S.
**	Persistent	Generalized	Lymphoadenopathy
	†	Count	(percentage)

•		Among	267	live	births	with	first	trimester	exposures,	5	were	cases	with	birth	defects	(1.9%,	95%	CI	=	0.6,	4.3).
•	 These	rates	are	similar	to	the	CDC’s	MACDP	birth	defect	surveillance	system	rate	(2.67%)	and	the	birth	defect	rate	among	infants	

with	2nd/3rd	trimester	LPV/r	exposures	(2.6,	95%	CI	=	1.6,	4.1;	risk	ratio	=	0.7,	95%	CI	=	0.3,	1.9).	
•	 No	pattern	of	birth	defects	suggestive	of	a	common	etiology	was	seen.

Table 2.  Rate of Birth Defects in Live Born Infants — Prospective Cases with Known Trimester of Exposure to LPV/r 
and Complete Follow-Up Data Through 31 July 2007

Overall (%) [95% CI]

Number of live births* 955

Number of outcomes with at least one defect** 23 (2.4%) [1.5%–3.6%]

Exact 95% CI for prevalence of birth defects for exposures in:

  1st trimester 5/267 (1.9%) [0.6%–4.3%]

  2nd/3rd trimester 18/688 (2.6%) [1.6%–4.1%]

  Any trimester 23/955 (2.4%) [1.5%–3.6%]

Exact 95% CI for risk of birth defects for 1st trimester  
exposure relative to 2nd/3rd trimester exposures

0.72 (0.27, 1.91)

**		Excludes	1	singleton	live	birth	with	no	defects	due	to	unspecified	trimester	of	exposure.	Includes	920	singleton	and	35	multiple	live	birth	outcomes.
**		Defects	meeting	the	CDC	criteria	only.	Excludes	reported	defects	in	pregnancy	losses	<20	weeks.	An	outcome	is	defined	as	a	live	or	stillborn	infant,		

or	a	spontaneous	or	induced	pregnancy	loss	≥20	weeks	gestation.

•	 Among	singleton	births,	13.4%	occurred	prior	to	37	weeks	of	gestation,	and	19.2%	were	less	than	2,500	grams	at	birth	(Table	3).
•	 Infants	whose	earliest	exposure	to	LPV/r	occurred	in	the	first	trimester	appeared	more	likely	to	be	born	prior	to	37	weeks	of		

gestation	than	those	whose	first	exposure	was	later.	These	infants	also	appeared	more	likely	to	have	low	birth	weight	compared	
to	those	whose	earliest	exposure	occurred	in	the	second	or	third	trimester.

Table 3.  Gestational Age and Birth Weight for All Singleton Live Births Without Birth Defects by Earliest Trimester 
of Exposure — Complete, Prospective Cases with Exposure to LPV/r Through 31 July 2007

Gestational Age* Birth Weight**

<32 weeks <37 weeks <1,500 grams <2,500 grams

Overall (%) 19/890 (2.1%) 119/890 (13.4%) 19/858 (2.2%) 165/858 (19.2%)

Exact 95% CI 1.3%–3.3% 11.2%–15.8% 1.3%–3.4% 16.6%–22.0%

1st trimester (%) 8/247 (3.2%) 45/247  (18.2%) 8/235 (3.4%) 55/235  (23.4%)

Exact 95% CI 1.4%–6.3% 13.6%–23.6% 1.5%–6.6% 18.1%–29.4%

2nd trimester (%) 9/442 (2.0% 55/442  (12.4%) 11/430 (2.6%) 83/430  (19.3%)

Exact 95% CI 0.9%–3.8% 9.5%–15.9% 1.3%–4.5% 15.7%–23.4%

3rd trimester CI (%) 2/201 (1.0%) 19/201 (9.5%) 0/193 (0.0%) 27/193 (14.0%)

Exact 95% CI 0.1%–3.6% 5.8%–14.4% N/A–1.9% 9.4%–19.7%

Discussion

•	 The	APR	previously	reported	an	overall	prevalence	of	birth	defects	of	2.7%	ARV	exposed	pregnancies	and	2.8%	among		
first	trimester	exposures.3	Other	large	observational	studies	have	reported	similar	findings.4-6

•		The	overall	prevalence	of	birth	defects	in	LPV/r	exposed	pregnancies	was	2.4%.	The	prevalence	of	birth	defects	following	first	
trimester	LPV/r	exposures	was	1.9%.	These	rates	are	similar	to	the	prevalence	rates	in	the	reference	group,	the	CDC’s	MACDP:	
2.67%	overall	and	2.09%	in	the	early	diagnosis	rate.

	 –		Data	from	this	study	were	provided	primarily	by	obstetricians	who	often	have	limited	access	to	diagnoses	made	after	the	first	
few	days	of	life,	possibly	making	these	early	diagnosis	rates	a	more	appropriate	comparator.

•		Prevalence	of	birth	defects	following	first	trimester	exposure	was	1.9%,	whereas	the	rate	following	second	and	third	trimester	
exposures	was	2.6%.

•		In	this	study,	the	overall	prematurity	rate	of	LPV/r	was	13.4%	comparable	to	previously	published	data	on	preterm	rates	of		
infants	exposed	to	protease	inhibitors	in	utero	that	varies	from	18%	to	36%.7-9

•		While	these	results	may	be	informative,	it	is	important	to	note	that	the	primary	objective	of	this	analysis	was	to	examine		
birth	defects.	Data	collected	on	gestational	age	and	birth	weight	were	secondary.

•		A	limitation	of	this	analysis	is	data	on	mother’s	smoking	history,	anemia	during	pregnancy	or	cesarean	sections	were	not		
collected,	all	factors	associated	with	a	higher	risk	of	prematurity.	

Conclusions

•	 This	is	the	first	adequately	powered	and	published	analysis	on	the	risk	of	birth	defects	associated	with	LPV/r	exposures		
during	pregnancy.

•	 This	study	suggests	the	overall	prevalence	of	birth	defects	among	infants	prenatally	exposed	to	LPV/r	is	not	statistically		
significantly	different	from	comparison	groups.

•	 While	the	registry	population	exposed	and	monitored	to	date	is	not	sufficient	to	detect	an	increase	in	risk	of	relatively	rare		
birth	defects,	these	results	provide	patients	and	prescribers	with	information	to	weigh	risks	and	benefits	needed	to	provide		
some	assurance	when	counseling	patients.
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Background

•	 The	Antiretroviral	Pregnancy	Registry	(APR)	is	an	international,	prospective,	exposure-registration	study	established	in		
1989	to	collect	data	on	birth	outcomes,	primarily	birth	defects,	following	pregnancy	exposures	to	antiretroviral	therapy.

•	 LPV/r	joined	the	Registry	in	2000	upon	US	FDA	approval.	LPV/r	is	widely	used	in	the	HIV-infected	population	and	is	the		
only	PI	currently		recommended	by	the	DHHS	(Department	of	Health	and	Human	Services)	for	the	use	during	pregnancy.1	
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•	 This	study	examines	birth	defects	following	pregnancy	exposures	to	LPV/r.	

Methodology

Objective

•	 The	analysis	population	includes	all	prospective	LPV/r-exposed	pregnancies	enrolled	in	the	APR,	with	or	without	concurrent		
exposure	reported	to	other	antiretroviral	therapy,	from	January	2000	through	July	2007.

•	 Prevalence	of	birth	defects	following	pregnancy	exposure	to	LPV/r	was	compared	to	prevalence	observed	in	the	CDC’s		
Metropolitan	Atlanta	Congenital	Defects	Program	(MACDP)2	population-based	surveillance	system.

•	 Additionally,	first	trimester	exposures	(when	organogenesis	occurs)	were	compared	with	combined	second/third	trimester	exposures.
•	 Based	on	sample	size	calculation	a	cohort	of	267	live	born	infants	with	first	trimester	exposure	to	LPV/r	is	sufficient	to	detect	a		

2.4-fold	increase	in	the	risk	of	birth	defects	(i.e.,	for	all	defects	combined)	compared	to	the	CDC’s	(MACDP)	expected	prevalence.2

	 –	This	sample	size	assumes	80%	power	and	a	two-tailed	Type	1	error	rate	of	5%.
•	 For	individual	birth	defects,	sample	size	requirements	are	greater;	the	power	to	detect	an	increased	risk	in	a	specific	defect		

varies	and	depends	upon	the	frequency	of	the	defect	in	the	population	and	the	size	of	the	LPV/r-exposed	group.

Results

•	 The	analysis	population	includes	all	complete	data	on	exposure	and	birth	outcomes	on	pregnancies	enrolled	in	the	APR	and	
exposed	to	LPV/r	during	the	period	from	September	2000	through	July	2007.

•	 The	APR	received	7255	complete	prospective	reports	of	pregnancy	exposures	to	one	or	more	antiretroviral	drugs;	of	these,		
1051	were	LPV/r	exposures.	Among	the	1051	LPV/r	exposures,	987	(93.9%)	were	reports	of	exposures	to	LPV/r	with	complete	
follow	up	and	an	additional	64	(6%)	lost	to	follow	up	(Table	1).	

•	 Of	the	987	LPV/r	exposures	with	complete	follow-up,	there	were	1006	pregnancy	outcomes.	Of	the	987,	one	case	had	no		
data	on	trimester	of	exposure	and	was	excluded	from	birth	defect	rate	analysis.

•	 968/986	(98.2%)	were	singleton	outcomes	of	which	920 were live births,	39	spontaneous	losses	or	induced	abortions		
and	9	stillbirths.

•	 Multiple	pregnancies	represented	1.8%	of	all	pregnancies	resulting	in	35 live births	and	2	stillbirths.
•	 Birth	defects	were	reported	in	22	of	the	955 live births	and	1	out	of	the	11	stillbirths.	The	rate	of	birth	defects	in	live	born	infants		

is	summarized	in	Table	2.

Table 1. Maternal Demographics at Registration, Prospective Cases with Exposure to LPV/r Through 31 July 2007*

Pregnancies enrolled N=987

Age (years)

Mean (standard error) 28.7 (0.20)

Race†

White 153 (15.5%)

Black 582 (59.0%)

Hispanic 199 (20.2%)

Asian 11 (1.1%)
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