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Abstract. 
Objectives. To determine rate and factors associated with small-for-gestational-age (SGA) births to women with HIV. Methods. Prospective data were collected from 183 pregnant women with HIV in an urban HIV prenatal clinic, 2000–2011. An SGA birth was defined as less than the 10th or 3rd percentile of birth weight distribution based upon cut points developed using national vital record data. Bivariate analysis utilized chi-squared and t-tests, and multiple logistic regression analyses were used. Results. The prevalence of SGA was 31.2% at the 10th and 12.6% at the 3rd percentile. SGA at the 10th (OR 2.77; 95% CI, 1.28–5.97) and 3rd (OR 3.64; 95% CI, 1.12–11.76) percentiles was associated with cigarette smoking. Women with CD4 count >200 cells/mm3 at the first prenatal visit were less likely to have an SGA birth at the 3rd percentile (OR 0.29; 95% CI, 0.10–0.86). Women taking NNRTI were less likely to have an SGA infant at the 10th (OR 0.28; 95% CI, 0.10–0.75) and 3rd (OR 0.16; 95% CI, 0.03–0.91) percentiles compared to those women on PIs. Conclusions. In this cohort with high rates of SGA, severity of HIV disease, not ART, was associated with SGA births after adjusting for sociodemographic, medication, and disease severity.
 

1. Introduction
It is estimated that 8,700 women with HIV give birth annually in the United States [1]. Through improvements in early prenatal care initiation and the use of antiretroviral therapy (ART) during pregnancy, the rates of perinatal HIV transmission have decreased to as low as 1% to 2% in the developed world [2]. However, women with HIV are still at risk for adverse birth outcomes [3, 4]. Research investigating birth outcomes of infants born to women with HIV has mainly concentrated on preterm birth (PTB; birth prior to 37 completed weeks of gestation) and low birth weight (LBW; birth at less than 2500 grams). Results from these studies are mixed with some studies showing an increased risk and others not showing this risk: PTB between 5% and 20% and LBW between 10% and 20% [4]. It is unclear whether the increased risk is related to HIV infection and its consequences or to elevated prevalence rates of other risk factors for PTB and LBW among women with HIV [5]. 
We have chosen to focus on a measure combining both gestational age and birth weight: small for gestational age (SGA). Using cut points developed by Elo and Culhane, derived from national vital records data, each infant’s status with regard to SGA was determined at both the 3rd and the 10th percentiles of gestational-age specific birth weight distributions. Infants born SGA experience higher rates of mortality and morbidity compared to infants born at appropriate weight for their GA [6]. Sequelae associated with SGA include both short- and long-term adverse outcomes, such as respiratory complications, hypotension, hypoglycemia, neurological impairment, type 2 diabetes mellitus, and cardiovascular complications, among others [6]. This definition of SGA is increasingly being used  with most current studies investigating the risk factors for SGA, having used population centiles to define SGA [7]; however, few studies investigating outcomes in infants born to women with HIV have used the definition of SGA.
Published data conflict as to whether receipt of ART during pregnancy is associated with adverse pregnancy outcomes. This information is needed to inform healthcare providers for best practices and to improve the quality of life and health of women with HIV and their infants. The aim of this study was to determine the rate of SGA infants delivered to women with HIV and to assess contributing factors, with specific emphasis on the possible contribution of ART that may influence the likelihood that a woman with HIV will deliver an SGA infant.
2. Methods
A prospective cohort study was conducted among 183 pregnant women with HIV from January 2000 through January 2011 at Drexel University College of Medicine’s Partnership Plus Clinic, an urban medical clinic in Philadelphia, PA specializing in prenatal HIV care. The study was approved by the Drexel University College of Medicine Institutional Review Board and conducted with the understanding and the consent of the participants. The study was designed to assess overall maternal health (biological and psychosocial) and infant health outcomes among pregnant women with HIV seeking care at this specialized comprehensive prenatal care clinic. Clinical care is delivered by an interdisciplinary team consisting of members of the Department of Infectious Diseases and the Department of Obstetrics and Gynecology. All women with HIV who were seen in this clinic over the identified period were approached at the time of their first prenatal visit. After informed consent was obtained from the women, data were collected through patient interviews and from medical chart review. Subjects were included in this study if they were HIV-infected, pregnant, and more than 17 years of age. Women who had an abortion or miscarriage, switched prenatal providers, or were incarcerated during the index pregnancy were excluded.  Repeat pregnancies were not included, and only the first infant delivered in twin gestations (twin A) was included in these analyses. 
2.1. Measures
Data were obtained through questionnaire-guided interviews and medical chart abstraction. Interviews were conducted by one trained HIV clinician who saw all participants in this cohort; chart abstraction was completed by trained research assistants.
2.1.1. Demographic Data
Demographic data included age, race/ethnicity, education level (categorized as 8th grade; some high school; high school/GED; some college; 4-year college; master’s degree or more), employment status, and marital status. 
2.1.2. Health Behaviors
Health behaviors included smoking history and substance use history. Measures for smoking included ever smoking a cigarette as well as the prevalence of smoking at the time of the study. Crack cocaine, heroin, and marijuana use in lifetime as well as the prevalence at time of the study was used to create variables for illicit drug use.
2.1.3. Medical Data
Medical information pertaining to HIV that was abstracted from charts included HIV transmission route (categorized as unprotected sex with a man; intravenous drug use; blood transfusion; or other), date of ART initiation and regimen, CD4 T lymphocyte counts and HIV viral load measures at each medical visit, and year of HIV diagnosis. ART initiation was categorized as prepregnancy, first, second and at third trimester. Viral load and CD4 counts were used as continuous measures to evaluate trajectory over time. Viral load at the first and last visits were dichotomized at 1000 copies, and CD4 count at the first visit was dichotomized at 200 cells for final analysis. 
Hospital obstetrical records were reviewed to collect data on birth outcomes. Variables included date of delivery, gestational age at delivery, gender, infant birth weight and length, and any neonatal or postpartum complications. Owing to the critical nature of gestational age in determining SGA status, we highlight this variable below. In addition, we discuss the construction of the main dependent variable SGA.
2.1.4. Gestational Age at Birth
Gestational age at birth was determined by the following criteria: patients who were dated by a sure LMP in first trimester were subsequently confirmed by the second trimester anatomy ultrasound. In those with unsure last menstrual perioddue to either history of irregular menstruation, the patient being a poor historian, or  the pregnancy being conceived on hormonal contraception, the first trimester ultrasound was used as the dating tool. Those who presented to prenatal care after the first trimester with unsure last menstrual periodwere dated by a second or third trimesterultrasound depending on the gestational age at presentation to prenatal care. 
2.2. SGA Birth
An SGA birth was defined as a newborn weighing less than the 10th percentile of gestational age-specific birth weight distribution based on the infant’s sex and the mother’s parity [8].  Specifically, to identify births as SGA we used reference curves developed based on vital statistics birth record data for singleton births born to US resident mothers in the 50 states and the District of Columbia in 1998, 1999, and 2000. Sex-specific reference curves for SGA cut points indicating the 10th percentile in the birth weight distribution for gestational ages 20–44 weeks were developed for first births and second or higher order births. In constructing the SGA cut points, births with extreme deviation from the mean birth weight for a given gestational week were excluded so that the established cut points were not influenced by extreme outliers in the data. We identified outliers by using standard procedures developed by Tukey whereby outliers were defined as births that fell outside the interquartile range of the birth weight distribution for a given gestational week.  Based on these procedures approximately 1.5% of births were excluded in the construction of the standard. These reference curves (available from the authors upon request) update previously published standards [8]. In addition to the 10th percentile cut point, another SGA variable was created by dichotomizing at the 3rd percentile gestational age-specific birth weight distribution for a more stringent definition of SGA [9].
2.3. Statistical Analysis
For descriptive analysis, frequencies, percentages, prevalence rates, means, and standard deviations were calculated. Bivariate analyses were conducted to evaluate the association between SGA and the demographic, behavioral, and medical characteristics. Chi-square tests were used for comparing categorical variables. Fisher’s exact test was utilized if the expected values in the cells were less than five. For comparison of maternal age, Student’s 
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-test was used. Multiple logistic regression was then used to analyze the risk of SGA, adjusting for covariates and potential confounders. Variables that were significant at the 0.25 level in the bivariate analyses were included in the logistic regression model. Using a 0.25 level of significance as an inclusion criterion for the regression model allows us to consider a wider pool of potentially important covariates, some of which may eventually be significant in the multivariate model. It has been noted that traditional significance levels of 0.05 can fail to identify variables known to be important in models [10–12]. Since the use of nonnucleoside reverse transcriptase inhibitor (NNRTI) and protease inhibitor (PI) medications is correlated, separate models were run to evaluate the associations on SGA with the same covariates. A generalized linear model was fitted to the CD4 count data to evaluate differences in rate of change of CD4 over time between the SGA groups. The generalized linear model used a gamma distribution and log link function along with robust standard errors and adjusted for the clustering of the data by participant. The Gamma distribution was used due to the skewed nature of the CD4 data. Time in months since entry into care was used as the time variable, and an interaction term of time with the SGA group was used to assess differences in rate of change of CD4 over time. A similar model was used to evaluate differences in rate of change of viral load over time. 
All data were coded and entered in SPSS version 18 (IBM, Armonk, NY); Stata 11.2 (StataCorp, College Station, TX) was used for all analyses.
3. Results 
Baseline characteristics of the sample are presented in Table 1. Out of 221 pregnancies the number of discreet women included in this analysis was 183. Our final sample of 183 women was reached because of the following exclusions:  20 repeat deliveries; 2 twins; 5 births with incomplete delivery information; 4 abortions or miscarriages; 3 changed prenatal providers; and 4 incarcerations during the index pregnancy. The cohort was mostly African American (74.7%, 
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) reported smoking during this pregnancy; 44.3% (
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) reported using illicit drugs during the current pregnancy. The mean GA of the infant at the time the mother entered care was 14.6 weeks (
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; Table 2).  The average duration of time since HIV diagnosis for the cohort was 4.3 years (
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Table 1: Sociodemographic, behavioral, and medical characteristics of sample.
	

	Variable	N (%)
	

	Age—mean (SD)	28.0 (6.2)
	Race—African American	136 (74.7)
	Race—all other	46 (25.3)
	Married	24 (13.3)
	Single	157 (86.7)
	Education—less than high school	36 (19.7)
	Education—high school/some high school	80 (43.7)
	Education—college/some college	19 (10.4)
	Education—unknown	48 (26.2)
	Parity—no children	55 (30.9)
	Parity—1 or more children	123 (69.1)
	Ever smoked	93 (50.8)
	Currently smoking	70 (38.3)
	Ever used illicit drugs	81 (44.3)
	Currently using illicit drugs	33 (18.0)
	First viral load > 1000	101 (55.2)
	Last viral load > 1000	27 (14.8)
	First CD4 > 200	134 (73.2)
	Started medications in pregnancy	137 (74.9)
	ART started: prepregnancy	46 (25.1)
	ART started: first trimester	26 (14.2)
	ART started: second trimester	90 (49.2)
	ART started: third trimester	21 (11.5)
	NNRTI	39 (21.3)
	PI	117 (63.9)
	SGA, 10th percentile	57 (31.2)
	SGA, 3rd percentile	23 (12.6)
	Gestational age at care entry—mean (SD)	14.6 (7.5)
	Gestational age at delivery—mean (SD)	38.0 (2.1)
	Infant birth weight (grams) —mean (SD)	2900.0 (523.4)
	Low birth weight	31 (16.9)
	Preterm birth	34 (18.6)
	


ART, antiretroviral therapy; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; SD, standard deviation; SGA, small for gestational age.


Table 2: Socio-demographic, behavioral, and medical characteristics, by SGA at 10th percentile and SGA at 3rd percentile.
	

	Variable	10th percentile	3rd percentile
	SGA: non = 126 (%)	SGA: yesn = 57 (%)	P value	SGA: non = 160 (%)	SGA: yesn = 23 (%)	P value
	

	Age—mean (SD)	27.7 (5.8)	28.7 (7.0)	0.411	27.9 (6.1)	29 (6.7)	
								0.337
	Race—African American	89 (71.2)	47 (82.5)	0.105	119 (74.8)	17 (73.9)	0.924
	Race— all other	36 (28.8)	10 (17.5)	40 (25.2)	6 (26.1)
	Married	17 (13.6)	7 (12.5)	0.840	21 (13.2)	3 (13.6)	0.956
	Single	108 (87.5)	49 (87.5)	138 (86.8)	19 (86.4)
	Education—less than high school	24 (19.1)	12 (21.1)	0.650	27 (16.9)	9 (39.1)	0.028
	Education—high school/some high school	58 (46.0)	22 (38.6)	73 (45.6)	7 (30.4)
	Education—college/some college	11 (8.7)	8 (14.0)	15 (9.4)	4 (17.4)
	Education—unknown	33 (26.2)	15 (26.3)	45 (28.1)	3 (13.0)
	Parity—no children	37 (30.6)	18 (31.6)	0.893	47 (30.3)	8 (34.8)	0.666
	Parity—1 or more children	84 (69.4)	49 (68.4)	108 (69.7)	15 (65.2)
	Never smoked	62 (49.2)	18 (31.6)	0.057	74 (46.3)	6 (26.1)	0.153
	Ever smoked	59 (46.8)	34 (59.7)	77 (48.1)	16 (69.6)
	Ever smoked—unknown	5 (4.0)	5 (8.8)	9 (5.6)	1 (4.4)
	Not currently smoking	75 (59.5)	27 (47.4)	0.250	93 (58.1)	9 (39.1)	0.056
	Currently smoking	45 (35.7)	27 (43.9)	57 (35.6)	13 (56.5)
	Current smoking—unknown	6 (4.8)	5 (8.8)	10 (6.3)	1 (4.4)
	Never used illicit drugs	71 (56.4)	26 (45.6)	0.396	85 (53.1)	12 (52.2)	0.671
	Ever used illicit drugs	52 (41.3)	29 (50.9)	70 (43.8)	11 (47.8)
	Ever used illicit drugs—unknown	3 (2.4)	2 (3.5)	5 (3.1)	0 (0)
	Not currently using illicit drugs	97 (76.9)	44 (77.2)	0.984	122 (77.3)	19 (82.6)	0.495
	Currently using illicit drugs	23 (18.3)	10 (17.5)	29 (18.1)	4 (17.4)
	Currently using illicit drugs—unknown	6 (4.8)	3 (5.3)	9 (5.6)	0 (0)
	First viral load >1000	63 (50.0)	38 (66.7)	0.036	87 (54.4)	14 (60.9)	0.558
	Last viral load >1000	17 (13.5)	10 (17.5)	0.474	22 (13.8)	5 (21.8)	0.312
	First CD4 >200	94 (74.6)	40 (70.2)	0.531	122 (76.3)	12 (52.2)	0.015
	Started medications in pregnancy	91 (72.2)	46 (80.7)	0.221	116 (72.5)	21 (91.3)	0.052
	ART started: prepregnancy	35 (27.8)	11 (19.3)	0.532	44 (27.5)	2 (8.7)	0.069
	ART started: first trimester	19 (15.1)	7 (12.3)	23 (14.4)	3 (13.0)
	ART started: second trimester	58 (46.0)	32 (56.1)	73 (45.6)	17 (73.9)
	ART started: third trimester	14 (11.1)	7 (12.3)	20 (12.5)	1 (4.4)
	NNRTI	32 (25.4)	7 (12.3)	0.045	37 (23.1)	2 (8.7)	0.114
	PI	78 (61.9)	39 (68.4)	0.395	100 (62.5)	17 (73.9)	0.287
	Gestational age at care entry—mean (SD)	14.6 (7.6)	14.9 (7.4)	0.7029	14.8 (7.9)	13.2 (3.6)	0.9630
	Gestational age at delivery—mean (SD)	38.2 (1.9)	37.6 (2.6)	0.3071	38.1 (2.0)	37.9 (3.0)	0.7364
	Infant birth weight (grams) —mean (SD)	3111.1 (392.2)	2434.2 (475.1)	<0.001	2980.2 (479.9)	2344.1 (481.6)	<0.001
	Low birth weight	5 (4.0)	26 (45.6)	<0.001	17 (10.6)	14 (60.9)	<0.001
	Preterm birth	19 (15.1)	15 (26.3)	0.070	31 (19.4)	3 (13.0)	0.465
	


ART, antiretroviral therapy;  NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; SD, standard deviation; SGA, small for gestational age.


Two perinatal transmissions occurred in this cohort; neither were SGA. The first infant was 37 weeks gestation, 2952 grams. Maternal factors included ART of NRTI and NNRTI (nevirapine); CD4 count of 20; and viral load at the time of delivery, 98,500. The second infant was 42.2 week-gestation, 3430.3 grams. Maternal factors included ART of NRTI and PI combination (lopinavir/ritonavir); CD4 count of 626, viral load at time of delivery, 1000. It was suspected that transmission occurred during breastfeeding immediately following delivery.
CD4 T lymphocyte counts and HIV viral loads were recorded throughout pregnancy and at the time of delivery. The majority of women had CD4 counts greater than 200 copies/mm3 (
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) had viral loads greater than 1000 copies/mL at entry into prenatal care and 72.1% (
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) were diagnosed with HIV prior to the index pregnancy. Disease severity as measured by CD4 at entry into care, and length of time of HIV diagnosis did not vary significantly between the women taking NNRTIs and those taking PIs. The number of women with CD4 counts greater than 200 and taking PIs (146) was 105 (71.9%) whereas the number of those taking NNRTIs (43) was 30 (60.8%), 
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All women were taking ART during the pregnancy; 100% (
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) had nucleoside reverse transcriptase inhibitors (NRTIs) as part of their background regimen, with 14.8% (
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) were taking protease inhibitors (PIs). There were 11 (40.7%) women who were taking NRTI only and whose infants were SGA at the 10th percentile, as compared to all other women (on either a PI and NNRTI) whose infants were SGA at the 10th percentile (46, 29.5% 
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). Four (14.8%) women were taking NRTI only whose infants were SGA at the 3rd percentile as compared to all others who were SGA at the 3rd percentile (19, 12.2% 
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). Therefore, those women taking NRTI only did not have a higher rate of SGA at the 10th or 3rd percentiles. 
Of the women taking NNRTIs, 1.1% (
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) were taking etravirine. The following PIs were used in this cohort: amprenavir (2.7%, 
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). No participants were taking indinavir, raltegravir, or saquinavir. The majority of this sample (
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; 74.9%) was not taking ART prior to the index pregnancy and started the HIV medication regimen during the prenatal period.
We found that ritonavir did not have the adverse outcome of an SGA infant as others have reported [13, 14]. There were 67 women on ritonavir-boosted regimens compared to 116 who were not exposed to ritonavir. A total of 22 (32.8%) women were taking ritonavir who also had SGA infants at the 10th versus 35 (30.2%) women not taking ritonavir who had SGA infants at the 10th (
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). A total of 8 (11.9%) women taking ritonavir also had SGA at the 3rd versus 15 (12.9%) women not taking ritonavir with SGA infants at the 3rd percentile (
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). The overall prevalence of SGA was high with 31.2% at the 10th percentile and 12.6% at the 3rd percentile. In bivariate analyses at the 10th percentile, newborns were less likely to be SGA if their mother was taking NNRTI medication compared to those newborns whose mothers were not taking NNRTI medication (12.3% versus 25.4%; 
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. There were no significant differences in the rates of SGA in bivariate analyses for the following factors: the first available CD4 value dichotomized at 200 cells/mm3; the rate of change of CD4 and viral load during the prenatal period; starting ART during pregnancy compared to starting ART prior to pregnancy or even starting ART later in pregnancy; taking a PI; length of time with HIV diagnosis; and viral load measurements at entry into the prenatal period and every trimester thereafter.  There were no significant differences in those infants delivered preterm who were at the 10th percentile (
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) was not statistically significant for an SGA infant at the 10th percentile (Table 2).
The same comparisons were reevaluated using SGA at the 3rd percentile where the rate was shown to be 12.6% (Table 2). Education status was significantly associated with SGA at the 3rd percentile with a higher percentage of women with SGA infants having less than a high school education (
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), or starting ART in the third trimester. There were no significant differences in those infants delivered preterm at the 3rd percentile (
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				=
				3
			

		
	
, 13%) as compared to the non-SGA infants (
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				=
				3
				1
			

		
	
, 19.4%; 
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				6
				5
			

		
	
). As expected, the birth weight for those with SGA at the 3rd percentiles was significantly less than those without SGA (
	
		
			
				𝑃
				<
				0
				.
				0
				0
				1
			

		
	
).
Cesarean delivery was the most prevalent mode of delivery for all infants, regardless of SGA status. Among the women for whom the mode of delivery was known (
	
		
			
				𝑛
				=
				1
				9
				3
			

		
	
, 87%), 54% of the deliveries were cesarean births. SGA was not associated with an increased risk of cesarean delivery. The two SGA groups had comparable distribution of vaginal and cesarean deliveries. The modes of delivery of those infants at the 10th percentile were vaginal, 42.1% (
	
		
			
				𝑛
				=
				2
				4
			

		
	
); cesarean, 54.4% (
	
		
			
				𝑛
				=
				3
				1
			

		
	
); and unknown 3.5% (
	
		
			
				𝑛
				=
				2
			

		
	
); for those at the 3rd percentile, vaginal deliveries were 39.1% (
	
		
			
				𝑛
				=
				9
			

		
	
) and cesarean deliveries were 60.9% (
	
		
			
				𝑛
				=
				1
				4
			

		
	
). 
The results of the logistic regression models are presented in Table 3. In the adjusted model for SGA at the 10th percentile, cigarette smoking was significantly associated with a higher likelihood of an SGA birth (OR 2.77; 95% CI, 1.28–5.97). Interestingly, even after adjustment, women taking NNRTI medications were significantly less likely to have an SGA birth at the 10th percentile (OR 0.28; 95% CI, 0.10–0.75) compared to those treated with other HIV regimens. 
Table 3: Logistic regressions predicting 10th percentile and 3rd percentile.
	

	Variable	10th percentile	3rd percentile
	Odds ratio	Confidence interval	Odds ratio	Confidence interval
	

	Age ≤ 22 years	1		1	
	Age 23–26 years	0.53	(0.20, 1.58)	0.20	(0.03, 1.30)
	Age 27–31 years	0.35	(0.12, 1.02)	0.54	(0.13, 2.34)
	Age > 31 years	1.08	(0.42, 2.75)	1.01	(0.26, 3.85)
	Race—African American	1		1	
	Race—all other	0.51	(0.22, 1.21)	1.12	(0.32, 3.95)
	Ever smoked	2.77	(1.28, 5.97)		
	Ever smoked—unknown	5.11	(1.13, 23.01)		
	Currently smoking			3.64	(1.12, 11.76)
	Current smoking—unknown			1.01	(0.08, 12.08)
	Education—less than high school			1	
	Education—high school/some high school			0.36	(0.10, 1.27)
	Education—college/some college			1.98	(0.34, 11.46)
	Education—unknown			0.27	(0.06, 1.21)
	First viral load > 1000	1.57	(0.74, 3.32)	0.92	(0.29, 2.86)
	First CD4 > 200	0.67	(0.31, 1.44)	0.29	(0.10, 0.86)
	Started medications in pregnancy	1.47	(0.60, 3.58)	4.64	(0.81, 26.42)
	NNRTI	0.28	(0.10, 0.75)	0.16	(0.03, 0.91)
	PI*	1.68	(0.79, 3.55)	2.73	(0.83, 9.00)
	



								*Run as a separate model with the same covariate.
NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor.


In the adjusted model for SGA at the 3rd percentile, current cigarette smoking was associated with a higher likelihood of an SGA birth (OR 3.64; 95% CI, 1.12–11.76). Those who had a CD4 value greater than 200 cells/mm3 at the first clinic visit were significantly less likely to have an SGA infant (OR 0.29, 95% CI, 0.10–0.86). As at the 10th percentile, after adjustment, women taking NNRTI medications were significantly less likely to have an SGA birth at the 3rd percentile (OR 0.16; 95% CI, 0.03–0.91) compared to those treated with other HIV regimens. 
The rates of SGA in this cohort remained exceptionally elevated even when compared to a rate of 16% SGA births defined as less than the 10th percentile observed in a similar group of HIV-negative non-Hispanic black women from Philadelphia, PA. The comparison dataset was from a community-based study examining maternal stress and maternal and infant health and health-related behaviors [15]. The women were recruited from a consortium of eight health centers run by the Philadelphia Department of Public Health. The sample used for comparison is a subsample of 3990 on whom SGA data were available. 
When we formally compare the 183 to the 3990, we find the following differences: the HIV-infected cohort is significantly older (
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) compared to the HIV negative comparison (
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).  The HIV-infected cohort has a significantly higher percentage of women who were African American (74.7% versus 67.1%   
	
		
			
				𝑃
				=
				0
				.
				0
				3
			

		
	
), and single (86.7%, 75.7%   
	
		
			
				𝑃
				=
				0
				.
				0
				0
				1
			

		
	
), and HIV-infected women are more likely to have greater parity (more than 1 child: 69.1% versus 55.7%    
	
		
			
				𝑃
				=
				0
				.
				0
				0
				1
			

		
	
) and higher rates of ever having smoked (50.8% versus 35.1%,  
	
		
			
				𝑃
				=
				0
				.
				0
				0
				1
			

		
	
). In our sample of HIV-infected women the risk factors associated with SGA are more prevalent; however, when accounted for in the multivariate model, none except smoking was statistically significant.
4. Discussion
The present study sought to determine the rate of SGA deliveries among HIV-infected pregnant women, and to assess contributing factors that may influence the likelihood that an HIV-infected woman will deliver an SGA infant. A high rate of SGA births was observed in this sample: 31.2% of the sample delivered an SGA infant at the 10th percentile and 12.6% of the sample delivered an SGA infant at the 3rd percentile. These rates remain exceptionally elevated even when compared to an SGA rate of 16%, defined using the same cut points at the 10th percentile, and observed in a sociodemographically at-risk cohort of HIV-negative non-Hispanic black women from Philadelphia, PA [8]. Further, the rate of SGA, defined at the 3rd percentile, in this cohort of HIV-positive women was 12.6% as compared to the national average of 3%.
In this prospective observational study, several factors emerged as potential contributors to this increased rate. The severity of HIV disease, but not the ART regimen, was associated with a significantly increased rate of SGA at the 3rd percentile. Infants born to mothers with a CD4 > 200 were 70% less likely to be SGA at the 3rd percentile compared to infants born to mothers with CD4 ≤ 200 (95% CI, 0.10–0.86). However, CD4 was not significantly associated with increased risk of SGA at the 10th percentile. The length of time with a diagnosis of HIV did not affect SGA outcome in this cohort.
Another factor that could explain the high rate of SGA infants is that this cohort has sociodemographic and behavior characteristics that have been noted to contribute to SGA outcomes. We compared this cohort to a dataset of 3990 women who were recruited from a consortium of eight health centers run by the Philadelphia Department of Public Health that targeted vulnerable populations. The HIV group had more of the risk factors associated with SGA infants, but after accounting for these risk factors in the multivariate model, only smoking was significantly associated with SGA outcomes.  After adjusting for maternal sociodemographic and behavioral characteristics, women taking NNRTIs were less likely to have SGA infants in both at the 10th percentile (OR 0.28; 95% CI, 0.10–0.75; 
	
		
			
				𝑃
				=
				0
				.
				0
				4
				5
			

		
	
) and at the 3rd percentile (OR 0.16; 95% CI, 0.03–0.91), though the 3rd percentile was not significant (
	
		
			
				𝑃
				=
				0
				.
				1
				1
				4
			

		
	
). Published data are conflicting as to whether receipt of ART during pregnancy is associated with adverse pregnancy outcomes. A large US single-center study found a 1.8-fold increase in preterm delivery among women who received PIs as compared to those on a non-PI containing regimen. After adjustment for possible confounders including disease severity, only combination therapy with a PI was associated with risk for preterm delivery compared to any other regimen (95% CI, 1.1–3.0) [16]. However, those receiving PIs had more advanced disease in this cohort. The European Collaborative Study and the Swiss Mother and Child HIV Cohort Study [17] report that even with adjustment for CD4 count and injection drug use an odds ratio for prematurity of 2.60 (95% CI, 1.43–4.75) and 1.82 (95% CI, 1.13–2.92) for infants exposed to ART with or without a PI, respectively, was compared to no treatment. In contrast, in a meta-analysis of seven prospective clinical studies comparing women on antenatal ART with those not on ART (1990–1998), no increase in the rate of preterm birth or low birth weight was observed in women taking ART [18]. Other studies also report no significant associations between use of ART by class or category and adverse pregnancy outcome [19–22].   
Associations between timing of the initiation of ART and risk of preterm births have been reported. One large cohort study showed women receiving ART initiated before their pregnancy were twice as likely to deliver prematurely as those starting therapy during the third trimester [17]. In an updated report from this same cohort, the risk of delivery before 34 weeks of gestation was increased by 2.5-fold for those starting ART during pregnancy and 4.4-fold for those entering pregnancy on ART as compared to those women not on ART [23]. Powis et al. [24] found that PI-based highly active antiretroviral therapy (HAART) initiated in the third trimester of pregnancy was associated with a 2-fold higher odds of a preterm delivery compared with triple NRTI-based HAART begun at the same time.  In our study, those who started ART after prenatal care initiation compared to those who were on ART prior to pregnancy had a trend toward SGA at the 3rd percentile (
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				0
				5
				2
			

		
	
), but not at the 10th percentile. 
Mode of delivery was not associated with an increased risk of SGA at either the 10th or the 3rd percentile. The effect of cigarette smoking during the index pregnancy at the 10th percentile (OR 2.77; 95% CI, 1.28–5.97) and the 3rd percentile (OR 3.64; 95% CI, 1.12–11.76) was significantly associated with a higher likelihood of an SGA birth. However, other established risk factors for SGA, such as gestational and chronic hypertension, and preeclampsia were not evaluated in this cohort due to inadequate data collection on these variables. Of the 150 women who had available data on preeclampsia, we found higher rates of preeclampsia (13.6%, 
	
		
			
				𝑛
				=
				2
				1
			

		
	
), compared to the national average of 2-3% of all pregnancies (5–7% in nulliparous women) [25]. This finding may be due to the provision of regular antenatal care in this cohort, including management of HIV status, sexually transmitted infections, hypertension, and diabetes which could contribute to the lack of association with these important potential risks for SGA [7]. 
In attempting to decipher why this cohort had exceptionally high levels of SGA infants, it is possible that exposure to HIV has an independent association with increased risk of SGA as a result of immune activation. Ongoing immune activation is associated with poor recovery of CD4+ T cells during early and long-term ART and might contribute to the pathogenesis of non-AIDS-related HIV diseases, such as atherosclerotic vascular disease and non-AIDS-related cancers [26–28]. Studies investigating the effect of HIV and pregnancy on the immune system have shown that even with low levels of viremia, HIV-infected women at delivery showed an immunologic profile different from that of both healthy non-HIV-infected women in the puerperium and nonpregnant women, with lower CD4 T lymphocytes and higher CD8 T lymphocytes, high levels of CD38 expression, but low CD56 expression on CD8+ T cells and low natural killer cell numbers [29, 30]. Fiore et al. [31] have proposed ART immunomodulation as a potential mechanism triggering preterm deliveries. This group proposed that immune reconstitution with resultant cytokine shifts may underlie the association. In the current study, the rate of change in CD4 cells between women experiencing SGA deliveries and those experiencing non-SGA deliveries was not significantly different. Further investigation into this potential mechanism is required; possibly a larger sample will be able to demonstrate a more robust association.
 Our study had several limitations. Due to the limited number of participants, the study was underpowered to detect an association with less prevalent risk factors. Due to the length of data collection over 10 years, the ART regimens had greater variations than if this study were completed over a shorter period. Additionally, we did not collect information on body mass index, which is an indicator of poor fetal outcomes. Future studies should include this variable. A strength of this study is the use of the SGA outcome, because it is a more sensitive measure of adverse outcomes than is preterm delivery or low gestational weight. Few studies have explored SGA as an outcome in this population [32]. We were able to use robust data for SGA definition based upon curves developed from vital statistics data for singleton births born to US resident mothers in the 50 states and the District of Columbia in 1998, 1999, and 2000. Additionally, we used a comparison dataset of 3990 women who were recruited from a consortium of eight health centers run by the Philadelphia Department of Public Health for whom SGA data were available. A strength of this study was the ability to use these data sets, which helped to quantify SGA in this small but important population. Additionally, this is a prospective study, thus eliminating the inconsistencies of a retrospective study.
5. Conclusions
In this prospective longitudinal cohort study of women with HIV, we found there was an increase in SGA births compared to a similar HIV negative population: 31.2% as compared to 16%. However, we found no association between increased risk of SGA birth and class and category of ART. Interestingly, NNRTIs had a protective effect for the risk of SGA infants. ART is a critical component in the prevention of perinatal transmission in both the developed and developing world and offers proven benefits to maternal and infant health. Many uncertainties remain regarding potential adverse effects of taking ART during pregnancy. The association of SGA in this study was likely due to severity of HIV disease, not ART. Future research to better understand the pathophysiology of SGA in pregnant women with HIV is warranted to better characterize the risk factors associated with delivering an SGA infant.
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