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Abstract

Background—Abnormal childhood growth may affect future health. Maternal tenofovir (TFV) 

use was associated with lower body length and head circumference at one year of age in HIV-

exposed uninfected (HEU) US children.

Methods—We studied 509 HEU children in the US-based Surveillance Monitoring of ART 

Toxicities cohort whose HIV-infected mothers were not using antiretrovirals at the last menstrual 

period and began combination antiretroviral therapy (cART) in pregnancy (cART-initiators). We 

examined adjusted associations between antiretrovirals and CDC 2000 growth z-scores at 2 years 

of age within trimester of cART initiation: weight (WTZ), length (LNZ), weight-for-length 

(WFLZ), triceps skinfold z-score (TSFZ), and head circumference (HCZ).

Results—Mothers mean age was 28.6 years; 57% were black non-Hispanic and 19% delivered at 

<37 weeks gestation. At 2 years, mean WTZ, LNZ, WFLZ, and HCZ, were above average 

(P<0.05), while TSFZ (P=0.57) did not differ from average. WFLZ was >1.64 SD (>95th 

percentile) in 13%. Among children of first trimester cART-initiators, TFV+emtricitabine -
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exposed children had slightly higher mean WFLZ (0.45 SD, 95%CI −0.10, 1.00) and lower TSFZ 

(−0.55 SD, 95%CI −1.07, −0.02) compared to zidovudine+lamivudine-exposed. TSFZ was lower 

in those exposed to boosted protease inhibitors. In contrast, growth in children of second trimester 

cART-initiators did not differ by antiretroviral exposures.

Conclusion—Growth was above average in HEU; 13% were obese. Maternal TFV use was not 

associated with lower length or head circumference at age two, as hypothesized, but may be 

related to greater weight among those exposed to cART early in pregnancy.

Keywords

Maternal antiretroviral therapy; HIV-exposed uninfected children; early childhood growth; 
tenofovir; obesity; trimester of pregnancy

INTRODUCTION

Most HIV-infected (HIV+) women in the United States (US) are on antiretroviral (ARVs) 

medications at conception or begin early in pregnancy to prevent mother-to-child HIV 

transmission (PMTCT).1 Prenatal exposures to infections, including HIV, may alter fetal and 

postnatal growth,2 through decreases in placental size or morphologic changes 3,4 or 

mitochondrial abnormalities. 5Little is known about antenatal ARV exposure and growth. 

Factors that affect fetal programming may affect subsequent growth 6. Since both fetal 

growth restriction and subsequent infant obesity are linked to diabetes and cardiovascular 

disease in adulthood,7 characterizing growth in general and the effects of specific antenatal 

ARV exposure on postnatal growth in HIV-exposed uninfected (HEU) children is necessary 

to optimize therapy and maximize safety. Exposures that occur during the first trimester 

(organogenesis) compared to later in gestation when there is rapid growth may differentially 

affect outcomes. In Europe, HEU children to age ten, on average, had normal growth in the 

periods before and during widespread use of ARVs in pregnancy.8 In Botswana, HEU 

children exposed antenatally to cART after the first trimester had significantly lower length 

but only small differences in weight (lower) and weight-for-length (higher) z-scores at six 

months than those exposed to short course zidovudine (ZDV).9 Effects of specific antenatal 

ARVs on growth in HEU children have not been adequately evaluated in the era of 

combination antiretroviral therapy (cART),10 and some results are discrepant. Tenofovir-

exposed HEU children had lower weight11, length and head circumference12 in two studies, 

but no difference in growth in other cohorts.13,14

We examined average growth and effects of antenatal ARV exposures on growth outcomes 

in HEU children at 2 years of age. We studied HEU children in the US-based Surveillance 

Monitoring of ART Toxicities (SMARTT) cohort of the Pediatric HIV/AIDS Cohort Study 

within trimester of cART initiation, comparing common therapies such as tenofovir (TFV) 

versus zidovudine (ZDV)-containing regimens and any protease inhibitor (PI) regimen 

boosted with ritonavir (bPI) versus any PI regimen not boosted with ritonavir.
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METHODS

Population and data collection

SMARTT prospectively enrolled two cohorts of HEU children at 22 clinical sites across the 

US and Puerto Rico to evaluate the safety of ARVs used in pregnancy on childhood 

outcomes. Between 2007 and 2009, the Static cohort enrolled HEU children <12 years of 

age and their mother or caregiver. Since 2007, the Dynamic cohort has enrolled HIV+ 

mothers and their infants from 22 weeks gestation until one week postpartum with continued 

enrollment to monitor safety of newly prescribed ARVs in pregnancy. At entry, the mother 

or caregiver was interviewed to obtain socio-demographic characteristics and history of 

substance use during this pregnancy. Pregnancy data abstracted from medical charts included 

obstetric complications, ARV use, CD4 count and percent (CD4%), and HIV viral load. At 

annual visits, children’s growth measurements and health histories were obtained. The 

SMARTT protocol was approved by the Institutional Review Boards at Harvard and each 

site. Informed consent was obtained from all mothers or caregivers for their own and their 

children’s participation.

Inclusion criteria—Estimates of the exposure-outcome relationship may be biased when 

prevalent and incident exposures are included together, as it is difficult to control for 

confounding by indication.15,16 Thus, we studied incident cART users and excluded those 

who were exposed to ARV at conception. We included HEU children whose mothers were 

not on any ARV at their last menstrual period (LMP) and for whom the first ARV regimen 

during this pregnancy was cART (cART-initiators). cART was defined as at least 3 ARVs 

from at least 2 different classes. Any mothers who had received ARVs before the current 

pregnancy (during a prior pregnancy or for their own health) were only included in this 

analysis if they had stopped ARVs before their LMP. Others may never have used ARVs. We 

further limited this analysis to HEU children whose mothers had complete ARV information 

by trimester and who had weight and length measurements at 2 years ± 4 months of age as 

of April 1, 2013.

Growth outcomes

Birth weight and diagnosis of intrauterine growth restriction were abstracted from the 

obstetrical chart. Anthropometric measurements were performed in triplicate at entry and 

annually thereafter by trained personnel.17 In the Dynamic cohort, neonatal measures were 

generally obtained within 72 hours of birth (72%), but accepted within 14 days of birth. 

When weights (kg) were measured, infants could wear undergarments, but not diapers. 

Length (cm) was measured in the recumbent position on a board with legs fully extended 

until age three. If the child’s length exceeded that of the board, standing height was 

measured without shoes using a wall-mounted stadiometer, based on CDC recommendations 

when our protocol was written. Triceps skinfold thickness (TSF, mm) and head 

circumference (HC, cm) were measured by standard techniques18 at age 2.

CDC 2000 z-scores for age and sex19 were calculated for weight (WTZ), length/height 

(LNZ), weight-for-length (WFLZ), TSF (TSFZ), and HC (HCZ). Body mass index z-score 

(BMIZ) was calculated, rather than WFLZ, when standing height was measured. For 
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preterm children (<37 weeks gestation), z-scores for birth weight and neonatal weight and 

length (within 2 weeks of birth) were calculated for gestational age.20 WTZ, LNZ, and 

WFLZ values < −5 and > 5 standard deviations (SD) were excluded because they were 

highly influential in the analysis. At age 2, we compared the mean of each growth z-score to 

a mean of zero using a Student’s t test. WTZ, LNZ, WFLZ/BMIZ, and TSFZ were each 

categorized into low, normal, and high: < −1.64, −1.64 to 1.64, and >1.64. These correspond 

to < 5th, 5th-95th, > 95th percentiles, respectively. HCZ was categorized as <-2 SD, −2 to 2 

SD, and >2 SD, per the protocol. Children with WFLZ > 1.64 were considered obese. Small 

for gestational age (SGA) was defined as birth weight <10th percentile corrected for 

gestational age.

Statistical methods

We fit unadjusted and adjusted general linear regression models to evaluate the association 

of each ARV exposure at maternal cART initiation on each growth outcome at age 2 years, 

separately for first trimester (LMP through 14 weeks gestation) and second trimester (15 

through 28 weeks gestation) of cART initiation. We compared common regimens including 

TFV + emtricitabine (FTC) versus ZDV + lamivudine (3TC) and bPI versus unboosted PI 

based on results of previous studies of fetal growth or early infant growth. 11,1221 This is a 

comparative safety strategy.15,1622 We also compared exposed versus unexposed to each PI 

and NRTI (nucleoside reverse transcriptase inhibitors) used by at least 10% of women 

during pregnancy. Changes in regimen were not considered as this analysis was the 

observational study equivalent of an intention-to-treat analysis.22 SMARTT is a drug safety 

study so our priority was to limit Type II statistical errors (falsely missing a safety signal) 

rather than Type I errors (falsely rejecting the null hypothesis). Thus, we made no 

adjustments for multiple testing and pointed out results with P <0.10.23,24 Adjusted models 

included site geographic region and maternal covariates that were associated with the 

outcome with P<0.20 in univariable analyses and deemed to be confounders if they changed 

the estimate of exposure >10% or improved estimate precision for that outcome in the 

adjusted analysis. We performed sensitivity analyses limited to children whose mothers had 

CD4% and viral load before cART initiation in pregnancy. In addition, we evaluated the 

effect of tenofovir on growth among children whose mothers were on a PI-based regimen.

Based on a priori knowledge, directed acyclic graphs (DAGs) were drawn using DAGitty 

v2.025 to identify potential confounders of the relationship between the main exposure (ARV 

type) and growth outcomes at age 2 years. Potential confounders measured at or before 

cART initiation included mothers’ age, born on mainland US, race/ethnicity, English only 

spoken at home, household income, first trimester use of illicit drugs, alcohol, or tobacco 

during the pregnancy, CD4%, and HIV RNA > 10,000 copies/mL before cART initiation in 

pregnancy, pre-pregnancy BMI, ever used ARV prior to this pregnancy, birth year of child, 

and geographic region of the clinic. We used CD4% rather than CD4 count because this is 

more stable in pregnancy. We also tested random effect models to account for clustering of 

children within site or between siblings and performed sensitivity analyses omitting siblings 

and twins.
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RESULTS

Maternal and HIV-exposed infant characteristics

We included 509 children (Figure 1), 72% (365/509) of whom were from the Dynamic and 

28% (144 of 509) from the Static cohort. HIV+ mothers had a mean age of 28.6 years and 

57% were black non-Hispanic (Table 1). First-trimester use of illicit drugs, alcohol, and 

tobacco was reported by 7%, 8%, and 19%, respectively. Of the 83% with CD4% and viral 

load information available prior to cART initiation in pregnancy, 45% had CD4% <25 and 

41% had viral load >10,000 copies/mL (Table 2). Ninety-seven (19%) deliveries were 

preterm; nine of these infants were SGA. Of the 28 sibling pairs, seven pairs were twins, and 

one twin in each of 2 pairs was SGA. Mean WTZ and LNZ at birth, adjusted for gestational 

age, were −0.44 and −0.34, respectively. ARV use prior to this pregnancy was reported by 

148 (29%), not used by 132 (26%), and unknown in 229 (45%) women. Of the 509 women, 

27.1% initiated cART in the first trimester, 64% in the second trimester and 8.5% in the third 

trimester. First trimester cART-initiators were significantly older. Trimester of initiation 

varied by geographic site.

ARV exposure by trimester of cART initiation

At cART initiation, maternal NRTI use included 3TC plus ZDV (67%), TFV plus FTC 

(24%), 3TC plus ZDV plus abacavir (ABC) (5%), and 3TC plus ABC (2%) (Table 2). Any 

TFV was used by 25%. Boosted PI-based cART was received by 74%, non-boosted PI 22% 

and no PI by 4%; 5% received NNRTI. Other ARV agents were used by <10% of women. 

First trimester cART-initiators used a boosted PI less frequently and were more likely to 

receive nelfinavir. Appendix 1 shows the relationship of socio-demographic and clinical 

factors with TFV+FTC and boosted PI use by trimester of cART initiation.

HEU growth outcomes at 2 years of age

At 2 years of age, mean WTZ, LNZ, WFLZ, and HCZ were all greater than zero (all P < 

0.05), while TSFZ did not differ from zero (P=0.57) (Table 3). The percentage with high z-

scores (see methods) was 13% for WFLZ, 11% for WTZ, 10% for TSFZ, 7% for HCZ, and 

6% for LNZ. In contrast, the percentage with low z-scores was small for each of these 

outcomes: 5% WFLZ, 7% for WTZ, 6% for TSFZ, 1% for HCZ, and 5% for LNZ. Standing 

height rather than length was measured in 2 of 138 children aged 21–24 months and 16 of 

371 aged 24–27 months.

Unadjusted and adjusted models of ARVs on growth outcomes in HEU at age 2 years

Table 4 shows unadjusted and adjusted models of the association of each ARV with each 

growth outcome by trimester of cART initiation.

First-trimester cART initiators—Among children of first-trimester cART-initiators 

(Table 4 and Figure 2), WTZ at 2 years of age was, on average, 0.44 SD higher in HEU 

children exposed to TFV+FTC compared to ZDV+3TC at maternal cART initiation after 

adjustment (Table 4). When TFV exposure was compared to no TFV exposure, ignoring 

other NRTIs used, WTZ was 0.50 higher. No other ARVs were associated with WTZ. For all 

ARVs studied, differences in mean LNZ between those exposed versus unexposed were 
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small and 95% confidence intervals (CI’s) were wide (Table 4 and Figure 2). WFLZ was, on 

average, 0.45 SD greater in TFV+FTC compared to ZDV+3TC and 0.50 higher for TFV-

exposed versus TFV-unexposed regardless of other NRTI used. In sensitivity analyses 

among PI-exposed, WTZ and WFLZ were each higher in the TFV+FTC-exposed vs. ZDV

+3TC-exposed and remained when adjusted for bPI. TSFZ was 0.55 lower in those whose 

mother received TFV+FTC compared to ZDV+3TC and 0.61 lower in bPI versus non-bPI. 

The association of TFV+FTC on TSFZ remained after adjustment for bPI (−0.60, 95%CI 

−1.10, −0.095), while that for bPI was attenuated (−0.49, 95%CI −1.10, 0.10) when both 

were in the model. No associations were found for HCZ.

In sensitivity analyses restricted to children of mothers with CD4% and viral load measures 

available before cART initiation, results were similar to those reported in the complete 

dataset above (not shown). In addition, adjustment for CD4% and viral load did not affect 

estimated ARV associations, suggesting no confounding by disease severity. The results did 

not change when a random effect was included for site or siblings or when twins were 

excluded.

Second-trimester cART initiators—In contrast to children of first-trimester cART-

initiators, there were no differences at P<0.10 in WTZ, LNZ, WFLZ, TSFZ, or HCZ, by 

exposure to tenofovir or other ARVs among children of second-trimester cART-initiators. 

(Table 4, Figure 2). However, LNZ was 0.23 (95%CI −0.06, 0.53, p= 0.12) higher in those 

exposed to bPI versus non-boosted PI. All of these results were consistent in the subset with 

available measures of maternal CD4 and viral load data before cART initiation (not shown). 

Again, the results did not change when a random effect was included for site or siblings or 

when twins were excluded.

DISCUSSION

With the success of PMTCT, the HEU population is increasing worldwide. It is essential to 

monitor this population for possible adverse outcomes related to antenatal ARV exposure. 

This group of HEU children in the US whose mothers initiated cART during pregnancy had 

lower than average birth weight and length, but 13% were obese at 2 years of age. The 

prevalence of low growth was not greater than expected. Among children of first-trimester 

cART-initiators, WTZ and WFLZ were greater and TSFZ lower for those exposed to TFV

+FTC versus ZDV+3TC and persisted when comparing TFV-exposed to TFV-unexposed 

children. Boosted PI was associated with lower TSFZ. However, we observed no effects of 

ARV exposure on growth among second-trimester cART initiators.

Exposures during critical fetal development periods can induce persistent changes in body 

structure or function, and have long-term effects on health.26 Thirteen percent of our cohort 

was obese at 2 years of age as compared to a national sample of similar age where the 

prevalence was 8.1% (95%CI 5.8–11.7) for all races and 8.4% (95%CI 4.6–14.9) in non-

Hispanic blacks.27 In addition, in unpublished data from our cohort, among 3-year old 

children, HEU had a significantly higher rate of obesity compared to HIV-unexposed 

children (13.6% vs. 3.2%) from the same clinical sites, even after adjustment for race/

ethnicity. However, these HIV-unexposed children may differ from the HEU on other 
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factors, including other socioeconomic status, birth weight and length on which we do not 

have data, which can influence later growth. Low birth weight and more rapid catch-up 

growth in early childhood can increase the risk of obesity, insulin resistance, and metabolic 

syndrome in childhood28, and early coronary heart disease in adulthood. 7 Childhood obesity 

is now epidemic in most racial, ethnic, and economic categories in the US, but it is 

especially high in black, Hispanic, and poor communities, which comprise the majority of 

our HEU. Formula feeding, poor diet, and lack of physical activity also impact obesity. 

These factors, combined with potential additional effects of in utero ARV exposures, may 

elevate HEU children’s risk of cardiovascular disease in adulthood.

We expected that length and head circumference at age 2 years would be lower in HEU 

children exposed to tenofovir in utero, based on previous results at age one in SMARTT.12 

However, we found no significant differences in these outcomes at 2 years, regardless of 

trimester of cART initiation. It is possible that TFV-exposed children caught up in length by 

age 2, as shown by Gibb et al.13 Alternatively, our results may differ due to study design as 

we limited analyses to women who initiated cART during the current pregnancy to decrease 

bias from combining prevalent and incident users.16 We also had limited power to detect 

small differences by TFV or other ARVs.

Among children of first-trimester cART-initiators, we found greater WTZ and WFLZ at age 

2 years in those exposed to TFV+FTC vs. ZDV+3TC. Mean WTZ and WFLZ were greater 

than zero in both groups, but we cannot determine if TFV+FTC had a biological effect on 

growth or if ZDV+3TC might have mitigated expected weight gain.29 However, we observed 

no association of TFV+FTC with WTZ or WFLZ among children of second-trimester cART-

initiators. The first trimester may be a vulnerable time for programming of later growth in 

HEU children, despite similarities in fetal growth. Fetal transfer of drug can be influenced 

by specific drug transporters 30 and the levels of drug transporters change during gestation. 

In addition, TFV and ZDV are transported on different receptors. It is possible that these 

factors may explain why we only saw differences in growth between TFV and ZDV only 

among those exposed during the first trimester. The placenta regulates nutrient transfer to the 

fetus. However, some nutrient transporters, such as equilibrative nucleoside transporter 1 

(ENT1/SLC29A1), also transport ARVs such as ZDV. Thus, ZDV may competitively inhibit 

nutrient transfer to the fetus, potentially affecting growth outcomes.31,32

Among children of first trimester cART-initiators, TSFZ was lower in TFV+FTC vs. ZDV

+3TC and in bPI vs. non-boosted PI exposed. Limb fat atrophy due to PIs has been 

described in children and adults.33 In contrast, switching from ZDV to TFV improved limb 

fat in adults.34 It is not known if or how ARVs may affect fat accumulation of HEU in-utero 
or during early childhood. The timing of these NRTI exposures may explain their differential 

effects by trimester.35,36

We do not know why women were prescribed their current or previous ARVs. Among 

women with available data, pre-cART CD4 and viral load did not differ by trimester of 

initiation, but first-trimester initiators were more likely to have been on ARV prior to this 

pregnancy. We do not know why mothers had a lapse in treatment and restarted after the 

pregnancy began. While we did not observe confounding by clinical markers or prior ARV 
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use, unmeasured confounding could explain differences across trimester. Also, infants of 

women treated with ARV in the first trimester had longer exposure to ARV and were less 

likely to experience exposure to prolonged maternal viremia, but there was no difference in 

the percent with suppressed viral load in the third trimester. However, women may have 

experienced greater cytokine production in the first trimester as a result of ART initiation.37 

However, it is not known whether increased inflammation during this critical time period 

could impact growth.

We evaluated the total effect of ARVs on growth outcomes, not distinguishing indirect and 

direct effects (e.g., through low birth weight and/or prematurity). Factors associated with 

prematurity were previously reported.38 There could also be survival bias due to early fetal 

loss related to specific ARVs. We did not collect dietary data and could not determine if 

certain dietary habits explained the higher than expected rate of obesity in HEU children. 

Similarly, we did not have a comparison group of HIV-unexposed two year olds of similar 

sociodemographic status to compare rates of obesity. We only had a group of HIV-

unexposed three year olds as mentioned above. Additionally, our results may only apply to 

the US population of HEU.

The rate of childhood obesity has climbed dramatically in the US over the last 30 years with 

a concomitant and worrisome rise in risk factors for cardiovascular disease and diabetes. The 

differential associations of ARV exposures with growth that we found underscore the 

importance of determining if and how specific antenatal ARV exposures contribute to the 

risk of obesity and its long-term consequences so that specific ARVs perhaps can be avoided 

during critical periods in pregnancy.
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95%CI 95% confidence interval

ARV antiretroviral medication

ATV atazanavir

bPI boosted protease inhibitor

BWTZ birth weight z-score

cART combination antiretroviral therapy

FTC emtricitabine

HEU HIV-exposed uninfected

HCZ head circumference z-score

LMP last menstrual period

LNZ length z-score

NFV nelfinavir

NNRTI non-nucleoside reverse transcriptase inhibitor

NRTI nucleoside reverse transcriptase inhibitor

PI protease inhibitor

PMTCT prevention of mother to child HIV transmission

SD standard deviation

SMARTT Surveillance Monitoring of ART Toxicities cohort

TFV tenofovir

TSFZ triceps skinfold z-score

WFLZ weight-for-length z-score

WTZ weight z-score

ZDV zidovudine

Appendix 1

Table 5

Characteristics of mothers who started cART in the first trimester with TFV+FTC versus 

ZDV+3TC

Characteristic
ZDV and 3TC

(N=90)
TFV and FTC

(N=39)
P

Value

Maternal age (yr) Median 28.7 30.5 0.51
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Characteristic
ZDV and 3TC

(N=90)
TFV and FTC

(N=39)
P

Value

(Q1, Q3) (25.0, 33.9) (24.4, 35.7)

Mother born on US mainland 54 (60%) 28 (72%) 0.20

High school graduate 57 (63%) 25 (64%) 0.93

Annual Income < 10K 44 (49%) 13 (33%) 0.11

Pre-pregnancy BMI (kg/m2) Median 27.0 28.3 0.26

(Q1, Q3) (22.5, 34.6) (26.0, 34.8)

Single (not living with partner/spouse) 51 (57%) 21 (54%) 0.77

Race/ethnicity Mom/caregiver Black Non-Hispanic 49 (54%) 25 (64%) 0.60

Hispanic 33 (37%) 10 (26%)

White Non-Hispanic 7 (8%) 4 (10%)

Multiracial/other/unknown 1 (1%) 0 (0%)

English only spoken at home 53 (59%) 30 (77%) 0.05

Not currently working 66 (73%) 29 (74%) 0.90

Illicit drugs - used in first trimester 6 (7%) 5 (13%) 0.24

Alcohol - used in first trimester 8 (9%) 6 (16%) 0.26

Tobacco - used in first trimester 21 (24%) 7 (18%) 0.52

Clinical site by region NY-NJ 17 (19%) 18 (46%) <0.001

West 24 (27%) 3 (8%)

South 17 (19%) 2 (5%)

Chicago 14 (16%) 4 (10%)

Florida 6 (7%) 12 (31%)

Puerto Rico 12 (13%) 0 (0%)

CD4 percent (%) before cART Median 27 23 0.15

(Q1, Q3) (22, 33) (13., 33)

Log10 HIV RNA before cART Median 3.9 3.8 0.81

(Q1, Q3) (3.0, 4.2) (3.5, 4.4)

CD4 percent (%) 3rd trimester Median 32 23 0.002

(Q1, Q3) (24, 38) (14, 31)

Log10 RNA 3rd trimester Median 1.7 1.8 0.24

(Q1, Q3) (1.7, 1.9) (1.7, 2.1)

Year of birth 2005 4 (4%) 0 (0%) 0.02

2006 12 (13%) 0 (0%)

2007 18 (20%) 4 (10%)

2008 20 (22%) 11 (28%)

2009 19 (21%) 7 (18%)

2010 16 (18%) 16 (41%)

2011 1 (1%) 1 (3%)

ARV use before this pregnancy Yes 29 (32%) 24 (62%) 0.008

No 19 (21%) 5 (13%)

Unknown 42 (47%) 10 (26%)

Abbreviations: ARV=antiretroviral therapy, BMI=body mass index, FTC=emtricitabine, TFV=tenofovir, ZDV=zidovudine, 
3TC=lamivudine, cART= combination antiretroviral therapy, Q1=25th percentile, Q3=75th percentile

Jacobson et al. Page 11

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Table 6

Characteristics of mothers who started cART in the second trimester with TFV+FTC versus 

ZDV+3TC

Characteristic
ZDV and 3TC

(N=245)
TFV and FTC

(N=69)
P

Value

Maternal age (yr) Median (Q1, Q3) 27.3 (23.1, 32.9) 26.9 (23.8, 30.6) 0.69

Mother born on US mainland 149 (62%) 58 (84%) < 0.001

High school graduate 158 (66%) 46 (67%) 0.86

Annual Income < 10K 104 (42%) 32 (45%) 0.17

Pre-pregnancy BMI (kg/m2) Median (Q1, Q3) 27.3 (23.8, 36.6) 27.0 (23.9, 36.9) 0.50

Single (not living with partner/spouse) 129 (53%) 42 (61%) 0.25

Race/ethnicity Mom/caregiver Black Non-Hispanic 125 (52%) 48 (73%) 0.002

Hispanic 91 (38%) 9 (14%)

White Non-Hispanic 17 (7%) 8 (12%)

Multiracial/other/unknown 7 (3%) 1 (2%)

English only spoken at home 149 (61%) 57 (83%) <0.001

Not currently working 168 (69%) 46 (67%) 0.70

Illicit drugs - used in first trimester 16 (7%) 3 (5%) 0.50

Alcohol - used in first trimester 20 (9%) 1 (2%) 0.05

Tobacco - used in first trimester 41 (18%) 10 (15%) 0.62

Clinical site by region South 47 (19%) 37 (54%) <0.001

NY-NJ 55 (22%) 17 (25%)

Puerto Rico 52 (21%) 0 (0%)

Chicago 32 (13%) 4 (6%)

West 34 (14%) 2 (3%)

Florida 23 (9%) 8 (12%)

Mid-Atlantic 2 (1%) 1 (1%)

CD4 percent (%) before cART Median (Q1, Q3) 25 (18, 32) 24.50 (20, 37) 0.35

Log10 HIV RNA before cART Median (Q1, Q3) 3.8 (3.2, 4.4) 4.1 (3.1, 4.7) 0.40

CD4 percent (%) 3rd trimester Q1, Q3 31 (23, 37) 30 (23, 38) 0.93

Log RNA 3rd trimester Median (Q1, Q3) 1.9 (1.7, 2.4) 1.9 (1.7, 2.3) 0.98

Year of birth 2005 16 (7%) 1 (1%) 0.004

2006 33 (13%) 3 (4%)

2007 47 (19%) 8 (12%)

2008 51 (21%) 19 (28%)

2009 51 (21%) 11 (16%)

2010 41 (17%) 23 (33%)

2011 6 (2%) 4 (6%)

Use of ARV before this pregnancy Yes 58 (24%) 21 (30%) 0.26

No 64 (26%) 21 (30%)

Unknown 123 (50%) 27 (39%)

Abbreviations: ARV=antiretroviral therapy, BMI=body mass index, FTC=emtricitabine, TFV=tenofovir, ZDV=zidovudine, 
3TC=lamivudine, cART= combination antiretroviral therapy, Q1=25th percentile, Q3=75th percentile
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Table 7

Characteristics of mothers who started cART in the first trimester with boosted PI versus 

non-boosted PI

Characteristic
PI not boosted

(N=33)
Boosted PI

(N=97)
P

Value

Maternal age (yr) Median (Q1, Q3) 30.3 (24.0, 33.9) 29.6 (25.7, 33.6) 0.72

Mother born on US mainland 19 (58%) 60 (62%) 0.66

High school graduate 18 (55%) 66 (68%) 0.16

Annual Income < 10K 21 (64%) 39 (40%) 0.03

Pre-pregnancy BMI (kg/m2) Median (Q1, Q3) 27.5 (24.4, 36.2) 26.6 (24.2, 32.9) 0.53

Single (not living with partner/spouse) 20 (61%) 55 (57%) 0.69

Race/ethnicity Mom/caregiver Black Non-Hispanic 14 (42%) 59 (61%) 0.20

Hispanic 16 (48%) 28 (29%)

White Non-Hispanic 3 (9%) 8 (8%)

Multiracial/other/unknown 0 (0%) 1 (1%)

English only spoken at home English

Not currently working 22 (67%) 74 (76%) 0.28

Illicit drugs - used in first trimester 2 (6%) 10 (10%) 0.48

Alcohol drugs - used in first trimester 1 (3%) 14 (15%) 0.08

Tobacco drugs - used in first trimester 11 (34%) 19 (20%) 0.09

Clinical site by region NY-NJ 7 (21%) 28 (29%) 0.03

West 8 (24%) 20 (21%)

Florida 1 (3%) 18 (19%)

South 6 (18%) 13 (13%)

Chicago 4 (12%) 13 (13%)

Puerto Rico 7 (21%) 5 (5%)

CD4 percent (%) before cART Median (Q1, Q3) 27 (24, 33) 25 (16, 32) 0.28

Log10 HIV RNA before cART Median (Q1, Q3) 3.8 (3.3, 4.2) 3.9 (3.2, 4.4) 0.64

CD4 percent (%) 3rd trimester Median (Q1, Q3) 32 (27, 36) 26 (20, 38) 0.15

Log RNA 3rd trimester Median (Q1, Q3) 1.9 (1.7, 2.2) 1.7 (1.7, 2.0) 0.11

Year of birth 2005 3 (9%) 1 (1%) <0.001

2006 11 (33%) 2 (2%)

2007 9 (27%) 13 (13%)

2008 4 (12%) 28 (29%)

2009 2 (6%) 24 (25%)

2010 4 (12%) 26 (27%)

2011 0 (0%) 3 (3%)

Use of ARV before this pregnancy Yes 9 (27%) 43 (44%) 0.07

No 5 (15%) 20 (21%)

Unknown 19 (58%) 34 (35%)

Abbreviations: ARV=antiretroviral therapy, BMI=body mass index, FTC=emtricitabine, TFV=tenofovir, ZDV=zidovudine, 
3TC=lamivudine, cART= combination antiretroviral therapy, Q1=25th percentile, Q3=75th percentile
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Table 8

Characteristics of mothers who started cART in the second trimester with boosted PI versus 

non-boosted PI

Characteristic
PI not boosted

(N=74)
Boosted PI

(N=239)
P

Value

Maternal age (yr) Median (Q1, Q3) 27.9 (23.4, 33.4) 27.1 (23.1, 32.1) 0.61

Mother born on US mainland 33 (45%) 167 (71%) <0.001

High school graduate 45 (61%) 161 (69%) 0.22

Annual Income <10K <10K 37 (50%) 97 (41%) 0.17

Pre-pregnancy BMI (kg/m2) Median (Q1, Q3) 30.6 (25.4, 35.8) 26.8 (23.3, 36.7) 0.27

Single (not living with partner/spouse) 31 (42%) 138 (58%) 0.014

Race/ethnicity Mom/caregiver Black Non-Hispanic 27 (38%) 142 (61%) <0.001

Hispanic 42 (58%) 63 (27%)

White Non-Hispanic 3 (4%) 20 (9%)

Multirace/other/unknown 0 (0%) 8 (3%)

English only spoken at home 43 (58%) 70 (30%) <0.001

Not currently working 47 (64%) 167 (70%) 0.26

Illicit drugs - used in first trimester 7 (10%) 11 (5%) 0.11

Alcohol - used in first trimester 5 (7%) 15 (7%) 0.86

Tobacco - used in first trimester 13 (19%) 38 (17%) 0.70

Clinical site by region NY-NJ 18 (24%) 60 (25%) <0.001

South 8 (11%) 69 (29%)

Puerto Rico 28 (38%) 24 (10%)

Chicago 6 (8%) 30 (13%)

West 9 (12%) 27 (11%)

Florida 4 (5%) 27 (11%)

Mid-Atlantic 1 (1%) 2 (1%)

CD4 percent before cART Q1, Q3 29 (22, 35) 24 (18, 33) 0.03

Log10 RNA before cART Median (Q1, Q3) 3.6 (3.1, 4.2) 3.8 (3.2, 4.4) 0.34

CD4 3rd trimester Median (Q1, Q3) 33 (28, 38) 29 (23, 38) 0.07

Log10 HIV RNA 3rd trimester Median (Q1, Q3) 1.9 (1.7, 2.6) 1.9 (1.7, 2.3) 0.03

Year of birth 2005 11 (15%) 7 (3%) <0.001

2006 18 (24%) 19 (8%)

2007 21 (28%) 35 (15%)

2008 7 (9%) 62 (26%)

2009 8 (11%) 53 (22%)

2010 6 (8%) 56 (23%)

2011 3 (4%) 7 (3%)

Use of ARV before this pregnancy Yes 12 (16%) 67 (28%) 0.12

No 22 (30%) 61 (26%)

Unknown 40 (54%) 111 (46%)
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Abbreviations: ARV=antiretroviral therapy, BMI=body mass index, FTC=emtricitabine, TFV=tenofovir, ZDV=zidovudine, 
3TC=lamivudine, cART= combination antiretroviral therapy, PI= protease inhibitor, Q1=25th percentile, Q3=75th 

percentile
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Figure 1. 
Flowchart for selection of HEU children with anthropometric measures at 2 years of age (+/

−4 months) whose HIV-infected mothers initiated cART during this pregnancy as of April 1, 

2013

Jacobson et al. Page 17

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
This figure shows the adjusted differences in growth z-scores at 2 years of age (+/− 4 

months) in HEU children for each ARV within each trimester of maternal cART initiation.1

1 ARV= antiretroviral type of regimen; cART = combination antiretroviral therapy; TFV = 

tenofovir; FTC = emtricitabine; ZDV = zidovudine; 3TC = lamivudine; bPI =Boosted 

protease inhibitor; Un-bPI = Unboosted PI; ATV = atazanavir; NFV = nelfinavir. WTZ 

=weight z; LNZ = length z; WFLZ = weight-for-length z; TSFZ = triceps skinfold z; HCZ = 

head circumference z. Adjusted models include the following covariates for each outcome 

Jacobson et al. Page 18

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by trimester of cART initiation: WTZ 1st (site region, alcohol, tobacco, language at home); 

WTZ 2nd (site region, language at home); LNZ 1st (site region, alcohol, tobacco); LNZ 2nd 

(site region, tobacco, language at home, living arrangement); WFLZ 1st (site region, alcohol, 

language at home); WFLZ 2nd (site region, tobacco, language at home); TSFZ 1st (site 

region, alcohol, tobacco, birth year); TSFZ 2nd (site region, living arrangement); HCZ 1st 

(region, alcohol, tobacco); HCZ 2nd (site region, tobacco, income, language at home). 

Marital status, race/ethnicity, birth outside the mainland US, and prior ARV use did not 

cause confounding and were not included.

Jacobson et al. Page 19

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 20

Ta
b

le
 1

M
at

er
na

l a
nd

 H
IV

-e
xp

os
ed

 b
ut

 u
ni

nf
ec

te
d 

in
fa

nt
 c

ha
ra

ct
er

is
tic

s 
at

 d
el

iv
er

y 
by

 tr
im

es
te

r 
fi

rs
t e

xp
os

ed
 to

 c
A

R
T

T
ri

m
es

te
r 

in
 p

re
gn

an
cy

 s
ta

rt
ed

 c
A

R
T

C
ha

ra
ct

er
is

ti
c1

1
(N

=1
38

)
2

(N
=3

28
)

3
(N

=4
3)

To
ta

l
(N

=5
09

)
P

V
al

ue

M
at

er
na

l a
ge

 (
ye

ar
s)

M
ea

n 
(S

D
)

30
.2

 (
6.

3)
28

.1
 (

5.
9)

27
.7

 (
7.

2)
28

.6
 (

6.
2)

0.
00

3

M
at

er
na

l b
ir

th
pl

ac
e

U
.S

. (
m

ai
nl

an
d)

85
 (

62
%

)
21

4 
(6

6%
)

31
 (

72
%

)
33

0 
(6

5%
)

0.
48

Pu
er

to
 R

ic
o

12
 (

9%
)

42
 (

13
%

)
3 

(7
%

)
57

 (
11

%
)

O
th

er
17

 (
12

%
)

30
 (

9%
)

1 
(2

%
)

48
 (

9%
)

A
fr

ic
a

10
 (

7%
)

14
 (

4%
)

4 
(9

%
)

28
 (

6%
)

M
ex

ic
o

8 
(6

%
)

11
 (

3%
)

2 
(5

%
)

21
 (

4%
)

D
om

in
ic

an
 R

ep
ub

lic
2 

(1
%

)
10

 (
3%

)
1 

(2
%

)
13

 (
3%

)

H
ai

ti
3 

(2
%

)
3 

(1
%

)
1 

(2
%

)
7 

(1
%

)

C
ub

a
1 

(1
%

)
1 

(0
%

)
0 

(0
%

)
2 

(0
%

)

R
ac

e/
et

hn
ic

ity
 M

om
/c

ar
eg

iv
er

B
la

ck
 N

on
-H

is
pa

ni
c

79
 (

58
%

)
18

0 
(5

6%
)

26
 (

60
%

)
28

5 
(5

7%
)

0.
80

H
is

pa
ni

c
46

 (
34

%
)

10
6 

(3
3%

)
11

 (
26

%
)

16
3 

(3
3%

)

W
hi

te
 N

on
-H

is
pa

ni
c

11
 (

8%
)

25
 (

8%
)

5 
(1

2%
)

41
 (

8%
)

O
th

er
 u

nr
ep

or
te

d
1 

(1
%

)
8 

(3
%

)
1 

(2
%

)
10

 (
2%

)

H
ig

h 
sc

ho
ol

 g
ra

du
at

e
87

 (
63

%
)

21
5 

(6
6%

)
21

 (
51

%
)

32
3 

(6
4%

)
0.

15

A
nn

ua
l I

nc
om

e
<

$1
0K

62
 (

45
%

)
14

1 
(4

3%
)

22
 (

51
%

)
22

5 
(4

4%
)

0.
88

≥$
10

K
59

 (
43

%
)

14
8 

(4
5%

)
16

 (
37

%
)

22
3 

(4
4%

)

U
nk

no
w

n
17

 (
12

%
)

39
 (

12
%

)
5 

(1
2%

)
61

 (
12

%
)

E
ng

lis
h 

on
ly

 s
po

ke
n 

at
 h

om
e

86
 (

62
%

)
21

2 
(6

5%
)

27
 (

63
%

)
32

5 
(6

4%
)

0.
84

Si
ng

le
 (

no
t l

iv
in

g 
w

ith
 p

ar
tn

er
/s

po
us

e)
78

 (
57

%
)

17
7 

(5
4%

)
21

 (
49

%
)

27
6 

(5
4%

)
0.

67

Il
lic

it 
dr

ug
s 

- 
us

ed
 in

 f
ir

st
 tr

im
es

te
r

12
 (

9%
)

20
 (

6%
)

3 
(8

%
)

35
 (

7%
)

0.
67

A
lc

oh
ol

 -
 u

se
d 

in
 f

ir
st

 tr
im

es
te

r
15

 (
11

%
)

21
 (

7%
)

3 
(8

%
)

39
 (

8%
)

0.
30

To
ba

cc
o 

- 
us

ed
 in

 f
ir

st
 tr

im
es

te
r

31
 (

23
%

)
54

 (
17

%
)

7 
(1

8%
)

92
 (

19
%

)
0.

38

C
lin

ic
al

 s
ite

 b
y 

re
gi

on
N

Y
-N

J
38

 (
28

%
)

79
 (

24
%

)
12

 (
28

%
)

12
9 

(2
5%

)
0.

01
3

So
ut

h
20

 (
14

%
)

84
 (

26
%

)
10

 (
23

%
)

11
4 

(2
2%

)

W
es

t
30

 (
22

%
)

39
 (

12
%

)
4 

(9
%

)
73

 (
14

%
)

Pu
er

to
 R

ic
o

12
 (

9%
)

52
 (

16
%

)
4 

(9
%

)
68

 (
13

%
)

Fl
or

id
a

19
 (

14
%

)
34

 (
10

%
)

9 
(2

1%
)

62
 (

12
%

)

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 21

T
ri

m
es

te
r 

in
 p

re
gn

an
cy

 s
ta

rt
ed

 c
A

R
T

C
ha

ra
ct

er
is

ti
c1

1
(N

=1
38

)
2

(N
=3

28
)

3
(N

=4
3)

To
ta

l
(N

=5
09

)
P

V
al

ue

C
hi

ca
go

19
 (

14
%

)
36

 (
11

%
)

3 
(7

%
)

58
 (

11
%

)

M
id

-A
tla

nt
ic

0 
(0

%
)

4 
(1

%
)

1 
(2

%
)

5 
(1

%
)

Pr
e-

pr
eg

na
nc

y 
B

M
I 

(k
g/

m
2 )

 2
M

ea
n 

(S
D

)
29

.4
 (

8.
3)

30
.2

 (
8.

3)
27

.6
 (

6.
7)

29
.8

 (
8.

2)
0.

39

To
xe

m
ia

/p
re

-e
cl

am
ps

ia
2

9 
(7

%
)

19
 (

6%
)

0 
(0

%
)

28
 (

6%
)

--

In
tr

au
te

ri
ne

 g
ro

w
th

 r
et

ar
da

tio
n2

2 
(1

%
)

3 
(1

%
)

0 
(0

%
)

5 
(1

%
)

--

Pr
e-

ge
st

at
io

na
l d

ia
be

te
s2

5 
(4

%
)

4 
(1

%
)

0 
(0

%
)

9 
(2

%
)

--

G
es

ta
tio

na
l d

ia
be

te
s2

10
 (

7%
)

13
 (

4%
)

0 
(0

%
)

23
 (

5%
)

--

M
al

e 
ge

nd
er

 o
f 

ch
ild

68
 (

49
%

)
16

8 
(5

1%
)

23
 (

53
%

)
25

9 
(5

1%
)

0.
87

Pr
et

er
m

 (
<

 3
7 

w
ee

ks
)2

33
 (

24
%

)
59

 (
18

%
)

5 
(1

2%
)

97
 (

19
%

)
0.

14

B
ir

th
 w

ei
gh

t z
-s

co
re

2,
3

M
ea

n 
(S

D
)

−
0.

55
 (

0.
88

)
−

0.
61

 (
0.

77
)

−
0.

75
 (

0.
64

)
−

0.
61

 (
0.

80
)

0.
36

L
en

gt
h 

z-
sc

or
e 

<
 1

4 
da

ys
 o

ld
3

M
ea

n 
(S

D
)

−
0.

15
 (

1.
01

)
−

0.
12

 (
0.

93
)

−
0.

16
 (

1.
01

)
−

0.
13

 (
0.

96
)

0.
87

W
ei

gh
t-

fo
r-

le
ng

th
 <

 1
0t

h 
pe

rc
en

til
e 

at
 b

ir
th

2,
3

10
 (

10
%

)
27

 (
13

%
)

6 
(1

8%
)

43
 (

13
%

)
0.

51

Sm
al

l f
or

 g
es

ta
tio

na
l a

ge
 (

W
T

 <
 1

0th
 p

er
ce

nt
ile

)2
28

 (
20

%
)

60
 (

19
%

)
9 

(2
1%

)
97

 (
19

%
)

0.
87

R
ec

ei
ve

d 
an

tir
et

ro
vi

ra
l t

he
ra

py
 b

ef
or

e 
th

is
 p

re
gn

an
cy

1
Y

es
56

 (
41

%
)

82
 (

25
%

)
10

 (
23

%
)

14
8 

(2
9%

)
0.

00
1

N
o

26
 (

19
%

)
88

 (
27

%
)

18
 (

42
%

)
13

2 
(2

6%
)

U
nk

no
w

n
56

 (
41

%
)

15
8 

(4
8%

)
15

 (
35

%
)

22
9 

(4
5%

)

D
ay

s 
af

te
r 

L
M

P 
st

ar
te

d 
cA

R
T

 (
da

ys
)

M
ea

n 
(S

D
)

68
.4

 (
26

.3
)

13
3.

2 
(2

5.
5)

22
5.

0 
(1

9.
0)

12
3.

4 
(4

8.
9)

<
0.

00
1

D
ay

s 
af

te
r 

L
M

P 
st

ar
te

d 
pr

en
at

al
 c

ar
e1

M
ea

n 
(S

D
)

64
.9

 (
27

.7
)

92
.9

 (
38

.3
)

16
1.

3 
(7

4.
0)

92
.0

 (
48

.8
)

<
0.

00
1

1 cA
R

T
=

co
m

bi
na

tio
n 

an
tir

et
ro

vi
ra

l t
he

ra
py

, N
Y

-N
J=

N
ew

 Y
or

k/
N

ew
 J

er
se

y,
 S

D
=

st
an

da
rd

 d
ev

ia
tio

n,
 B

M
I=

bo
dy

 m
as

s 
in

de
x,

 W
T

=
w

ei
gh

t, 
L

M
P=

la
st

 m
en

st
ru

al
 p

er
io

d,
 S

G
A

=
sm

al
l-

fo
r-

ge
st

at
io

na
l a

ge
.

T
he

re
 w

er
e 

m
is

si
ng

 v
al

ue
s 

fo
r 

th
e 

fo
llo

w
in

g 
va

ri
ab

le
s:

 b
ir

th
pl

ac
e 

(N
=

3)
, r

ac
e/

et
hn

ic
ity

 (
N

=
10

),
 h

ig
h 

sc
ho

ol
 g

ra
d 

(N
=

6)
, l

an
gu

ag
e 

sp
ok

en
 a

t h
om

e 
(N

=
 2

),
 li

vi
ng

 a
rr

an
ge

m
en

t (
N

=
2)

, a
lc

oh
ol

 (
N

=
24

),
 to

ba
cc

o 
(N

=
24

) 
or

 il
lic

it 
dr

ug
s 

(N
=

26
),

 p
re

-p
re

gn
an

cy
 B

M
I 

(N
=

11
5)

, p
re

gn
an

cy
 c

om
pl

ic
at

io
ns

: t
ox

em
ia

/p
re

-e
cl

am
ps

ia
 (

N
=

 6
),

 in
tr

au
te

ri
ne

 g
ro

w
th

 r
et

ar
da

tio
n 

(N
=

 6
),

 p
re

-g
es

ta
tio

na
l d

ia
be

te
s 

(N
=

7)
, g

es
ta

tio
na

l 
di

ab
et

es
 (

N
=

6)
, S

G
A

 (
N

=
5)

, b
ir

th
 w

ei
gh

t (
N

=
5)

, n
eo

na
ta

l l
en

gt
h 

(N
=

22
 a

m
on

g 
D

yn
am

ic
 c

oh
or

t)
. T

he
 q

ue
st

io
ns

 r
eg

ar
di

ng
 A

R
V

 u
se

 b
ef

or
e 

pr
eg

na
nc

y 
an

d 
da

te
 o

f 
pr

en
at

al
 v

is
it 

w
er

e 
fi

rs
t c

ol
le

ct
ed

 in
 2

01
0 

an
d 

th
us

, w
er

e 
un

av
ai

la
bl

e 
fo

r 
21

8 
pa

rt
ic

ip
an

ts
. O

f 
th

os
e 

ad
m

in
is

te
re

d 
th

e 
qu

es
tio

nn
ai

re
, A

R
V

 u
se

 b
ef

or
e 

pr
eg

na
nc

y 
w

as
 u

nk
no

w
n 

fo
r 

N
=

11
 a

nd
 p

re
na

ta
l d

at
e 

w
as

 u
nk

no
w

n 
fo

r 
22

0 
(1

3 
ad

di
tio

na
l h

ad
 

un
in

te
rp

re
ta

bl
e 

pr
en

at
al

 c
ar

e 
da

te
s)

. P
 v

al
ue

s 
fo

r 
pr

eg
na

nc
y 

co
m

pl
ic

at
io

ns
 w

er
e 

no
t c

om
pu

te
d 

be
ca

us
e 

th
er

e 
w

er
e 

di
ff

er
en

t f
re

qu
en

ci
es

 o
f 

m
is

si
ng

 b
y 

tr
im

es
te

r.

2 B
ir

th
 w

ei
gh

t, 
m

at
er

na
l w

ei
gh

t a
nd

 h
ei

gh
t, 

an
d 

pr
eg

na
nc

y 
co

m
pl

ic
at

io
ns

 w
er

e 
ab

st
ra

ct
ed

 f
ro

m
 th

e 
cl

in
ic

al
 c

ha
rt

s.

3 L
en

gt
h 

w
as

 m
ea

su
re

d 
in

 S
M

A
R

T
T

 w
ith

in
 1

4 
da

ys
 a

ft
er

 b
ir

th
. F

or
 c

hi
ld

re
n 

bo
rn

 <
 3

7 
w

ee
ks

 g
es

ta
tio

n,
 b

ot
h 

w
ei

gh
t a

nd
 le

ng
th

 w
er

e 
ad

ju
st

ed
 f

or
 g

es
ta

tio
na

l a
ge

 u
si

ng
 F

en
to

n 
et

 a
l, 

no
rm

s.
20

 F
or

 c
hi

ld
re

n 
bo

rn
 ≥

 3
7 

w
ee

ks
 C

en
te

rs
 f

or
 D

is
ea

se
 C

on
tr

ol
 (

C
D

C
) 

no
rm

s 
w

er
e 

us
ed

. L
en

gt
h 

w
ith

in
 2

 w
ee

ks
 o

f 
de

liv
er

y 
w

as
 m

is
si

ng
 o

n 
N

=
 1

66
. T

hi
s 

w
as

 p
ri

m
ar

ily
 b

ec
au

se
 c

hi
ld

re
n 

in
 th

e 
St

at
ic

 c
oh

or
t d

id
 n

ot
 h

av
e 

m
ea

su
re

s 
of

 le
ng

th
 a

t o
r 

ne
ar

 d
el

iv
er

y 
(N

=
15

5)
, s

o 
w

ei
gh

t-
fo

r-
le

ng
th

 c
ou

ld
 a

ls
o 

no
t b

e 
ca

lc
ul

at
ed

.

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 22

Ta
b

le
 2

M
at

er
na

l C
D

4 
co

un
t a

nd
 H

IV
 v

ir
al

 lo
ad

 b
ef

or
e 

cA
R

T
 in

iti
at

io
n 

an
d 

A
R

V
 m

ed
ic

at
io

n 
us

e 
at

 ti
m

e 
of

 c
A

R
T

 in
iti

at
io

n,
 b

y 
tr

im
es

te
r

T
ri

m
es

te
r 

in
 p

re
gn

an
cy

 s
ta

rt
ed

 c
A

R
T

C
ha

ra
ct

er
is

ti
c1

1
(N

=1
38

)
2

(N
=3

28
)

3
(N

=4
3)

To
ta

l
(N

=5
09

)
P

V
al

ue

H
IV

 R
N

A
 >

 1
0K

 c
op

ie
s/

m
L

2
43

 (
43

%
)

11
6 

(4
0%

)
16

 (
44

%
)

17
5 

(4
1%

)
0.

81

C
D

4 
pe

rc
en

t <
 2

5%
2

38
 (

39
%

)
13

5 
(4

8%
)

17
 (

46
%

)
19

0 
(4

5%
)

0.
32

C
om

bi
na

tio
ns

 o
f 

N
R

T
Is

3T
C

+
Z

D
V

83
 (

60
%

)
22

9 
(7

0%
)

29
 (

67
%

)
34

1 
(6

7%
)

0.
74

T
FV

+
FT

C
39

 (
28

%
)

68
 (

21
%

)
13

 (
30

%
)

12
0 

(2
4%

)

3T
C

+
Z

D
V

+
A

B
C

7 
(5

%
)

16
 (

5%
)

1 
(2

%
)

24
 (

5%
)

3T
C

+
A

B
C

6 
(4

%
)

6 
(2

%
)

0 
(0

%
)

12
 (

2%
)

T
FV

+
3T

C
+

Z
D

V
2 

(1
%

)
3 

(1
%

)
0 

(0
%

)
5 

(1
%

)

3T
C

+
D

4T
0 

(0
%

)
2 

(1
%

)
0 

(0
%

)
2 

(0
%

)

3T
C

+
D

D
I

0 
(0

%
)

1 
(0

%
)

0 
(0

%
)

1 
(0

%
)

T
FV

+
3T

C
+

A
B

C
0 

(0
%

)
1 

(0
%

)
0 

(0
%

)
1 

(0
%

)

T
FV

+
D

D
I

0 
(0

%
)

1 
(0

%
)

0 
(0

%
)

1 
(0

%
)

T
FV

+
FT

C
+

D
D

I
0 

(0
%

)
1 

(0
%

)
0 

(0
%

)
1 

(0
%

)

T
FV

+
Z

D
V

1 
(1

%
)

0 
(0

%
)

0 
(0

%
)

1 
(0

%
)

B
oo

st
ed

 P
I

PI
 w

ith
 R

T
V

97
 (

75
%

)
23

9 
(7

6%
)

38
 (

93
%

)
37

4 
(7

7%
)

0.
04

PI
 w

ith
ou

t R
T

V
33

 (
25

%
)

74
 (

24
%

)
3 

(7
%

)
11

0 
(2

3%
)

A
ta

za
na

vi
r

28
 (

20
%

)
42

 (
13

%
)

7 
(1

6%
)

77
 (

15
%

)
0.

12

N
el

fi
na

vi
r

29
 (

21
%

)
69

 (
21

%
)

2 
(5

%
)

10
0 

(2
0%

)
0.

03

L
op

in
av

ir
/r

ito
na

vi
r

58
 (

42
%

)
16

7 
(5

1%
)

29
 (

67
%

)
25

4 
(5

0%
)

0.
01

A
ny

 N
N

R
T

I
7 

(5
%

)
15

 (
5%

)
2 

(5
%

)
24

 (
5%

)
0.

97

1 A
B

C
=

 a
ba

ca
vi

r, 
D

D
I=

di
da

no
si

ne
, F

T
C

=
em

tr
ic

ita
bi

ne
, T

FV
=

te
no

fo
vi

r, 
Z

D
V

=
zi

do
vu

di
ne

, 3
T

C
=

la
m

iv
ud

in
e,

 N
R

T
I=

no
n-

nu
cl

eo
si

de
 r

ev
er

se
 tr

an
sc

ri
pt

as
e 

in
hi

bi
to

rs
, P

I=
pr

ot
ea

se
 in

hi
bi

to
r, 

R
T

V
=

ri
to

na
vi

r, 
N

N
R

T
I-

no
n-

nu
cl

eo
si

de
 r

ev
er

se
 tr

an
sc

ri
pt

as
e 

in
hi

bi
to

rs
, c

A
R

T
=

 c
om

bi
na

tio
n 

an
tir

et
ro

vi
ra

l t
he

ra
py

,

2 V
al

ue
s 

fo
r 

C
D

4%
 a

nd
 H

IV
 v

ir
al

 b
ef

or
e 

cA
R

T
 in

iti
at

io
n 

w
er

e 
un

av
ai

la
bl

e 
on

 9
0 

an
d 

87
 w

om
en

, r
es

pe
ct

iv
el

y.

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 23

Ta
b

le
 3

C
D

C
 g

ro
w

th
 o

ut
co

m
es

 a
t a

ge
 2

 y
ea

rs
 (

+
/−

 4
 m

on
th

s)
 in

 H
IV

-e
xp

os
ed

 u
ni

nf
ec

te
d 

ch
ild

re
n 

by
 tr

im
es

te
r 

of
 m

at
er

na
l c

A
R

T
 in

iti
at

io
n

T
ri

m
es

te
r 

in
 p

re
gn

an
cy

 s
ta

rt
ed

 c
A

R
T

C
ha

ra
ct

er
is

ti
c1

1
(N

=1
38

)
2

(N
=3

28
)

3
(N

=4
3)

To
ta

l
(N

=5
09

)
P

 V
al

ue
2

A
ge

 a
t a

nt
hr

op
om

et
ry

 (
m

on
th

s)
M

ea
n 

(S
D

)
24

.6
 (

1.
6)

24
.5

 (
1.

4)
24

.9
 (

1.
4)

24
.6

 (
1.

4)
0.

13

W
ei

gh
t z

-s
co

re
M

ea
n 

(S
D

)
0.

02
 (

1.
33

)
0.

18
 (

1.
18

)
0.

37
 (

1.
26

)
0.

15
 (

1.
23

)
0.

45

W
ei

gh
t z

-s
co

re
 c

at
eg

or
y

L
ow

 (
<

-1
.6

4)
14

 (
10

%
)

22
 (

7%
)

2 
(5

%
)

38
 (

7%
)

0.
46

M
id

 (
−

1.
64

–1
.6

4)
11

1 
(8

0%
)

27
2 

(8
3%

)
34

 (
79

%
)

41
7 

(8
2%

)

H
ig

h 
(>

1.
64

)
13

 (
9%

)
34

 (
10

%
)

7 
(1

6%
)

54
 (

11
%

)

L
en

gt
h 

z-
sc

or
e

M
ea

n 
(S

D
)

0.
03

 (
1.

12
)

0.
15

 (
1.

02
)

0.
18

 (
1.

00
)

0.
12

 (
1.

05
)

0.
70

L
en

gt
h 

z-
sc

or
e 

ca
te

go
ry

L
ow

 (
<

-1
.6

4)
11

 (
8%

)
12

 (
4%

)
2 

(5
%

)
25

 (
5%

)
0.

39

M
id

 (
−

1.
64

–1
.6

4)
11

8 
(8

6%
)

29
6 

(9
0%

)
39

 (
91

%
)

45
3 

(8
9%

)

H
ig

h 
(>

1.
64

)
9 

(7
%

)
20

 (
6%

)
2 

(5
%

)
31

 (
6%

)

W
ei

gh
t-

fo
r-

le
ng

th
 z

-s
co

re
M

ea
n 

(S
D

)
0.

20
 (

1.
26

)
0.

31
 (

1.
22

)
0.

54
 (

1.
26

)
0.

30
 (

1.
24

)
0.

32

W
ei

gh
t-

fo
r-

le
ng

th
 z

-s
co

re
 c

at
eg

or
y

L
ow

 (
<

-1
.6

4)
8 

(6
%

)
14

 (
4%

)
1 

(2
%

)
23

 (
5%

)
0.

55

M
id

 (
−

1.
64

–1
.6

4)
11

5 
(8

4%
)

26
6 

(8
2%

)
34

 (
79

%
)

41
5 

(8
2%

)

H
ig

h 
(>

1.
64

)
14

 (
10

%
)

46
 (

14
%

)
8 

(1
9%

)
68

 (
13

%
)

T
ri

ce
ps

 s
ki

nf
ol

d 
z-

sc
or

e
M

ea
n 

(S
D

)
0.

12
 (

1.
20

)
−

0.
12

 (
1.

16
)

0.
13

 (
1.

30
)

−
0.

03
 (

1.
18

)
0.

14

T
ri

ce
ps

 s
ki

nf
ol

d 
z-

sc
or

e 
ca

te
go

ry
L

ow
 (

<
-1

.6
4)

7 
(5

%
)

22
 (

7%
)

2 
(5

%
)

31
 (

6%
)

0.
57

M
id

 (
−

1.
64

–1
.6

4)
10

7 
(8

2%
)

26
4 

(8
5%

)
36

 (
86

%
)

40
7 

(8
4%

)

H
ig

h 
(>

1.
64

)
17

 (
13

%
)

25
 (

8%
)

4 
(1

0%
)

46
 (

10
%

)

H
ea

d 
ci

rc
um

fe
re

nc
e 

z
M

ea
n 

(S
D

)
0.

26
 (

1.
14

)
0.

37
 (

1.
14

)
0.

07
 (

1.
08

)
0.

31
 (

1.
14

)
0.

27

H
ea

d 
ci

rc
um

fe
re

nc
e 

z 
ca

te
go

ry
L

ow
 (

<
 −

2.
0)

4 
(3

%
)

2 
(1

%
)

0 
(0

%
)

6 
(1

%
)

0.
38

M
id

 (
−

2.
0 

– 
2.

0)
12

3 
(9

0%
)

29
2 

(9
2%

)
39

 (
95

%
)

45
4(

92
%

)

H
ig

h 
(>

2.
0)

10
 (

7%
)

24
 (

8%
)

2 
(5

%
)

36
 (

7%
)

1 A
bb

re
vi

at
io

ns
: c

A
R

T
 =

 c
om

bi
na

tio
n 

an
tir

et
ro

vi
ra

l t
he

ra
py

.

T
he

re
 w

er
e 

m
is

si
ng

 v
al

ue
s 

fo
r 

tr
ic

ep
s 

sk
in

fo
ld

 (
n=

25
) 

an
d 

he
ad

 c
ir

cu
m

fe
re

nc
e 

(n
=

13
).

2 T
he

 a
ve

ra
ge

 z
-s

co
re

 f
or

 a
ll 

ch
ild

re
n 

at
 2

 y
ea

rs
 o

f 
ag

e 
fo

r 
ea

ch
 g

ro
w

th
 o

ut
co

m
e 

w
as

 c
om

pa
re

d 
to

 a
 z

-s
co

re
 o

f 
ze

ro
 u

si
ng

 a
 S

tu
de

nt
’s

 t-
te

st
. T

he
 p

 v
al

ue
s 

fo
r 

ea
ch

 w
er

e 
w

ei
gh

t z
 (

P=
0.

00
5)

, l
en

gt
h 

z 
(P

=
0.

01
3)

, w
ei

gh
t-

fo
r-

le
ng

th
 z

 (
P<

 0
.0

01
),

 h
ea

d 
ci

rc
um

fe
re

nc
e 

z 
(<

 0
.0

00
1)

, a
nd

 tr
ic

ep
s 

sk
in

fo
ld

 z
 (

P=
0.

57
).

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 24

Ta
b

le
 4

D
if

fe
re

nc
e 

in
 C

D
C

 g
ro

w
th

 z
-s

co
re

s 
in

 H
E

U
 a

t 2
 y

ea
rs

 o
f 

ag
e 

(+
/−

 4
 m

on
th

s)
 f

or
 e

ac
h 

A
R

V
 m

ed
ic

at
io

n 
by

 tr
im

es
te

r 
of

 m
at

er
na

l c
A

R
T

 in
iti

at
io

n

1st
 t

ri
m

es
te

r 
cA

R
T

 in
it

ia
ti

on
1,

2  
N

= 
13

8
2nd

 t
ri

m
es

te
r 

cA
R

T
 in

it
ia

ti
on

1,
2  

N
= 

32
8

A
R

V
 a

t 
cA

R
T

in
it

ia
ti

on

U
na

dj
E

st
im

at
e

(9
5%

C
I)

U
na

dj
P

 v
al

ue

A
dj

E
st

im
at

e
(9

5%
C

I)
A

dj
P

 v
al

ue
U

na
dj

E
st

im
at

e 
(9

5%
C

I)
U

na
dj

P
 v

al
ue

A
dj

E
st

im
at

e
(9

5%
C

I)
A

dj
P

 v
al

ue

W
ei

gh
t 

z-
sc

or
e

W
ei

gh
t 

z-
sc

or
e

T
FV

+
FT

C
 v

s.
 Z

D
V

+
3T

C
0.

35
 (

−
0.

16
,0

.8
7)

0.
18

0.
44

 (
−

0.
15

,1
.0

3)
0.

14
−

0.
04

 (
−

0.
36

,0
.2

7)
0.

79
−

0.
13

 (
−

0.
48

,0
.2

2)
0.

47

T
FV

 v
s.

 n
oT

FV
0.

30
 (

−
0.

18
,0

.7
9)

0.
22

0.
50

 (
−

0.
05

,1
.0

5)
0.

08
−

0.
09

 (
−

0.
39

,0
.2

2)
0.

58
−

0.
20

 (
−

0.
54

,0
.1

3)
0.

24

bP
I 

vs
. u

nb
oo

st
ed

 P
I

−
0.

26
 (

−
0.

79
,0

.2
7)

0.
33

−
0.

13
 (

−
0.

70
,0

.4
4)

0.
65

0.
06

 (
−

0.
25

,0
.3

7)
0.

69
0.

02
 (

−
0.

32
,0

.3
7)

0.
90

A
T

V
 v

s.
 n

oA
T

V
0.

04
 (

−
0.

52
,0

.6
0)

0.
88

0.
06

 (
−

0.
52

,0
.6

4)
0.

84
0.

07
 (

−
0.

31
,0

.4
6)

0.
71

0.
01

 (
−

0.
39

,0
.4

1)
0.

95

N
FV

 v
s.

 n
oN

FV
0.

16
 (

−
0.

40
,0

.7
1)

0.
57

0.
12

 (
−

0.
48

,0
.7

2)
0.

69
−

0.
05

 (
−

0.
37

,0
.2

6)
0.

75
0.

03
 (

−
0.

32
,0

.3
8)

0.
87

L
en

gt
h 

z-
sc

or
e

L
en

gt
h 

z-
sc

or
e

T
FV

+
FT

C
 v

s.
 Z

D
V

+
3T

C
0.

26
 (

−
0.

18
,0

.7
0)

0.
24

0.
25

 (
−

0.
26

,0
.7

6)
0.

33
−

0.
11

 (
−

0.
38

,0
.1

6)
0.

41
−

0.
15

 (
−

0.
45

,0
.1

5)
0.

31

T
FV

 v
s.

 n
oT

FV
0.

22
 (

−
0.

19
,0

.6
3)

0.
29

0.
28

 (
−

0.
19

,0
.7

6)
0.

23
−

0.
14

 (
−

0.
41

,0
.1

2)
0.

30
−

0.
20

 (
−

0.
50

,0
.0

9)
0.

17

bP
I 

vs
. u

nb
oo

st
ed

 P
I

−
0.

16
 (

−
0.

61
,0

.2
8)

0.
47

−
0.

22
 (

−
0.

72
,0

.2
7)

0.
37

0.
22

 (
−

0.
05

,0
.4

8)
0.

11
0.

23
 (

−
0.

06
,0

.5
3)

0.
12

A
T

V
 v

s.
 n

oA
T

V
0.

10
 (

−
0.

37
,0

.5
7)

0.
67

0.
03

 (
−

0.
47

,0
.5

3)
0.

91
0.

05
 (

−
0.

29
,0

.3
8)

0.
78

0.
05

 (
−

0.
29

,0
.4

0)
0.

77

N
FV

 v
s.

 n
oN

FV
0.

01
 (

−
0.

46
,0

.4
7)

0.
98

0.
07

 (
−

0.
45

,0
.5

8)
0.

80
−

0.
17

 (
−

0.
44

,0
.1

0)
0.

22
−

0.
16

 (
−

0.
47

,0
.1

4)
0.

29

W
ei

gh
t-

fo
r-

le
ng

th
 z

-s
co

re
W

ei
gh

t-
fo

r-
le

ng
th

 z
-s

co
re

T
FV

+
FT

C
 v

s.
 Z

D
V

+
3T

C
0.

24
 (

−
0.

25
,0

.7
2)

0.
33

0.
45

 (
−

0.
10

,1
.0

0)
0.

11
0.

05
 (

−
0.

28
,0

.3
8)

0.
76

−
0.

03
 (

−
0.

40
,0

.3
4)

0.
89

T
FV

 v
s.

 n
oT

FV
0.

21
 (

−
0.

25
,0

.6
7)

0.
37

0.
50

 (
−

0.
02

,1
.0

2)
0.

06
−

0.
01

 (
−

0.
33

,0
.3

1)
0.

94
−

0.
11

 (
−

0.
47

,0
.2

5)
0.

55

bP
I 

vs
. u

nb
oo

st
ed

 P
I

−
0.

17
 (

−
0.

67
,0

.3
3)

0.
50

0.
07

 (
−

0.
44

,0
.5

7)
0.

79
−

0.
12

 (
−

0.
44

,0
.2

0)
0.

47
−

0.
16

 (
−

0.
52

,0
.2

0)
0.

37

A
T

V
 v

s.
 n

oA
T

V
−

0.
10

 (
−

0.
63

,0
.4

3)
0.

70
0.

01
 (

−
0.

53
,0

.5
5)

0.
97

0.
05

 (
−

0.
35

,0
.4

5)
0.

81
−

0.
04

 (
−

0.
46

,0
.3

8)
0.

85

N
FV

 v
s.

 n
oN

FV
0.

16
 (

−
0.

36
,0

.6
8)

0.
55

0.
01

 (
−

0.
53

,0
.5

5)
0.

96
0.

10
 (

−
0.

22
,0

.4
3)

0.
53

0.
17

 (
−

0.
20

,0
.5

4)
0.

37

T
ri

ce
ps

 s
ki

nf
ol

d 
z-

sc
or

e
T

ri
ce

ps
 s

ki
nf

ol
d 

z-
sc

or
e

T
FV

+
FT

C
 v

s.
 Z

D
V

+
3T

C
−

0.
05

 (
−

0.
51

,0
.4

2)
0.

84
−

0.
55

 (
−

1.
07

,-
0.

02
)

0.
04

0.
02

 (
−

0.
30

,0
.3

3)
0.

91
−

0.
04

 (
−

0.
38

,0
.3

1)
0.

84

T
FV

 v
s.

 n
oT

FV
−

0.
13

 (
−

0.
57

,0
.3

2)
0.

58
−

0.
47

 (
−

0.
97

,0
.0

2)
0.

06
−

0.
05

 (
−

0.
35

,0
.2

6)
0.

76
−

0.
11

 (
−

0.
45

,0
.2

3)
0.

52

bP
I 

vs
. u

nb
oo

st
ed

 P
I

−
0.

17
 (

−
0.

67
,0

.3
3)

0.
51

−
0.

61
 (

−
1.

26
,0

.0
4)

0.
06

5
−

0.
02

 (
−

0.
32

,0
.2

9)
0.

91
0.

15
 (

−
0.

18
,0

.4
8)

0.
38

A
T

V
 v

s.
 n

oA
T

V
0.

24
 (

−
0.

27
,0

.7
5)

0.
36

0.
14

 (
−

0.
40

,0
.6

7)
0.

61
0.

43
 (

0.
06

,0
.8

1)
0.

02
4

0.
29

 (
−

0.
09

,0
.6

7)
0.

15

N
FV

 v
s.

 n
oN

FV
−

0.
03

 (
−

0.
55

,0
.4

8)
0.

89
0.

41
 (

−
0.

28
,1

.0
9)

0.
24

0.
0 

(−
0.

32
,0

.3
2)

0.
99

−
0.

18
 (

−
0.

52
,0

.1
7)

0.
31

H
ea

d 
ci

rc
um

fe
re

nc
e 

z-
sc

or
e

H
ea

d 
ci

rc
um

fe
re

nc
e 

z-
sc

or
e

T
FV

+
FT

C
 v

s.
 Z

D
V

+
3T

C
0.

31
 (

−
0.

13
,0

.7
5)

0.
17

0.
18

 (
−

0.
34

,0
.7

0)
0.

49
0.

05
 (

−
0.

26
,0

.3
6)

0.
74

−
0.

06
 (

−
0.

40
,0

.2
8)

0.
72

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobson et al. Page 25

1st
 t

ri
m

es
te

r 
cA

R
T

 in
it

ia
ti

on
1,

2  
N

= 
13

8
2nd

 t
ri

m
es

te
r 

cA
R

T
 in

it
ia

ti
on

1,
2  

N
= 

32
8

A
R

V
 a

t 
cA

R
T

in
it

ia
ti

on

U
na

dj
E

st
im

at
e

(9
5%

C
I)

U
na

dj
P

 v
al

ue

A
dj

E
st

im
at

e
(9

5%
C

I)
A

dj
P

 v
al

ue
U

na
dj

E
st

im
at

e 
(9

5%
C

I)
U

na
dj

P
 v

al
ue

A
dj

E
st

im
at

e
(9

5%
C

I)
A

dj
P

 v
al

ue

T
FV

 v
s.

 n
oT

FV
0.

27
 (

−
0.

15
,0

.6
9)

0.
20

0.
18

 (
−

0.
30

,0
.6

6)
0.

45
0.

01
 (

−
0.

29
,0

.3
1)

0.
97

−
0.

15
 (

−
0.

48
,0

.1
8)

0.
38

bP
I 

vs
. u

nb
oo

st
ed

 P
I

0.
37

 (
−

0.
09

,0
.8

4)
0.

11
0.

15
 (

−
0.

45
,0

.7
6)

0.
62

−
0.

07
 (

−
0.

37
,0

.2
4)

0.
67

−
0.

18
 (

−
0.

52
,0

.1
5)

0.
28

A
T

V
 v

s.
 n

oA
T

V
0.

22
 (

−
0.

26
,0

.6
9)

0.
38

0.
23

 (
−

0.
28

,0
.7

4)
0.

37
−

0.
03

 (
−

0.
41

,0
.3

5)
0.

87
−

0.
09

 (
−

0.
48

,0
.3

0)
0.

64

N
FV

 v
s.

 n
oN

FV
−

0.
35

 (
−

0.
83

,0
.1

3)
0.

15
−

0.
07

 (
−

0.
71

,0
.5

7)
0.

83
0.

02
 (

−
0.

29
,0

.3
3)

0.
91

0.
15

 (
−

0.
19

,0
.4

9)
0.

39

1 cA
R

T
 =

 c
om

bi
na

tio
n 

an
tir

et
ro

vi
ra

l t
he

ra
py

, U
na

dj
 =

 u
na

dj
us

te
d,

 T
FV

=
te

no
fo

vi
r, 

FT
C

=
em

tr
ic

ita
bi

ne
, Z

D
V

=
zi

do
vu

di
ne

, 3
T

C
=

la
m

iv
ud

in
e,

 A
T

V
=

at
az

an
av

ir
, N

FV
=

ne
lf

in
av

ir
, b

PI
 =

 b
oo

st
ed

 p
ro

te
as

e 
in

hi
bi

to
r. 

W
T

Z
 =

 w
ei

gh
t z

, L
N

Z
 =

 le
ng

th
 z

, W
FL

 =
 w

ei
gh

t-
fo

r-
le

ng
th

 z
, T

SF
Z

 =
 tr

ic
ep

s 
sk

in
fo

ld
 z

, H
C

Z
 =

 h
ea

d 
ci

rc
um

fe
re

nc
e 

z,
 9

5%
 C

I 
=

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

.

T
he

 n
um

be
rs

 f
or

 e
ac

h 
ad

ju
st

ed
 m

od
el

 v
ar

y 
du

e 
to

 th
e 

ad
di

tio
n 

of
 d

if
fe

re
nt

 c
on

fo
un

de
rs

 in
 e

ac
h 

m
od

el
. T

he
y 

ar
e 

as
 f

ol
lo

w
s:

Fi
rs

t t
ri

m
es

te
r:

T
FV

+
FT

C
 v

s.
 Z

D
V

+
 F

T
C

: W
T

Z
, L

N
Z

, a
nd

 W
FL

Z
 (

N
=

12
7)

, T
SF

Z
 (

N
=

12
0)

, H
C

Z
 (

N
=

12
6)

.

T
FV

, A
T

V
, a

nd
 N

FV
: W

T
Z

, L
N

Z
 a

nd
 W

FL
Z

 (
N

=
 1

35
),

 T
SF

Z
 (

N
=

12
8)

, H
C

Z
 (

N
=

13
4)

.

bP
I 

vs
. u

nb
oo

st
ed

 P
I:

 W
T

Z
, L

N
Z

, a
nd

 W
FL

Z
 (

N
=

12
8)

, T
SF

Z
 (

N
=

12
1)

, H
C

Z
 (

N
=

12
7)

.

Se
co

nd
 tr

im
es

te
r

T
FV

+
FT

C
 v

s.
 Z

D
V

+
 F

T
C

: W
T

Z
 (

N
=

29
7)

, L
N

Z
 (

N
=

 2
97

),
 W

FL
Z

 (
N

=
 2

97
),

 T
SF

Z
 (

N
=

28
0)

, H
C

Z
 (

N
28

9)

T
FV

, A
T

V
, a

nd
 N

FV
: W

T
Z

 (
N

=
31

0)
, L

N
Z

 a
nd

 W
FL

Z
 (

N
=

 3
10

),
 T

SF
Z

 (
N

=
29

3)
, H

C
Z

 (
N

=
30

0)
.

bP
I 

vs
. u

nb
oo

st
ed

 P
I:

 W
T

Z
, L

N
Z

, a
nd

 W
FL

Z
 (

N
=

29
5)

, T
SF

Z
 (

N
=

28
0)

, H
C

Z
 (

N
=

28
5)

.

2 Se
pa

ra
te

 u
na

dj
us

te
d 

an
d 

ad
ju

st
ed

 li
ne

ar
 r

eg
re

ss
io

n 
m

od
el

s 
fi

t f
or

 e
ac

h 
A

R
V

 a
nd

 e
ac

h 
z-

sc
or

e 
ou

tc
om

e 
at

 tr
im

es
te

r 
of

 c
A

R
T

 in
iti

at
io

n 
in

 p
re

gn
an

cy
. A

ve
ra

ge
 d

if
fe

re
nc

e 
is

 in
 th

os
e 

ex
po

se
d 

co
m

pa
re

d 
to

 
th

os
e 

un
ex

po
se

d 
fo

r 
ea

ch
 A

R
V

.

A
lc

oh
ol

 a
nd

 to
ba

cc
o 

us
e 

ar
e 

du
ri

ng
 th

e 
fi

rs
t t

ri
m

es
te

r.

A
dj

us
te

d 
m

od
el

s 
in

cl
ud

e 
th

e 
fo

llo
w

in
g 

co
va

ri
at

es
 f

or
 e

ac
h 

ou
tc

om
e 

by
 tr

im
es

te
r 

of
 c

A
R

T
 in

iti
at

io
n:

 W
T

Z
 1

st
 (

si
te

 r
eg

io
n,

 a
lc

oh
ol

, t
ob

ac
co

, l
an

gu
ag

e 
at

 h
om

e)
; W

T
Z

 2
nd

 (
si

te
 r

eg
io

n,
 la

ng
ua

ge
 a

t h
om

e)
; 

L
N

Z
 1

st
 (

si
te

 r
eg

io
n,

 a
lc

oh
ol

, t
ob

ac
co

);
 L

N
Z

 2
nd

 (
si

te
 r

eg
io

n,
 to

ba
cc

o,
 la

ng
ua

ge
 a

t h
om

e,
 li

vi
ng

 a
rr

an
ge

m
en

t)
; W

FL
Z

 1
st

 (
si

te
 r

eg
io

n,
 a

lc
oh

ol
, l

an
gu

ag
e 

at
 h

om
e)

; W
FL

Z
 2

nd
 (

si
te

 r
eg

io
n,

 to
ba

cc
o,

 

la
ng

ua
ge

 a
t h

om
e)

; T
SF

Z
 1

st
 (

si
te

 r
eg

io
n,

 a
lc

oh
ol

, t
ob

ac
co

, b
ir

th
 y

ea
r)

; T
SF

Z
 2

nd
 (

si
te

 r
eg

io
n,

 li
vi

ng
 a

rr
an

ge
m

en
t)

; H
C

Z
 1

st
 (

re
gi

on
, a

lc
oh

ol
, t

ob
ac

co
);

 H
C

Z
 2

nd
 (

si
te

 r
eg

io
n,

 to
ba

cc
o,

 in
co

m
e,

 la
ng

ua
ge

 a
t 

ho
m

e)
. M

ar
ita

l s
ta

tu
s,

 r
ac

e/
et

hn
ic

ity
, b

ir
th

 o
ut

si
de

 th
e 

m
ai

nl
an

d 
U

S,
 a

nd
 p

ri
or

 A
R

V
 u

se
 d

id
 n

ot
 c

au
se

 c
on

fo
un

di
ng

 a
nd

 w
er

e 
no

t i
nc

lu
de

d.

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 February 01.


	Abstract
	INTRODUCTION
	METHODS
	Population and data collection
	Inclusion criteria

	Growth outcomes
	Statistical methods

	RESULTS
	Maternal and HIV-exposed infant characteristics
	ARV exposure by trimester of cART initiation
	HEU growth outcomes at 2 years of age
	Unadjusted and adjusted models of ARVs on growth outcomes in HEU at age 2 years
	First-trimester cART initiators
	Second-trimester cART initiators


	DISCUSSION
	Appendix 1
	Table 5
	Table 6
	Table 7
	Table 8
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table T9

