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Abstract

We investigated the relationship between prenatal maternal urinary concentrations of phthalate

metabolites and neonatal behavior in their 295 children enrolled in a multiethnic birth cohort

between 1998 and 2002 at the Mount Sinai School of Medicine in New York City. Trained

examiners administered the Brazelton Neonatal Behavioral Assessment Scale (BNBAS) to

children within 5 days of delivery. We measured metabolites of 7 phthalate esters in maternal

urine that was collected between 25 and 40 weeks’ gestation. All but two phthalate metabolites

were over 95% detectable. We summed metabolites on a molar basis into low and high molecular

weight phthalates. We hypothesized the existence of sex-specific effects from phthalate exposure

a priori given the hormonal activity of these chemicals. Overall we found few associations

between individual phthalate metabolites or their molar sums and most of the BNBAS domains.

However, we observed significant sex-phthalate metabolite interactions (p < 0.10) for the

Orientation and Motor domains and the overall Quality of Alertness score. Among girls, there was

a significant linear decline in adjusted mean Orientation score with increasing urinary

concentrations of high molecular weight phthalate metabolites (B = -0.37, p = 0.02). Likewise,

there was a strong linear decline in their adjusted mean Quality of Alertness score (B = -0.48, p <

0.01). In addition, boys and girls demonstrated opposite patterns of association between low and

high molecular weight phthalate metabolite concentrations and Motor performance, with some

indication of improved Motor performance with increasing concentration of low molecular weight

phthalate metabolites among boys. This is the first study to report an association between prenatal

phthalate exposure and neurological effects in humans or animals, and as such requires replication.
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Introduction

Concern is mounting that a family of chemicals, the phthalate diesters, may pose human

health risks based on numerous animal studies and a limited number of observational studies

in humans. Among the reported human associations with phthalate exposure are increased

waist circumference and insulin resistance (Stahlhut et al., 2007; Hatch et al., 2008); DNA

damage in human sperm (Hauser et al., 2007); semen quality (Hauser et al., 2006; Zhang et

al., 2006); and decreased anogenital distance in male infants (Swan et al., 2005). The

observed risks are generally presumed to be related to the endocrine altering properties of

these chemicals, although the exact nature of the hormonal effects may be in part dependent

on exposure dose. One area of concern specifically to neurodevelopment is the observed

correlations between phthalates exposure and circulating thyroid hormone. Low serum free

thyroxine (T4) was associated with high urinary concentration of monobutyl phthalate, a

metabolite of dibutyl phthalate in a cohort of pregnant women during the second trimester

(Huang et al., 2007), and with urinary mono(2-ethylhexyl) phthalate (MEHP) in adult males

(Meeker et al., 2007).

Human exposure to phthalates occurs through a variety of consumer and personal care

products. High molecular weight phthalates make plastics pliable, and therefore are included

in a number of commonly encountered products like vinyl flooring, medical devices, wall

coverings, and food containers. Low molecular weight phthalates are often found in personal

care products that carry a scent, such as cosmetics, lotions and perfumes (Hauser et al.,

2006).

The Mount Sinai Children's Environmental Health Center was developed to investigate the

role of prenatal toxicant exposure on childhood growth and neurodevelopment. We have

previously reported associations between pesticide and PCB exposure on size measures at

birth (Berkowitz et al., 2004; Wolff et al., 2007) and abnormal neonatal reflexes (Engel et

al., 2007). In addition, we have reported the relationship between prenatal phthalate and

phenol exposure and size measures at birth (Wolff et al., 2008). Here we describe the

relationship between prenatal phthalate exposures and neonatal behavior.

Materials and Methods

The Mount Sinai Children's Environmental Health Cohort study is a prospective multiethnic

cohort that enrolled primiparous women presenting for prenatal care at the Mount Sinai

prenatal clinic and two private practices with singleton pregnancies, and who delivered at

Mount Sinai Hospital between May 1998 and July 2001 (Berkowitz et al., 2003; Berkowitz

et al., 2004). Four hundred and seventy nine mother-infant pairs were successfully recruited

during pregnancy. Of these women, seventy five women were excluded for reasons detailed

elsewhere (Engel et al., 2007) leaving 404 for whom birth data were available.

We administered a questionnaire to participants during their third trimester of pregnancy to

obtain information on sociodemographic characteristics, medical history, and lifestyle

factors. A sample of maternal urine was obtained between 25 and 40 weeks gestation.

Delivery characteristics and birth outcomes were obtained from a perinatal database within

Engel et al. Page 2

Neurotoxicology. Author manuscript; available in PMC 2014 May 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the Mount Sinai Department of Obstetrics, Gynecology and Reproductive Science. The

Brazelton Neonatal Behavioral Assessment Scale (BNBAS) was administered before

hospital discharge (n = 311) by one of four examiners (Engel et al., 2007). Examiners were

either trained and certified by the Brazelton Institute or trained by a certified examiner.

Examinations were performed in a quiet, semi-darkened, warm room adjacent to the

neonatal nursery, or in the mother's private room if available. The BNBAS was not

administered if the infant was admitted to the Neonatal Intensive Care Unit, delivered and

discharged over a weekend, the parent refused, the baby was not testable, or study personnel

were unavailable (Engel et al., 2007). This study was approved by the Institutional Review

Board of Mount Sinai School of Medicine. The involvement of the Centers for Disease

Control and Prevention (CDC) laboratory was limited and determined not to constitute

engagement in human subjects research.

From the 311 subjects on whom the BNBAS was administered, sufficient maternal urine

sample was available on 295 (95%) subjects to obtain phthalate measurements. These

maternal urine samples were analyzed by the CDC for 10 phthalate metabolites. Methods

and quality control procedures have been previously described (Kato et al., 2005; Silva et

al., 2008). To limit the influence of multiple testing on our findings, phthalate metabolites

were grouped into categories defined by molecular weight, as they each represent similar

molecular structure, biological activity, and sources of exposure (Wolff et al., 2008). These

groupings were monoester metabolites of high-(>250 dalton) and low-(<250 dalton)

molecular weight biomarkers. We also examined the molar sum of di(2-ethylhexyl)

phthalate (DEHP) metabolites, however results were very similar to the total high molecular

weight monoester grouping, of which they are the major contributing metabolites. To

account for urine dilution, we included logcreatinine in models where metabolites were

continuous variables, and to create quartile cut points we used creatinine corrected

concentrations (uM/g creatinine). All models were restricted to observations in which

urinary creatinine values were greater than 20 mg/dL in order to eliminate measures from

extremely dilute urine specimens.

The BNBAS includes 28 behavioral items and 18 primitive reflexes. It was scored using the

seven-cluster scoring method developed by Lester et al. (Lester et al., 1982) which divides

infant behavior into seven domains: habituation (number of subjects with complete data for

this cluster = 177), ability to respond to and inhibit discrete stimuli while asleep; orientation

(n = 269), attention to visual and auditory stimuli and quality of overall alertness; motor (n =

295), motor performance and quality of movement and tone; range of state (n = 294), a

measure of infant arousal and state lability; regulation of state (n = 293), ability to regulate

state in the face of increasing levels of stimulation; autonomic stability (n = 294), signs of

stress related to homeostatic adjustments of the central nervous system; and number and

type of abnormal primitive reflexes (n = 292). Details of the Lester scoring method have

been previously described (Lester et al., 1982; Brazelton and Nugent, 1995; Young et al.,

2005). It should be noted that the infant must be asleep at the start of the exam in order for

the habituation domain to be completed. Therefore, as is typical, there are many more

infants who are missing information on this domain. There are also seven supplementary

items that are designed to describe qualitative aspects of the infant's performance across the

entire examination: Cost of Attention, the extent to which the motor and physiological
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systems are stressed; Quality of Alertness, overall quality of the infant's responsiveness;

Examiner Facilitation, amount of help necessary from the examiner to facilitate the infant's

optimal performance; General Irritability, infant response to non-aversive stimuli;

Robustness and Endurance, ability to maintain energy throughout examination; State

Regulation, availability of clear, well-organized states and the quality of fluctuation between

them; and Examiner's Emotional Response, the degree to which the examiner finds the

examination stressful. Each of the Lester summary scales and all of the supplementary items

rate infant behavior on a scale from 1 to 9, with 1 being the worst and 9 being the best,

except the number of abnormal reflexes which is a count.

Data were analyzed using SAS version 9.1 (Cary, NC). Generalized linear models were used

to analyze relationships between biomarker concentrations and each domain except

abnormal reflexes. Poisson regression was used to analyze the relationship between

biomarker concentrations and the number of abnormal reflexes. In Poisson models, when

necessary, we corrected for overdispersion by introducing a scale parameter estimated by the

deviance divided by degrees of freedom, as overdispersion may cause underestimation of the

standard errors of regression estimates. Backward elimination was used to arrive at the final

adjusted models. Covariates were eliminated if their exclusion caused less than a 10%

change in the beta coefficient of the full model. The following were considered as potential

confounders or effect modifiers: maternal age (continuous), race (white or non-white),

marital status (single, married, living with baby's father), education (< high school, high

school, some college, ≥ college degree), cesarean delivery (yes/no), delivery anesthesia (yes/

no), infant age at examination (continuous), infant sex (male/female), infant jaundice (yes/

no), and smoking (yes/no), alcohol (yes/no), caffeine (yes/no) or illicit drug use (yes/no)

during pregnancy, urinary creatinine, and examiner. Because we previously reported an

association between prenatal organophosphate pesticide urinary concentrations and neonatal

behavior (Engel et al., 2007), we additionally examined confounding by urinary

organophosphate metabolite concentration. Gestational age at delivery and birthweight were

not evaluated for confounding because they are potentially causal intermediates; however,

models restricting the population to gestational ages at or above 37 weeks and birthweight

over 2500 grams were examined to be sure that these few observations were not overly

influential.

All phthalate biomarkers and creatinine were included as log-linear terms in the initial

model selection stage. Subsequently we examined effects by creatinine corrected quartiles of

exposure in order to make fewer assumptions about the shape of the relationship. However,

in the case of no effect, we report only the log-linear term. Infant sex-phthalate interactions

were examined using the log-linear term for phthalate level. We did not examine additional

interactions by infant age at exam, as has been previously described (Young et al., 2005;

Engel et al., 2007), because of the difficulty in interpreting multiple interactions

simultaneously, and because our sample size would be insufficient to support three-way

interactions. We focused on interactions at less than the p = 0.2 level.
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Results

Maternal and infant characteristics of the population tested have been previously reported

(Engel et al., 2007). To summarize, the majority of participants were Black or Latina women

aged 25 years or younger who were unmarried at the time of enrollment and had a relatively

low educational attainment (Table 1). Severely preterm births (< 32 weeks) were excluded

by design; therefore, most delivered babies at term (92.9%) with birthweights over 2500

grams (97.8%). All babies were evaluated by 5 days of age, the majority by day 2 (Table 1).

Median phthalate biomarker concentrations in this population were within the range of those

reported for the 1999-2000 National Health and Nutrition Examination Survey for US adults

aged 20-39 (Silva et al., 2004). Most metabolites were detectable in over 95% of our

subjects (Table 2).

There were few notable associations between low or high molecular weight phthalate molar

sums (Table 3). There was a slight positive, though non-significant, association between

prenatal low molecular weight phthalate concentrations and improved motor performance

overall (B = 0.05, p = 0.06). These models examined overall effects of phthalates. We

hypothesized a priori that phthalate effects may be sex specific. Therefore, we examined

these models, additionally considering the interaction between phthalate metabolite

concentration and sex on each of the BNBAS outcomes. Orientation (sex-log high molecular

weight phthalate interaction p = 0.06) and motor (sex - log low molecular weight phthalate

interaction p = 0.09) domains both appeared to show sex specific effects (Figures 1 and 2).

There was an inverse, linear association between log high molecular weight phthalates

(Figure 1A, interaction p = 0.06) and mean score on the Orientation BNBAS domain.

Among girls, there was an adjusted mean 0.37 point decline (p = 0.02) in orientation score

for each log micromolar increase in high molecular weight phthalate metabolite

concentration in maternal prenatal urine. Although the decline in mean orientation score

among girls and boys for log high molecular weight phthalates were very similar for

metabolite concentrations less than 1μM, substantially elevated mean orientation scores in

the highest quartile of exposure among boys prevented an unstratified log-linear term for

phthalates from accurately characterizing the overall effect. Although boys and girls showed

opposite patterns of effect for log low molecular weight phthalates (Figure 1C), there were

no significant associations, either overall or sex-stratified (sex - log low molecular weight

phthalate interaction p = 0.10).

We observed an interaction among sex, low molecular weight phthalates and motor

performance (interaction p = 0.09). Among boys, there appeared to be a positive association

between increasing low molecular weight metabolite concentrations and improved motor

performance (Figure 2) (B = 0.09, p = 0.01) although it was non-linear at the second

quartile. Among girls there were no significant associations between low or high molecular

weight metabolite concentrations and motor performance. Overall, neither boys nor girls

demonstrated monotonically increasing or decreasing relationships between high or low

molecular weight metabolite concentrations and motor performance (Figure 2), but the

patterns of association were intriguing in that they were mirror images.
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The orientation domain measures the infant's ability to attend to visual and auditory stimuli

and alertness. Therefore, to better understand the association, we further examined the Cost

of Attention and Quality of Alertness supplementary items. There was no association

between any of the phthalate metabolite molar sums and Cost of Attention overall, and no

interactions with infant sex. For Quality of Alertness, there was no association between low

molecular weight phthalates overall, and no interaction between low molecular weight

phthalates and infant sex. However, there were strong main effects, and strong sex

interactions between high molecular weight phthalates and Quality of Alertness (p = 0.03 for

high molecular weight phthalates). The relationship between high molecular weight

phthalates and Quality of Alertness appeared to be limited to girls. Among girls, there was a

0.48 point decline (95% CI -0.83, -0.12) per log unit increase in the sum of high molecular

weight phthalates (Figure 3). Very similar results were found for DEHP metabolites. There

were no substantial differences to the results when race was instead included as a three-level

class variable (Caucasian, African American and Hispanic).

Discussion

We report associations between maternal urinary phthalate metabolite concentrations in the

third trimester and neonatal behavior measured within five days of birth using the BNBAS.

Specifically, there were strong, inverse associations between increasing concentrations of

high molecular weight phthalates metabolite concentrations and orientation among girls.

Similarly, there was an inverse association between high molecular weight metabolite

concentrations and Quality of Alertness among girls. Among boys, there appeared to be a

slight positive association between increasing low molecular weight metabolite

concentrations and motor performance, although it was non-linear. According to our

expectation, we did observe significant sex-phthalate interactions for BNBAS scales, which

is consistent with the hypothesis that phthalates are hormonally active and may exert sex-

specific effects (Wolff et al., 2008). These associations are intriguing in that they constitute

the first reported association between phthalates and neurodevelopment. As such, replication

is essential. Moreover, studies investigating the role of phthalates in neurodevelopment

should be conducted in animals under more controlled conditions than those that can be

achieved in observational studies.

The limitations of this study should be considered. First, the clinical or preclinical utility of a

single assessment of infant behavior shortly after delivery is unclear. The BNBAS, though

frequently used in studies examining prenatal drug (Richardson et al., 1996; Datta-Bhutada

et al., 1998; Myers et al., 2003) and toxicant exposure (Jacobson et al., 1984; Rogan et al.,

1986; Lonky et al., 1996; Stewart et al., 2000; Young et al., 2005; Engel et al., 2007; Fenster

et al., 2007; Sagiv et al., 2008), was primarily designed as a screening tool to examine

behavioral organization and detect gross neurological abnormalities at birth. We

hypothesized that phthalate effects may be sex-specific based on the literature, although

without regard to specific BNBAS domains, which represent general CNS organization.

Previous studies of endocrine disruptors and BNBAS performance have noted effects in

multiple domains, including Habituation (Lonky et al., 1996; Stewart et al., 2000), Motor

Performance (Rogan et al., 1986), Range of State (Jacobson et al., 1984; Engel et al., 2007),

Autonomic Stability (Jacobson et al., 1984; Lonky et al., 1996; Stewart et al., 2000),
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Alertness and Quality of Alertness (Sagiv et al., 2008), and abnormal primitive reflexes

(Jacobson et al., 1984; Rogan et al., 1986; Lonky et al., 1996); therefore, there was

plausibility for a range of findings. The long term consequences of abnormal neonatal

behavior is understudied. However, there is evidence linking neonatal behavior to infant

temperament (Tirosh et al., 1992), childhood behavioral problems (Ohgi et al., 2003; Canals

et al., 2006) and developmental disabilities (Ohgi et al., 2003) . Therefore, the long-term

implications of our findings are unclear.

In addition, phthalate metabolites have short half-lives and our exposure measurements rely

on a single urine specimen taken during the 3rd trimester. However, if sources and patterns

of exposure (for example residential pesticide use or exposure from a food source) are

unchanged, we can assume that a single measurement reflects a typical measurement at any

time during pregnancy. This is supported by several studies of urinary phthalate levels over

days to months (Hauser et al., 2004; Teitelbaum et al., 2008). Even so, there is probable

misclassification of both exposure and outcome in this study, although they are likely to be

independent of one another.

Given the dearth of mechanistic studies relating phthalates to neural development, the

mechanisms underlying the associations we report have not been established. Although there

is little information about bioavailability to the fetus, the literature indicates that fetal

exposure occurs and that phthalates with four-to-six carbon ester moieties exhibit

antiandrogenicity (Committee on the Health Risks of Phthalates, 2008). Consequently, most

of the research on phthalate esters focuses on their association with aberrant male

reproductive development (Swan et al., 2005). Phthalate monoesters have been shown to

affect fetal Leydig cell function, resulting in impaired androgen activity during a critical

period of fetal sex differentiation (Swan et al., 2005). Androgens play a role in brain

development in both sexes (Colciago et al., 2006). Treatment of rat dams with DEHP during

gestation and lactation at doses that overlap with estimated exposure in the general human

population induced changes in brain aromatase activity (encoded by CYP19) in male and

female offspring. Aromatase catalyzes the conversion of testosterone to estradiol, which is

critical for brain sexual differentiation (Andrade et al., 2006).

Additionally, the role of phthalates is testosterone biosynthesis may be mediated, at least in

part, through peroxisome proliferator-activated receptors (PPARs), which in turn control

fatty acid, synthesis critical for brain development. PPARs are members of the nuclear

receptor superfamily and consist of three isoforms, namely PPARα, PPARß, and PPARγ. In

response to ligand activation, PPARs heterodimerize with retinoid-X-receptor-α, interact

with co-activators and peroxisome proliferator-response elements found in the promoter

region of target genes, and modulate expression of target genes (Shearer and Hoekstra,

2003). PPARs activated by phthalates may also repress gene expression in a DNA-binding-

independent manner through the recruitment of corepressors or by interfering with other

DNA-associated transcription factors (Corton and Lapinskas, 2005). Phthalate monoesters

are also thought to induce rodent hepatocarcinogenesis by activating PPARα (Peters et al.,

1997; Hays et al., 2005), though this may not be directly relevant to human carcinogenesis.

Finally, PPARs have been found in the developing neural tube (Braissant and Wahli, 1998).

They are involved in adipogenesis and lipid homeostasis (Peters et al., 2000; Latini et al.,
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2008) and may affect neurodevelopment by altering lipid metabolism in the fetal brain (Xu

et al., 2007).

Several studies have reported possible antagonistic effects of phthalates on the thyroid gland

in vivo and thyroid tissue in vitro (Hinton et al., 1986; Price et al., 1988; Poon et al., 1997;

Sugiyama et al., 2005; Pereira et al., 2007). Low serum free T4 was associated with high

urinary concentration of monobutyl phthalate, a metabolite of dibutyl phthalate in a cohort

of pregnant women during the second trimester (Huang et al., 2007), and with urinary

MEHP in adult males (Meeker et al., 2007). In addition, an investigation of the effects of six

phthalates on the transcriptional activity of a sodium/iodide symporter (NIS) reported that

dibutyl phthalate appeared to down-regulate the human NIS promoter. This evidence

suggests that some phthalates may modulate transcriptional activity resulting in decreased

levels of T4 (Breous et al., 2005).

Brain development begins early in the first trimester of pregnancy, at a time when maternal

thyroid and associated environmental insults are likely to exert the most damage. Fetal

thyroid becomes active only late in gestation. During the first half of pregnancy, the mother

is the only source of thyroid hormone available to the fetus, though by approximately 16-20

weeks gestation the fetal gland starts contributing to its own needs (Morreale de Escobar et

al., 2004). The consequences of severe hypothyroxinemia during pregnancy are well

described. Severe maternal iodine deficiency is associated with neurological cretinism

(deafness, mental retardation, cerebral palsy); decreased IQ, and motor deficits in the baby

(Morreale de Escobar, 2001; Ohara et al., 2004). However, even mild subclinical forms of

maternal hypothyroidism during early gestation may adversely affect fetal

neurodevelopment (Haddow et al., 1999; Pop et al., 1999).

Given the ubiquity of phthalates in the environment, the public health impact of even small

negative effects of phthalates on neurodevelopment could be significant. Therefore,

additional research is urgently needed to replicate these findings, and extend them to

measures of childhood behavioral and cognitive development.
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Abbreviations

1. BNBAS Brazelton Neonatal Behavioral Assessment Scale

2. 95%CI 95% Confidence Interval

3. B Beta

4. DNA Deoxyribonucleic acid

5. MEHP mono(2-ethylhexyl) phthalate
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6. T4 thyroxine

7. PCB Polychlorinated Biphenyls

8. CDC Centers for Disease Control and Prevention

9. DEHP di(2-ethylhexyl) phthalate

10. PPARs peroxisome proliferator-activated receptors

11. NIS sodium/iodide symporter

12. MMP Monomethyl phthalate

13. MEP monoethyl phthalate

14. MBzP monobenzyl phthalate

15. MNBP mono-n-butyl phthalate

16. MiBP mono-isobutyl phthalate

17. MEOHP mono(2-ethyl-5-oxohexyl) phthalate

18. MEHHP mono(2-ethyl-5-hydroxyhexyl) phthalate

19. MECPP mono(2-ethyl-5-carboxypentyl) phthalate

20. MCPP mono(3-carboxypropyl) phthalate
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Figure 1.
Prenatal High (A) and Low Molecular Weight (B) Phthalate Metabolite Concentrations (in

μM) in maternal urine and Performance on the Orientation Domain of the Brazelton

Neonatal Assessment Scale

Legend: Median molar phthalate metabolite concentration within quartiles is plotted against

the adjusted mean orientation score for each quartile. Models are adjusted as in Table 3, and

include a sex and sex-phthalate interaction term. There was an inverse, linear association

between high molecular weight phthalates and mean score on the orientation BNBAS

domain among girls. Boys and girls had similar trends for high molecular weight phthalates
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below 1µM. Although boys and girls showed opposite patterns of effect for low molecular

weight phthalates, there were no significant associations, either overall or sex-stratified.
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Figure 2.
Relationship between Prenatal Low (A) and High (B) Molecular Weight Phthalate

Metabolite Concentrations in Maternal Urine and Performance on the Motor Domain of the

Brazelton Neonatal Assessment Scale

Figure 2 Legend: Median molar phthalate metabolite concentration within quartiles is

plotted against the adjusted mean motor score for each quartile. Models are adjusted as in

Table 3, and include a sex and sex-phthalate interaction term. Among boys, there appeared

to be a slight positive association between increasing LMWP phthalate concentrations and
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improved motor performance (Figure 2A) (B = 0.09, p = 0.01) although it was non-linear at

the second quartile. Overall, neither boys nor girls demonstrated monotonic relationships.
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Figure 3.
Prenatal High Molecular Weight Phthalates Metabolite Concentrations in Maternal Urine

and Examiner Assessment of the Quality of Alertness Supplementary Item on the Brazelton

Neonatal Behavioral Assessment Scale

Figure 3 Legend: Median molar phthalate metabolite concentration within quartiles is

plotted against the adjusted mean orientation score for each quartile. Models are adjusted for

examiner and maternal race. The relationship between high molecular weight phthalate

metabolite concentrations and Quality of Alertness appeared to be limited to girls. Among

girls, there was an adjusted mean 0.48 point decline (95% CI -0.83, -0.12) per log unit

increase in the sum of high molecular weight metabolites.
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Table 1

Characteristics of the Population in a Multiethnic Pregnancy Cohort (n = 295), Mount Sinai Hospital 1998-

2002

Characteristic N %

Maternal Age (years)

    < 20 102 34.6

    20 - 24 97 32.9

    25 -29 36 12.2

    30+ 60 20.3

Race

    White 60 20.3

    Black 80 27.1

    Latina 152 51.5

    Other 3 1.0

Education

    < High School 93 31.5

    HS graduate 56 19.0

    Some college 76 25.8

    Bachelors + 70 23.7

Marital Status

    Married 84 28.5

    Living w/ baby's father 73 24.8

    Single 138 46.8

Infant Age at BNBAS (days)

    1 147 50.3

    2 101 34.6

    3+ 44 15.1

Smoke during pregnancy 53 18.0

Infant gender (Female) 122 44.5

Neonatal jaundice 29 9.8

Creatinine < 20mg/dL 21 7.1

Mean SD

Gestational age at delivery (weeks) 39.3 1.5

Birthweight (grams) 3288 429

Habituation 7.00 1.59

Motor 5.29 0.69

Orientation 6.60 1.57

Range of State 3.68 0.83

Regulation of State 6.06 1.33

Autonomic Stability 6.24 1.23

Number of Abnormal Reflexes 0.68 1.20
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