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Abstract

This study examined interrelations between prenatal cocaine exposure, child autonomic

regulation, parenting behavior and child sex on parent-reported behavior problems at 36 months of

age. We hypothesized that respiratory sinus arrhythmia (RSA)1 at 13 months of age would

mediate the relation between cocaine exposure and behavior problems. We also hypothesized that

child sex, maternal negative affect, and maternal sensitivity observed at 13 months of age would

moderate the relation between RSA and behavior problems. Results revealed that cocaine

exposure predicted low baseline RSA and low RSA withdrawal during a negative affect task. Low

baseline RSA, in turn, predicted fewer behavior problems offering support for an indirect

association between cocaine exposure and behavior problems. The association between baseline

RSA and behavior problems was further moderated by maternal negative affect such that high

baseline RSA was more strongly related to behavior problems under conditions of high compared

to low maternal negative affect. Results also revealed a near significant trend for baseline RSA to

be more strongly related to behavior problems among boys than girls. These findings highlight

several possible pathways toward behavior problems among cocaine exposed children.
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Existing research on the consequences of prenatal cocaine exposure (PCE) among young

children demonstrates subtle but clear effects on fetal growth and child neurobehavioral

development. Evidence regarding the impact on behavioral outcomes, however, is

considerably less decisive with several studies reporting heightened behavior problems

(Bada et al., 2007; Delany-Black et al., 2000; Richardson et al., 2009) and several additional

studies reporting no direct association with behavior problems (Accornero et al., 2006;

Linares et al., 2006; Warner et al., 2006a). These inconsistent results suggest a need to

identify intervening variables that help to explain potential indirect associations between

maternal cocaine use and child outcomes, and also moderators that may clarify why some

prenatally exposed children go on to develop behavior problems while others do not. Several

researchers have hypothesized that disturbances in physiological regulation may play an

important role in mediating the relation between prenatal exposure and behavioral outcomes

(Chaplin et al., 2009; Dennis et al., 2006). Cocaine inhibits reuptake of monoamines at the

presynaptic junction, leading to higher concentrations of norepinephrine, serotonin, and

dopamine in the synaptic cleft and higher levels of activation in the catecholaminergic

system (Gawin & Ellinwood, 1988; Nassogne, Evrard, & Courtoy, 1998). The regions of the

brain that are rich in monoamines are involved in the regulation of arousal and attention

(Robins, 1997).

One particular index of physiological regulation that is widely discussed in the

developmental literature is respiratory sinus arrhythmia (RSA). RSA is a measure of

variability in heart rate that occurs at the frequency of respiration and is believed to provide

an index of parasympathetic influence on cardiac output. This index is most commonly

assessed at baseline (BRSA) as well as during environmental demands (RSA regulation;

Bornstein & Suess, 2000; Calkins, 1997). BRSA provides a measure of the infant’s ability to

maintain homeostasis during periods of minimal external stimulation. During challenges to

homeostasis, as a result of exogenous stimulation, the myelinated vagal system optimally

responds by inhibiting the effect of the parasympathetic nervous system on cardiac output

(Porges et al., 1996) and decreasing RSA (withdrawal). RSA withdrawal during periods of

environmental challenges is believed to reflect one’s ability to appropriately engage or

disengage with the environment (Bornstein & Suess, 2000; Porges, et al., 1996). Thus, the

measurement of change in RSA from baseline to challenging situation is an important index

of parasympathetic regulation.

The majority of studies examining parasympathetic regulation as a function of PCE have

focused on neonates and findings have been somewhat mixed. Some studies suggest

increased parasympathetic activity during rest among CE neonates (Regalado et al., 2001;

Silvestri, et al., 1991) while other studies have not found any effects of PCE on baseline

RSA (Mehta et al., 1993), perhaps due to lower sample sizes. To this point, few studies have

examined RSA data among PCE children beyond early infancy. The only exception involves

the current sample in which PCE children, compared to non-exposed children, demonstrated

lower BRSA and lower RSA withdrawal during a negative affect inducing task at both 7 and

13 months of age (XXX, 2007; XXX, 2009). Consequently, the first goal of the present

study is to examine RSA as a mediator of the relation between PCE and the development of

behavior problems.
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Similar to research regarding PCE and behavior problems, findings linking BRSA to child

behavior also remain somewhat inconclusive. Although individual differences in BRSA are

relatively stable after 3 months of age, relations between BRSA and child behavior are not

(Porges et al., 1994). High BRSA has been linked to behavioral reactivity and negative

emotionality during infancy (Porges et al., 1994; Stifter and Fox 1990), and to positive

indices of regulation and social competence, as well as fewer internalizing and externalizing

problems during preschool and early childhood in low risk samples (Cole et al., 1996; El

Sheikh et al., 2001; Fabes et al., 1994; Rubin et al., 1997).

Beauchaine (2001) attempts to explain this change by suggesting that high BRSA is

associated with physiological reactivity and reflects a general capacity to actively engage

with the surrounding environment. This capacity is likely to manifest differently during

different developmental periods. Infants, for example, are most capable of influencing their

environment by displaying frustration while older children are capable of employing a

diverse range of positive emotions and social skills when engaged with their surroundings.

He notes, however, that the majority of such research has been conducted with low risk

samples and suggests that this developmental trajectory may vary from that of high BRSA

children exposed to less favorable surroundings.

This suggestion is consistent with a model proposed by Fox and Calkins (1993; Calkins

1994) who hypothesize that highly reactive infants are particularly susceptible to the impact

of parenting problems more common to high risk samples including negative affect and

intrusive control. Such parental responses, they argue, can lead to a pattern of coercive

interactions that heighten rather than regulate infant arousal and prevent the development of

adaptive regulatory capacities expected among highly reactive infants who encounter more

supportive parenting. These children would also be likely to adopt a similar style of coercive

and antagonistic behavior with peers and other authority figures and thus be at risk for the

development of behavior problems. Calkins (1994) notes that these infants may also be

particularly susceptible to other parenting problems and suggests that parents who ignore or

fail to respond sensitively to infant frustration may obstruct their children’s otherwise

naturally developing ability to regulate negative affect.

This approach is amenable to the biological sensitivity to context theory (BSCT) (Ellis &

Boyce, 2008) which proposes that individuals who are most responsive to environmental

influences will adapt more successfully to favorable rearing environments and less

successfully to adverse rearing environments than their less susceptible peers. In support of

this view, a recent study of children reared in poverty reported that infants with high BRSA

at five months of age revealed the lowest levels of 17 month behavior problems when raised

in an environment leading to secure attachment and the highest levels of behavior problems

among children raised in an environment fostering disorganized attachment. No significant

differences in behavior problems were reported among children with low BRSA (Conradt,

Measelle, & Ablow, 2013).

Conversely, a small body of research indicates that low rather than high BRSA children are

most likely to develop behavior problems in the context of environmental adversity. Katz

and Gottman (1995) report that marital hostility is associated with subsequent externalizing
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behavior only among low BRSA children while El-Sheikh and Whitson (2006) report the

same findings with regard to both internalizing and externalizing behaviors. Similarly,

Hastings et al. (2008) reported an interaction between low BRSA and maternal protective

overcontrol on social wariness. However, all of these studies assessed RSA during preschool

or early childhood and the work of Conradt and colleagues provides the only test of

differential susceptibility in infancy. Thus, our second goal was to examine the role of

parental negative affect and sensitivity in moderating the relation between infant BRSA and

the development of behavior problems.

In contrast to BRSA, RSA withdrawal is more clearly related to physiological regulation

than reactivity and has been linked to a variety of positive indices of behavioral and

emotional regulation during preschool and early childhood including lower internalizing and

externalizing problems (Calkins and Dedmon, 2000; El-Sheikh and Whitson, 2006; Porges

et al., 1996). Limited RSA withdrawal is also predictive of behavior problems in the context

of parental problem drinking and marital conflict (El-Sheikh, 2001; Leary & Katz, 2004).

Existing research, however, has yet to examine the role of parenting problems in moderating

the relation between RSA withdrawal and behavior problems. Consequently, a third goal of

the current study was to examine the role of maternal negative affect and low sensitivity in

moderating the impact of RSA withdrawal on the development of behavior problems.

A related question concerns the role of sex in moderating the relation between PCE and

behavior problems. Accumulating evidence indicates that PCE boys are particularly

vulnerable to a variety of negative outcomes including behavior problems (Bailey et al.,

2005: Delaney-Black et al., 2004). Results from the present sample suggest that sex

differences in RSA functioning may play an important role in accounting for these outcomes

among boys, as PCE boys were found to have significantly lower RSA withdrawal at 13

months of age than girls. No such sex differences were discovered, however, with regard to

BRSA. Further research in both community and high risk samples also indicates that low

BRSA (Beauchaine et al., 2008; Calkins and Dedmon, 2000; Eisenberg et al., 2012) and low

RSA withdrawal (Graziano, et al., 2007; Hastings, et al., 2008), are more strongly associated

with behavior problems among boys. This finding is consistent with additional evidence

indicating that behavior problems have a stronger genetic basis among boys (see

Beauchaine, et al., 2008). A final goal of our study was to assess the role of child sex in

moderating the relation between RSA and behavior problems.

The current study was designed to test a conceptual model regarding the effects of RSA, and

parenting, and child sex on behavior problems within a high-risk sample involving PCE

children and a carefully matched comparison group (see Figure 1). We hypothesized that

low BRSA and low RSA withdrawal at 13 months would mediate or act as intervening

variables in the relation between PCE and parent-reported behavior problems at three years

of age. We also hypothesized that maternal negative affect, maternal sensitivity observed at

13 months of age, and child sex would moderate the relation between both RSA variables

and child behavior problems. Specifically, we proposed that low BRSA and low RSA

withdrawal would be more strongly related to behavior problems among boys. Consistent

with the developmental diathesis- stress model (Sameroff, 1975) we also proposed that the

combination of low RSA withdrawal and parenting problems would be predictive of
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negative child outcomes. Due to inconsistencies in the literature regarding the relation

between BRSA and parenting, however, we did not hypothesize a particular direction for the

effect of parenting on BRSA.

Method

Participants

The sample consisted of 216 mother-infant dyads participating in an ongoing longitudinal

study of prenatal cocaine exposure (116 PCE, 100 not exposed). An outreach worker on the

project staff recruited all participants after delivery from two local area hospitals. Mothers

ranged in age from 18 to 42 years (M=29.78; SD=5.46). The majority of mothers were

African American (74%), were receiving Temporary Assistance for Needy Families (71%)

at the time of their first laboratory visit (Years 2001–2004), and were single (60%). Of the

220 children, 108 (49%) were male. All families were recruited from two hospitals serving a

predominantly low-income population and the two groups were matched on maternal

education, maternal race/ethnicity, and infant sex. The study received approval from the

institutional review boards of the hospitals as well as the primary institution at which the

study was conducted. Informed written consent was obtained from all recruited participants.

Participants were compensated for their time in the form of gift certificates, checks, and

infant toys at each assessment, with the amount increasing over time. All assessments were

conducted at age corrected for prematurity.

Procedure

All mothers were screened after delivery for initial eligibility and matching criteria.

Interested and eligible mothers were given detailed information about the study and asked to

sign consent forms. About 2 weeks after delivery, mothers were contacted and scheduled for

their first laboratory visit, which took place at the time that their infant was approximately

4–8 weeks old. Additional visits were scheduled when the infant was 7, 13, 18, and 24

months old. All visits (with the exception of the 18 month visit consisting of maternal

interview only) consisted of a combination of maternal interviews, observations of mother-

infant interactions, and infant assessments. In the circumstance of a change in custody

arrangements, the person who had legal guardianship of the child was contacted and asked

to participate. Biological mothers were interviewed at the 4–8 week assessment in order to

obtain accurate information about prenatal substance use.

Once a family was recruited into the cocaine group, the closest matching non-cocaine group

family was recruited. However, a significantly higher proportion of mothers in the

noncocaine group declined participation or withdrew before formal enrollment, resulting in

a smaller number of families in the control group. Of the 4,800 women screened at delivery,

340 were eligible for participation in either group. Of these 340 women, 35% either declined

participation or were not enrolled in the study because they expressed initial interest but

later withdrew, resulting in a final sample of 216 mother-infant dyads. Mothers who

participated were more likely to be between 18 and 25 years of age, (t (1, 338) = 15.95, p < .

001, partial eta square = .05), and were more likely to have a high school or below high

school education (t (1, 338) = 55.92, p < .001, partial eta square = .19), compared to those
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who were eligible but not enrolled. Mothers who participated were also more likely to be in

the cocaine group (with a participation rate of 91% among cocaine group eligibles)

compared to those who were eligible but not enrolled. The majority of mothers in the

cocaine group who were eligible but not enrolled in the study had children who were placed

in non-maternal care. There were no other differences on any demographic variables

between those who participated and those who were eligible but not enrolled or between

mothers in the cocaine group who participated compared to those who did not.

Assessment of growth and risk status

Three measures of growth were used in this study: birth weight (gm), birth length (cm), and

head circumference (cm). All measurements were taken by obstetrical nurses in the delivery

room and recorded in the infant’s medical chart. Research staff recorded this information

from the charts after recruiting the mother-infant dyad. Medical chart review at the time of

recruitment also was used to complete the Obstetrical Complications Scale (Littman &

Parmelee, 1978), a scale designed to assess the number of perinatal risk factors experienced

by the infant. Higher numbers on this scale indicate a more optimal obstetric score.

Gestational age was calculated by dates and extracted from medical records.

Identification of Substance Use

Cocaine status was determined by a combination of maternal report, chart review, and

maternal hair analysis. Urine toxicologies were routinely conducted at the first prenatal visit

on maternal urine and/or at delivery (for those mothers who tested positive prenatally,

obtained prenatal care elsewhere, or did not receive any prenatal care) on infant and

maternal urine by participating hospitals. Mothers were included in the cocaine group if self-

reports were positive, regardless of urine toxicology or hair-sample results. Similarly,

mothers who reported that they did not use cocaine but had positive urine toxicology or hair

samples were included in the cocaine group.

Urine toxicologies consisted of standard urine screening for drug level or metabolites of

cocaine, opiates, benzodiazepines, and tetrahydrocannabinol. Urine was rated positive if the

quantity of drug or metabolite was >300 g/ml. Hair samples were collected from the mothers

at the first laboratory visit and sent to the Psychemedics Corporation for

Radioimmunoanalyses (RIAH). Hair samples were screened for cocaine followed by a gas

chromatography/mass spectrometry (GC/MS) confirmation for positive cocaine screens.

Drugs and their metabolites are absorbed into the hair and can be extracted and measured.

As hair grows at an average rate of 1/2 inch per month, it can record a pattern of drug

consumption related to the amount and frequency of use (see Baumgartner et al., 1989).

Thus, a 2-inch length of hair could contain a record of approximately 4 months of use, and

given adequate hair length (i.e., about 4–5 inches), use per trimester may be recorded. Drugs

become detectable in hair about 3 to 4 days after use, a time when cocaine is rendered

undetectable by urinalysis. RIAH is the most well-established hair-analysis technique and

has been replicated by independent laboratories across the world (see Magura et al., 1992).

GC/MS confirmations of RIAH have not revealed any false positives because of testing

errors (Magura et al., 1992).
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Approximately 32% of mothers in the study (55% of the mothers in the cocaine group) had

positive urine toxicologies at delivery, and 25% of mothers (79% of the mothers in the

cocaine group) had hair samples that tested positive for cocaine during pregnancy. There

were 23 mothers in the cocaine group who did not have a positive toxicology result on any

biomarker of cocaine, but all of these mothers admitted to having used cocaine in the brief

self-report screening instrument administered after delivery. Mothers in the comparison

group reported not having used any illicit substances other than marijuana. They also tested

negative for cocaine or illicit substances other than marijuana based on urine and hair

analysis results. Additional exclusionary criteria for all mothers were (a) maternal age

younger than 18 years, (b) use of illicit substances other than cocaine or marijuana, and (c)

significant medical problems for the infant (e.g., genetic disorders, major perinatal

complications, baby in critical care for over 48 hours).

The Timeline Follow-Back Interview (TLFB; Sobell et al., 1986) was used to assess

maternal substance use during pregnancy. Participants were provided a calendar and asked

to identify events of personal interest (i.e., holidays, birthdays, vacations, etc.) as anchor

points to aid recall. This method is established as a reliable and valid method of obtaining

longitudinal data on substance-use patterns, has good test-retest reliability, and is highly

correlated with other intensive self-report measures (Brown et al., 1998). The TLFB yielded

data about the average number of days of cocaine use per week, average number of joints

smoked per week, average number of cigarettes smoked per week, and average number of

standard drinks per week during pregnancy. These variables were quite skewed and were

transformed using square root transformations before further analyses were conducted.

Respiratory Sinus Arrhythmia

Respiratory sinus arrhythmia was assessed at 13 months during a 3-minute baseline period

(video), a 2-minute positive affect (PA) paradigm, a 3-minute inter-task interval (video) and

a 2-minute negative affect (NA) episode by examiners blind to group status. Mothers were

asked not to interact with their infant unless specifically instructed to do so. Infants were

tested while seated in a highchair. Recording began once the infant was observed to be in a

stable, quiet, alert state which was induced by having the infant watch a 3-minute segment

of a neutral videotape, ‘Baby Einstein’ (see Calkins, 1997). The PA paradigm consisted of a

puppet show that measured PA in response to social stimulation using a standardized

presentation (Goldsmith & Rothbart, 1999). The NA paradigm consisted of a gentle arm-

restraint episode which is a widely used, well-validated measure of anger/frustration used to

assess infant regulation and reactivity (Goldsmith & Rothbart, 1999; Stifter & Braungart,

1995).

A five-channel Bioamp (James Long Company, Caroga Lake, NY) with a sampling rate of

1,000 Hz recorded respiration and electrocardiograph (ECG) data. Disposable electrodes

were triangulated on the infant’s chest. A respiration bellows was placed at the level of the

zyphoid process to measure inspiration and expiration. IBI Analysis software (James Long

Company, Caroga Lake, NY) was used to process the heartrate (HR) data and to calculate

respiratory sinus arrhythmia (RSA). The software synchronizes with respiration and is
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relatively insensitive to arrhythmia due to tonic shifts in HR, thermoregulation, and

baroreceptor.

Baseline RSA was calculated as the average RSA during the initial 3-minute video. RSA

change reflects the difference between baseline RSA and average RSA during the arm

restraint task. Negative RSA change scores indicate a decrease in RSA and reflect more

optimal parasympathetic regulation.

Maternal Sensitivity and Negative Affect

Mother-infant interactions were assessed at 13 months of infant age. During the

assessments, mothers were asked to interact with their infants as they normally would at

home for 10 min in a room filled with toys. These interactions were videotaped and coded

using a collection of global 5-point rating scales called the Parent-child Early Relational
Assessment (Clark, 1999). Three composite maternal scales labeled positive involvement,

sensitivity, and low negative affect, were derived from these items (Eiden et al., 1999). The

current study focuses on the sensitivity and negative affect scales. Internal consistencies

were Cronbach’s alpha = .94 for both scales.

Two coders blind to group status rated the free-play interactions at 13 months. Both coders

were trained by the second author until inter-rater reliability criterion was reached

(agreement of 90% or above). Subsequently inter-rater reliability was established on 22% of

the tapes. Inter-rater reliability on the composite Clark scales ranged from intraclass

correlations of .82 to .90.

Child Behavior Problems

Maternal reports of child behavior problems were obtained at 36 months of child age using

the 1.5-to 5-year version of the Child Behavior Checklist (CBCL; Achenbach, 1992). The

CBCL is a widely used measure of children’s behavioral/emotional problems. It consists of

100 items on a 3-point response scale ranging from “not true” to “very true,” with some

open-ended items designed to elicit information about a particular problem behavior. The

behavior ratings yield two broadband dimensions of internalizing and externalizing behavior

problems as well as a total score. Higher scores indicate more behavior problems. The

correlation between the internalizing and externalizing subscales was r = .75. Thus, the total

child behavior problems score was used as the dependent measure in model testing.

Results

Data Analytic Approach

Path analysis was utilized to test our conceptual model. All analyses were conducted using

AMOS 7.0 software (Arbuckle, 1997) using full-information maximum likelihood

estimation procedures (Arbuckle, 1996). Model fit was assessed using the comparative fit

index (CFI) and the root-mean-square error of approximation (RMSEA). The CFI varies

between 0 and 1, where values of .90 or greater indicate adequate fit (Hu & Bentler, 1995).

The RMSEA is bounded by 0 and will take on that value when a model exactly reproduces a

set of observed data. A value of .05–.06 is indicative of close fit, a value of .08 is indicative
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of marginal fit, and values greater than .08 are indicative of poor fit (Browne & Cudeck,

1994). Indirect effects were tested using the bias-corrected bootstrap method using Mplus,

Version 5.2 software (Muthen & Muthen, 1998–2008). This method provides a more

accurate balance between Type 1 and Type 2 errors compared to other methods used to test

indirect effects (MacKinnon et al., 2004). Five thousand bootstrap samples and the 95%

bias-corrected confidence intervals (CIs) were utilized to test the significance of indirect

effects. Multiple group analyses were used to test moderation by maternal warmth and

maternal negative affect by comparing fully constrained with fully unconstrained models

according to the Ax differences across groups.

Missing Data

As expected in any longitudinal study, there was some incomplete data for some of the

participants at one or more of the three assessment points included in this study. Of the 216

infant-mother dyads in the final sample, 189 completed the 13 month assessment. Valid

RSA data were collected on 150 of these dyads and 165 mothers completed the CBCL at the

36 month assessment. There were no significant differences between participants with

missing versus complete data at the 13 month or 36 month assessments on demographic or

substance abuse variables. Effect sizes for these differences ranged from Cohen’s d= −.12 to

d= .33 for 13 month data and from Cohen’s d = −.21 to .22 for 36 month data. As noted

earlier, full-information maximum likelihood was used to estimate model parameters. This

method of handling missing data yields accurate parameter estimates when data are missing

at random (Enders, 2001).

Descriptive and Correlational Statistics

Table 1 displays descriptive statistics for the cocaine group, the control group, and the entire

sample. Data for all variables were collected from the total sample of 216 participants with

the exception of CBCL data which was obtained from 165 participants. Analysis of

variances revealed that cocaine using mothers were significantly older, had more children,

had significantly lower gestational age, birth weight, and head circumference, smoked and

drank more during pregnancy, and were more likely to have had their child placed in foster

care during the first three years of his/her life.

There were no group differences on maternal education at 13 or 36 months. There were

significant differences on race at 13 and 36 months with a greater percentage of African-

American families in the PCE group (84% at 13 months and 81% at 36 months) compared to

controls (65% at 13 months and 64% at 36 months). However, inclusion of race in the model

as a covariate did not change the results. Thus, for purposes of parsimony, race was not

included in the final model estimation. There were group differences in birth outcomes at

recruitment as would be expected (see Table 1). These differences remained significant

when only dyads with complete data at both 13 and 36 months were included in the analysis.

Results yielded no significant effect of cocaine group status on total behavior problems.

Birth outcomes were also unrelated to both behavior problems and RSA variables.

MANCOVA with internalizing and externalizing behavior problems as the dependent
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measures also indicated no direct association between prenatal cocaine exposure and

behavior problems.

Correlations among the variables used in model testing are displayed in Table 2. BRSA at

13 months was significantly associated with prenatal cocaine exposure and RSA change

during arm restraint, and with internalizing and externalizing behavior problems. Children in

the PCE group had lower BRSA, and lower BRSA was associated with more RSA change,

and fewer behavior problems. Cocaine exposure and male sex were associated with a

maladaptive increase in RSA from baseline to arm restraint.

Model Testing

Path analysis was used to test the conceptual model displayed in Figure 1. The total CBCL

score was selected as the outcome variable for behavior problems because internalizing and

externalizing scores were too strongly correlated to examine separately. The model included

a dummy-coded variable for cocaine group status and three covariates including average

number of standard drinks per day during pregnancy, average number of cigarettes per day

during pregnancy, and the presence of child foster placement at any time point during the

first 36 months of life (a dummy coded variable, 0 = child was never placed in foster care).

These three covariates were selected on an a priori basis in order to control for the

confounding effects of prenatal exposure to other substances and non-parental care. The

model also included direct paths from cocaine group status and each of the covariates to the

two RSA variables and direct paths from the two RSA variables to child behavior problems.

Goodness of fit indices revealed that the structure of our hypothesized model was an

adequate explanation of the data (i.e., %2 = 6.60, p = .16, df = 4, CFI = .98, RMSEA = .05).

As expected, all exogenous variables were significantly correlated with each other with the

exception of prenatal alcohol use and foster care status. The causal paths from cocaine group

status to the 13 month BRSA and RSA change variables and the path from 13 month BRSA

to 36 month behavior problems were also significant. Cocaine exposed infants had lower

BRSA and an increase in RSA from baseline to arm restraint. However, contrary to

expectations, lower BRSA at 13 months was associated with lower behavior problems at 36

months.

Given that the majority of similar studies have examined RSA in relation to externalizing

behavior, we conducted a follow-up analysis replacing the total behavior problems variable

with the externalizing subscale of the CBCL. This model also provided an adequate

explanation of the data (i.e., %2 = 2.52, p = .64, df = 4, CFI = 1.0, RMSEA = .000) and the

same paths remained significant, indicating that findings are similar regarding both

externalizing and total problem behaviors.

We then returned to our original model to test the indirect effects linking the cocaine group

to child behavior problems via BRSA in order to examine our first hypothesis that RSA

would mediate the relation between PCE and behavior problems. Results revealed that the

indirect effect linking cocaine exposure to low behavior problems via low BRSA was

statistically significant, B = −.315, 95% confidence interval = −.643, −.072. The R2 for the

indirect effect was computed following guidelines by Heus (2012) and was .06, indicating
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that this indirect pathway accounted for 6% of the variance in behavior problems. Contrary

to expectation, however, the direction of the effect was negative indicating that PCE and

behavior problems were linked via high rather than low BRSA.

Finally, we conducted multiple group analyses in order to assess the role of maternal

sensitivity, maternal negative affect, and sex in moderating the association between RSA

and behavior problems. Median splits were used to group mothers according to high and low

warmth and high and low negative affect. Fit indices comparing fully constrained and fully

unconstrained models revealed that the model varied significantly by maternal warmth (Ax

(20) = 84.20, p < .001), maternal negative affect (Ax2 (20) = 67.17, p < .001), and sex (Ax2

(20) = 91.46, p < .001).

We then compared the fully constrained models to partially constrained models freeing the

two paths from the RSA variables to the CBCL variable. A chi-square difference test

comparing children of mothers displaying high and low warmth revealed that the fully

constrained model did not vary significantly from the partially constrained model, thus

indicating that maternal warmth did not moderate the relations between either RSA variable

and behavior problems. For maternal negative affect, only the model with an unconstrained

path from BRSA to behavior problems was significantly different from the fully constrained

model Ax (1) = 3.86, p < .05, revealing that maternal negative affect moderated the

association between BRSA and behavior problems. As displayed in Figure 2, high BRSA

was significantly linked to behavior problems for children who experienced high maternal

negative affect (P = 0.46, p < .001) but non-significant for children who experienced low

maternal negative affect (P = 0.16, n.s.) during play interactions in infancy. A final

comparison by sex indicated that the fully constrained model did not differ significantly

from the partially constrained model freeing the path from RSA change but differed at a near

significant level for the model freeing the path from BRSA Ax (1) = 3.62, p = .057. Path

coefficients revealed that high BRSA was significantly linked to behavior problems for boys

(P = 0.38, p < .001) but not girls (P = 0.01, n.s.).

Discussion

The current study was designed to evaluate a conceptual path model regarding interrelations

between PCE, RSA, parenting problems, and child sex on the development of behavior

problems at 36 months of age. Prior results from this sample revealed that PCE children

displayed significantly lower BRSA and RSA withdrawal at 13 months of age than

comparison participants. This finding is consistent with previous evidence indicating that

cocaine exposure is associated with higher concentrations of monoamines in the synaptic

cleft and higher levels of activation in the catecholaminergic system (Gawin & Ellinwood,

1988; Nassogne, Evrard, & Courtoy, 1998). These regions of the brain are involved in the

regulation of arousal and attention (Robins, 1997) and may be linked to alterations in

parasympathetic functioning. Additional characteristics of the postnatal caregiving

environment may also account for these group differences. Recent conceptual work and

empirical findings indicate that the caregiving environment may affect multiple biological

regulatory and stress symptoms including RSA (Propper & Moore, 2006). Studies

examining these effects on RSA have linked maternal depression and parental conflict to
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low BRSA (Field et al., 1995; Porter, et al., 2003) and insensitive parenting to low RSA

withdrawal (Calkins et al., 2008; Porter, 2003;). These environmental risks are likely to be

elevated in samples of substance abusing parents and may help explain group differences in

RSA functioning within the current sample.

The first goal of this study was to extend these findings by examining whether these 13

month RSA variables would mediate the relation between PCE and later developing

behavior problems. Contrary to our hypothesis, RSA change was unrelated to behavior

problems and therefore not a candidate for mediation. This finding stands in contrast to

several other investigations revealing an association between low RSA withdrawal and

behavior problems (Calkins & Dedmon, 2000; El-Sheikh & Whitson, 2006; Porges et al.,

1996). This discrepancy may be related to unique characteristics of the current investigation

as no studies have reported on RSA withdrawal in infancy among a high-risk sample. Some

authors have also suggested that optimal regulation may be related to moderate rather than

high levels of RSA change (e.g. Beauchaine, 2001). In one of the few studies to report such

a finding, Calkins and colleagues (2007) found that five-year-olds at risk for mixed

internalizing and externalizing problems displayed greater RSA change than children at risk

for externalizing problems and children with low behavior problems. The authors interpret

this finding to suggest that excessive RSA withdrawal may be associated with emotional

lability and heightened fight or flight response patterns that places children at risk for

comorbid psychopathology. Because we lacked the statistical power to examine mixed

behavior problems, it remains possible that our measure of total behavior problems captured

subtypes of problems related to both limited and excessive RSA change. Further work will

be needed to determine whether RSA data differentially predict various subtypes and

combinations of behavior problems over time.

It should also be noted that our measure of RSA change was limited to the specific challenge

of our arm restraint task. Eisenberg and colleagues (2012) have proposed that RSA change

during cognitive challenges provide a more accurate assessment of physiological

vulnerability than emotional stressors. Thus, it remains possible that an alternative challenge

task would have produced different results.

In contrast to RSA withdrawal, BRSA was found to mediate the relation between PCE and

behavior problems. Contrary to our hypothesis, however, the indirect effect linking these

variables was negative, indicating that PCE is predictive of behavior problems via high

rather than low BRSA. The positive association between BRSA and behavior problems

stands in contrast to the majority of existing research which demonstrates a negative

association between these variables (e.g., Beauchaine, et al., 2007; Cole et al., 1996; El-

Sheikh et al., 2001; Rubin et al., 1997). As with the results of our RSA change variable, this

discrepancy may be specific to our high-risk population and infant assessment. Because high

BRSA has been conceptualized as an indicator of physiological reactivity (Beauchaine,

2001; Calkins, 1997), these children may be more actively engaged with their surroundings

and particularly susceptible to the negative characteristics of their caregiving environment.

Such a finding would be consistent with BSCT (Ellis & Boyce, 2008) as well the findings of

Conradt et al. (2008) who revealed that the relation between high BRSA and behavior

problems was mediated by attachment classification among infants residing in poverty.
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Beauchaine (2001), as well as Fox and Calkins (1993; Calkins 1994) also maintain that

infancy presents a particularly sensitive period in which environmental factors are most

likely to have a lasting influence on socio-emotional development among reactive children.

In order to assess this theory, the second goal of the study was to examine maternal negative

affect and maternal sensitivity as moderators of the relations between BRSA and 36 month

behavior problems. Multiple group analyses confirmed moderation by negative affect.

Specifically, high BRSA children were significantly more likely to display behavior

problems when high maternal negative affect was observed. This result supports BSCT by

suggesting that BRSA provides an indicator of environmental susceptibility that leaves

children vulnerable to elevated levels of parental negativity often found in high-risk

environments. This finding also suggests that PCE may present a putative mechanism

through which biological sensitivity to context operates in this sample. Because children of

cocaine using mothers may have been disproportionately likely to encounter problematic

care-giving, PCE children with high BRSA would be particularly vulnerable to maladaptive

outcomes.

However, the lower average BRSA among PCE children suggests that prenatal cocaine use

may occasionally limit children’s susceptibility to parental negativity. Although the precise

mechanisms responsible for this outcome remain unclear, recent evidence from human and

animal studies reveal that PCE is associated with decreases in basal dopamine activity and

delayed development of mesocortical dopaminergic networks (Scafidi et al., 1996; Warner,

et al., 2006b). These disturbances, in turn, have been linked to disruptions in sustained

attention (Garavan, et al., 2000; Gill et al., 1997) that may restrict PCE children’s attention

to threatening environmental stimuli that would otherwise result in increased behavior

problems. It should be noted, however, that any such benefits of attentional problems come

at the cost of additional disturbances including a lesser capacity to benefit from positive

features of the surrounding environment.

It should also be noted that our measure of BRSA occurred during exposure to a neutral

video and is particularly likely to reflect children’s capacity to attend to the respective

stimuli. Attention has been previously linked to BRSA (Suess et al., 1994) and may provide

one mechanism whereby high BRSA children are susceptible to parental hostility as such

children may have difficulty shifting their attention away from threatening environmental

stimuli.

Additionally, BRSA may be differentially related to specific varieties of problem behavior.

Research on aggressive behavior, for example, reveals that differing functions of this

behavior can be identified during early childhood (Murray-Close & Ostrov, 2009). One

common distinction involves proactive and reactive aggression. Reactive aggression

frequently involves impulsive responses to perceived threats and has been related to

disturbances in emotion regulation while proactive aggression is goal directed and

premeditated (Crick & Dodge, 1996). This more strategic function of proactive aggression

may require relatively advanced regulatory capacities necessary for successfully obtaining

desired outcomes. Because high BRSA has been linked to self regulation, it remains possible

that BRSA is also associated with particular indicators of proactive aggression that may be
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disproportionally common in our sample. No existing studies, to our knowledge, have

reported on relations between BRSA and differing functions of aggression among preschool

children and this remains an important topic for future work.

Low maternal sensitivity, in contrast, was not found to moderate the relation between BRSA

and behavior problems, thus indicating high BRSA children may be more susceptible to the

influence of negative than positive parenting practices. Several explanations may account

for this finding. First, to the extent that high BRSA children are actively engaged with their

environment, they may be more capable of eliciting higher levels of parental involvement

that would limit their exposure to extreme levels of unresponsive parenting. Furthermore,

such children may not require high levels of maternal sensitivity in order to maintain

appropriate engagement with their surroundings. Finally, high BRSA children may be more

likely to elicit high levels of parental hostility and, consequently, engage in a coercive style

of parent-child interaction that leads to observable behavior problems.

A final goal of our study was to examine the role of child sex in moderating the association

between RSA variables and behavior problems. On the basis of previous findings, we

hypothesized that low BRSA and low RSA change would be most likely to lead to elevated

behavior problems among boys. Multiple group analyses, however, revealed no significant

sex differences with regard to RSA change and a near significant trend for high BRSA to be

more strongly related to behavior problems among boys. This unexpected finding may

indicate that high BRSA boys are more vulnerable to the impact of negative parenting. Due

to our limited sample size, however, we lacked the statistical power necessary to evaluate

this explanation.

Several limitations of this study should be acknowledged. First, we opted to assess behavior

problems according to CBCL scaled scores rather than to identify children with clinical

disorders. While this decision permitted us to examine a greater range of problem behaviors

our findings may not generalize to children who display the most severe behavioral

disturbances. This distinction may be particularly important considering that the majority of

studies linking behavior problems to low BRSA have involved clinical populations or

clinically significant levels of behavior problems (Graziano, P. & Derefinko, K., 2013)

while several findings linking such problems to high BRSA have not (Dietrich et al., 2007;

Scarpa and Ollendick, 2003; Slobodskaya et al., 1999). An additional limitation is that our

measure of child behavior problems was limited to maternal report. Prior findings reveal that

parent reports are only moderately associated with alternative measures of behavior

problems and subject to rater bias. To this point, however, few studies examining RSA and

preschool behavior problems have employed alternative measures. Future studies employing

observational assessments of child behavior problems will be needed to extend this area of

research. Finally, accurate measure of prenatal substance use is difficult to obtain, as

pregnant women may be unwilling to provide reliable information regarding illicit

substances such as cocaine. In order to limit these problems, multiple measures of substance

use were employed including the well-validated timeline follow- back interview and

analysis of medical records, and hair and urine samples. This combination of indices

increases the likelihood of accurately assessing prenatal use.
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Despite these limitations, the current study serves to extend existing research regarding

longitudinal relations between PCE, RSA, parenting behavior and child behavior problems

within a high-risk population. In particular, our findings highlight the role parenting

problems in determining the impact of physiological regulation on behavioral outcome and

suggest that parenting interventions during infancy may be particularly beneficial for

mothers residing in high-risk environments. Further work will be needed in order to

replicate these findings and extend this area of research to additional domains of behavioral

functioning across childhood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A path model predicting child behavior problems. Non-significant causal paths and

covariances depicted in grey.
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Figure 2.
A path model predicting child behavior problems moderated by maternal negative affect.

Non-significant causal paths and covariances depicted in grey.
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