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Abstract

Background: Prenatal alcohol exposure (PAE) has been identified as one of the leading 

preventable causes of developmental disabilities but early identification of those impacted has 

been challenging. This study evaluated the use of infant cardiac orienting responses (CORs), 

which assess neurophysiological encoding of environmental events and are sensitive to the impact 

of PAE, to predict later Fetal Alcohol Spectrum Disorder (FASD) status.

Methods: Mother-infant dyads from Ukraine were recruited during pregnancy based on the 

mother’s use of alcohol. Participants (n = 120) were then seen at 6 and 12 months when CORs 

were collected and in the preschool period when they were categorized as having (1) fetal alcohol 

syndrome (FAS), (2) partial FAS (pFAS), (3) alcohol-related neurodevelopmental disorder 

(ARND), (4) PAE and no diagnosis, or (5) no PAE and no diagnosis. To assess CORs, stimuli 

(auditory tones and pictures) were presented using a fixed-trial habituation/dishabituation 

paradigm. Heart rate (HR) responses were aggregated across the first 3 habituation and 

dishabituation trials and converted to z-scores relative to the sample’s mean response at each 

second by stimuli. Z-scores greater than 1 were then counted by condition (habituation or 

dishabituation) to compute a total risk index.
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Results: Significant group differences were found on total deviation scores of the CORs elicited 

from visual but not auditory stimuli. Those categorized as pFAS/FAS had significantly higher total 

deviation scores than did those categorized as ARND or as having no alcohol-related diagnosis 

with or without a history of PAE. Receiver operating characteristic curve analysis of the visual 

response yielded an area under the curve value of .765 for predicting to pFAS/FAS status.

Conclusions: A score reflecting total deviation from typical HR during CORs elicited using 

visual stimuli in infancy may be useful in identifying individuals who need early intervention as a 

result of their PAE.

Keywords

Fetal alcohol spectrum disorders; information processing; early identification

INTRODUCTION

Prenatal alcohol exposure (PAE) has been identified as one of the leading preventable causes 

of developmental disabilities but early identification of those impacted has been challenging. 

PAE impacts the developing brain by altering the overall size, cytoarchitecture, function, and 

connectivity (Ashwell and Zhang, 1996, Wilhelm and Guizzetti, 2015, Moore et al., 2014, 

Lebel et al., 2011, Coles and Li, 2011), resulting in complex neurobehavioral impairments 

that have the potential, if untreated, to impact the quality of life of affected individuals 

throughout their lifespan (Kable et al., 2016b). Recent findings have indicated that as many 

as 2–5% of first-graders in the U.S. are affected by PAE (May et al., 2018) but most alcohol-

affected individuals are misdiagnosed or their diagnosis is completely missed (Chasnoff et 

al., 2015). This is particularly true of infants and toddlers where identification of 

neurobehavioral impairment is also limited by the poor sensitivity of the clinical assessment 

tools (Bornstein and Krasnegor, 1989) that are available for assessing alcohol-related 

neurobehavioral impairment.

Identifying early biomarkers of prenatal alcohol-related brain damage is an important step in 

improving our identification of individuals negatively impacted by PAE as such biomarkers 

could serve to improve identification and accessing early intervention services to maximize 

the neuroplasticity associated with the rapid brain maturation that occurs in the first few 

years of life (Fox et al., 2010). One such biomarker is the cardiac orienting response (COR), 

which can be collected as early as 4–6 months of age. CORs have been sensitive to the 

impact of PAE in human (Kable and Coles, 2004, Kable et al., 2016a, Kable et al., 2015) and 

preclinical models of exposure (Hunt and Phillips, 2004, Morasch and Hunt, 2009). They 

enable oxygen to be gated to the central nervous system and away from the periphery 

increasing the brain’s oxygen supply needed for more advanced processing of information 

and learning (Sokolov, 2002). CORs are characterized by a specific pattern of heart rate 

(HR) deceleration (Graham and Jackson, 1970) in the presence of novel or interesting 

stimuli with the trough reflecting the degree of neurophysiological encoding and sustained 

interest to the stimuli (Richards, 1995). In humans, CORs collected in the first 6-months of 

life have been found in response to the onset of a variety of stimuli (Berg et al., 1971, Brown 

et al., 1977, Lewis et al., 1966) and to be predictive of later neurodevelopmental status 

(O’Connor, 1980, O’Connor et al., 1984). Electrical stimulation of the medial prefrontal 
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cortex in preclinical studies has resulted in a COR in the absence of external stimulation 

(Powell et al., 1994) with the signal traveling to the thalamus and then to the heart via the 

10th cranial nerve. These responses can provide an early index of the efficiency of the neural 

circuitry that gates energy resources between basic attention and arousal systems needed to 

effectively process information (Ruff and Rothbart, 1996) and may provide an early estimate 

of altered brain functioning that could be used to identify alcohol-affected individuals in 

need of early intervention services.

The predictive validity of CORs was evaluated in two studies using machine learning models 

in the Ukrainian cohort from which the participants were sampled for this study. The first 

study (Mesa et al., 2017b) established that each post-second second HR value and key 

features of the COR, including the speed of the response and the average HR during the 

trough phase, were predictive of 12-month neurodevelopmental outcome on standardized 

testing. In the subsequent study, the predictive validity of CORs obtained at both 6 and 12 

months was assessed relative to their preschool cognitive status, indicating that the 

combination of both CORs and standardized testing at 6 months resulted in a negative 

predictive value, reflecting the number of true negatives relative to negative results, of 84% 

and a positive predictive value, reflecting the number of true positives relative to positive 

results, of 64% (Mesa et al., 2017a). In other words, 64% of the time when the model 

predicted delay, the preschooler was delayed and 84% of the time when the infant screened 

normal, they would be normal as a preschooler. Ideally, screening instruments identify those 

who are in need of further testing and exclude those who do not need these resources. As a 

screening tool, CORs are able to effectively delineate those who are less likely to need 

expensive habilitative care, follow-up or monitoring services, thereby permitting targeting of 

these resources very early in development to those most at risk. In addition, a negative 

screen may also serve to reduce parental concerns about the impact of PAE to their child.

Although the previous analyses focused on the prediction of CORs to later 

neurodevelopmental risk, the predictive validity associated with identifying Fetal Alcohol 

Spectrum Disorders (FASDs) is unclear. This current analysis focuses on the extent to which 

CORs can be used to identify individuals on the spectrum of fetal alcohol effects using an 

index of deviation of the typical pattern of HR deceleration that occurs as a function of 

encoding a novel stimulus. Using CORs collected at 6 and 12 months, an index of deviation 

was formulated and then evaluated to determine whether or not the index of deviation 

differentiated individuals with FASDs relative to non-affected individuals. The previously 

existing sample was also enriched with a second wave of COR data collection using 

different equipment and stimulus presentation software. Individuals identified as having an 

FASD in the preschool period were hypothesized to have higher levels of overall deviation in 

their COR responses.

MATERIALS AND METHODS

Overview of Recruitment and Procedures

All participants used in this study were part of a prospective study on the impact of PAE on 

developmental outcomes and the impact of prenatal micronutrient supplementation that were 

recruited between 2007 and 2015 in two cities (Khmelnytsky and Rivne) in Ukraine in 
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collaboration with the OMNI-Net Birth Defects Program and as part of the Collaborative 

Initiative on Fetal Alcohol Spectrum Disorders (CIFASD). Enrollment was based on 

maternal use of alcohol just prior to or during pregnancy. Mothers were categorized as being 

either (1) low or no alcohol users or (2) moderate to heavy alcohol users. Follow-up 

assessments were scheduled for 6 and 12 months and later in the preschool period between 

3.5 to 4.5 years of age. During the infant follow-up visits, CORs were collected during 

habituation/dishabituation paradigms. FASD status was subsequently determined at the 

preschool period by integrating information from physical exams and standardized 

assessments of neurodevelopmental functioning for a subset of the sample (n=120). 

Approval to conduct the study was obtained from the Institutional Review Boards at the 

University of California San Diego, La Jolla, CA, USA, and the Lviv National Medical 

University, Lviv, Ukraine.

Maternal Recruitment and Interview Procedures.

A trained research nurse recruited women during their prenatal care visits and interviewed 

them at enrollment, third trimester, and postpartum to assess demographics, lifestyle, and 

substance use in pregnancy, including maternal alcohol and tobacco consumption. A 

timeline follow-back procedure was used to assess alcohol consumption. Absolute ounces of 

alcohol per day (ozAA/day) and per drinking day (ozAA/drinking day) were computed 

using amount, type, and frequency of alcohol for the period just prior to enrollment and 

around conception. Moderate to heavy drinking was defined as at least one or more of the 

following during the month around conception or in the most recent month: (a) weekly 

heavy episodic or binge drinking (5 or more), (b) five or more episodes of 3–4 standard 

drinks, or (c) 10 episodes of 1–2 standard drinks. Information about the risks of alcohol 

consumption during pregnancy was provided. The comparison group, termed the no to low 
group, was defined as having all three of the following: (a) no binge episodes, (b) minimal or 

no alcohol in the month around conception, and (c) no continued drinking in pregnancy. Of 

those in the no to low group, 89.9% were abstainers from alcohol throughout the entire 

pregnancy. Additional details regarding recruitment and enrollment are available (Kable et 

al., 2016a, Kable et al., 2015, Coles et al., 2015, Chambers et al., 2014).

Follow-Up Assessment Procedures

COR Assessment.—Infants were placed into an age-appropriate child seat and their 

mothers were allowed to observe the testing but were instructed to be non-responsive to their 

child. A fixed trial habituation/dishabituation paradigm, consisting of 10 habituation trials 

followed by 5 dishabituation trials, was used to assess neurophysiological encoding and 

dishabituation of both visual and auditory stimuli. The auditory stimuli consisted of a 

standard stimulus of alternating 400 and 1,000 hz pure tones presented contiguously for 2 

sec each with a 5 msec controlled linear rise and fall time for each tone during the 

habituation trials and a novel stimulus consisting of alternating 700 hz and 1000 hz pure 

tones presented in a similar format during the dishabituation trials. The visual stimuli 

consisted of chromatic Caucasian faces of a baby and a woman. Stimuli were selected based 

on previous developmental literature indicating their predictive validity to later cognitive 

status (O’Connor, 1980, O’Connor et al., 1984, Fagan, 1970) and were found to differentiate 

individuals with a history of PAE during infancy (Kable and Coles, 2004, Kable et al., 2015) 
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and toddler periods of development (Kable et al., 2016a). Each trial consisted of the stimuli 

being presented for 12 seconds followed by a 12 second inter-stimulus interval. For the 

visual stimuli, the card was present for the duration and for the auditory stimuli, 3 

presentations of the sound pairs were presented sequentially within the 12 second interval. A 

black screen was presented during the inter-stimulus interval for both types of stimuli. The 

order of the stimulus modality (Auditory-Visual vs. Visual-Auditory) were randomized but 

which stimuli served as the habituation and dishabituation stimuli within a modality was 

fixed.

Cardiac responses to the stimuli were monitored continuously using an electrocardiogram 

(EKG) amplifier connected to a data acquisition computer that was triggered by the stimulus 

presentation software. HR was sampled prior to the first trial of the habituation/

dishabituation paradigm for each stimulus type (auditory or visual) to obtain a baseline HR 

level and then 12 seconds after the onset of each trial within the paradigm. Two different 

systems were used to collect CORs over the course of the study. In the first wave of the 

study, James Long Company (JLC) stimulus presentation software, EKG amplifier, and 

physiology software were used. In the second wave, E-Prime® presentation software was 

used to present the stimuli and Biopac’s BioNomadix® wireless physiology was used for 

data acquisition in combination with Biopac Model (MP150) for EKG data amplification 

and ACQKnowledge 4.4 software for data processing. The child’s arousal level was rated for 

each trial using a scale ranging from 1–7 (Als et al., 1977). For those who were in either 

state 1- Deep Sleep or State 7 - Vigorous Crying, testing was discontinued after two 

consecutive trials of either stage. Data from only the first three trials of the habituation and 

dishabituation trials were used for analysis as the magnitude of the COR typically is 

diminished beyond this (Kable and Coles, 2004, O’Connor, 1980).

Computation of the COR Index Scores.—HR values in the first three habituation and 

dishabituation trials were averaged by post-second stimulus onset, stimulus type (auditory 

and visual), and equipment type (JLC or Biopac). HR values were then converted to z-score 

values within each post-sec value using 707 JLC and 224 Biopac COR samples that were 

collected in Ukraine to formulate the characteristics of the distribution. Z-score values of 

greater than 1 for each 12 sec post stimulus onset were summed to derive an index of 

deviation from the normal pattern of HR response. This resulted in estimates of deviation on 

the habituation and dishabituation trials. Deviation scores such as this are routinely used in 

assessing abnormalities in neuropsychological responses (Crawford and Garthwaite, 2008). 

Z-scores greater than +1.0, reflecting a standard deviation above the HR of the mean of the 

entire sample, were then counted and summed to formulate an overall COR Index score of 

deviation from the average COR response. Z-score values below this threshold were scored 

as 0, indicating that the HR response was not significantly impaired relative to the group 

mean at a given second. This was done separately for both auditory and visual stimuli. 

Scores ranged from 0, indicating no deviation, to 24, indicating deviation on each of the 24 

seconds sampled (12 sec of habituation and 12 sec of dishabituation). Only participants who 

had complete data for all 12 sec of the habituation and dishabituation trials were used for 

this analysis. The COR Index scores represent values of deviation from the typical heart rate 

deceleration seen in response to encoding novel stimuli. Our previous work (Kable and 
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Coles, 2004) indicated that the average trials to habituation was 8 for both alcohol-exposed 

and non-exposed infants, suggesting that the lower magnitude of the deceleration response 

that is being assessed by this score is indexing individual differences in neurophysiological 

encoding and not differences in habituation.

FASD Status Determination: A subset of children in the Ukrainian prospective cohort 

were seen in the preschool period when they were categorized as having fetal alcohol 

syndrome (FAS), partial FAS (pFAS), or as having alcohol-related neurodevelopmental 

disorder (ARND) using the modified Hoyme guidelines (Hoyme et al., 2016) (see Table 1). 

PAE was determined from maternal report obtained at recruitment during pregnancy. Those 

categorized as Moderate to Heavy Alcohol Users were defined as having PAE and those 

categorized as having Low or No Alcohol were not. Physical examinations were conducted 

by local geneticists or pediatricians who were trained by Dr. Kenneth Lyons Jones to assess 

growth and alcohol-related dysmorphology. Growth percentiles were calculated using the 

Centers for Disease Control and Prevention growth charts (Kuczmarski et al., 2002) from 

these exams conducted on children during their infant and toddler visits (< = 2 years of age) 

to classify children as less than or equal to the 10th percentile for height, weight, and head 

circumference. Neurobehavioral status was assessed using Ukrainian translations of the 

nonverbal portions of the Differential Ability Scales, 2nd edition (DAS-II) (Elliot, 2007) and 

the Child Behavior Checklist (CBCL) (Achenbach, 2009). Neurocognitive testing was 

conducted by local psychologists who were trained and supervised by study investigators. 

For the DAS-II, scores at or below 85 on the Nonverbal Reasoning Cluster, Spatial Cluster, 

and Special Nonverbal Composite Cluster scores were indicative of cognitive impairment. 

For the CBCL, the upper quartile of the sample was used as the cut-off for each CBCL 

subscale (Anxious/Depressed, Withdrawn/Depressed, Attention, Affective Problems, 

Anxiety Problems, Attention Deficit/Hyperactivity Problems, and Oppositional Defiant 

Problems) and summary scores (Internalizing Problems and Externalizing Problems). The 

upper quartile was chosen rather than the 1.5 SD used in a previous study implementing 

these criteria (May et al., 2018) as a result of lower than expected variability in the 

Ukrainian cohort.

Due to small numbers, participants who met criteria for pFAS or FAS were combined for 

analysis (pFAS/FAS group). A total of 96 participants did not receive an FASD diagnosis 

(No Diagnosis Group), 19 were categorized as having ARND (ARND Group) and 5 were 

categorized as having pFAS/FAS. The No Diagnosis group included 70 participants 

categorized as being in the No Low exposure group (No PAE/No Diagnosis) and 26 in the 

Moderate to Heavy Exposure group (PAE/No Diagnosis). The ARND group consisted of 16 

who met criteria on behavioral impairment, 1 who met criteria on cognitive impairment, and 

2 that met criteria on both. The pFAS/FAS group consisted of 2 who met criteria for FAS/

behavioral, 1 FAS/cognitive, and 2 pFAS/behavioral. Specific details regarding the criteria 

used for each category are outlined in Table 1.

Data Analysis

Data were analyzed using SPSS 26.0 ®. Group differences in the characteristics of the 

mother and child were examined using chi-square tests to assess differences in frequency 
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distributions and analysis of variance (ANOVA) to assess mean differences in continuous 

variables. Mixed model analysis was used to assess group differences in COR deviation 

scores for the total score by stimulus type (Auditory or Visual). Between subjects’ factor 

was FASD status with four levels (No PAE/No Diagnosis, PAE/No Diagnosis, ARND, 

pFAS/FAS). Cohort age at assessment (6 or 12 months), equipment type (JLC or Biopac), 

and baseline HR were used as covariates. To deal with the unbalanced data in this sample, 

estimation was obtained using restricted maximum likelihood (REML). This method 

imputes missing values, generates parameter estimates, repeats this procedure using the 

estimates until there are minimal differences between iterations, and makes adjustments to 

the degrees of freedom for each iteration (McKnight, 2007, Evans et al., 2001). Post hoc 

comparisons were then carried out to contrast significant group effects using least squares 

means. We hypothesized that children who were not exposed to PAE would have lower 

scores than all of the alcohol-exposed groups and that those in the pFAS/FAS group would 

have the highest total deviance scores. Finally, a receiver operating characteristic (ROC) 

curve analysis was conducted to assess the Total COR Deviation Index’s predictive validity.

RESULTS

Group Characteristics of Sample

Significant group differences were found in maternal characteristics, including level of 

maternal education (χ (6) = 16.867, p < .010), smoking behavior during pregnancy (χ (9) = 

49.017, p < .0001), and maternal alcohol use in pregnancy as assessed by recruitment group 

status (χ (3) = 110.736, p < .0001), absolute outcomes of alcohol per day at conception (F 

(3, 115) = 39.616, p < .0001, and binge drinking in pregnancy (χ (3) = 70.000, p < .0001) 

(See Table 2 for details). In general, women whose offspring had no PAE and no FASD 

diagnosis had lower levels of preconceptual maternal drinking and were less likely to binge 

drink in pregnancy. The women whose offspring were categorized as ARND, self-reported 

the highest levels of absolute ounces of alcohol per day at the time of conception but those 

whose offspring who were categorized as pFAS/FAS did not significantly differ from either 

group.

Relative to the offspring, there were no group differences in the sex distribution or age at the 

12-month assessment but at 6-months, the ARND group was significantly older (F (3, 90) = 

5.162, p < .002) than the other groups of children (No PAE/No Diagnosis: p < .010; PAE/No 

Diagnosis: p < .0001, and pFAS/FAS: p < .040). Among those with no diagnosis, those that 

had a history of PAE were younger than were those without a history of PAE (p < .041). In 

the preschool period, the PAE/No Diagnosis group was older than the other three groups of 

children (F (3, 110) = 5.771, p < .001), No PAE/No Diagnosis: p < .003; ARND: p < .009, 

and pFAS/FAS: p < .036). Relative to nonverbal cognitive functioning, a significant group 

effect was found (F (3, 110) = 2.875, p < .040) with the ARND group performing lower than 

did the PAE /No Diagnosis group (p < .006). There were no group differences in growth 

parameters.
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COR Data.

Data were available for this analysis if the individual was seen at either or both of the two 

infant assessment times (6 or 12 months of age) and in the preschool period. Complete data 

at each time point on each task (auditory or visual) were available on 50.8 % of the 

participants and 6.7% had 3 of 4, 35.0% had 2 of 4, and 7.5% had 1 of 4 data points 

available. There were no group differences in mean number of CORs available by group 

status (No PAE/No Diagnosis: M = 2.8 (1.1); PAE/No Diagnosis: M = 3.4 (0.85), ARND: M 

= 3.1 (1.1); and pFAS/FAS: M = 3.6 (.90). Completion of both the auditory and visual 

assessments was relatively high at a given time point, 88.9% at 6 months and 92.6% at 12 

months. The final dataset consisted of 100 auditory and 106 visual COR assessments at 6 

months and 77 auditory and 79 visual assessments at 12 months (See Figure 1 for the 

aggregate COR for the first three habitation and dishabituation trials by second. Error bars 

reflecting one standard deviation higher than the mean were used to indicate the threshold at 

which a deviation in HR response would be counted for each second post-stimulus onset as 

deviant).

COR Deviation Index Score Relationships

For both the auditory (r = 0.505, p < .0001) and visual stimuli (r = 0.633, p < .0001), the 

sum of the deviations for the habituation (Habituation Deviation Index (HDI)) and the 

dishabituation (Dishabituation Deviation Index (DDI)) trials were correlated and each 

correlated highly with their respective total deviation score (COR Deviation Index (CDI)) 

(For auditory stimuli, HDI: r = 0.805, p < .0001 and DDI: r = .919, p < .0001; For visual 

stimuli, HDI: r = 0.884, p < .0001 and DDI: r = .921, p < .0001). COR Indices were also 

moderately correlated across stimulus modality (CDI: r = 0.621, p < .0001; HDI: r = 0.396, 

p < .0001; DDI: r = 0.598, p < .0001). Within age level, the correlation of the CDI across 

stimulus modality was .648 (p < .0001) at 6-months and .567 (p < .0001) at 12 months. The 

correlation of the CDI over time within stimulus modality was .557 (p < .0001) for auditory 

and .311 (p < .020) for visual stimuli.

Group Differences in the COR Index

Group differences were not found on the Auditory CDI but FASD Group status was 

significant on the Visual CDI (F (3, 91.3) = 2.822, p < .043) after controlling for the 

covariates of baseline HR (F (1,158.564) = 80.919, p < .0001) and type of equipment (F (1, 

128.141) = 6.407, p < .013). The age of assessment (6 or 12 months) was included in the 

model but was not significant. Post hoc comparisons indicated that deviation in COR 

responses to visual stimuli in infancy among those children subsequently identified in the 

preschool period as having pFAS/FAS (M= 8.129, STE = 1.82) was greater than those with 

ARND (M = 2.244, STE = 0.957, p < .005), those with PAE/No diagnosis (M = 3.410, STE 

= 0.826, p < .020), and those with No PAE/No Diagnosis (M = 3.869, STE = 0.551, p 

< .028). See Figure 2 for a bar chart of the means by stimulus type and FASD Group status.

To assess predictive utility of the total CDI, ROC analysis was conducted on the CDI for 

both stimuli relative to the prediction of pFAS/FAS group status. Area Under the Curve 

(AUC) values were non-significant for the auditory stimuli (0.647, p < .253) but were 

significant for the visual stimuli (0.765, p < .003).
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DISCUSSION

PAE has the potential to adversely impact individuals across their lifespan which has been 

characterized across a spectrum, known as Fetal Alcohol Spectrum Disorders (Calhoun et 

al., 2006). Some individuals with PAE have no readily observable impact of their exposure 

as indicated by the presence of alcohol-related dysmorphia, growth deficits, and alcohol-

related neurodevelopmental deficits (Day and Richardson, 1991). The variability in impact 

may be linked to maternal and fetal genetics (Dodge et al., 2014, Fish et al., 2017), timing of 

exposure (Sulik, 2014), dosage and patterning of the exposure (Feldman et al., 2012, 

Bandoli et al., 2019), as well as various other co-occurring factors that may contribute to 

adverse fetal development (i.e. nutritional factors (Keen et al., 2010)). A biomarker is 

needed to identify those for whom intervention may be most beneficial, particularly during 

infancy when the brain is still going through rapid development (Fox et al., 2010). CORs 

collected in infancy, which have been previously found to predict later neurocognitive status, 

were evaluated in this study to determine if they are also able to predict FASD status. 

Although we hypothesized that children who were not exposed to PAE would have lower 

deviation scores than all of the alcohol-exposed groups and that those in the pFAS/FAS 

group would have the highest total scores, our hypotheses were only partially supported. 

Those later categorized as pFAS/FAS were distinguished by a score reflecting the total 

deviation in the cardiac orienting responses.

CORs were not effective in differentiating those identified as having ARND. The range of 

neurodevelopmental impairment among individuals with ARND is diverse with some having 

the same degree of neurocognitive impairment as those with pFAS/FAS and others having 

more subtle learning disability profiles. In this sample, only 3 of 19 met criteria based on 

cognitive impairment or a combination of cognitive and behavioral impairment while 16 of 

19 met criteria based on behavioral impairment alone. The results suggest that CORs are not 

able to predict the emotional or behavioral impairments often seen in individuals with an 

FASD. Of concern, is that those classified as having ARND based on only their behavioral 

impairment in the preschool period may consist of some combination of individuals with 

prenatal alcohol-related neurodevelopmental compromise that only impacts behavior and 

individuals who have behavioral impairment resulting from the adverse postnatal 

environments often associated with maternal substance abuse. In the latter case, the lack of 

differences on the CORs would be appropriate given that they would be related to postnatal 

environment and not the direct teratogenic effect of PAE

Within the ARND group, the sample did not have sufficient numbers of individuals who met 

criteria for neurocognitive impairment to effectively evaluate the CDI’s predictive validity 

for those with cognitive impairment but who do not have the physical features of FAS. A 

larger number of ARND children who met criteria based on their neurocognitive impairment 

would be needed to clarify if CORs are able to index the more subtle neurocognitive deficits 

or learning disabilities often seen in this population. The manner in which the COR 

deviation index was derived may have also contributed to lack of differences seen in the 

ARND group. In this study, the deviation was based on mean values obtained from the total 

sample rather than deviations from a subset with no PAE and no history of developmental 

delay. Deviation scores derived from this subset would have likely yielded greater 
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discriminative power and improved differentiation of the ARND group as historically PAE 

alone results in higher HR values during the COR (Kable and Coles, 2004, Kable et al., 

2015, Kable et al., 2016a).

The AUC associated with the ROC analysis for predicting pFAS/FAS status of the Visual 

CDI was 0.765, which falls in the a category often labeled as acceptable with values 

above .80, categorized as excellent (Mandrekar, 2010). Previous predictive modeling using 

machine learning techniques with various indicators of the COR have produced comparable, 

if not a bit higher (AUC= 0.81), predictive validity when identifying significant 

developmental delay (Mesa et al., 2017b). Although continued efforts should be made to 

improve the predictive validity, the levels obtained in both of these studies exceed those of 

routine breast cancer screening methods, which range from the .60–.70s (Gail and Pfeiffer, 

2018). Given that this procedure could be adapted for administration in a typical 

pediatrician’s office, administered by a trained technician or nurse, and take only about 15 

minutes to complete, the development of a scalable methodology to implement this 

procedure may be an important priority in improving our identification of those adversely 

impacted by PAE. In a recent large epidemiological study conducted across four U.S. 

communities, less than 1% of those who met criteria for an FASD were identified within 

their communities prior to the study (May et al., 2018), indicating an important public health 

need to improve identification of affected individuals. Future research would need to sample 

a normal standardization sample of CORs from which to derive a threshold of risk for the 

CDI to assess its true discriminative power for identifying those negatively impacted by PAE 

followed by a clinical trial using the screening procedure.

No one measure should be used to screen for any developmental disability, including FASD. 

The use of COR, along with other screening measures will most likely optimize the 

identification of those adversely impacted by PAE. Screening for maternal alcohol use in 

pregnancy and traditional standardized testing all have their place in a system of screening 

and identification for clinical care. In our previous work using CORs, the highest levels of 

predictive utility were found by combining screening methods (Mesa et al., 2017b). The 

most optimal prediction was obtained when adding information regarding standardized 

neurodevelopmental testing in infancy to parameters of the COR. It is possible that 

additional screening procedures in infancy that assess emotionality may also improve 

identification of the ARND group.

The system for classification of FASD used in this study was the modified Hoyme guidelines 

(Hoyme et al., 2016) outlined in Table 1. Previous research has established that the 

consistency of the various FASD diagnostic methodologies is poor (Coles et al., 2016) so the 

results of this study do not necessarily generalize to those identified on the fetal alcohol 

spectrum classified using alternative diagnostic criteria. In addition, the results may also 

differ if the sample was older at the time of the FASD assessment so that more subtle 

variants of neurocognitive impairment, such as math disability and executive functioning 

deficits, were included in the diagnostic formulation.

The results of this study were consistent with a previous study on CORs within this cohort 

(Kable et al., 2015) indicating that the visual stimuli were more sensitive than were the 
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auditory stimuli. Although a similar pattern was seen in the mean values of the auditory 

CDI, the magnitude of the effects did not reach significance. This could indicate that the 

visual modality is more vulnerable to the impact of PAE than is the auditory. The differences 

may also just be the result of changes in the difficulty level or discriminative power of the 

stimuli presented in the different modalities. Using the same stimuli, no differences were 

found in sensitivity to PAE (Kable and Coles, 2004) but there was a change in the manner in 

which the visual stimuli were presented across studies. In the original study, the pictures 

were presented in a traditional Fagan box (Thompson et al., 1991) that limited the infant’s 

view to either the picture or the black sides of the box. In the Ukrainian cohort, the stimuli 

were digitized and presented on a computer screen presented in front of the child but their 

visual field was not occluded on the sides to the same extent. In addition, the Ukrainian site 

had higher levels of ambient lighting in the test room. This combination of factors may have 

resulted in more visual distractions available to the infant, resulting in an increased difficulty 

level of the visual relative to the auditory task.

There were few pre-existing group differences between the groups of infants that were not 

part of the criteria used to classify the children. For example, maternal use of prenatal 

alcohol varied by group status. Obviously, average alcohol intake in the No Exposure/No 

Diagnosis group was lower than among those with PAE or a PAE-related diagnosis. The 

ARND group had the highest levels of average alcohol exposure. However, this most likely 

resulted from the fact that the ARND classification required moderate to heavy PAE, 

whereas the pFAS/FAS group did not as long as there was a convergence of other alcohol-

related physical features (see Table 1). Differences in age may have interfered with the 

understanding of group differences but age level (6 or 12 months) was not significant in the 

model after controlling for baseline HR values, which was a significant predictor and 

implicitly encodes individual differences in age level as HR varies by age. There were group 

differences in maternal education level and pregnancy smoking behavior but the differences 

were more generalized to PAE rather than specific to pFAS/FAS group status, which is the 

group that was differentiated by the CDI.

Deviations from the typical levels of HR deceleration during CORs collected in infancy in 

response to visual stimuli differentiated those later categorized as pFAS or FAS in the 

preschool period but did not differentiate those classified as ARND. The ARND group in 

this study was predominantly composed of those with behavioral impairment so it is unclear 

if CORs could differentiate alcohol-related cognitive impairment in the absence of alcohol-

related physical features. The predictive validity of the CORs to differentiate those with 

pFAS/FAS suggests that it may be a scalable biomarker that could be used to improve 

recognition of at least some of the infants with PAE who are in need of early intervention 

services. Large scale use of COR to identify FASD would require the collection of a 

standardization sample to determine the threshold of risk for FASD that maximizes its 

predictive utility and a clinical trial to evaluate its utility as a screening measure in the 

context with which its use is anticipated.
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Figure 1. 
Figure 1 displays the method used to derive the COR Index. The average heart rate is 

displayed by second post-stimulus onset for the habituation and dishabituation trials, which 

are separated by two vertical lines. The one standard deviation threshold is reflected at each 

second to indicate the threshold at which a response was considered deviant. Similar curves 

were computed for each stimulus (visual or auditory) condition and by equipment type used 

for data collection. Deviations were then summed to compute a COR Deviation Index.
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Figure 2. 
The average deviation score is reflected by FASD Group status and stimulus condition 

(auditory and visual).
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