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Abstract

Deficits in attention are a hallmark of the effects of heavy prenatal alcohol exposure but although such deficits have
been described in the literature, no attempt to use measures of attention to classify children with such exposure has
been described. Thus, the current study attempted to classify children with heavy prenatal alcohol exposure (ALC)
and non-exposed controls (CON), using four measures of attentional functioning: the Freedom from Distractibility
index from the Wechsler Intelligence Scale for Children—Third Edition (WISC-III), the Attention Problems scale
from the Child Behavior Checklist (CBCL), and omission and commission error scores from the Test of Variables of
Attention (TOVA). Data from two groups of children were analyzed: children with heavy prenatal alcohol exposure
and non-exposed controls. Children in the alcohol-exposed group included both children with or without fetal
alcohol syndrome. Groups were matched on age, sex, ethnicity, and social class. Data were analyzed using
backward logistic regression. The final model included the Freedom from Distractibility index from the WISC-III
and the Attention Problems scale from the CBCL. The TOVA variables were not retained in the final model.
Classification accuracy was 91.7% overall. Specifically, 93.3% of the alcohol-exposed children and 90% of the
control children were accurately classified. These data indicate that children with heavy prenatal alcohol exposure
can be distinguished from non-exposed controls with a high degree of accuracy using 2 commonly used measures
of attention. §INS 2004,10, 271-277.)
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INTRODUCTION well established. In an early study, Lemoine et al. described
a group of children with prenatal alcohol exposure as agi-
thted, irritable, and exhibiting a decreased capacity to en-
‘gage in continuous activity (Lemoine et al., 1968). This
association between prenatal alcohol exposure and atten-
tion problems has been repeatedly described and appears to

: . e independent of general intelligence level (Shaywitz et al.,
alies, and central nervous system dysfunction (Jones et a

i . 980). Attention problems are also stable over time as in-
1973; Stratton et al., 1996). Adverse neurobehavioral outy; ..o g by a longitudinal prospective study that empha-

Heavy prenatal alcohol exposure causes physical and neur
behavioral abnormalities. Alcohol-exposed children may ex
hibit a collection of symptoms known as the fetal alcohol
syndrome (FAS), the cardinal features of which include
pre- andor postnatal growth deficiency, craniofacial anom-

. o . 1aN¥nd 14 years (Streissguth et al., 1995). In addition, vigi-
domains of functioning are susceptible to the neurotoxicity,, .o test scores were highly correlated with subsequent

of in utero alcohol exposure including intellect, language, b ; ; - -
. . . ehavior ratings, suggesting that the empirical data also
learning and memory, and attention (Mattson & Riley, 1998)‘had ecologica?validit%/g g P

h The occurr;ar;cel ofﬁelﬂcns In attentl_(t)r:] in lnq;\élduta::sAvgth Caregiver and teacher ratings also support the presence
eavy prenatal alcohol exposure with or withou 'Sof attention problems in children with prenatal alcohol ex-

posure (Carmichael Olson et al., 1992; Mattson & Riley,
Reprint requests to: Sarah N. Mattson, Ph.D., 6363 Alvarado Court,ZOOO; Roebuck etal., 1999)' Importantly, these deficits ap-
Suite 209, San Diego, CA 92120. E-mail: smattson@sunstroke.sdsu.edpear to exceed those expected based on IQ score and are
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similar in alcohol-exposed children with or without FAS. incidence of secondary disabilities (Streissguth & Kanter,
Thus, these deficits appear to be a salient marker of heavy©Q97; Streissguth et al., 1996).
prenatal alcohol exposure and may be more sensitive than The impetus for the current study was the desire to utilize
overall intellectual deficit or facial dysmorphology (Matt- common measures of attention to define a profile of atten-
son & Riley, 2000). tion deficits in alcohol-exposed children and to increase
More recently, specific dimensions of attention have beerdetection accuracy of individuals with prenatal alcohol ex-
explored in order to elucidate a possible pattern of effectsposure. We attempted to classify children in this population
One investigation focused on auditory and visual sustainedy utilizing straightforward neuropsychological measures
attention in adolescents prenatally exposed to alcohol, witlef cognitive ability known to be affected in individuals pre-
and without dysmorphic features. The alcohol-exposed groupatally exposed to alcohol, with or without the facial phe-
with dysmorphic features displayed a specific deficit in thenotype of FAS. Additionally, by using information from
visual modality while auditory attention remained rela- multiple measures rather than any single measure, we hoped
tively spared (Coles et al., 2002). A second study (Mattsorio provide a more comprehensive model for helping to de-
et al., 2002) also tested visual and auditory focused attertect the occurrence of prenatal alcohol exposure. Conver-
tion but included an attentional shift component and variedgence of empirical data from measures of attention supports
the intertarget interval for all components. As in the previ-the notion that attention deficits exist within this popula-
ous study, alcohol-exposed children exhibited a specific deftion. However, no attempt has been made to predict the
icit in the visual attention domain, while auditory attention presence or absence of prenatal alcohol exposure based on
was relatively spared. Specifically, in the visual domain,these putative deficits. Therefore, the purpose of this inves-
alcohol-exposed children exhibited globally longer reac-tigation was to derive a sound statistical model capable of
tion times in response to target stimuli while response timesliscriminating children with prenatal alcohol exposure from
in the auditory domain were only slowed when the intertar-non-exposed children using common quantitative measures
get interval was long. Prenatal alcohol consumption hasf attention. The statistical model described herein is in-
also been associated with slower processing speed and lotended to provide a more precise means for making this
ger reaction times to visual stimuli in infancy (Jacobsondiscrimination. In combination with other critical informa-
et al.,, 1993, 1994). Finally, and in contrast to the studiegion, the model may provide important information about
just described, one study has suggested that auditory attetive etiological link between alcohol exposure and sub-
tion was more impaired than visual attention in nonretardegequent behavior problems and importantly, assist the cli-
adults with prenatal alcohol exposure (Connor et al., 1999)nician in providing the most appropriate intervention.
Deficits were apparent in visual attention, but the auditory
def!c!ts were _str.onger_. Thu_s, a speqﬁc pattern of attentlor}\/I ETHODS
deficits descriptive of individuals with prenatal alcohol ex-
posure remains unclear. Research Participants
A total of 60 children participated in the study. All partici-
Identification of Children With Heavy pants were drawn from a larger ongoing neuropsychologi-
Prenatal Alcohol Exposure cal research project at the Center for Behavioral Teratology,
San Diego State University. Two groups of children were
The physical features of FAS provide a link between pre-ncluded: children with known histories of heavy prenatal
natal alcohol exposure and subsequent behavioral or cognidcohol exposure (ALCN = 30) and children without such
tive impairments. However, children with prenatal alcoholexposure (CONN = 30). The ALC group included alcohol-
exposure who lack the distinct facial features are more difexposed children with or without a diagnosis of FAS, as
ficult to identify, precisely because they lack the externaldetermined by an examination by a dysmorphologist (K.L.
stigmata of exposure (Aase et al., 1995). The lack of approdones, M.D.). Within this group, twelve children were di-
priate tools to identify these cases causes many alcohokgnosed with FAS. Positive diagnoses were based on the
exposed children to go undetected or misidentified. Thus @resence of growth retardation, central nervous system dys-
need exists to develop or improve diagnostic tools for usdunction, and facial dysmorphology (Jones & Smith, 1973;
with this population. Clinically, distinguishing children with Jones et al., 1973; Stratton et al., 1996). Previous reports
heavy prenatal alcohol exposure from non-exposed chilsuggest similar behavioral deficits and brain anomalies in
dren is important for early and targeted intervention. Cur-children with heavy prenatal alcohol exposure with or with-
rently, few intervention programs exist that specifically targetout FAS (Mattson & Riley, 1998, 2000; Roebuck et al.,
this population. Remediation is mainly addressed with in-1998) and thus, we typically combine them in one group
fant development programs or programs for at-risk childrenMattson & Roebuck, 2002). Prenatal alcohol exposure in-
that are nonspecific in nature (Niccols, 1994). Eventuallyformation for all children was obtained through caregiver
more specific intervention models, guided by improve-report, medical, or social service records. Groups were
ments in diagnosis, may prove to be more effective in im-matched on age at testing (9.0-16.9 years), sex (57% fe-
proving outcome (Streissguth et al., 1994) and reducing thenale), social status, and ethnicity (63% White). The major-
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ity of the sample (71.7%) was of middle class (Hollingsheadcits from typically developing children as supported by
scores of 20-54). Exclusionary criteria were as follows:both an exploratory factor analysis performed on the nor-
IQ < 70 or> 130, missing or invalid test data, teratogenic mative sample and a confirmatory factor analysis con-
exposure other than alcohol, primary language other thaducted on a clinical sample (Wechsler, 1991). Standard scores
English, psychiatric or neurological disorders that wouldfor the FD index score, based on the age of the child, were
interfere with test performance, uncorrected visual or hearealculated using normative data provided by the test pub-
ing disorder, and diagnosis of attention deficit hyperactiv-lisher (Wechsler, 1991).

ity disorder (ADHD) in the CON group. Alcohol-exposed

children were referred by Dr. Jones (63%), other medical oiTest of Variables of Attention

social service proylders, or We.“?_se'f referred. ImportantIyThe Test of Variables of Attention (TOVA) is a computer-
some of these children were initially referred to Dr. Jones

prospectively (i.c., at or shortly after birth) or because of a|zed continuous performance test that assesses processing

history of prenatal alcohol exposure and not necessarilablllty in the visual modality. The TOVA provides norma-

because of behavior concerns. Children in the control grou¥|ve data for individuals aged 4 to 80 and is appropriate for

were seli-referred as a result of community outreach oEﬁse with normal and clinical populations (Leark et al., 1999).

. C . In this task, the participant is presented with either a target
advertising. Demographic information for the two groups .
. . or nontarget figure at the center of the computer screen.
is presented in Table 1.

Exposure length is 100 ms and the interstimulus interval is
2 s. The figures are composed of small black colored boxes
embedded in larger colored boxes presented against a black

Measures ) AN

background. The presentation of test stimuli is broken down
Wechsler Intelligence Scale for Children—II| into four quarters and stimuli are presented in random fre-
Freedom From Distractibility Index quency per quarter. The designated target is presented in

22.5% of the trials during the first half and in 77.5% of the
The Wechsler Intelligence Scale for Children—II (WISC— trigs during the second half, representing stimulus-infrequent
I1l; Wechsler, 1991) measures general intelligence level an@ng stimulus-frequent conditions, respectively. A 2-min prac-
is appropriate for children aged 6 through 16 years, 1kjce run is administered followed by the 22-min test. Two
months. Performance on this test results in Verbal, Perforgariables were examined in this study, omission errors (lack
mance, and Full scale intelligence quotients (IQ) as well agf correct response), measuring inattention, and commis-
four additional index scores including Freedom from Dis-gjon errors (response to non-target), measuring impulsivity.
tractibility (FD). This index score comprises two subtests Standard scores, based on the age and sex of the child were

Arithmetic and Digit Span, and is purported to measure thea|culated using normative data provided by the test pub-
child’s ability to maintain attention during testing (Sattler, jisher (Leark et al., 1999).

1992). It reliably distinguishes children with attention def-
Achenbach Child Behavior Checklist

The Child Behavior Checklist (CBCL) is a 113-item ques-

Table 1. Demographic information for children with heavy tionnaire that assesses a child’s behavioral competence as
prenatal alcohol exposure (ALC) and non-exposed rated by the parent (Achenbach, 1991). It is appropriate for
controls (CON) children from 4 to 18 years of age and provides scores on
Variable ALC CON pvalue eight probl_em s_cale;. Only the Attention Problems scale
was examined in this study. Items relevant to this scale
Sex ) include statements such as, “can’t concentrate, can't pay
Male 13 13 n.s. attention for long” and “can't sit still, restless, or hyper-
Ag';e(r;::’rs) o 17 active.” T-scores, based on the age and sex of the child were
M (SD) 11.4 (2.26) 11.6 (2.14) . ﬁ::]ceurl?fcigﬁgnfcgoirggf)ve data provided by the test pub-
Range 9.0-16.8 9.0-16.9 ! :
Ethnicity (n)
White 19 19 n.s Procedure
Non-White 11 11
Hollingshead score All children were administered the WISC-IIl and the TOVA
M (SD) 42.6 (12.06) 47.8 (13.54) n%. individually in quiet, distraction-free testing rooms at the
IQ Scores M (SD)] Center for Behavioral Teratology at San Diego State Uni-
Verbal 87.6 (12.09)  108.3 (13.53) <.00°  ygrsity. These measures were administered on separate days
Performance 91.7(12.20)  102.3 (12.40) 02 \yithin a two-week period. The TOVA was administered at
Full Scale 88.6 (11.36)  105.8 (11.88) <.001°

the end of a 90-min testing session during which other neuro-
n.s., not significant. psychological tests were administered. The primary care-
aanalyzed by chi square analysfgnalyzed by ANOVA. giver (typically the mother or foster mother) of each child
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Table 2. Standard and T-scores for children with heavy prenatal alcohol exposure (ALC) and non-exposed
controls (CON) on attention measures

ALC group CON group

Attention measure M (SD) M (SD) F(1,58) pvalue
CBCL Attention (T-score) 72.7 (9.12) 53.4 (5.31) 99.99<.001
WISC-IIl Freedom From Distractibility (standard score) 85.4 (13.68) 105.5(12.57) 34.89001
TOVA Omission (standard score) 66.1 (30.77) 86.5(28.29) 7.15 .010
TOVA Commission (standard score) 81.9 (21.76) 95.1(23.53) 5.06 .028

was asked to complete the CBCL during the child’s first testwas utilized to determine the set of independent variables
session. WISC-IIl FD, TOVA Omission (OM) and Com- that best predicted group membership. Full models were
mission (COM) standard scores, and CBCL Attention Prob+educed according tpvalues and the final model included
lems (ATTN) T-scores were calculated and served as thenly variables that significantly < .05) predicted the
independent variables in the analyses conducted in this studgutcome. The final model retained two of the independent
Informed consent and assent were obtained prior to testingariables (ATTN and FD). This model was shown to reli-
and all procedures were approved by the Institutional Reably discriminate children in the ALC group from children
view Board of San Diego State University. in the CON group }?(2, N = 60) = 62.15,p < .001], and
accounted for 86% of the variability. Using a 50% cut-off
value, any case with a predicted probability of .5 or greater
was classified as alcohol-exposed and any predicted
probability less than .5 indicated membership in the non-
exposed CON group. Group prediction was highly success-

As groups were matched on age, sex, ethnicity, and socid¥l; With 93.3% of the ALC group and 90% of the CON
class, there were no differences between the groups on afifoup correctly predicted, contributing to an overall accu-
of these variables based on chi-square analysis or analysiacy rate of 91.7% (see Figure 1).

of variance (ANOVA) (ps > .05). However, consistent with Two variables, ATTN and FD were retained in the final
previous reports (Mattson et al., 1997), Verbal 1Q, Perfor-model and significantly predictedp(< .05) group mem-
mance 1Q, and Full Scale 1Q scores were significantly dif-Pership. The odds ratio for ATTN was 1.44 (95% CH.

ferent between groups based on ANOVAS < .01). 1.14-1.81) and the odds ratio for FD was .91 (95% €.1.
Demographic information is presented in Table 1. .84-.99). These results are shown in Table 3. Although sta-

tistically significant, the upper limit of the 95% confidence
o interval for FD was close to 1.0. However, the regression
Statistical Analyses model including both FD and ATTN was significantly bet-

Performances on each of the four measures of attention
were first tested by one-way ANOVA with group (ALC or
CON) as the between-subjects variable. Group differences %]
were found on all measures (ATTN, FD, OM, and COM,; 90
ps < .05). Descriptive data for all measures are shown in
Table 2.

Because the main goal of this study was to determine 7]
which measures of attention best distinguish children with g4
histories of prenatal alcohol exposure from non-exposeo@
children, the data were analyzed using binary logistic re-s
gression. Group membership was the dependent variable 401
(ALC or CON) and the four measures of attention (ATTN, 204
FD, OM, COM) served as the independent variables. Prior
to conducting the logistic regression, we examined the bi-

RESULTS

Demographic Information

801

201 Predicted Group

variate correlations for the independent variables for evi- 10 Lac
dence of multicollinearity. Tabachnick and Fidell (2001) 0l I con
propose that variables with a bivariate correlation of greater CON ALC

than .70 provide redundant information to an analysis, which
can cause problems of multicollinearity. Because all bivar-
iate correlations were .53, the initial analysis included all Fig. 1. Classification accuracy of non-exposed children (CON)
four attention variables. A backward stepwise procedurend alcohol-exposed children (ALC)

Actual Group
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Table 3. Estimated odds ratios (O.R.) and 95% confidence ligence, FSIQ was analyzed with ATTN and FD in the
intervals (C.1.) for variables in the final logistic logistic regression model. When assessing the presence of a
regression model confounding variable, the difference (if any) in the beta

coefficients of the independent variables in the equation

BSH OR. 95%C.l.  pvalue (ATTN and FD) can be examined with and without the
Variable covariate under consideration (FSIQ). The beta values for
FD —.09 (.043) 91 .84-.99 037 ATTN and FD were not meaningfully different after con-
ATTN 36 (.117) 144 1.14-181 <.01 trolling for FSIQ indicating that there was no confounding
Constant  —13.84 (7.351) 060 gffect of FSIQ. Thus, the odds ratios for both ATTN and FD

remained virtually the same with and without FSIQ in the
model, suggesting that the relationship between the inde-
pendent and dependent variables is not affected by the pres-
ter than a model with ATTN only ¥?(2, N = 60) = 6.36,  ence of FSIQ. Specifically, the odds ratio for ATTN changed
p= 01] Thus' children were 1.1 times more ||ke|y to ha_vefrom 1.44 t0 1.43, and the odds ratio for FD ChaHQEd from
prenatal alcohol exposure for every one unit decrease in FEP1 to .97 after controlling for FSIQ.

score and 1.44 times more likely to have prenatal alcohol Lastly, to explore whether children with PEA can be ac-

exposure for every 1 unit increase in attention score. To pdﬁUl’ﬂtEly discriminated from control Children, the final model
this in a more C|inica||y meaningfu| context, for every 15- was tested without children diagnosed with FAS. Similar

point reduction in FD (i.e., BD), children were 3.9 times effects were found, as reflected in the beta coefficients of
more likely to have prenatal alcohol exposure. Similarly,the two variables, ATTN<.07) and FD (.38). These results
for every 10-point increase in ATTN, children were 36.6 should be considered with caution because the power of the
times more likely to have prenatal alcohol exposure. Theanalysis is reduced with eight less subjects. However, sim-
estimated logistic regression function derived from this analyilar to the interpretation of the inconsequential change in
sis is as followsp = exp (-13.84+ .36+ATTN — .09«FD)/  the model after controlling for FSIQ, the absence of change
[1+ exp (-13.84+ .36:ATTN — .09+FD)], wherepis the  in the beta values here indicates that the relationship of
predicted probability of prenatal exposure to alcohol. TheAT TN and FD with prediction of group membership is sim-
predicted probabi”ties are presented in Figure 27 which deuar when the model is tested without children with FAS.
picts the final model where higher ATTN scores and lower
FD scores are relat_ed to memb_er_s_hip in the ALC group. pISCUSSION

In order to examine the possibility that the observed at-

tention deficits were not due to a general lowering of intel- This study demonstrated that the combination of parent-
rated attention problems and an index measure of attention

accurately discriminated children with prenatal alcohol ex-

B (S.E) = coefficient (standard error).

Actual Group posure from non-exposed children, based on the logistic
* ALC regression model. Specifically, ATTN scores and FD scores
® CON were the most valuable predictors of group membership.
4 Interpretation of odds ratios suggested that the AT TN scores

were more influential than FD scores, but when combined
were better at predicting group membership than ATTN

alone. A subsequent analysis using FSIQ as one of the in-
dependent variables supported that attention deficits were
not due to lower IQ scores.

TOVA omission and commission scores were excluded
from the model because these variables did not account for
a significant amount of unique variance in the prediction of
group membership. Hence, they did not add to the accuracy
of the logistic regression model, although the groups were
140 significantly different on these variables based on ANOVA.

Previous research, including our own, has shown that

alcohol-exposed children perform differently than non-
Fig. 2. Logistic regression curve representing predicted groupexposed control children on computerlz'ed tests of attentlor'w
membership. Probability scores at or above .5 are classified a%IUCh as the TOVA (Calarco et al., 2(.)03’ Coles etal., ,2002’
alcohol-exposed (ALC) and those below .5 are classified as non- attson et al._, 2002). One explanation for the exclgsm_h of
exposed controls (CON). Predicted probabilities are based on th§1€ TOVA variables from our model may be the variability
logistic regression model, which includes CBCL Attention scoresWithin the measures, as indicated by their standard devia-

(ATTN) and WISC-III Freedom from Distractibility (FD) scores tion values. It is possible that the length of the task (24 min)
(see text for details). Markers denote actual group membership.subserved the wide variation in scores such that some chil-
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dren exhibited low performance solely because the tasknore conservative estimation, a higher cut-off value could
was very long, regardless of exposure. It might be benefibe used. Of course, a more conservative estimation will, by
cial in the future to examine the quarters of the TOVA sep-definition, result in more false-negative classifications (i.e.,
arately to determine whether certain children performchildren with prenatal alcohol exposure being classified as
differentially across time. Only those variables that pro-controls). Either way, a statistical model such as this might
vided the greatest amount ohiquevariance in prediction prove beneficial in identifying children affected by prenatal
of group membership were retained to produce a parsimaoalcohol exposure who do not express the facial phenotype
nious model with a high rate of accuracy. Thus, the TOVAcharacteristic of FAS. Although the model derived in this
omission and commission measures did not account for anystudy is based on alcohol-exposed children with or without
more variance above and beyond that of ATTN and FDFAS and non-exposed control children, it also appears to be
together. The results of this study provide a basis for underaccurate in discriminating alcohol-exposed children with-
standing attention impairments in children with prenatalout FAS from controls.

alcohol exposure. The combination of two commonly used, Despite its statistical predictive ability, the discrimina-
standardized measures of attention accurately predicted thive function derived in this study should only be viewed as
presence or absence of heavy prenatal alcohol exposura.screening tool and not a diagnostic measure. It can be
Because varied measures (i.e., parent ratings and standargsed as a preliminary indicator of prenatal alcohol exposure
ized testing) of attention tapping various attention-relatedn conjunction with other measures. Other valuable data
behaviors (encoding, inattention, and impulsivity) were ex-should be incorporated especially when the predicted prob-
plored as possible predictor variables, the sensitivity of ougbility is close to the chosen cut-off value and therefore not
model to detect differences in attention was increased. Singearticularly informative. Results from this investigation point
this study was retrospective in nature, the parent-rated ate promising paths for detection of children with prenatal
tention problems may be elevated due to expectations adlcohol exposure. The model provided herein is an initial
the parents in the alcohol-exposed group. However, it is nostep in this direction. Future studies need to be conducted to
the case that the referrals were made solely on the basis tdst the model’s validity and specificity by applying it to
behavior problems or specifically attention problems. Thusdifferent samples of alcohol-exposed children and other clin-
our results are not likely to be negatively influenced byical samples, such as those with ADHD or low IQ scores.
selection bias. The utility of our model will be enhanced Such studies will enhance our accuracy in identifying chil-
by additional research testing its specificity and validity bydren prenatally exposed to alcohol and thus improve the
including other clinical groups and other groups of alcohol-application of appropriate interventions and services.
exposed children, respectively. We feel that our results

strengthen the literature suggesting that attentional mea-
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