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Abstract
Preventing Fetal Alcohol Spectrum Disorders (FASDs) requires detection of in-pregnancy
maternal risk drinking. The widely used T-ACE screen has been applied in various ways although
the impact of those different uses on effectiveness is uncertain. We examined relations among
different T-ACE scoring criteria, maternal drinking and child outcome. Self-reported across-
pregnancy maternal drinking was assessed in 75 African-American women. The different T-ACE
criteria used varied the level of drinking that defined tolerance (2 or 3 drinks) and the total T-ACE
score cut-points (2 or 3). Receiver-operator curves (ROCs) and regression analysis assessed the
significance of relations. Increasing the total T-ACE score cut-point to 3 almost doubled
specificity in detecting risk drinking while maintaining adequate sensitivity, equivalent to that in
the original report, and identified substantially more neurobehavioral deficits in children. Re-
defining tolerance at 3 drinks did not improve T-ACE effectiveness in predicting outcomes. This
study is among the first to show the ability of an in-pregnancy T-ACE assessment to predict child
neurodevelopmental outcome. In addition, increasing the total T-ACE score criterion (from 2 to 3)
improved identification of non-drinking mothers and unaffected children with little loss in
detection of drinkers and affected children. Efficient in-pregnancy screens for risk-drinking afford
greater opportunities for intervention which could prevent/limit FASDs.
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Fetal Alcohol Spectrum Disorders (FASDs) are characterized by wide-ranging deficits in
growth, behavior, cognition, and central nervous system (CNS) dysfunction (Sokol, et al.,
2003; Kodituwakku, 2007; Spadoni, et al., 2007). Fetal Alcohol Syndrome (FAS), the most
severe expression of the FASDs, includes characteristic craniofacial malformations as well
as growth restriction and neurobehavioral deficits (Bertrand, et al., 2005). The incidence of
all FASDs is influenced by many cultural, demographic and medical factors (Abel and
Hannigan, 1995; May, et al., 2007) and is estimated to occur in ~10 per 1000 live births in
the general population (Manning and Hoyme, 2007; O’Leary, 2004), with 0.3 to 2.0 per
1000 live births for FAS (May and Gossage, 2001; CDC, 2002).

Several relatively simple, quick and economical screens for detecting problem drinking in
pregnancy have become important clinical tools and are a first step in targeted prevention of
the FASDs (ACOG, 2006). There is as yet no clearly defined minimum amount of alcohol
known to be harmful to fetuses, nor any defined “safe” level of drinking during pregnancy
(ACOG, 2006; Henderson, et al., 2007; Jacobson and Jacobson, 1994; Sokol, et al., 2003),
so screens with high sensitivity to risk alcohol consumption are recommended as part of
primary obstetrical care. Fetal risk drinking across pregnancy is defined as an average intake
of≥ 0.5 ounces of absolute alcohol per day across pregnancy (AADXP), or about 1 standard
drink per day on average (Jacobson and Jacobson, 1994). Risk drinking during pregnancy
can also be inferred from self-reported consumption about the time of conception, but before
the woman knew she was pregnant, or average peri-conceptional intake of≥ 1.0 ounces of
absolute alcohol per day (AAD0), or about 2 standard drinks per day on average. Alcohol
screening tools employed to detect drinking during pregnancy have included the Michigan
Alcoholism Screening Test (MAST; Selzer, 1971), CAGE (Ewing, 1984), T-ACE (Sokol, et
al., 1989), and TWEAK (Chan, et al., 1993). Each of these screens focus on assessing
problems associated with drinking and/or tolerance (i.e., the “T” in “T-ACE” and
“TWEAK”), and seek to overcome the intrinsic limitation of under-estimated maternal self-
report of alcohol consumption in pregnancy (Ernhart, et al., 1988; Morrow-Tlucak, et al.,
1989). The briefer screens maintain ease of use by health care professionals, a critical
feature determining a screen’s practical value (cf., ACOG, 2004; 2006). Russell, et al.
(1994; 1996) compared the CAGE, T-ACE and TWEAK to each other and to the MAST and
concluded that the TWEAK and the T-ACE were more sensitive and more specific screens
for risk drinking in pregnancy than the CAGE or the MAST.

NIAAA (2005) and the American College of Obstetrics and Gynecology (ACOG, 2004;
2006) recommend the T-ACE as a standard screen for detecting fetal risk drinking in
pregnant women. The T-ACE had been devised to optimize sensitivity in detecting risk
drinking in pregnant women (Sokol, et al., 1989). However, the utility of the T-ACE in
predicting outcomes in the offspring has, to our knowledge, not been tested. The initial aim
of the current study was to examine the ability of the T-ACE administered in pregnancy to
predict selected child neurobehavioral outcomes known to be affected by prenatal alcohol
exposure. Neurobehavioral dysfunctions were chosen because they arguably have the
greatest life-long negative impact among the fetal alcohol effects on children and their
families (cf, Merrick, et al., 2006; Streissguth, et al., 2004; Streissguth and O’Malley, 2000).
Some of these specific neurobehavioral deficits, for example in arithmetic ability and short-
term memory, were assessed also because they are particularly consistent deficits in FASD
(Chiodo, et al, 2009; Kodituwakku, et al., 2007; Lee et al., 2004; Roebuck, et al., 1999).
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The original T-ACE (Sokol et al., 1989), and as now recommended by NIAAA (2005) and
ACOG (2004; 2006), maximized sensitivity at the expense of specificity. The original T-
ACE defined tolerance as “more than” two (>2) drinks to “feel high” (Sokol et al., 1989) –
or more than 3 drinks in another assessment (Russell et al., 1994) – and scores two points for
a positive answer on the tolerance question and one point for each of the other 3 questions
which ask about problems due to drinking. A total T-ACE score of 2 or more was
considered positive for risk drinking (Sokol et al., 1989). Some applications of the T-ACE
queried tolerance by asking how many drinks the woman can “hold” before falling asleep or
passing out (e.g., Russell, et al., 1996; Chambers, et al., 2006) and defined tolerance as 6 or
more drinks by that criterion. Other versions of the T-ACE vary the amount of drinking that
defines tolerance, how tolerance is scored, and the “cut-point” used for the total T-ACE
score to indicate risk drinking (e.g., Bradley et al., 1998; Chiodo, et al., 2009; Fabbri, et al.,
2007; McQuade, et al., 2000; Russell et al., 1994; 1996; Varescon, et al., 2007; Wattendorf
and Muenke, 2005). Others applied the T-ACE as an assessment of maternal alcohol
“dependence” (e.g., Savage, et al., 2003), an objective for which it was not intended or
tested. Nor was the T-ACE designed to assess binge drinking, which is also an important
risk factor for FASDs (Abel and Hannigan, 1995; ACOG, 2006). Yet there are different
purposes to which the T-ACE can be properly applied, such as identifying pregnant women
drinking at any level that may potentially put fetuses at risk – which would provoke one
clinical response; versus detecting in-pregnancy problem drinking which is likely to cause
fetal harm – which ought to provoke a different and more intense clinical intervention, one
that places more demands on limited time and resources. The purpose of the current study
was to evaluate the effectiveness of the T-ACE in predicting neurobehavioral outcomes in
children and assess how different scorings of the T-ACE would affect sensitivity for
identifying maternal risk drinking without significantly increasing the false-positive rate.

We hypothesized that while the current recommendations to clinicians on the use of the T-
ACE (e.g., ACOG, 2006) maximize sensitivity for detecting any risk drinking, more
stringent criteria would improve specificity for child outcomes. We further hypothesized
that certain applications of the T-ACE would optimize prediction of specific
neurobehavioral deficits in a sample of prospectively identified 4- to 5-year-old inner-city
African-American children. A more stringent criterion for the T-ACE capable of predicting
neurobehavioral outcomes in offspring may serve as a better indicator of problem drinking
in pregnancy and to whom intensive follow-up intervention ought to be directed.

MATERIALS AND METHODS
This study was reviewed and approved by the WSU Institutional Review Board. All adult
participants provided informed consent for themselves and their children prior to
participation.

Participants
The sample consisted of 75 African-American, inner-city mothers and their children who
were participants in a larger (N=332) ongoing study of the long-term effects of prenatal
alcohol exposure and nutrition on pregnancy outcome and development (e.g., Beblo, et al.,
2005; Chiodo, et al., 2009; Stark, et al., 2005b, a; 2005b). The mothers were recruited
initially at their first antenatal clinic visit to a large, inner-city maternity hospital serving
primarily African-American women (92%). Women were included if they reported peri-
conceptional alcohol consumption averaging at least 1.0 ounce of absolute alcohol per day
(AAD) – the equivalent of about two standard drinks per day. A random sample representing
~8% of the abstainers and lower level drinking women who received antenatal care at the
clinic were invited to participate as a comparison group. Maternal exclusion criteria were a
first antenatal visit later than 28 weeks gestation, metabolic disorders, or a known positive

Chiodo et al. Page 3

Alcohol. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



HIV status. From the 332 mother-infant dyads completing the original study, 75 children
were selected, as previously detailed in Chiodo, et al. (2009), for neurobehavioral
assessment at 4 to 5 years of age. Approximately half of the sample (50.6%) drank above 1.0
AAD around the time of conception; 49.4% drank below this level and were used as the
comparison group.

Assessment of Maternal Alcohol Use
Antenatal interviews at each prenatal clinic visit solicited the mother’s self-reported alcohol
consumption during the previous two weeks. Each gravida was questioned about her
drinking on a day-by-day basis over 1) the preceding two weeks, just prior to the initial
antenatal clinic visit, which on average occurred at the 16th week of gestation (range: 5 to 28
weeks), 2) retrospectively for the two weeks around the peri-conceptional period, and 3) for
the two weeks preceding each subsequent antenatal visit, using a semi-structured interview
validated in pregnant women (Sokol et al., 1989). Drinking volume was noted for each day,
converted to average ounces of absolute alcohol per day (AAD) for each period based on
beverage type, and then data from all visits were used to generate a measure of average
consumption across pregnancy (AADXP) which has demonstrated predictive validity for
various prenatal alcohol-related outcomes (e.g., Beblo, et al., 2005; Jacobson, et al., 1994;
1998; 2002; Nordstrom-Bailey, et al., 2004). An AADXP ≥ 0.5 defined in-pregnancy risk
drinking and was used originally to validate the quick T-ACE screen (Sokol, et al., 1989;
Russell, et al., 1996). As effective as quantity and frequency measures of alcohol
consumption (like AADXP) can be in defining “at-risk” drinking and/or predicting
neurobehavioral outcomes in research studies (cf., Chiodo, et al., 2009; Jacobson and
Jacobson, 1994; Russell, et al., 1994), they are more difficult to collect on clinic patients
than screens like the T-ACE (ACOG, 2006). Another goal of the current study was to
evaluate relations between the various forms of the T-ACE screen and AADXP, a key
quantity/frequency measure of maternal at-risk alcohol consumption.

The relatively simple T-ACE screen consists of four items assessing tolerance and signs of
problem drinking (Table 1). A positive response on the tolerance question (the “T” in T-
ACE) yields a score of two points. One point is scored for each positive answer to the other
three (‘ACE’) questions. The typical, recommended form of the tolerance question asks
about the minimum number of drinks needed to feel the effects of alcohol, “feeling high”
(e.g., Sokol et al., 1989;Russell, et al., 1996). Two or more drinks (≥ 2) is the current
standard for a positive response. For the current analyses, we also defined tolerance using an
additional cut-point considering tolerance to be ≥3 drinks needed to feel high. A total T-
ACE score of 2 or more is the usual criterion indicating clinically significant risk or problem
drinking (ACOG, 2006;Sokol et al., 1989). For the current analyses, we also analyzed the
predictive ability of the T-ACE using other total scores with “cut-points” of 2 or 3 consistent
with Russell, et al. (1994;1996) and Bradley, et al. (1998). (See also Sokol, et al. (1989),
Table V, p. 866.)

Neurobehavioral Assessments
At 4 to 5 years of age, children were tested in the laboratory with a selected battery of tests
assessing intelligence, attention, memory, visual-motor integration, fine motor skills, and
behavior, all outcomes associated previously and consistently with FASDs. Briefly, for the
present analyses we focused on measures that assess deficits that are among the most
reliably recognized as components of a putative neurobehavioral “profile” of prenatal
alcohol effects on cognition and behavior (see Kodituwakku, 2007; Lee et al, 2004; Mattson
and Riley, 1998; O’Callaghan, et al., 2007; Rasmussen, 2005). The Wechsler Preschool and
Primary Scale of Intelligence (WPPSI; Wechsler-R, 1989), a widely used measure of
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general cognitive function in preschool children was used to yield scores for total IQ, verbal
and performance IQ scales, and 12 individual subtests, including arithmetic.

Multiple age-appropriate aspects of executive function, fine motor skills and other
neurobehavioral domains were assessed using the Neurobehavioral Test Battery (NTB). The
NTB (Rohlman et al., 2003) is a composite test including items from the wide-ranging
Behavioral Assessment and Research System (BARS; Anger et al., 1996) and the Pediatric
Environmental Neurobehavioral Test Battery (PENTB; Amler and Gilbertini, 1996): the
Purdue Pegboard Test (Gardner and Broman, 1979; Tiffin and Asher, 1948), Object
Memory Test (Mahurin et al., 1992), Digit Span, Symbol Digit, and Finger Tapping, plus
Match to Sample, the Continuous Performance Test (CPT), Divided Attention and Visual
Motor Integration. See Chiodo et al., 2009 for more details on the neurobehavioral
assessment.

Data Analyses
Prior to analyses, checks were performed for missing and out-of-range data, and normality.
Receiver-Operator Curves (“ROC curves”) examined the sensitivity and specificity of
various cut-points for tolerance level within the T-ACE (i.e., ≥2 or ≥3 drinks) and for total
T-ACE scores (2 or 3) in predicting across-pregnancy maternal risk drinking (ounces of
Absolute Alcohol Per Day Across Pregnancy [AADXP]). The impact of altering the total T-
ACE score criterion from 2 to 3 was also assessed using logistic regression. The T-ACE
with the cut-point set at 2 was entered in the first step and at 3 in the second step. The
logistic analysis presented is for the total T-ACE score cut-point as the sensitivities were
very similar for tolerance regardless of cut-point (see below). To examine the ability of the
T-ACE to predict neurobehavioral outcomes in the offspring, the four different T-ACE
criteria (i.e., 2 total cut-points × 2 drink tolerance values: T-ACE_2-2; T-ACE_2-3; T-
ACE_3-2; and T-ACE_3-3) were correlated with 31 different outcome variables.
Differences among the four T-ACE criteria in predicting neurobehavioral outcomes were
tested using the Wilcoxon sign rank test.

RESULTS
Sample Characteristics

Maternal and child characteristics in Table 2 are detailed in Chiodo, et al. (2009). Briefly, on
average the mothers were 25.7 years old and at 16 weeks gestation at their first antenatal
visit. Only 35% obtained prenatal care during their first trimester. The mothers were
predominantly lower SES, only 7% were married, and they were poorly educated: >35% had
not graduated from high school and <1% had a college degree. The children were 4.4 years
old (SD=0.4) at testing, 53.2% were male, and only 3 children were not in the custody of
their biological mother; one mother was deceased. Although the children in this study
performed ~1 standard deviation lower than national norms on the WPPSI assessment of
intelligence (Chiodo, et al., 2009), this is consistent with results from other research groups
evaluating urban African American children in this mid-western site (Jacobson, et al.,
2004;Nordstrom-Bailey, et al., 2004).

Relations between the T-ACE and Across-Pregnancy Drinking
The relations between total T-ACE score and other across pregnancy drinking measures are
provided in Table 3. As is evident, the T-ACE total score is highly related to other measures
of across-pregnancy drinking as well as to other screens assessing problems due to drinking.
Note that both the TWEAK and the CAGE have items that overlap with the T-ACE.
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To examine the particular T-ACE criteria that yield the highest levels of predictive validity,
ROC curve sensitivity and specificity analyses using each tolerance and total T-ACE score
cut-point in relation to across-pregnancy drinking (AADXP) are presented in Table 4. A
change in the total T-ACE score cut-point from 2 to 3 increased the specificity almost two-
fold (from 0.40–0.65 to 0.80–0.83), while reducing the sensitivity by <17% (~0.16). In
addition, the positive predictive value in this sample increased 24% to 63%, from 0.36–0.50
to 0.60–0.62 (depending on the tolerance cut-point), while the negative predictive value
decreased only about 5% from 0.94–0.97 to ~0.91. This represents a significantly increased
ability of the T-ACE to correctly identify those mothers who were not drinking at risk levels
in pregnancy (i.e., AADXP ≥ 0.5) with very little change in the ability to predict those who
were. In contrast, sensitivities were identical within each total T-ACE score cut-point
whether the tolerance cut-point was 2 or 3 drinks (see Tables 4 and 5). Finally, positive and
negative likelihood ratios were more predictive of risk drinking using a total T-ACE score of
3 than they were using a total score of 2.

Logistic regression was used to assess the magnitude of the impact of shifting the T-ACE
total score criterion from 2 to 3, using the two-drink definition of tolerance. The 2-point T-
ACE score was entered in the first step, followed by the 3-point T-ACE in the second step.
The results of the regression analyses revealed that the total T-ACE score set at 2
significantly predicted risk drinking across pregnancy (β=2.50, p<0.02, R2=0.11 [proportion
of variance in risk drinking explained by predicted scores in logistic regression]). Explained
variance increased significantly (χ2=12.70, df= 1, p<0.001, ΔR2 =0.20) with the addition of
T-ACE_3-2 (total score of 3 and tolerance at 2 drinks). In the final model when both T-
ACE_2-2 and T-ACE_3-2 were included, using the currently recommended tolerance cut-
point of 2 of more drinks, a total T-ACE score cut-point of 2 did not significantly predict
across-pregnancy drinking (p=0.36) whereas the total T-ACE score to 3 did= (β=2.35,
p<0.001), demonstrating that increasing the total T-ACE score cut-point from 2 to 3
improved predicting maternal at-risk drinking in pregnancy whereas increasing the tolerance
cut-point from 2 to 3 did not.

Relations between the T-ACE and Neurobehavioral Endpoints
To examine the relative ability of the various T-ACE criteria to predict neurobehavioral
outcomes in the children, the four different T-ACE scores were correlated with the 31
neurobehavioral outcome variables (Table 5). First, with the tolerance definition set at a cut-
point of 2, significant relations were seen between the T-ACE with the total score cut-point
set at 2 (i.e., T-ACE_2-2) and 7 outcomes, including effects in IQ, memory, far-sightedness,
and Digit Span Forward – a measure of short term memory and attention. In contrast, with
the total T-ACE score cut-point set at 3 (i.e., T-ACE_3-2), significant relations were seen
with 17 outcomes. The total T-ACE score with a cut-point of 3 was related significantly to
2.4 times more neurobehavioral outcomes than with a cut-point of 2, (T-ACE_2-2 vs. T-
ACE_3-2; z-score= −2.67, p=0.008). There was a similar significant effect of increasing the
total T-ACE score cut-point to 3 when the tolerance cut-point was set at 3 (T-ACE_2-3 vs.
T-ACE_3-3; z-score= −3.05, p=0.002), such that the T-ACE with the higher total score cut-
point was related to 2.3 times more outcomes (6 vs. 14; see Table 5, last row). Similar to
predicting AADXP (above), increasing the tolerance cut-point from 2 to 3 did not
significantly alter the number of neurobehavioral outcomes predicted with the total T-ACE
cut-point set either at 2 (7 vs 6 outcomes; z=−.33, p>0.05) or at 3 (17 vs 14 outcomes; z=
−1.73, p>0.05).

DISCUSSION
The T-ACE, a simple clinical screen for problem drinking validated in pregnant women
(Sokol et al., 1989; Russell et al., 1994; 1996), is recommended by the CDC (2002) and

Chiodo et al. Page 6

Alcohol. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ACOG (2004; 2006; Floyd, et al., 2006) and NIAAA (2004). The current study assessed the
utility of different applications of the T-ACE and the results confirmed our a priori
hypothesis that increasing the total T-ACE score cut-point from 2 to 3 improved specificity
while maintaining high sensitivity in detecting maternal risk alcohol consumption during
pregnancy. These results also demonstrate that detection of children with neurobehavioral
effects related to prenatal alcohol exposure is possible with the T-ACE, and that the T-ACE
is better at this with the higher than with the lower total T-ACE score cut-point. On the other
hand, increasing the tolerance cut-point from 2 to 3 drinks did not significantly improve the
ability of the T-ACE to either predict maternal risk drinking or detect neurobehavioral
effects in the children.

This is the first study to test the ability of the highly recommended T-ACE screen to predict
neurobehavioral outcomes due to prenatal alcohol exposure such as decreased cognitive
ability or attention problems (Coles et al., 2002; Kable and Coles, 2004; Kodituwakku,
2007; Mattson and Riley, 1999). Even prenatal alcohol exposures of one or two drinks per
day on average have been associated with significant group decrements in cognition and
problems in behavior (e.g., Striessguth, et al., 1990; Jacobson, et al., 1993, 1994; Jacobson
and Jacobson, 1999; Kodituwakku, 2007). The fact that children with apparently similar
levels of prenatal alcohol exposure assessed by levels of maternal consumption show
variable neurobehavioral effects – whether diagnosed with FASDs or not – suggests that
current measures of maternal intake alone may not be adequately discriminating the fetal
risk drinking that produces fetal alcohol effects (Aros, et al., 2006; Chiodo, et al., 2009;
Vaurio, et al., 2008), perhaps because of variable under-reporting of quantity and frequency.
Setting a higher cut-point to define tolerance in the current study did not improve prediction
of outcomes, whereas increasing the total T-ACE score criterion to 3 did. This meant that
women could not be classified as risk drinkers solely on the basis of tolerance, consistent
with the objective of others who varied the scoring of the T-ACE to limit the relative value
of the tolerance question. For example, McQuade et al. (2000) increased specificity by
scoring only one point for the tolerance question, but at the expense of sensitivity. The
present results also suggest that tolerance alone – which itself may not mean “problem
drinking” – is not as sensitive or specific an indicator of fetal risk as multiple measures of
problem drinking (the 3 “ACE” questions), or tolerance plus at least one more of the other
T-ACE questions.

One possible limitation to these findings is that the current sample, though intensively
studied, was relatively small and was restricted to low-SES, urban African-American
women and their children, and the reliability of maternal alcohol use/abuse screens may
differ across populations (Nardini et al., 2006; Bradley et al., 1998; Ewing, 1984; Sokol et
al., 1989; Chan, et al., 1993). These analyses will need to be replicated in a larger cohort,
which we plan to do in the future. Also, in addition to unreliable reporting in maternal
alcohol use, variable fetal susceptibility to alcohol due to differences in genetics,
metabolism, nutrition, or patterns of exposure can also account for variable outcomes
children (cf., Abel and Hannigan, 1995; Sokol et al., 1986). Among the patterns of exposure,
binge drinking is an important risk factor for FASDs (cf, Abel and Hannigan, 1995; ACOG,
2006), and the T-ACE may be limited because it does not directly assess binge drinking.

Assessing fetal risk levels of prenatal alcohol exposure in the clinical setting can be time
consuming, difficult, and/or uncertain using quantity/frequency patterns of maternal self-
reported consumption. Improving the utility of a simple clinical screen in predicting
maternal problem drinking – especially a screen that also predicts child outcomes – is
important for prevention and treatment of FASDs. Increasing the total T-ACE score criterion
from 2 to 3 should allow for intervention with fewer “false positives,” reducing physician
time with these patients and allowing a more intensive targeted clinical response for
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pregnant women correctly identified as drinking at fetal risk levels. The current application
of the T-ACE, with a total score cut-point set at 3, addresses screening needs identified by
Savage et al. (2003, p. 444) for detecting fetuses exposed to risk levels of alcohol but whose
mother’s are not “alcohol dependent,” for planning “appropriate levels of intervention with
the mother,” and aiding early identification and treatment for the child.

The research implications of this study include the need to validate the results on a larger
and more heterogeneous population, and the possibility of exploring relations of the more
specific application of the T-ACE to biomarkers of problem drinking. Of clinical import,
while the T-ACE was intended first to be a very sensitive screen for risk or problem
drinking in pregnant women, the current application is also a sensitive and specific indicator
of negative consequences in the offspring of those women. An improved application of the
T-ACE may have implications for diagnoses because knowledge of “significant” or “heavy”
or “substantial” maternal alcohol consumption during pregnancy is necessary for a diagnosis
of non-FAS FASDs and greatly facilitates a diagnosis of FAS (Astley, 2006; Bertrand, et al.,
2004; 2005; Hoyme, et al., 2005; Stratton, et al., 1996). It is premature to argue from the
current study that the T-ACE alone may be a sufficient indicator of that “substantial” level
of drinking, but a positive T-ACE with a total cut-point of 3 should signal a compelling need
for more detailed assessment of maternal alcohol consumption patterns and intervention. In
addition, the significant relations between the more specific application of the T-ACE and
neurobehavioral outcomes mean that a positive T-ACE ought to be sufficient indication for
careful postnatal assessment of exposed infants, and vigilant follow-up into childhood,
thereby reducing the possibility of missing affected children and allowing for earlier
intervention.

In conclusion, increasing the total T-ACE score cut-point to 3 increased specificity and
maintained adequate sensitivity equal to that of the original report (Sokol et al., 1989) for the
identification of risk drinking, without identifying an excessive number of false positives,
and had greater predictive validity for detecting alcohol-related neurobehavioral effects.
There are no clearly defined threshold doses for any of the wide-ranging morphological or
neurobehavioral effects of alcohol on embryos and fetuses (Hendersen et al, 2007; Jacobson
and Jacobson, 1994; Martínez-Frías, et al., 2004), and of course a more effective T-ACE
cut-point is not a threshold. Therefore, current standards of care (ACOG, 2006), and
recommendations from the Surgeon General (DHHS, 2005; NIAAA, 2005) and the CDC
(Bertrand, et al., 2004; 2005) remain that physicians monitor alcohol consumption carefully
in their pregnant patients and counsel that “no amount of alcohol consumption can be
considered safe during pregnancy” (Chang, 2005; NIAAA, 2000; 2004; 2005; DHHS,
2005).
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Table 1

The T-ACE Problem Drinking Screen as Tested in this Study.

Code Factor Cut-Points Score Question

“T” Tolerance ≥ 2 or ≥ 3 drinks 2 “How many drinks does it take to make you feel high?”

“A” Annoy Yes/No 1 Has anybody ever annoyed you by complaining about your drinking?

“C” Cut Down Yes/No 1 Have you ever felt you ought to cut down on your drinking?

“E” “Eye- Opener” Yes/No 1 Have you ever needed a drink first thing in the morning to get going?

Total T-ACE Score Cut-Points: 2 or 3
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Table 2

Sample Characteristics (N=75)

Mean (or %) SD Min Max

Mother

 Age at delivery (years) 25.30 5.6 15.0 38.0

 Average AA a per day (AAD)

  At conception 1.21 1.60 0.0 10.0

  At first prenatal visit 0.04 0.12 0.0 0.8

  Across pregnancy 0.32 0.50 0.0 3.3

 Average AA a/drinking day (AADD)

  At conception 2.55 2.56 0.0 10.0

  At first prenatal visit 0.36 0.96 0.0 4.8

  Across pregnancy 2.36 2.43 0.0 10.0

 MAST total score 4.93 8.26 0.0 38.0

Primary Caregiver

 Biological Mother (%) 96.05 -- -- --

 Education (years) 12.01 1.38 8.0 16.0

 Marital Status (% married) 6.60 -- -- --

 SES: Hollingshead 4-Factor Index 25.74 9.36 11.0 48.0

Child

 Age at Assessment (years) 4.42 0.38 3.9 5.6

 Sex (% male) 53.20 -- -- --

 WPPSI-R

  Full Scale IQ 82.03 11.77 50.0 107.0

  Verbal IQ 81.63 11.80 55.0 113.0

  Performance IQ 86.72 13.22 51.0 115.0

a
“AA” = “Ounces of Absolute Alcohol”
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Table 3

Correlation (r) of T-ACE with Other Alcohol Measures

r

AA/day at conception (AAD0) .68*

AA/drinking day at conception (AADD0) .62*

AA/day across pregnancy (AADXP) .63*

AA/drinking day across pregnancy (AADDXP) .61*

MAST total .59*

CAGE total .79*

TWEAK total .94*

*
p<0.001
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Table 4

Specificity and Sensitivity in Detecting Across-Pregnancy Drinking (AADXP)

Tolerance > 2 Tolerance > 3

Total T-ACE Cut-point
= 2

Total T-ACE Cut-point
= 3

Total T-ACE Cut-point
= 2

Total T-ACE Cut-point
= 3

Sensitivity .947a .789 .947 .789

Specificity .404 .808 .654 .827

Positive Predictive Value .367 .600 .500 .625

Negative Predictive Value .945 .913 .971 .915

Positive Likelihood Ratio 1.59 4.11 2.74 4.56

Negative Likelihood Ratio 0.63 0.24 0.37 0.22

a
Values in table were obtained from Receiver Operator Curves (ROCs).
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Table 5

Correlations Between Neurobehavioral Outcomes and the Four T-ACE Criteria

T-ACE Criteria:
Tolerance ≥2 Tolerance ≥3

Total Score=2 Total Score=3 Total Score=2 Total Score=3

WPPSI

 Object Assembly Scaled Score .00a −.19 −.11 −.18

 Geometric Design Scaled Score −.13 −.07 .02 −.06

 Block Design Scaled Score −.07 −.16 −.15 −.18

 Maze Scaled Score −.07 −.26* −.16 −.25*

 Picture Completion Scaled Score −.17 −.15 −.20† −.14

 Animal Pegs Scaled Score .03 .09 .03 .10

 Information Scaled Score −.26* −.10 −.11 −.08

 Comprehension Scaled Score −.01 .05 .11 .03

 Arithmetic Scaled Score −.26* −.30** −.16 −.32**

 Vocabulary Scaled Score −.09 −.13 −.13 −.12

 Similarities Scaled Score −.13 −.14 .01 −.10

 Sentences Scaled Score −.34** −.24* −.25* −.25*

 Verbal Score IQ −.16 −.20† −.13 −.20

 Performance Score IQ −.18 −.27* −.20† −.26*

 Full Scaled Score IQ −.21† −.24* −.16 −.23*

Object Memory

 Intrusions Delay Trial .22† .26* .26* .28*

 Total Recognition .28* .03 .20 .06

Vision

 Farsighted .27* .31* .22 .28*

 Nearsighted .15 .35** .25† .40**

CPT # Hits −.06 −.09 −.10 −.14

Digit Span Forward −.17 −.21 −.24* −.23†

Divided Attention Word Amount −.11 −.22† −.07 −.24*

Peg Board Test

 Total .00 −.22† −.15 −.25*

Symbol Digit Number Correct −.09 −.27* −.09 −.26*

VMI Motor T-Score −.03 −.26* −.06 −.22†

Finger tapper

 # Taps Left Hand .07 −.12 .03 −.06

 # Taps Right Hand −.08 −.29* −.11 −.24*

 # Taps Long −.02 −.22† −.04 −.15

 # Taps Short .12 −.14 −.05 −.14
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T-ACE Criteria:
Tolerance ≥2 Tolerance ≥3

Total Score=2 Total Score=3 Total Score=2 Total Score=3

 # Taps No Sing −.01 −.22† −.04 −.16

 # Taps Sing −.01 −.25* −.07 −.20

  Number of Outcomes Predictedb 7 17*** 6 14***

†
p<0.10;

*
p<0.05;

**
p<0.01;

***
p<0.001;

a
Values in table are correlation coefficients.

b
= Significance relative to respective total T-ACE score of 2 with the same tolerance cut-point.
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