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Background: More than 3 decades after Jones and Smith (1973) reported on the devastation
caused by alcohol exposure on fetal development, the rates of heavy drinking during pregnancy
remain relatively unchanged. Early identification of fetal alcohol exposure and maternal abstinence
led to better infant outcomes. This study examined the utility of biometry for detecting alcohol-
related fetal growth impairment.

Methods: We obtained fetal ultrasound measures from routine ultrasound examinations for 167
pregnant hazardous drinkers who were enrolled in a brief alcohol intervention study. The fetal meas-
ures for women who quit after learning of their pregnancies were compared with measures for women
who continued some drinking throughout the course of their pregnancies. Because intensity of alco-
hol consumption is associated with poorer fetal outcomes, separate analyses were conducted for the
heavy (average of ! 5 drinks per drinking day) alcohol consumers. Fetal measures from the heavy-
exposed fetuses were also compared with measures from a nondrinking group that was representative
of normal, uncomplicated pregnancies from our clinics. Analyses of covariance were used to deter-
mine whether there were differences between groups after controlling for influences of gestational age
and drug abuse.

Results: Nearly half of the pregnant drinkers abstained after learning of their pregnancies. When
women reportedly quit drinking early in their pregnancies, fetal growth measures were not signifi-
cantly different from a non–alcohol-exposed group, regardless of prior drinking patterns. Any alco-
hol consumption postpregnancy recognition among the heavy drinkers resulted in reduced cerebellar
growth as well as decreased cranial to body growth in comparison with women who either quit
drinking or who were nondrinkers. Amphetamine abuse was predictive of larger cranial to body
growth ratios.

Conclusions: Alterations in fetal biometric measurements were observed among the heavy drinkers
only when they continued drinking after becoming aware of their pregnancies. Although the reliance on
self-reported drinking is a limitation in this study, these findings support the benefits of early abstinence
and the potential for ultrasound examinations in the detection of fetal alcohol effects.

Key Words: Fetal Alcohol Exposure, Pregnancy, Ultrasonography, Maternal Drinking, Fetal
Growth.

PRENATAL ALCOHOL EXPOSURE causes serious
and permanent damage to the developing fetus. The

extent and severity of prenatal alcohol effects depend on
the timing during the pregnancy, duration, and dose level
of alcohol consumed (Maier and West, 2001). Fetal alco-
hol syndrome (FAS) is characterized by abnormal facial

features, prenatal and postnatal growth deficiencies, and
central nervous system disruption. In recent human stud-
ies, neurodevelopmental disorders have been found to be
present even in the absence of the full syndrome (e.g.,
Jacobson and Jacobson, 1994; Kodituwakku et al., 1995;
Mattson et al., 1997, 1998; Streissguth and O’Malley,
2000). The term fetal alcohol spectrum disorder (FASD)
is used to describe the range of disabilities associated with
prenatal alcohol exposure (Sokol et al., 2003). Fetal alco-
hol spectrum disorder, which includes FAS, is manifested
by a continuum of cognitive, emotional, and behavioral
problems. Although the national prevalence rates of
FAS are unknown, estimates range from 0.3 to 1.5 cases
per 1,000 live births [Centers for Disease Control and
Prevention (CDC), 2002]. The prevalence of FASD is
estimated at nearly 1 in 100 births (Sampson et al., 1997).
The potential numbers of affected individuals, the disabil-
ities resulting from prenatal alcohol exposure, and the
associated costs to society present major public health
concerns.
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Survey data from the CDC indicate that approximately
13% of women report consuming alcohol at some time
during pregnancy (Ebrahim et al., 1998). Although annual
rates fluctuate, the numbers of pregnant women who
report frequent drinking (i.e., average of 7 or more drinks
per week) or bingeing (i.e., 5 or more drinks per occasion)
have not declined in the past 10 years (Floyd and Sidhu,
2004). This trend coincides with growing evidence of
neurobehavioral deficits caused by moderate prenatal
alcohol consumption (Warren and Foudin, 2001). Alco-
hol teratogenesis affects academic and social functioning
even when the fetal alcohol exposure is limited to social
drinking levels (Mattson and Riley, 1998).
Early identification of at-risk pregnancies is a strong

protective factor for reducing harm from fetal alcohol
exposure. This fact notwithstanding, the detection of
maternal alcohol consumption presents challenges. Cur-
rently, biochemical markers have not shown adequate
diagnostic sensitivity and specificity (Bearer, 2001; Cook,
2003). There are no reliable urine markers of alcohol
intake. Most health care practitioners rely on self-report
of alcohol consumption. Objective methods for detecting
fetal harm potentially associated with alcohol abuse dur-
ing pregnancy are needed to improve prevention efforts.
Fetal ultrasound examinations are performed routinely

in the United States as part of prenatal care. The potential
for using this technology for detecting harm because of
drinking has not yet been fully explored. While it is
unlikely that alcohol effects would be sufficiently specific
to ascertain who is drinking and who is not, sonography
may be a future tool for prevention if connections between
drinking levels and fetal growth measures were to be made.
In this study, we sought to explore whether measurable

differences would be found in fetal growth among a group
of pregnant women identified as at risk for drinking during
pregnancy. Our main objective was to explore the utility of
routine ultrasound evaluations for detecting impairment
in fetal growth potentially related to prenatal alcohol
exposure. First, we examined fetal ultrasounds of women
who drank but quit drinking early in the pregnancies, in
comparison with fetuses of continued drinkers. Because
intensity of alcohol consumption is associated with poorer
fetal outcomes, separate analyses were conducted for the
heavy (average of ! 5 drinks per drinking day) alcohol
consumers. Growth measures from only the heavy-
exposed fetuses were then compared with measures from
a group that was representative of normal, uncomplicated
pregnancies from our clinics. Efforts were made to control
for the effects of gestational age and drug abuse through
statistical adjustments.

MATERIALS AND METHODS

Participants

Alcohol Use Screen. Pregnant outpatients were screened for their
alcohol use as part of a National Institutes of Health–funded study

of the effects of brief motivational interventions on hazardous (i.e.,
frequent or binge) drinking during pregnancy. The screening was a
self-administered questionnaire with items from 2 alcohol use
surveys, the TWEAK (Russell, 1994) and the Alcohol Use Disorders
Identification Test (AUDIT; Babor et al., 1992). The questionnaires
were modified to assess the patients’ drinking habits and associated
adverse consequences before the pregnancy. Of the total screened
(n5 4,460), 16.1% (n5 718) reported signs of hazardous drinking
(e.g., frequent binge drinking, unsuccessful efforts at cutting down
on drinking, physical dependence, etc.) before their current pregnan-
cies. Hazardous drinking was defined as a score of 2 or higher on the
TWEAK or 5 or higher on the AUDIT. Among the 693 women who
reached the cut off scores on the TWEAK or AUDIT and could be
contacted again, nearly half met the second-tier criterion for risk of
steady (average of at least 1 drink per day) or binge (3 or more per
episode) drinking during the pregnancy. Of this group, a total of 255
women ultimately met the study’s inclusionary criteria (i.e., no more
than 28 weeks in gestation, ability to comprehend the materials) and
were randomly assigned to receive either a single motivational inter-
viewing (MI) session, 2 MI sessions (antepartum session plus a
postpartum 45- to 60-minute ‘‘booster’’ session, or a brief informa-
tional intervention. Motivational interviewing sessions were con-
ducted using methods explicated by Miller and Rollick (1991, 2002)
and adapted for pregnant drinkers (Handmaker et al., 1999).

Study Drinking Sample. Of the 255 participating women, 209
(82%) completed interviews on their daily drinking before and after
their pregnancies. Of these, 167 had fetal biometric data within the
desired interval of 18 or more weeks of gestation. None had compli-
cating medical conditions that would be expected to negatively affect
fetal growth (determined by a specialist in maternal and fetal med-
icine who was unaware of the participants’ drinking and drug use
histories). Based on their drinking habits before and after pregnancy
recognition, the 167 participants were divided into 2 drinking
categories as follows: early abstainers and continued drinkers.
Approximately half (47.9%) of the study patients reported abstain-
ing from alcohol after pregnancy recognition, whereas 52.1% con-
tinued to consume some alcohol. Women who drank heavily, i.e., on
the average 5 or more drinks per drinking day, were identified for
separate analyses (n5 97). Demographic characteristics for the
entire sample and heavy drinkers are reported in Table 1.

Nondrinking Comparison Group. A comparison group that would
be representative of ‘‘normal’’ fetal growth for our patients was
sought for comparison with the heavier drinkers. Fetal growth char-
acteristics can vary markedly because of maternal illnesses, fetal
biologic variations, altitude, and ethnic background. To control for
the effects of altitude and ethnicity, we compared biometric meas-
urements with a nondrinking sample from within our population
rather than comparing with standard tables. Women were consid-
ered as nondrinkers if they reported abstinence from alcohol for at
least 6 months before conception, showed no alcohol-related
problems based on their responses to the TWEAK and AUDIT
questionnaires, and reported abstinence from alcohol and no ciga-
rette smoking during their pregnancies. Because of the high comor-
bidity of drinking among smokers, smoking was considered to be a
risk factor for prenatal alcohol consumption. We were also con-
cerned about the potential confounding effects of smoking on fetal
growth. Therefore, women who reported any cigarette smoking dur-
ing pregnancy were excluded. Of the 111 patients identified from
the alcohol use screening sample over 12 months (beginning with the
most recently screened) who met the nondrinking criteria, the
research staff located medical records for 56 patients who had
ultrasound evaluations at 18 weeks or more and who showed no
complicating medical conditions that would affect fetal growth.
Because this number of women was nearly equal to the number of
women in the groups planned for comparison, i.e., the pregnant
heavy drinkers who either abstained early (n5 46) or continued
their alcohol use (n5 51), no additional cases were sought. Table 1
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compares the demographic characteristics of the nondrinking com-
parison group with the drinkers. There were dissimilarities among
the groups on 2 variables, heavy drinkers were less likely to be mar-
ried (p5 0.045), and fewer homemakers were in the drinking group
than in the nondrinking comparison group (p5 0.040). The groups
were balanced on ethnicity, income, and maternal age, factors that
are commonly associated with increased risk for prenatal alcohol
effects.

Measures and Procedure

Intake and Follow-up Assessments. Demographic, substance use
history, and pregnancy information (i.e., dates of conception, preg-
nancy awareness, and delivery) were obtained directly from the
participants in structured interviews using the Form-90 (Miller,
1996). Advanced undergraduate and graduate students conducted
the interviews of the study participants during the pregnancy and
after delivery. All face-to-face sessions were held either in the medical
clinics, the UNMDepartment of Psychology Clinic, or at the partic-
ipants’ homes. Participants were paid in gift cards for completion of
assessments.

Alcohol and Drug Use. A continuous calendar of daily drinking
was constructed for the period of 90 days before conception through
the end of the pregnancy, using the Form-90, along with memory
cueing procedures from the Timeline Followback methodology
(Sobell and Sobell, 1995). Estimates of drinks consumed for every
reconstructed drinking episode were converted into standard units of
0.5 ounces of ethanol. The mean estimated total drinks consumed
per drinking day (DDD) was the alcohol consumption measure
selected for these analyses. We chose to use DDD as it is highly
correlated with dose and binge drinking. These 2 factors are in turn
highly predictive of adverse fetal outcomes (Maier and West, 2001).
Drinks consumed per drinking day was computed for the total days
from conception to awareness (preawareness) and the days following
awareness to delivery date (postawareness). We also calculated the
mean percent days abstinent (PDA) for both the preawareness and
the postawareness time intervals. Women who consumed an average
of 5 or more drinks per drinking day were categorized as heavy

drinkers (n5 97), based upon their alcohol consumption before their
awareness of their pregnancies. The mean preawareness DDD for the
entire sample of drinkers was 6.6 (SD5 5.0), while the mean pre-
awareness DDD for the heavy drinkers was 9.4 (SD5 4.7). The
heavier drinkers who continued consuming alcohol postrecognition
of the pregnancy were significantly lower on measures of PDA (i.e.,
had fewer abstinent days) before learning of their pregnancies
(p5 0.024). The mean weeks into the pregnancy when the women
learned of their pregnancies was 5 weeks for both the entire sample
and the heavy drinkers. Women who continued drinking consumed
significantly lower amounts of alcohol and drank less often com-
pared with their preawareness drinking levels (p o 0.001). This was
true even among the heaviest drinkers whose postawareness mean
DDD was 3.3 (SD5 6.4).

Women were also asked about their frequency of illicit substance
use and cigarette smoking during their lifetimes and recently. Self-
reported drug use from the first pregnancy interview (i.e., any drug
abuse during the period from 90 days before the pregnancy until the
intake date) and smoking were entered as covariates into the analyses
to assess their potential contribution to fetal growth effects.

Fetal Growth Measurements. To estimate the fetal growth trajec-
tories among the drinking categories, the measurements from 1 fetal
ultrasound for every participant, conducted during the period of 18
weeks or more in gestation, were obtained from the medical records
by research assistants who were naive to patients’ individual drink-
ing and drug use. The examining sonologists were also naive to
patients’ enrollment in this study. All ultrasound examinations
were performed with Philips-ATL UM3500 or UM5000 machines
(Philips, Andover, MA) by certified sonographers. For patients with
more than 1 ultrasound, the data from the last evaluation were
included in the analyses. Thus, an average for each growth measure
for a gestational age was computed for each subgroup. Overall, the
mean gestational age for the last ultrasound taken was 27.3 weeks
and ranged from 18.0 to 41.7 weeks. The standard biometry was
recorded. Bony measurements of fetal size included the following:
biparietal diameter (BPD); the frontooccipital diameter (OFD); the
cephalic index (CI5BPD/OFD); head circumference (HC-calculat-
ed from BPD and OFD); and femur length (FL). Measurements of

Table 1. Demographics of Pregnant Patients Identified as being Either Harmful Drinkers before Pregnancy Awareness and the Control Group of Nondrinkers

Drinkers Statistical significance

Total (n5 167) Heavy (n597) Control (n556) Total Versus Control Heavy Versus Control

Maternal age (years) 24.7 " 5.8 23.8 " 5.5 24.4 " 6.6 p5 0.761 p5 0.569
Ethnicity p5 0.060 p5 0.183
Hispanic 72 48 37
Caucasian 62 33 12
American Indian 6 2 3
Asian 2 2 0
African American 6 1 1
Other 19 11 3

Marital status p5 0.256 p5 0.045!

Single, never been married 61 41 15
Legally married 43 18 20
Cohabiting with partner 40 19 14
Separated but still married 12 11 3
Divorced 11 8 2
Widowed 0 0 1

Annual family income $22,588 " 23,808 $18,650 " 18,784 $22,140 " 24,113 p5 0.918 p5 0.378
Employment p5 0.040! p5 0.117
Work full time 39 23 11
Work part time 48 26 12
Homemaker 23 14 17
Unemployed 57 34 15

Mean " SD.
!po0.05.
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soft tissue growth was the abdominal circumference. In addition,
indices of brain structure recorded were the transcerebellar diameter
(TCD), lateral ventricular atrial diameter (Lat V), and diameter
of the cisterna magnum (CM). Finally, the relative proportion of cra-
nial to body growth was recorded as the ratio of HC/abdominal cir-
cumference (AC). Normative data provided by Hadlock et al. (1984)
and by Hill (1990) were utilized for evaluating fetal growth. None of
the drinkers or the nondrinkers’ fetal growth measures were outside
the range of normal parameters for the general population. No
subjects had an underlying medical condition that would affect fetal
growth such as diabetes, hypertension, or autoimmune disorder.

Data Analysis

Measures of fetal body and brain structures for the fetuses of the
women who abstained early in the pregnancy were compared with
those of the women who continued drinking. A separate analysis
comparing the early abstainers with the continued drinkers within
the heavy drinking group was also conducted. Further, the heavy
drinking subsample was compared with the nondrinking comparison
group. Analyses of covariance (ANCOVAs) were used to determine
whether there were differences between groups after controlling
for influences of gestational age. To address whether smoking or
other substance use (e.g., marijuana, cocaine, or ampthetamines)
accounted for the differences in fetal biometry, we coded smoking
and other substance use as binary variables (15 any use and
05none) and entered them into the analyses as covariates to assess
their potential contribution to fetal growth effects. All analyses were
conducted using the Statistical Package for the Social Sciences
software (SPSS, 2002; SPSS Inc., Chicago, IL). The significance
level was set at the 0.05 level.

RESULTS

Comparisons Between Early Abstinence and Continued
Alcohol Exposure

Study Drinking Sample. No significant differences were
found between the early abstainers and the postrecogni-
tion continuers for the measures of HC (p5 0.607), AC
(p5 0.464), and FL (p5 0.756). Further, no significant
differences were observed between groups for the fetal
growth indices of HC/AC (p5 0.869), BPD (p5 0.138),
and CI (p5 0.064). Similarly, no differences were found
for the measures of brain anatomy, TCD (p5 0.087), Lat
V (p5 0.618), and CM (p5 0.312).
Although no alcohol effects were found, amphetamine

abuse was observed to have a significant effect on the ratio
of HC/AC (p5 0.009). That is, among the entire sample,
women who reported any ampthetamine use at the intake
time period had fetuses with larger mean HC/AC ratios,
regardless of the gestational age. The larger mean HC/AC
growth ratios among the amphetamine-exposed fetuses
would suggest that their abdominal circumference growth
measurements were smaller relative to head circumference
growth than for the other fetuses.
Heavy Drinkers. When the effects of continued drinking

were examined for this subgroup, no differences were
found between the postrecognition continuers and the
early abstainers in fetal growth for HC (p5 0.895), AC
(p5 0.059), or FL (p5 0.796). Also, no differences were
observed in the skull growth indices of BPD (p5 0.415)

and CI (p5 0.100). However, an ANCOVA revealed a
significant difference in the HC/AC ratio between the
continued drinkers and the early abstainers (p5 0.020),
adjusting for gestational age. Figure 1 depicts the HC/AC
ratio as a function of gestation for each group. Whereas
the fetal HC/AC ratio tended to decline across gestation
for both groups, the mean fetal HC/AC ratios was signif-
icantly lower among the continued drinkers in comparison
with the early abstainers. These findings suggested that the
growth of the brain was disproportionately smaller rela-
tive to the abdominal measure among the heavier drinkers.
No alcohol effects were observed for the measures of

brain anatomy, Lat V (p5 0.759) and CM (p5 0.104),
between the pregnant women who quit and those who
continued some alcohol consumption. However, a signifi-
cant interaction was found between continued drinking
and gestational age (p5 0.008) for cerebellar growth,
based on TCD measures. Figure 2 depicts the plots of
TCD as a function of gestation for the abstainers and the
continued drinking group. We found a significant decrease
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Fig. 1. Head circumference/abdominal circumference ratio as a function of
gestational age.
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Fig. 2. Transcerebellar diameter as a function of gestational age.
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in cerebellar growth over gestation among the fetuses of
heavy drinkers who continued drinking.
No significant effects of the substance abuse were

observed in any of the analyses of the heavy drinking sam-
ple. Table 2 shows that the rates of self-reported smoking
and other substance abuse between the quitters and
abstainers were comparable.

Comparisons Between the Heavy Drinkers with the
Nondrinkers

We compared the fetal growth measures from the heavy
drinkers who quit postrecognition with the nondrinking
group. Surprisingly, no significant effects of alcohol
were observed between the early abstainers and the
nondrinkers. However, the HC/AC ratios were again
lower for the heavy drinkers who continued drinking after
pregnancy awareness relative to the nondrinkers (p5
0.006). Figure 1 illustrates differences in the fetal HC/AC
ratios throughout gestation. The HC/AC measures
between the heavy drinkers who quit and the comparison
group became nearly indistinguishable with advanced ges-
tation. Yet, the HC/AC measurements among the contin-
ued heavy drinkers were consistently smaller compared
with the nondrinkers. The measure of TCD was also sig-
nificantly smaller for the fetuses of women who continued
drinking in comparison with nondrinkers. Figure 2
illustrates the differences between the continued drinkers
who were identified as heavy alcohol consumers on the TCD
growth. Among the heavy drinkers who continued drinking,
the slope of the TCD measures was significantly different
from the comparison group (p5 0.012). That is, cerebellar
growth was significantly lower for the heavy drinkers who
continued drinking after pregnancy awareness.

DISCUSSION

Studies using animal models have provided most of
what we know about the effects of alcohol exposure on
fetal development. Much less is known about the alcohol-
related effects on embryopathy in humans. Although there
is considerable variability, autopsy reports of infants
with severe prenatal alcohol exposure have revealed
microencephaly as the most common outcome. Another

common finding is missing and malformed brain
structures, particularly in the corpus collosum and the
cerebellum (Clarren, 1986; Clarren et al., 1978; Jones and
Smith, 1973; Mattson and Riley, 1996). More recently,
structural imaging techniques such as magnetic resonance
imaging (MRI) and ultrasonography have added to our
knowledge of alcohol effects on the developing brain.
Magnetic resonance imaging studies have revealed reduc-
tions in overall brain size. Also, specific brain areas are
disproportionately decreased in volume among persons
with histories of prenatal alcohol exposure with corre-
sponding increases in cortical and subcortical fluid when
compared with nonexposed matched controls (Mattson
and Riley, 1996; Roebuck et al., 1999). In one study that
specifically examined the impact of alcohol consumption
on fetal growth measures, significant reductions were
found among the more heavily alcohol-exposed fetuses in
average length of the frontal cortex (Wass et al., 2001) in
comparison with lower-dose-exposed fetuses.
In the current investigation, we looked at alterations in

both fetal body dimensions and brain structures in rela-
tionship with maternal alcohol use. A notable feature of
this investigation was the determination of alcohol
consumption before and after pregnancy recognition.
Through face-to-face interviews conducted both early and
later in pregnancy, we observed a reduction in the level of
drinking in most women. Approximately half (52.1%),
however, admitted to continued drinking at some level
throughout gestation. We found that when heavy drinkers
continued to drink at any level after pregnancy recogni-
tion, their fetal biometry differed from women who quit
drinking. Among the heavier drinkers, the widths of the
cerebellum, as measured by the TCD, were smaller when
compared with the fetal measures of heavy drinkers who
quit in early pregnancy and the nondrinkers. The Wass et
al. (2001) study mentioned earlier observed no change in
TCD. This difference in findings between studies may be
due to population differences and to our ability to distin-
guish between drinking levels on an ongoing basis. Our
findings of differences in cerebellar growth are consistent
with animal model and MRI studies that suggest a specific
vulnerability of the cerebellum to fetal alcohol exposure
(Goodlett and Lundahl, 1996; Sowell et al., 1996). In the
Wass et al. (2001) study, alcohol exposure was specifically
associated with a reduction in the frontal cortex. We did
not assess the frontal cortex, as it is not a component of
our routine ultrasound examination. However, it would be
important to include measures of the frontal cortex in
future studies.
We found that isolated measurements of the fetal crani-

um, abdomen, and long bones were insensitive in screening
for any alcohol effect. Given the variability in individual
differences of single-body measurements, ratios of
fetal body dimensions potentially improved sensitivity
and specificity. Heavy drinkers who continued to drink
were at risk of carrying fetuses whose HC/AC ratios

Table 2. Substance Use Rates at Intake for 97 Heavy Drinkers Who Either
Continued or Quit their Alcohol Consumption after Pregnancy Recognition

Substance

Heavy drinkers
Statistical
significance

Continued
(n5 51) (%)

Quit
(n5 46) (%) p

Smoking 70.0 76.1 0.503
Marijuana 46.0 39.1 0.497
Amphetamines 8.7 9.5 1.000
Cocaine 22.4 30.2 0.396
Other drug 23.3 25.0 0.853
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were relatively smaller than either the nondrinkers or
the early abstainers. Because alcohol is known to cause
brain damage, we suspect that the observed smaller pro-
portion of head circumference to abdominal circumference
(HC/AC) was due to a subtle reduction in brain size rather
than to an increase in abdominal circumference. The find-
ings that the proportion of HC/AC was larger among the
women who reported abuse of amphetamines early in their
pregnancies would suggest the opposite explanation. That
is, amphetamine abuse led to a reduction in growth of soft
tissue relative to brain growth. Both of these findings
should be evaluated in a study with larger samples includ-
ing hazardous drinkers and amphetamine abusers.
It is noteworthy that cessation of drinking after early

pregnancy awareness was associated with an increase in
fetal HC/AC and TCDs that became indistinguishable
from the nondrinkers. This is consistent with reports that
neurologic and neurobehavioral deficits are decreased
among women who abstain in the third trimester (Coles
et al., 1985). Therefore, surveying alcohol consumption
later in pregnancy is recommended, regardless of the orig-
inal drinking level. Intervening at any time during the
pregnancies is likely to result in better fetal outcomes.
Further, the provision of feedback on fetal development as
revealed in ultrasonography may be a strategy to encour-
age heavy drinkers to seek treatment during pregnancy.
Limitations with this investigation warrant explanation.

Our study population is not likely to be representative of
all alcohol-exposed pregnancies, as our sample consisted
of problematic drinkers who were engaged in prenatal
care before the second half of pregnancy and, as part of
their prenatal care, the participants received an alcohol
intervention and follow-up assessments. Our sample
significantly reduced their alcohol consumption. Even in
the women who continued to drink, their drinking was
infrequent. This is reflected in the very high average rate
(98%) of abstinence during the later phases of the
pregnancy. Also, we relied on responses to patients’ ques-
tionnaires and face-to-face interviews to quantitate their
recent alcohol consumption. Patients’ reports of personal
alcohol consumption can be inaccurate. Nevertheless, we
did see objective, measurable differences in outcomes
based on continued intermittent drinking in comparison
with reported abstinence. These findings support our ques-
tionnaire and interviewing methods.
Because cigarette smoking is known to cause fetal

growth impairment, it is important to discuss the potential
confounding effects of nicotine exposure. There were 3
main reasons why the study findings offer support for
alcohol effects over smoking. First, more than two-thirds
of the fetuses of the drinkers were exposed to nicotine in
both the quitting and the continued drinking groups, but
only the continued drinking group showed significant
differences in fetal growth. Second, the primary findings
of smaller cerebellar widths and HC/AC ratios of this
study were less consistent with smoking effects than with

alcohol. There are reported neurotoxic effects of nicotine
leading to cell death, but no published imaging or pathol-
ogy studies have shown reductions in cerebellar growth
because of smoking. Also, our data showed that the HC
was smaller relative to AC. This is consistent with the
smaller head circumference found among alcohol-exposed
infants. Finally, because we suspected that smoking could
affect fetal growth, we included nicotine exposure in the
analyses as a covariate. As human studies do not allow for
random assignment to drug condition, covariate analyses
are statistical adjustments for confounding effects. These
are the best alternatives and are applied widely in the
research of prenatal substance exposure. These arguments
notwithstanding, we cannot completely rule out smoking
effects because our analyses relied on self-reported
alcohol, cigarette, and illicit drug use. Future prospective
studies with larger samples will shed light on the combined
effects of alcohol and other substances on fetal biometry.
Although this study showed potential adverse effects of
alcohol on fetal brain development, it is probable that
these fetal growth deficits are not prognostic of clinically
meaningful problems (i.e., diagnosable disorders) as all
growth measures were within normal parameters. Further
research on the relationships between fetal growth and
infant development would shed light on whether detecta-
ble alcohol effects during pregnancy are predictive of
later problems.
In summary, confirmation of a pregnancy often leads

to a reduction or cessation in alcohol consumption,
regardless of the prior amount of consumption. Alcohol
consumption throughout pregnancy among a self-identified
heavy drinking group resulted in a smaller TCD and a
lower HC/AC ratio, as determined by routine ultrasound
measurements. Whereas single marital status was associ-
ated with heavier drinking, the primary difference in
drinking measures between the quitters and continued
drinkers was in the frequency of drinking days. The con-
tinued drinkers reported greater frequency of drinking
before learning of their pregnancies. Thus, the effects on
growth measures were found among the fetuses that were
exposed to alcohol more frequently and with greater
intensity over the entire course of the pregnancies.
Given the advances in ultrasonograpic technology and

increased availability, these methods may prove to be
useful in contributing to the knowledge of fetal alcohol
effects. More importantly, ultrasonography could aid in
the early detection of fetal growth retardation and struc-
tural defects associated with alcohol exposure. Such early
recognition of these fetal alcohol effects may lead to inter-
vention and, ultimately, harm reduction.
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