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Background: Inner-city, black women are among those groups that are at higher risk for having infants
with fetal alcohol spectrum disorders that can include life-long neurobehavioral and cognitive impairments.
Chronic alcohol consumption can decrease amounts of docosahexaenoic acid (DHA), a fatty acid that is
essential for optimal infant neural and retinal development in a variety of tissues.

Methods: Black women who presented at an inner-city antenatal clinic for their first prenatal visit were
recruited into a longitudinal, observational study. Alcohol intake was determined by a structured interview.
Participants provided blood specimens and completed food frequency surveys at 24 weeks of gestation,
infant delivery, and 3 months postpartum. Fatty acid composition analyses were completed on 307, 260, and
243 for plasma and 278, 261, and 242 erythrocyte specimens at 24 weeks of gestation, delivery, and 3 months
postpartum, respectively.

Results: Proportion of drinking days at the first prenatal visit was associated with decreased DHA in
plasma and erythrocytes throughout the study. This association was the strongest at 24 weeks of gestation.
In addition, an interaction between proportion of drinking days at the time of conception and ounces of
absolute alcohol per drinking day at the time of conception was detected and demonstrated that, in daily
drinkers, high intakes of alcohol are associated with decreased DHA and arachidonic acid (AA) concen-
trations in plasma.

Conclusions: Frequent and high intakes of alcohol that have been previously associated with fetal
alcohol spectrum disorders are also associated with decreased maternal DHA and AA plasma concentra-
tions. The present findings indicate that maternal DHA deficiency is associated with high-risk drinking and
may contribute to the mechanism(s) of alcohol-related neurodevelopmental disorders.
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THE INCIDENCE OF fetal alcohol spectrum disorders
(FASD) has been liberally estimated to be almost 1 in

100 births in the United States (Sampson et al., 1997).
Recent estimates by the Centers for Disease Control and
Prevention (CDC) put the rate of fetal alcohol syndrome
(FAS), the most severe expression of FASD, between 0.2

and 1.5 per 1000 live births (CDC, 2002) and emphasize
that the variable rate reflects higher sensitivities in certain
populations, including urban, rural, and low socioeconomic
status groups (CDC, 2002). It was estimated recently that
~30% of low-income black women consume alcohol
postconception (O’Connor and Whaley, 2003). The effects
and prevention challenges of FASD and the identification
of risk drinking during pregnancy have been reviewed
(Hannigan and Armant, 2000; Sokol et al., 2003). Briefly,
children who are exposed prenatally to alcohol via ma-
ternal risk drinking, particularly averaging more than
one drink per day or more than five drinks per drinking
episode, are subject to a variety of neurobehavioral and
cognitive impairments. There are several proposed
mechanisms for the effects of prenatal alcohol intake on
central nervous system (CNS) maturation leading to neu-
robehavioral and cognitive deficits (Michaelis, 1990;
Randall et al., 1990; Schenker et al., 1990) and include
possible alcohol-mediated alterations in polyunsaturated
fatty acid (PUFA) metabolism and PUFA deposition
into the fetal CNS (Denkins et al., 2000).
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Docosahexaenoic acid (DHA; 22:6n-3) and arachidonic
acid (AA; 20:4n-6) comprise a significant proportion of struc-
tural brain fatty acids (O’Brien and Sampson, 1965). DHA in
particular has been demonstrated to be essential for optimal
infant neural and retinal development (Larque et al., 2002;
Salem et al., 2001; Uauy et al., 2003). Low consumption of fish
and/or n-3 PUFAs are also associated with increased risk for
preterm delivery and low infant birth weight (Olsen and
Secher, 2002) and with increased risk for postpartum depres-
sion (Hibbeln, 2002; Otto et al., 2003). Even in the absence of
alcohol, maternal DHA status may be compromised during
pregnancy (Al et al., 1995; Wijendran et al., 1999) as a result
of the demands of specific placental nutrient transfer (Dutta-
Roy, 2000; Haggarty, 2002) and high fetal accretion of DHA
during pregnancy (Clandinin et al., 1980).

Alcohol consumption tends to promote the loss of DHA
and AA in various tissues in humans and animals (Salem,
1989; Salem and Ward, 1993). There is evidence suggesting
that alcohol can inhibit (Nakamura et al., 1994; Narce et al.,
2001; Nervi et al., 1980; Wang and Reitz, 1983) and/or stim-
ulate PUFA synthesis (Narce et al., 2001; Pawlosky and Sa-
lem, 1999) and that alcohol can enhance PUFA catabolism
through increased lipid peroxidation (Ma et al., 1993; Pawlo-
sky and Salem, 1999). Discrepancies in the effects and possi-
ble mechanisms can be accounted for by differences in the
amount and/or pattern of alcohol consumption (i.e., quantity,
duration, frequency, and binging patterns of exposure) and
are further complicated by differences in dietary fatty acid
intakes. In addition, there is evidence suggesting that sex/
hormonal influences may influence alcohol-mediated effects
on PUFA status (Kuriki et al., 2003) and metabolism (Ma et
al., 1993), suggesting that pregnancy itself can alter PUFA
metabolism (Al et al., 1995; Stark et al., 2004).

Because decreased maternal DHA and AA may be in-
volved in the risk for alcohol-related neurodevelopmental
disorders, the primary purpose of the present study was to
examine the influence of alcohol consumption on plasma and
erythrocyte fatty acid composition in pregnant, inner-city,
black women. This longitudinal, observational study required
participants to provide detailed alcohol consumption informa-
tion at recruitment and was followed by blood specimen col-
lection and completion of food frequency surveys at 24 weeks
of gestation, infant delivery, and 3 months postpartum. The
present study is the only study to date to examine the influ-
ence of maternal alcohol consumption on specific fatty acids
during pregnancy and postpartum while controlling for the
corresponding dietary fatty acid intake.

MATERIALS AND METHODS

Participants and Study Design

The Wayne State University Human Investigations Committee ap-
proved all procedures and protocols before the commencement of the
study, and informed consent was obtained during the initial clinical visit.
Pregnant, black women who presented to the antenatal clinic of Wayne
State University (Detroit, MI) between February 1999 and January 2001
were candidates for this observational study. A structured interview at the

first antenatal visit assessed demographic characteristics, alcohol intake,
and smoking exposure and determined eligibility (Jacobson et al., 1993).
Exclusions included women with high-risk pregnancies, known fatty acid
metabolism disorders, and diabetes and women who developed gestational
diabetes. All women who reported intakes of �0.5 oz of absolute alcohol
per day at the time of conception were recruited into the study, plus a
random 8% sample of the remaining patients. This selection strategy over-
sampled the high-risk drinking women (Jacobson et al., 1991, 1993), and the
final enrollment at 24 weeks of gestation was 338 women. Maternal fasting
blood samples (15 ml) were collected by venipuncture at 24 weeks of gesta-
tion, infant delivery, and 3 months postpartum. Specimens were collected into
heparinized tubes, kept cold (4°C) until centrifuged (5 min at 2000g) to
separate plasma and erythrocytes, and frozen at �75°C until analysis.

Alcohol consumption was determined at the structured antenatal in-
terview by a validated 14-day recall method that generated estimates as
ounces of absolute alcohol per day (AAD), ounces of absolute alcohol per
drinking day (AADD), and proportion of drinking days (PROPDD).
These alcohol intakes were estimated from the time of conception
(AAD-0, AADD-0, and PROPDD-0) and at the first prenatal visit
(AAD-1, AADD-1, and PROPDD-1). At-risk drinking was also deter-
mined by several proven screening tests, including the Michigan Alcohol-
ism Screening Test (MAST) and the Tolerance, Annoyed or Angry, Cut
down or quit, Eye opener (T-ACE) questionnaire (Bradley et al., 1998;
Ernhart et al., 1988; Russell et al., 1996). Cigarette smoking by the mother
around the time of conception and at the first prenatal visit, and smoking
by the father were determined by maternal recall of the number of
cigarettes smoked per day. A modified Hollingshead index was used to
measure socioeconomic status (Hollingshead, 1971). Nutritional intakes at
each time point was assessed using a food frequency survey validated for
low-income pregnant women (Suitor et al., 1989) and modified to quantify
selected dietary fats. Individual nutrient intakes were adjusted for total
energy intake to reduce measurement error (Subar et al., 2001) using the
nutrient residual model (Willett and Stampfer, 1986).

Laboratory Analyses

Fatty acid composition analyses were completed successfully on 307
plasma and 278 erythrocyte specimens at 24 weeks gestation, 260 plasma
and 261 erythrocyte specimens at the time of delivery, and 243 plasma and
242 erythrocyte specimens at 3 months postpartum. Total lipids were
extracted from plasma samples (Folch et al., 1957) and from erythrocytes
(Reed et al., 1960) with an internal standard (23:0 or 22:3n-3; NuCheck
Prep, Elysian, MN). Lipid extracts then were methylated with boron
trifluoride in methanol (14% wt/vol; Alltech Assoc., Deerfield, IL) (Mor-
rison and Smith, 1964), and fatty acid methyl esters were collected and
analyzed by capillary gas chromatography (Salem et al., 1996) on an
Agilent 6890N gas chromatograph (Agilent, Palo Alto, CA) with a
0.25-mm � 30-m DB-FFAP column (J&W Scientific, La Palma, CA).

Statistical Analyses

All statistical analyses were completed with SPSS for Windows statis-
tical software (release 11.5.1; SPPS, Chicago, IL). Multiple linear regres-
sion analyses at each time point and linear mixed modeling including all
three time points were completed for selected fatty acids and alcohol
consumption variables with and without adjusting for potential confound-
ers. When corresponding adjusted dietary fatty acid data were available,
they was included as a covariate to control for possible differences in
intakes. Categorical analyses were also completed. PROPDD-1 was cate-
gorized into three groups: abstainers during pregnancy (PROPDD-1 � 0),
occasional drinkers during pregnancy (less than one drinking day per
week, PROPDD-1 �0.14) and habitual drinkers during pregnancy
(greater than one drinking day per week, PROPDD-1 �0.14). The Gen-
eral Linear Model procedure was used with multiple comparisons by
Tukey’s honestly significant difference (HSD) tests to compare demo-
graphic characteristics, dietary fatty acid intakes, and plasma and eryth-
rocyte fatty acid compositions according to PROPDD-1 categories. Also,
the proportion of drinking days (PROPDD-0) and ounces of absolute

ALCOHOL CONSUMPTION AND FATTY ACID STATUS DURING PREGNANCY 131



alcohol per drinking day at the time of conception (AADD-0) were
categorized into abstainers (PROPDD-0 � 0), sporadic drinkers
(PROPDD-0 �1), and daily drinkers (PROPDD-0 � 1) and low-
(AADD-0 �2), medium- (AADD-0 � 2–6), and high- (AADD-0 �6)
level alcohol intake groups. Linear mixed modeling was used to examine
selected fatty acid concentrations in plasma with PROPDD-0, AADD-0,
and time (stage of pregnancy) set as fixed factors with interactions and
with corresponding fatty acid intakes as a covariate. Tukey’s HSD tests
were used to compare individual means when a significant F value was
detected. Significance for all tests was set at p � 0.05.

RESULTS

Alcohol Consumption Effects on DHA and AA

The influence of alcohol consumption on DHA and AA in
plasma and erythrocytes was examined by linear mixed mod-
eling across all time points and by linear regression at indi-
vidual time points, with and without adjustment for potential
confounders. The potential confounding variables included in
the analyses were mother’s age, education, smoking, body
mass index (BMI), total energy intake, and adjusted dietary
intake of the corresponding fatty acid. Maternal parity and
socioeconomic status were also entered confounders. How-

ever, maternal parity was highly correlated to mother’s age (r
� 0.60, p � 0.001), and socioeconomic status was significantly
correlated to education (r � 0.51, p � 0.001) and resulted in
multicollinearity in the model. Parity and socioeconomic sta-
tus were excluded from the model as mother’s age and edu-
cation were more highly correlated with DHA and AA.

Linear mixed modeling from 24 weeks’ gestation to 3
months postpartum for plasma and erythrocyte DHA (Table
1) and AA (Table 2) indicated a negative association with
PROPDD-1 and significant associations with several demo-
graphic characteristics. Interactions between PROPDD-1 and
time were not detected in the analyses. Highly significant
associations involving time (p � 0.001) were detected for both
DHA and AA. Pregnancy (24 weeks’ gestation and delivery)
were significantly associated with increased DHA status and
with decreased weight percentage (wt %) of AA in both
plasma and erythrocytes as compared with 3 months postpar-
tum. Elevations in DHA during pregnancy have been ob-
served previously (Al et al., 1995; Makrides and Gibson, 2000;
Marangoni et al., 2002; Otto et al., 2001a,b; Wijendran et al.,
1999). The effects of pregnancy on DHA and AA status in the

Table 1. Results of Linear Mixed Models to Determine the Association of PROPDD-1 on Plasma and Erythrocyte DHA Throughout Pregnancy to Postpartuma

Plasma DHA (�g/ml) Plasma DHA (wt %) Erythrocyte DHA (wt %)

� p � p � p

Age (years) 0.74 �0.001 0.007 0.011 0.015 �0.001
Education (highest grade) 1.03 0.041 0.037 0.001 0.034 0.048
Father’s smoking (cigarettes/

day)
�0.25 �0.001 �0.002 0.14 �0.004 0.08

BMI (kg/m2) 0.18 0.033 0.005 0.014 0.011 �0.001
Total energy (MJ) �0.62 �0.001 �0.008 0.018 �0.017 0.001
Adjusted dietary DHA (g/day) 46.87 �0.001 0.72 �0.001 0.84 0.004
PROPDD-1 �38.57 0.024 �0.60 0.12 �1.97 0.001
Time

24 wk gestation 31.80 �0.001 0.36 �0.001 0.74 �0.001
Delivery 23.69 �0.001 0.33 �0.001 0.85 �0.001
3 months postpartumb 0 — 0 — 0 —

a Based on total lipid extracts. Number of deliveries, socioeconomic status, and mother’s smoking were considered as covariates but resulted in multicollinearity
as they correlated with mother’s age and education and father’s smoking, respectively. Mother’s age and education and father’s smoking were more highly correlated
with blood DHA measures.

b Reference value set to zero for comparison with other time points.

Table 2. Results of Linear Mixed Models to Determine the Association of PROPDD-1 on Plasma and Erythrocyte AA Throughout Pregnancy to Postpartuma

Plasma AA (�g/mL) Plasma AA (wt %) Erythrocyte AA (wt %)

� p � p � p

Age (years) 3.69 �0.001 0.025 0.012 0.032 �0.001
Education (highest grade) 0.03 0.99 0.081 0.042 �0.069 0.015
Father’s smoking (cigarettes/

day)
�0.82 0.008 0.001 0.82 0.005 0.20

BMI (kg/m2) 0.96 0.011 0.027 �0.001 0.007 0.12
Total energy (MJ) �1.68 0.009 �0.008 0.46 �0.001 0.90
Adjusted dietary AA (g/day) 108.94 0.008 1.80 0.015 1.00 0.06
PROPDD-1 �13.30 0.86 0.072 0.96 �1.74 0.07
Time

24 wk gestation 21.47 0.004 �1.59 �0.001 �1.44 �0.001
Delivery �19.58 0.010 �1.84 �0.001 �1.47 �0.001
3 months postpartumb 0 — 0 — 0 —

a Based on total lipid extracts. Number of deliveries, socioeconomic status, and mother’s smoking were considered as covariates but resulted in multicollinearity
as they correlated with mother’s age and education and father’s smoking, respectively. Mother’s age and education and father’s smoking were more highly correlated
with blood AA measures.

b Reference value set to zero for comparison with other time points.
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present study are presented in detail elsewhere (Stark et al.,
2004).

There were significant negative correlations of drinking
frequency as PROPDD-1 with DHA concentrations in plasma
[� � �38.57; 95% confidence interval (CI): �72.11 to �5.04]
and with the relative percentage of DHA levels in erythrocytes
(� � �1.97; 95% CI: �3.12 to �0.82) but not with the relative
percentage of DHA levels in plasma (� � �0.60; 95% CI:
�1.36 to 0.17; see Table 1). Total energy intake was also
negatively correlated with DHA in plasma and erythrocytes.
Curiously, exposure to tobacco smoke as measured by the
father’s smoking was significantly and negatively correlated
with maternal plasma concentrations of DHA (� � �0.25;
95% CI: �0.39 to �0.11) and approached significance for the
relative percentage of DHA levels in maternal erythrocytes (�
� �0.004; 95% CI: �0.009 to 0.0005). However, mother’s
smoking was not correlated to DHA blood status. Father’s
smoking in the present study has been previously demon-
strated to be a better predictor of nutrient concentrations (i.e.,
plasma 5-methyltetrahydrofolic acid) in maternal plasma than
mother’s smoking (Stark et al., 2005). Maternal age, educa-
tion attained, BMI, and adjusted dietary DHA intake all were
significantly and positively correlated with DHA in plasma
(�g/ml and wt %) and in erythrocytes (wt %).

The correlation results for AA (Table 2) were not as con-
sistent in plasma and erythrocytes but shared some similarities
with DHA. Although PROPDD-1 levels were not significantly
correlated with plasma AA levels, the correlation in erythro-
cytes approached significance (� � �1.74; 95% CI: �3.62 to
0.15). Maternal age, BMI, and dietary AA intake all were
positively correlated with plasma concentrations and weight
percentages of AA. In erythrocytes, maternal age was also
positively correlated with weight percentage of AA, whereas
dietary AA intake just failed to reach significance (� � 1.00;
95% CI: �0.02 to 2.03). Total energy intake and father’s
smoking were negatively correlated with AA concentrations in
plasma but were not significantly correlated with AA percent-
ages in plasma and erythrocytes.

The correlations of the various alcohol consumption pa-
rameters with DHA and AA were examined at each time
point by linear regression. There were significant correlations
between PROPDD-1 and DHA wt % in plasma and in eryth-
rocytes at 24 weeks’ gestation (Table 3). DHA content in
plasma was negatively correlated with PROPDD-1 before (�
� �1.00; 95% CI: �1.97 to �0.03) and after adjusting for
potential confounders (� � �1.56; 95% CI: �2.78 to �0.34).
The negative correlation between DHA (wt %) and
PROPDD-1 became stronger in erythrocytes with � � �1.81
(95% CI: �3.52 to �0.09) before and � � �2.81 (95% CI:
�4.49 to �1.12) after adjustment. There were no other con-
sistent and significant correlations (i.e., significant correlation
remains after adjusting for confounders) between either DHA
or AA with alcohol consumption parameters as determined
by linear regression (data not shown).

Maternal Demographics, Clinical Characteristics, and
Dietary Intakes

On the basis of these linear regression and linear mixed
modeling analyses, maternal demographics, clinical charac-
teristics, and dietary intakes and fatty acid analyses at 24
weeks of gestation were categorized by PROPDD-1 to
allow mean comparisons between abstainers during preg-
nancy (PROPDD-1 � 0), occasional drinkers during preg-
nancy (PROPDD-1 �0.14), and habitual drinkers during
pregnancy (PROPDD-1 �0.14).

Demographics and clinical characteristics of the
women in the present study are presented according to
PROPDD-1 categories in Table 4. The occasional and
habitual drinkers were significantly older and as such
also had a greater total number of pregnancies and
deliveries. The occasional and habitual drinkers tended
to smoke more cigarettes, score higher on at-risk drink-
ing screening tests, and report greater alcohol consump-
tion at the time of conception and at the first prenatal
visit. There were no statistical differences in height, body

Table 3. Results of Linear Regression Models Determining the Association of Alcohol Consumption Parameters on Plasma and Erythrocyte DHA at 24 Weeks’ Gestation

Plasma DHA (wt %) Erythrocyte DHA (wt %)

� 95% CI � 95% CI

Unadjusted
AAD-0 �0.01 �0.03 to 0.02 �0.02 �0.05 to 0.01
AADD-0 0.001 �0.02 to 0.02 0.002 �0.03 to 0.03
PROPDD-0 �0.09 �0.25 to 0.08 �0.12 �0.36 to 0.12
AAD-1 �0.10 �0.50 to 0.29 �0.43 �1.30 to 0.44
AADD-1 0.002 �0.05 to 0.05 �0.01 �0.09 to 0.08
PROPDD-1 �1.00b �1.97 to �0.03 �1.81b �3.52 to �0.09

Adjusteda

AAD-0 �0.01 �0.03 to 0.02 �0.02 �0.05 to 0.01
AADD-0 0.000 �0.02 to 0.02 �0.002 �0.03 to 0.02
PROPDD-0 �0.10 �0.27 to 0.08 �0.16 �0.41 to 0.08
AAD-1 �0.14 �0.57 to 0.30 �0.87b �1.72 to �0.01
AADD-1 �0.01 �0.06 to 0.04 �0.06 �0.14 to 0.03
PROPDD-1 �1.56b �2.78 to �0.34 �2.81b �4.49 to �1.12

a Adjusted for mother’s age, education, smoking, BMI, total energy intake, and corresponding dietary fatty acid intake. Number of deliveries and socioeconomic
status were considered as covariates but resulted in multicollinearity as they correlated with mother’s age and education, respectively. Mother’s age and education
were more highly correlated with blood DHA measures.

b Significance detected at p � 0.05.
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weight, BMI, education, socioeconomic status, and fa-
ther’s smoking. Energy-adjusted dietary intakes at 24
weeks of gestation broken down by frequency of alcohol
consumption categories, according to PROPDD-1, are
presented in Table 5. There were no statistical differ-
ences with increasing PROPDD-1 except that the intake
of stearic acid (18:0) was decreased with increased
PROPDD-1 (p � 0.05). DHA intakes (estimated mar-
ginal means � SEM) were 68 � 5 mg/day in the abstain-
ers, 67 � 12 mg/day in the occasional drinkers, and 90 �
30 mg/day in the habitual drinkers, whereas AA intakes
were 104 � 4, 110 � 10, and 130 � 26 mg/day, respec-
tively. Despite that the mean intakes of DHA and AA
seemed to be higher in the habitual drinkers, they were
not significantly different; however, there is possibility of
a type II statistical error as there are a low number of
habitual drinkers in this study (n � 8).

Fatty Acid Composition of Maternal Plasma and Erythrocytes

The fatty acid percentage compositions at 24 weeks’
gestation for the abstainers and occasional and habitual
drinkers are shown according to the PROPDD-1 catego-
ries in Tables 6 and 7 for plasma and erythrocytes,
respectively. Adjusted dietary fatty acid intakes were
included as a covariate with the corresponding plasma
and erythrocyte fatty acid when available. Plasma DHA
levels were significantly lower in the habitual drinkers
(1.34 � 0.15, wt %) as compared with the abstainers
(1.73 � 0.03, wt %) but were not significantly different
from the levels in the occasional drinkers (1.70 � 0.06,
wt %). In erythrocytes, the DHA concentrations in the
habitual drinkers (3.23 � 0.25, wt %) were significantly
lower than both the abstainers (3.98 � 0.04, wt %) and
the occasional drinkers (3.96 � 0.09, wt %). AA (wt %)
did not differ as a function of alcohol consumption
frequency in either plasma or erythrocytes.

Total n-3 PUFAs and total n-3 highly unsaturated fatty
acids (�20 carbons, �3 double bonds) in habitual drink-
ers were significantly lower as compared with the ab-
stainers and occasional drinkers in both plasma (~16%
and ~20% lower, respectively) and erythrocytes (~13%
and ~16% lower, respectively). In addition, total PUFAs
was significantly lower in habitual drinkers as compared
with abstainers (~9% lower in plasma and ~4% lower in
erythrocytes) but not different from that of occasional
drinkers. Total n-6 PUFAs and linoleic acid (LA;
18:2n-6) in plasma were decreased in the habitual drink-
ers as compared with the abstainers. In erythrocytes,
eicosapentaenoic acid (EPA; 20:5n-3) and eicosadienoic
acid (20:2n-6) in habitual drinkers were significantly
lower than in abstainers but not in occasional drinkers.
Also, the occasional and habitual drinkers had lower
levels of docosapentaenoic acid n-3 (DPA n-3; 22:5n-3)
and gamma-linolenic acid (18:3n-6) as compared with
abstainers, but significance was not reached for the ha-

bitual drinkers. Total monounsaturated fatty acids and
oleic acid (18:1n-9) were increased for both drinking
groups in plasma and only significantly so for the habit-
ual drinkers in erythrocytes. Eicosenic acid (20:1n-9) and
lignoceric acid (24:0) were also increased in the plasma
of the habitual drinkers as compared with the other
groups. Total saturated fatty acids and palmitic acid were
significantly greater in the erythrocytes of the habitual
drinkers compared with the abstainers.

Effects of Increased Alcohol Consumption on Plasma PUFAs

These results indicate that the frequency of alcohol
consumption as indicated by PROPDD-1 has an influ-

Table 4. Characteristics of Women According to the PROPDD-1a

Abstainers
PROPDD-1 � 0

(n � 254)

Occasional
PROPDD-1 � 0.14

(n � 45)

Habitual
PROPDD-1 � 0.14

(n � 8)

Age (years) 24.2 � 0.31 27.9 � 0.82 30.5 � 1.92

Height (m) 1.65 � 0.01 1.65 � 0.01 1.65 � 0.03
Body weight (kg)

Prepregnancy 73.8 � 1.4 81.7 � 3.3 72.6 � 8.1
First prenatal

visit
80.8 � 1.4 86.2 � 3.4 72.5 � 8.3

BMI (kg/m2)
Prepregnancy 27.3 � 0.5 29.9 � 1.2 26.6 � 2.9
First prenatal

visit
29.7 � 0.5 31.5 � 1.2 26.4 � 2.9

Education (highest
grade)

11.7 � 0.1 11.7 � 0.2 11.5 � 0.5

SES (Hollingshead
class)

3.9 � 0.1 4.0 � 0.2 4.5 � 0.4

Total number of
pregnancies

3.4 � 0.11 5.0 � 0.32 7.0 � 0.82

Total number of
deliveries

1.5 � 0.11 2.2 � 0.32 4.0 � 0.63

Smoking
(cigarettes/
day)

Prepregnancy 5.5 � 0.51 9.8 � 1.32 11.1 � 3.01,2

First prenatal
visit

5.4 � 0.51 10.0 � 1.32 11.1 � 3.01,2

Father’s smoking 6.0 � 0.6 9.5 � 1.5 9.3 � 3.6
At-risk drinking

screening
MAST 2.80 � 0.441 6.22 � 1.042 8.50 � 2.461,2

CAGE 0.60 � 0.071 0.96 � 0.151,2 1.50 � 0.372

NET 1.15 � 0.071 1.84 � 0.172 2.50 � 0.412

T-ACE 1.40 � 0.091 2.40 � 0.212 2.75 � 0.512

TWEAK 1.64 � 0.101 2.69 � 0.252 2.63 � 0.591,2

Alcohol
consumption

AAD-0 1.09 � 0.131 1.30 � 0.311,2 3.06 � 0.742

AADD-0b 2.42 � 0.17 2.87 � 0.40 4.68 � 0.96
PROPDD-0 0.30 � 0.021 0.44 � 0.042 0.70 � 0.132

AAD-1 01 0.12 � 0.012 0.52 � 0.033

AADD-1 01 1.65 � 0.112 2.59 � 0.263

PROPDD-1 01 0.07 � 0.0032 0.24 � 0.0083

SES, socioeconomic status.
a Values are estimated marginal means � SEM of total lipid extract. Means with

different superscripts are significantly different across PROPDD-1 categories by Tukey’s
HSD after significance detected by General Linear Model procedure, p � 0.05.

b Significance detected by General Linear Model procedure, but no differences
detected by Tukey’s HSD.

MAST, Michigan Alcoholism Screening Test; CAGE, Cut down or quit, Annoyed or
Angry, Guilty, Eye opener; NET, Normal, Eye opener, Tolerance; T-ACE, Tolerance,
Annoyed or Angry, Cut down or quit, Eye opener; TWEAK, Tolerance, Worried, Eye
opener, Amnesia, Cut down.
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ence on PUFA levels in pregnant, black women. Signif-
icant interactions between AADD-0 and PROPDD-0 at
the time of conception were detected by linear mixed
modeling analysis across the three time points. Signifi-
cant AADD-0 � PROPDD-0 interactions were detected
for plasma concentrations of DHA (p � 0.004), AA (p �
0.027), and �-LNA (18:3n-3; p � 0.030) but not for
concentrations of LA (p � 0.44), EPA (p � 0.19), and
DPA n-6 (p � 0.24). There were no significant interac-
tions involving time, although main effects of time were
detected for all of the above-mentioned fatty acids. To
aid in further interpreting the results, we categorized the
proportion of drinking days variable into abstainers
(PROPDD-0 � 0), sporadic drinkers (PROPDD-0 �1),
and daily drinkers (PROPDD-0 � 1) and further cate-
gorized the variable describing the amount of absolute
alcohol drunk per drinking day into low (AADD-0 �2),
medium (AADD-0 � 2– 6), and high groups (AADD-0
�6). In this categorical analysis, the interaction between
AADD-0 and PROPDD-0 remained significant only for
DHA (p � 0.028) and AA (p � 0.010) plasma concen-
trations. Figure 1 illustrates the mean comparisons of the
significant AADD-0 � PROPDD-0 interaction. The spo-
radic drinkers in the high AADD-0 category had signif-
icantly higher concentrations of both AA and DHA than
the abstainers and the daily drinkers with high AADD-0.
In addition, the high daily drinkers had fatty acid con-
centrations that were significantly lower than most of the
other groups. This included the abstainers for DHA but
not for AA.

The negative effects on plasma PUFAs of increasing
AADD-0 in daily drinkers (PROPDD-0 � 1) was exam-
ined across the three time points (Fig. 2). Significant
effects of AADD-0 were detected for AA, DPA n-6, and
DHA (p � 0.027, 0.028, and 0.013, respectively). For
these three fatty acids, participants with high AADD-0
intakes had significantly lower plasma concentrations
than those with medium AADD-0 intakes, with the par-
ticipants with low AADD-0 intakes intermediate and not
statistically different. A significant effect of time was
detected by the linear mixed model procedure with
AADD-0 and time as fixed factors for LA, �-LNA, EPA,
DPA, and DHA, with a general pattern of decreased
plasma fatty acid concentrations at 3 months postpar-
tum, except for EPA, which was increased. These differ-
ences reflect changes associated with pregnancy itself
(Stark et al., 2004).

Table 5. Selected Dietary Intakes of Women at 24 Weeks’ Gestation According to
the PROPDD-1a

Abstainers
PROPDD-1 � 0

(n � 254)

Occasional
PROPDD-1 � 0.14

(n � 45)

Habitual
PROPDD-1 � 0.14

(n � 8)

Protein (g) 71.0 � 1.2 68.2 � 2.8 75.5 � 6.6
Carbohydrates (g) 248 � 3 243 � 7 239 � 18
Fat (g) 98 � 4 96 � 10 99 � 24
Saturated fat (g) 35.7 � 0.5 35.5 � 1.1 33.0 � 2.7

14:0 (g) 3.1 � 0.1 2.7 � 0.2 2.5 � 0.5
16:0 (g) 19.6 � 0.2 20.0 � 0.6 18.8 � 1.4
18:0 (g) 10.0 � 2.11 9.4 � 1.72 7.8 � 1.73

Monounsaturated fat (g) 36.9 � 0.5 39.0 � 1.1 38.0 � 2.7
16:1n-7 (g) 1.72 � 0.04 1.70 � 0.09 1.87 � 0.21
18:1n-9 (g) 34.6 � 0.5 36.6 � 1.1 35.4 � 2.6
20:1n-9 (mg) 144 � 6 165 � 15 220 � 37

Polyunsaturated fat (g) 17.2 � 0.3 18.1 � 0.8 17.6 � 1.8
n-6 PUFA (g) 16.6 � 0.3 17.5 � 0.7 16.5 � 1.6

18:2n-6 (g) 15.2 � 0.3 16.0 � 0.7 15.2 � 1.7
20:4n-6 (mg) 104 � 4 110 � 10 131 � 25
22:5n-6 (mg) 11 � 1 10 � 2 11 � 5
n-6 HUFA (mg) 124 � 4 132 � 10 130 � 26

n-3 PUFA (g) 1.78 � 0.03 1.71 � 0.06 1.91 � 0.16
18:3n-3 (g) 1.54 � 0.03 1.47 � 0.06 1.62 � 0.14
20:5n-3 (mg) 31 � 3 29 � 8 52 � 20
22:6n-3 (mg) 68 � 5 67 � 12 90 � 30
n-3 HUFA (mg) 108 � 8 106 � 19 150 � 49

Total energy (MJ) 9.9 � 0.3 9.1 � 0.9 10.3 � 2.0

a Values are estimated marginal means � SEM of adjusted nutrient intakes.
Means with different superscripts are significantly different across PROPDD-1
categories by Tukey’s HSD after significance detected by General Linear Model
procedure, p � 0.05. HUFA, highly unsaturated fatty acids.

Table 6. Categories of PROPDD-1 and Fatty Acid Composition of Maternal
Plasma at 24 Weeks’ Gestationa

Abstainers
PROPDD-1 � 0

(n � 254)

Occasional
PROPDD-1 �0.14

(n � 45)

Habitual
PROPDD-1 � 0.14

(n � 8)

Saturated fatty
acidsb

31.05 � 0.14 31.22 � 0.33 30.99 � 0.78

14:0b 0.92 � 0.02 0.92 � 0.05 0.94 � 0.12
16:0b 22.69 � 0.12 22.86 � 0.28 23.13 � 0.66
18:0b 6.21 � 0.05 6.24 � 0.12 5.59 � 0.28
20:0 0.22 � 0.005 0.24 � 0.012 0.24 � 0.028
22:0 0.45 � 0.01 0.44 � 0.02 0.41 � 0.04
24:0 0.37 � 0.011 0.36 � 0.021 0.49 � 0.052

MUFAb 24.07 � 0.161 25.24 � 0.382 26.43 � 0.902

16:1n-7b 2.07 � 0.05 2.35 � 0.11 2.49 � 0.27
18:1n-7 2.25 � 0.02 2.30 � 0.05 2.43 � 0.11
18:1n-9b 17.75 � 0.131 18.56 � 0.302 19.56 � 0.712

20:1n-9b 0.17 � 0.0041 0.16 � 0.0091 0.24 � 0.0222

22:1n-9 0.05 � 0.003 0.05 � 0.007 0.08 � 0.018
24:1n-9 1.65 � 0.04 1.69 � 0.11 1.50 � 0.25

n-6 PUFAb 36.48 � 0.231 35.31 � 0.541,2 33.53 � 1.282

18:2n-6b 26.28 � 0.221 25.35 � 0.511,2 23.50 � 1.212

18:3n-6 0.20 � 0.004 0.19 � 0.010 0.20 � 0.025
20:2n-6 0.27 � 0.003 0.27 � 0.007 0.26 � 0.016
20:3n-6 1.45 � 0.02 1.45 � 0.04 1.23 � 0.10
20:4n-6b 7.41 � 0.09 7.25 � 0.21 7.49 � 0.49
22:2n-6 0.02 � 0.002 0.03 � 0.004 0.04 � 0.010
22:4n-6 0.33 � 0.01 0.30 � 0.01 0.31 � 0.03
22:5n-6b 0.53 � 0.01 0.48 � 0.02 0.49 � 0.06

n-6 HUFAb 9.73 � 0.10 9.51 � 0.23 9.52 � 0.55
n-3 PUFAb 2.61 � 0.031 2.56 � 0.081 2.16 � 0.182

18:3n-3b 0.45 � 0.01 0.44 � 0.02 0.38 � 0.05
20:3n-3 0.02 � 0.001 0.02 � 0.001 0.02 � 0.004
20:5n-3b 0.17 � 0.01 0.17 � 0.01 0.13 � 0.03
22:5n-3 0.25 � 0.01 0.24 � 0.01 0.22 � 0.02
22:6n-3b 1.73 � 0.031 1.70 � 0.061,2 1.34 � 0.152

n-3 HUFAb 2.17 � 0.031 2.12 � 0.071 1.71 � 0.182

Total HUFAb 11.89 � 0.12 11.63 � 0.28 11.21 � 0.69
Total PUFAb 39.09 � 0.241 37.89 � 0.571,2 35.66 � 1.342

Total fatty
acids (�g/ml)

4981 � 60 5036 � 142 5330 � 337

a Values are estimated marginal means � SEM of total lipid extract. Data are
% by weight of total fatty acids. Means with different superscripts are significantly
different across PROPDD-1 categories by Tukey’s HSD after significance de-
tected by General Linear Model procedure, p � 0.05.

b Corresponding adjusted dietary intakes were included as covariates. MUFA,
monounsaturated fatty acids.
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DISCUSSION

The present study examined the association between alco-
hol consumption and plasma and erythrocyte fatty acid status
in pregnant, inner-city, black women. Detailed alcohol con-
sumption data were collected during a structured interview.
This intensive process required participants to estimate the
amount (AAD) and pattern of their alcohol consumption
(AADD and PROPDD) around the time of conception
(AAD-0, AADD-0, and PROPDD-0) and after they knew
they were pregnant during the 14 days before their first visit to
the antenatal clinic (AAD-1, AADD-1, and PROPDD-1).
The present results demonstrate that in pregnant black
women, a high frequency of alcohol consumption as indicated
by the measures PROPDD-1 and PROPDD-0 is associated
with significantly decreased maternal PUFA status, particu-
larly with lower levels of DHA. The results also indicate that
greater amounts of alcohol consumed in frequent drinkers is
associated with further decreases in DHA and AA.

The primary influence of alcohol on fatty acid metab-
olism seems to be increased catabolism. It has been
proposed that ethanol activates phospholipase A2, which
releases from phospholipids highly unsaturated fatty ac-
ids that then can be metabolized to eicosanoids (Narce et
al., 2001; Salem and Karanian, 1988). Alcohol has also
been demonstrated to increase plasma concentrations of
4-hydroxynonenal, an indicator of increased lipid peroxi-
dation (Meagher et al., 1999; Pawlosky et al., 1997). The
mechanisms of increased lipid peroxidation from alcohol
intake have been reviewed (Lands et al., 1998). These
catabolic processes are believed to stimulate PUFA
anabolism in an attempt to maintain tissue PUFA con-
centrations (Denkins et al., 2000). However, persistent
and increased catabolism caused by frequent alcohol
consumption is likely to overwhelm this adaptive stimu-
lation of PUFA synthesis, resulting in a net loss of PUFA
in tissues over the long term.

In the present study, PROPDD-1 was negatively correlated
with the concentration of DHA in plasma and the percentage
of DHA in erythrocytes throughout pregnancy and postpar-
tum. This effect was the strongest at 24 weeks of gestation as
PROPDD-1 was negatively correlated with and without ad-
justment for potential confounders, with the percentage of
DHA in both plasma (� � �1.00 and �1.56, respectively) and
erythrocytes (� � �1.81 and �2.81, respectively). This is
probably because the blood specimens collected at 24 weeks’
gestation best represent the drinking data collected at the first
prenatal visit (PROPDD-1, AADD-1, and AAD-1) as pat-
terns of drinking at infant delivery and 3 months postpartum
may change (Floyd and Sidhu, 2004).

The majority of the significant differences were observed in
the highest PROPDD-1 category (�0.14, habitual drinkers).
The differences in the plasma of the habitual drinkers in the
present study (Table 6) reflect those observed in plasma of
feline and rhesus monkeys exposed to ethanol (Pawlosky and
Salem, 1995, 1999). The similarities include significantly de-

creased DHA and LA (18:2n-6) and significantly increased
16:1n-7 and 18:1n-9 in all three studies. AA in plasma was
decreased in the alcohol-treated groups in both animal stud-
ies, although the difference was not significant in the feline
study. There was no difference in either plasma or erythrocyte
AA status according to PROPDD-1 categories in the present
study. It is important to note that liver AA has been shown to
be significantly decreased in alcohol-treated animals despite
no differences in AA levels in plasma (Pawlosky and Salem,
1995) and erythrocytes (Salem et al., 1996).

There is evidence that the amount of alcohol intake may
differentially influence PUFA status. Specifically, low levels of
alcohol may stimulate PUFA synthesis, whereas high levels of
alcohol may inhibit PUFA synthesis. It has been demon-
strated that �6 and �5 desaturase activities in hepatocytes are
stimulated at low ethanol concentrations and inhibited at high
ethanol concentrations (Narce et al., 2001). In the present
study, there were no consistent effects of the amount of
alcohol consumption alone on PUFA levels, but when exam-

Table 7. Categories of PROPDD-1 and Fatty Acid Composition of Maternal
Erythrocytes at 24 Weeks’ Gestationa

Abstainers
PROPDD-1 � 0

(n � 230)

Occasional
PROPDD-1 � 0.14

(n � 42)

Habitual
PROPDD-1 �

0.14
(n � 6)

Saturated
fatty
acidsb

39.19 � 0.131 39.31 � 0.301,2 41.17 � 0.802

14:0b 0.77 � 0.02 0.76 � 0.04 0.85 � 0.10
16:0b 22.80 � 0.081 23.03 � 0.191,2 24.31 � 0.502

18:0b 9.71 � 0.05 9.57 � 0.12 9.50 � 0.32
20:0 0.33 � 0.004 0.34 � 0.009 0.37 � 0.023
22:0 1.59 � 0.02 1.58 � 0.04 1.78 � 0.11
24:0 3.94 � 0.04 3.98 � 0.08 4.30 � 0.22

MUFAb 19.87 � 0.081 20.08 � 0.191,2 21.13 � 0.512

16:1n-7b 0.43 � 0.01 0.43 � 0.01 0.47 � 0.04
18:1n-7 1.81 � 0.01 1.80 � 0.03 1.72 � 0.08
18:1n-9b 10.63 � 0.051 10.80 � 0.121,2 11.42 � 0.302

20:1n-9b 0.26 � 0.005 0.25 � 0.012 0.24 � 0.032
22:1n-9 0.09 � 0.001 0.09 � 0.003 0.09 � 0.007
24:1n-9 6.39 � 0.06 6.47 � 0.15 6.83 � 0.39

n-6 PUFAb 28.79 � 0.08 28.39 � 0.19 28.05 � 0.49
18:2n-6b 9.21 � 0.06 9.04 � 0.14 8.96 � 0.38
18:3n-6 0.05 � 0.0011 0.04 � 0.0012 0.04 � 0.031,2

20:2n-6 0.31 � 0.0031 0.30 � 0.0061,2 0.27 � 0.0172

20:3n-6 1.30 � 0.01 1.31 � 0.03 1.14 � 0.09
20:4n-6b 12.58 � 0.06 12.50 � 0.13 12.63 � 0.36
22:2n-6 0.07 � 0.001 0.07 � 0.003 0.07 � 0.007
22:4n-6 4.22 � 0.03 4.09 � 0.07 3.91 � 0.19
22:5n-6b 1.06 � 0.01 1.03 � 0.03 1.05 � 0.09

n-6 HUFAb 19.23 � 0.07 18.99 � 0.16 18.79 � 0.43
n-3 PUFAb 5.70 � 0.051 5.58 � 0.111 4.90 � 0.282

18:3n-3b 0.11 � 0.002 0.11 � 0.004 0.10 � 0.011
20:3n-3 0.04 � 0.003 0.05 � 0.01 ND
20:5n-3b 0.19 � 0.011 0.18 � 0.011,2 0.14 � 0.022

22:5n-3 1.42 � 0.011 1.34 � 0.032 1.31 � 0.071,2

22:6n-3b 3.98 � 0.041 3.96 � 0.091 3.23 � 0.252

n-3 HUFAb 5.58 � 0.051 5.47 � 0.111 4.65 � 0.292

Total HUFAb 24.82 � 0.09 24.46 � 0.21 23.60 � 0.57
Total PUFAb 34.48 � 0.091 33.98 � 0.211,2 32.95 � 0.542

a Values are estimated marginal means � SEM of total lipid extract. Data are
% by weight of total fatty acids. Means with different superscripts are significantly
different across PROPDD-1 categories by Tukey’s HSD after significance de-
tected by General Linear Model procedure, p � 0.05.

b Corresponding adjusted dietary intakes were included as covariates. ND, not
determined.
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ined with frequency of consumption (as AADD-0 �
PROPDD-0 interaction; Fig. 1), decreased DHA and AA
concentrations were observed in women who reported high
amounts (�6 absolute ounces of alcohol per drinking day) of
alcohol consumed on a daily basis (PROPDD-0 � 1). Also, in
women who drank high amounts of alcohol but not on a
regular basis, DHA and AA concentrations were increased as
compared with abstainers. These observations could explain
some of the inconsistencies reported in the literature. The
present study also supports the hypothesis that ethanol influ-
ences fatty acid metabolism in pregnancy through alterations

in both catabolism and biosynthesis (Denkins et al., 2000;
Pawlosky and Salem, 1999) by which the net effect of alcohol
on fatty acid status depends on the amount and the frequency
of alcohol consumed.

One limitation in this study is that the number of drinkers
and the amount of alcohol consumed were fairly low for
observing changes in fatty acid compositions, even after tar-
geting a population at high risk for FASD and using an
oversampling strategy for higher risk drinking (Jacobson et al.,
1991, 1993). The low numbers of high-risk drinkers is partly a
result of the counseling provided regarding alcohol consump-
tion, a necessary ethical obligation to the participants during
pregnancy. Despite these limitations, differences in fatty acid
status were significantly associated with alcohol consumption
in the present study.

Decreased levels of DHA and AA in tissues of human
alcoholics has been observed and reviewed previously (Salem
and Olsson, 1997; Salem and Ward, 1993). Interpreting stud-
ies involving alcohol consumption and nutrient status is diffi-
cult (Lands et al., 1998). Briefly, increased alcohol intake is
associated with diets of poorer nutrient quality (Hillers and
Massey, 1985) and lower intakes of polyunsaturated fat
(Thomson et al., 1988). Plasma levels of DHA are associated
with dietary intake of n-3 PUFAs (Bjerve et al., 1993), and in
the present study, both dietary DHA and dietary AA were
positively correlated with their respective amounts in plasma
and erythrocytes (Tables 1 and 2, respectively).

In the present study, nutrient intakes, including specifically
DHA and AA intakes, were adjusted for energy intake by the
nutrient residual model (Willett and Stampfer, 1986) to con-
trol for over- and underreporting associated with food fre-
quency surveys (Livingstone and Black, 2003; Subar et al.,
2001). The adjusted mean macronutrient and fatty acid in-
takes showed no differences according to PROPDD-1 group-
ings, except for decreased 18:0 intake with more frequent
drinking (i.e., increased PROPDD-1; Table 5). Individual
fatty acid intakes were included as covariates in fatty acid
plasma and erythrocyte statistical analyses to control for pos-
sible dietary differences. As participant recruitment for the
present study was tightly defined (pregnant, inner-city black
women), the variability in lifestyle behaviors and demographic
characteristics was minimized (Tables 4). It is reasonable to
presume that there would be concomitantly low variability in
diet selection and frequency of intake of specific foods. There-
fore, in the present study, disparities in DHA and AA levels
with alcohol consumption are likely to be attributed to
alcohol-related differences in fatty acid metabolism and not
dietary intake. Nevertheless, the overall mean intake of DHA
in this population was low (71.2 � 5.2 mg/day), as compared
with 571 mg/day for Japanese women (Kuriki et al., 2003) and
160 mg/day for pregnant Canadian women (Innis and Elias,
2003). On the basis of stable isotope studies of 18-carbon
essential fatty acids in rhesus monkeys, it seems that alcohol
consumption does not decrease absorption of PUFAs (Pawlo-
sky and Salem, 1999).

The habitual drinkers in this study were significantly older,

Fig. 1. Influences of increasing AADD-0) and PROPDD-0 on plasma AA and
DHA. The Linear Mixed Modeling procedure was used with time and categories
of AADD-0 (low, �2; medium, 2–6; high, �6) and PROPDD-0 (abstainers, 0;
sporadic drinkers, �1; daily drinkers, 1) set as main effects and the correspond-
ing, adjusted fatty acid intake included as a covariate. Estimated marginal means
� SEM are presented to demonstrate the significant AADD-0 and PROPDD-0
interaction (AA, p � 0.010; DHA, p � 0.028) as there were no interactions with
time. The number of observations for each bar is as follows: abstainers � 190; for
PROPDD-0 �1, low � 225, medium � 275, and high � 49; for PROPDD-0 � 1,
low � 31, medium � 30, and high � 10. Bars with different alphabetic labels are
significantly different by Tukey’s HSD, p � 0.05.
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smoked more cigarettes, and had a significantly greater total
number of pregnancies and deliveries as compared with the
abstainers (Table 4). Plasma concentrations of DHA and AA
(cf., Tables 1 and 2) were negatively correlated with exposure
to tobacco smoke (� � �0.25 and �0.82, respectively) and

with total energy intake (� � �0.62 and �1.68, respectively)
and positively correlated with maternal age (� � 0.74 and
13.69, respectively) and BMI (� � 0.18 and 0.96, respectively).
The total number of pregnancies and/or deliveries was not
included in the multivariable model as they both were col-

Fig. 2. Selected PUFAs and effects of AADD-0 for participants who reported drinking daily at the time of conception from 24 weeks’ gestation to 3 months
postpartum. The Linear Mixed Modeling procedure was used with time and alcohol intake category set as main effects and the corresponding adjusted fatty acid intake
included as a covariate. Values presented are estimated marginal means � SEM. For low, medium, and high, respectively: n � 10, 11, and 5 at 24 weeks gestation;
n � 11, 9, and 3 at infant delivery; and n � 10, 10, and 2 at 3 months postpartum. Tukey’s HSD tests with significance set at p � 0.05 were used after a significant
F value. aSignificant main effect of time (p � 0.001) detected, with LA significantly lower at 3 months postpartum than at 24 weeks’ gestation across alcohol intakes.
bSignificant main effect of alcohol intake (p � 0.027) was detected with AA significantly lower with high intake than with medium intake across time. c, dSignificant main
effects of time (p � 0.001) and alcohol intake (p � 0.028) were detected with DPA n-6 significantly lower with high intake than with medium intake across time, and
DPA n-6 at 3 months postpartum was significantly lower than 24 weeks’ gestation and infant delivery across alcohol intakes. eSignificant main effect of time (p � 0.008)
detected, with alpha-linolenic acid (LNA) significantly lower at 3 months postpartum than at 24 weeks’ gestation across alcohol intakes. fSignificant main effect of time
(p � 0.001) detected, with EPA significantly higher at 3 months postpartum than at 24 weeks’ gestation and infant delivery across alcohol intakes. g, hSignificant main
effects of time (p � 0.001) and alcohol intake (p � 0.013) were detected with DHA significantly lower with high intake than with medium intake across time, and DHA
at 3 months postpartum was significantly lower than at 24 weeks’ gestation and at infant delivery across alcohol intakes.
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linear with age. Maternal DHA was positively correlated with
the total number of pregnancies and deliveries (r � 0.08, p �
0.031, and r � 0.09, p � 0.016, respectively). Parity had been
associated with decreased maternal DHA status (Hornstra et
al., 1995), but further investigation has demonstrated no sig-
nificant relationship (van den Ham et al., 2001). However, we
have reported previously increased DHA status in older
women with more pregnancies (Denkins et al., 2000).

The role of maternal DHA deficiency in infant alcohol-
related neurodevelopmental disorders remains to be eluci-
dated. Although it seems unlikely that maternal fatty acid
status is the primary determinant of the neurobehavioral and
cognitive deficits associated with FASD, the present study
suggests that mothers who are at the highest risk for infants
with FASD (i.e., frequent and heavy consumers of alcohol) do
have significantly reduced DHA and AA status. Infants with
low DHA intakes have decreased scores in problem-solving
tasks (Willatts et al., 1998) and cognitive tests (Agostoni et al.,
1995; Birch et al., 2000), and animals that are raised on
n-3–deficient diets have decreased brain DHA levels and
deficits in various neurobehavioral modalities, including spa-
tial task performance (Frances et al., 1996; Moriguchi et al.,
2000; Moriguchi and Salem, 2003; Nakashima et al., 1993;
Wainwright et al., 1998) and olfactory discrimination (Catalan
et al., 2002; Greiner et al., 2001), all problems associated with
prenatal alcohol exposure (Institute of Medicine, 1996). Rec-
ommendations and targeted education for pregnant drinking
women, including black women, to limit alcohol consumption
must continue. Including dietary advice for women who re-
ceive counseling for high-risk drinking during pregnancy and
programs that encourage prenatal vitamin and nutrient sup-
plementation that includes DHA and AA has the potential to
reduce the severity and the number of cases of alcohol-related
neurodevelopmental disorders.

REFERENCES

Agostoni C, Trojan S, Bellu R, Riva E, Giovannini M (1995) Neurode-
velopmental quotient of healthy term infants at 4 months and feeding
practice: the role of long-chain polyunsaturated fatty acids. Pediatr Res
38:262–266.

Al MD, van Houwelingen AC, Kester AD, Hasaart TH, de Jong AE, Horn-
stra G (1995) Maternal essential fatty acid patterns during normal preg-
nancy and their relationship to the neonatal essential fatty acid status. Br J
Nutr 74:55–68.

Birch EE, Garfield S, Hoffman DR, Uauy R, Birch DG (2000) A randomized
controlled trial of early dietary supply of long-chain polyunsaturated fatty
acids and mental development in term infants. Dev Med Child Neurol
42:174–181.

Bjerve KS, Brubakk AM, Fougner KJ, Johnsen H, Midthjell K, Vik T (1993)
Omega-3 fatty acids: essential fatty acids with important biological effects,
and serum phospholipid fatty acids as markers of dietary omega 3-fatty acid
intake. Am J Clin Nutr 57:801S–805S.

Bradley KA, Boyd-Wickizer J, Powell SH, Burman ML (1998) Alcohol
screening questionnaires in women: a critical review. JAMA 280:166–171.

Catalan J, Moriguchi T, Slotnick B, Murthy M, Greiner RS, Salem N Jr
(2002) Cognitive deficits in docosahexaenoic acid-deficient rats. Behav
Neurosci 116:1022–1031.

CDC (2002) From the Centers for Disease Control and Prevention. Fetal
alcohol syndrome—Alaska, Arizona, Colorado, and New York, 1995–1997.
JAMA 288:38–40.

Clandinin MT, Chappell JE, Leong S, Heim T, Swyer PR, Chance GW (1980)
Intrauterine fatty acid accretion rates in human brain: implications for fatty
acid requirements. Early Hum Dev 4:121–129.

Denkins YM, Woods J, Whitty JE, Hannigan JH, Martier SS, Sokol RJ,
Salem N Jr (2000) Effects of gestational alcohol exposure on the fatty acid
composition of umbilical cord serum in humans. Am J Clin Nutr 71:300S–
306S.

Dutta-Roy AK (2000) Transport mechanisms for long-chain polyunsaturated
fatty acids in the human placenta. Am J Clin Nutr 71:315S–322S.

Ernhart CB, Morrow-Tlucak M, Sokol RJ, Martier S (1988) Underreporting
of alcohol use in pregnancy. Alcohol Clin Exp Res 12:506–511.

Floyd RL, Sidhu JS (2004) Monitoring prenatal alcohol exposure. Am J Med
Genet 127C:3–9.

Folch J, Lees M, Stanley GHS (1957) A simple method for the isolation and
purification of total lipids from animal tissues. J Biol Chem 497–509.

Frances H, Coudereau JP, Sandouk P, Clement M, Monier C, Bourre JM
(1996) Influence of a dietary alpha-linolenic acid deficiency on learning in
the Morris water maze and on the effects of morphine. Eur J Pharmacol
298:217–225.

Greiner RS, Moriguchi T, Slotnick BM, Hutton A, Salem N Jr (2001)
Olfactory discrimination deficits in n-3 fatty acid-deficient rats. Physiol
Behav 72:379–385.

Haggarty P (2002) Placental regulation of fatty acid delivery and its effect on
fetal growth—a review. Placenta (Suppl A) 23:S28–S38.

Hannigan JH, Armant DR (2000) Alcohol in pregnancy and neonatal out-
come. Semin Neonatol 5:243–254.

Hibbeln JR (2002) Seafood consumption, the DHA content of mothers’ milk
and prevalence rates of postpartum depression: a cross-national, ecological
analysis. J Affect Disord 69:15–29.

Hillers VN, Massey LK (1985) Interrelationships of moderate and high
alcohol consumption with diet and health status. Am J Clin Nutr 41:356–
362.

Hollingshead AB (1971) Commentary on “the indiscriminate state of social
class measurement.” Social Forces 49:563–567.

Hornstra G, Al MD, van Houwelingen AC, Foreman-van Drongelen MM
(1995) Essential fatty acids in pregnancy and early human development.
Eur J Obstet Gynecol Reprod Biol 61:57–62.

Innis SM, Elias SL (2003) Intakes of essential n-6 and n-3 polyunsaturated
fatty acids among pregnant Canadian women. Am J Clin Nutr 77:473–478.

Institute of Medicine (1996) Fetal Alcohol Syndrome: Diagnosis, Epidemiology,
Prevention, and Treatment (Stratton K, Howe C, Battaglia F eds). National
Academy Press, Washington, DC.

Jacobson JL, Jacobson SW, Sokol RJ, Martier SS, Ager JW, Kaplan-Estrin
MG (1993) Teratogenic effects of alcohol on infant development. Alcohol
Clin Exp Res 17:174–183.

Jacobson SW, Jacobson JL, Sokol RJ, Martier SS, Ager JW, Kaplan MG
(1991) Maternal recall of alcohol, cocaine, and marijuana use during
pregnancy. Neurotoxicol Teratol 13:535–540.

Kuriki K, Nagaya T, Tokudome Y, Imaeda N, Fujiwara N, Sato J, Goto C,
Ikeda M, Maki S, Tajima K, Tokudome S (2003) Plasma Concentrations of
(n-3) highly unsaturated fatty acids are good biomarkers of relative dietary
fatty acid intakes: a cross-sectional study. J Nutr 133:3643–3650.

Lands WEM, Pawlosky RJ, Salem N Jr (1998) Alcoholism, antioxidant status,
and essential fatty acids, in Antioxidant Status, Diet, Nutrition, and Health
(Papas AM ed), pp 299–344. CRC Press, Boca Raton, FL.

Larque E, Demmelmair H, Koletzko B (2002) Perinatal supply and metab-
olism of long-chain polyunsaturated fatty acids: importance for the early
development of the nervous system. Ann NY Acad Sci 967:299–310.

Livingstone MB, Black AE (2003) Markers of the validity of reported energy
intake. J Nutr (Suppl 3) 133:895S–920S.

Ma X, Baraona E, Lieber CS (1993) Alcohol consumption enhances fatty acid
omega-oxidation, with a greater increase in male than in female rats.
Hepatology 18:1247–1253.

ALCOHOL CONSUMPTION AND FATTY ACID STATUS DURING PREGNANCY 139



Makrides M, Gibson RA (2000) Long-chain polyunsaturated fatty acid re-
quirements during pregnancy and lactation. Am J Clin Nutr 71:307S–311S.

Marangoni F, Agostoni C, Lammardo AM, Bonvissuto M, Giovannini M,
Galli C, Riva E (2002) Polyunsaturated fatty acids in maternal plasma and
in breast milk. Prostaglandins Leukot Essent Fatty Acids 66:535–540.

Meagher EA, Barry OP, Burke A, Lucey MR, Lawson JA, Rokach J,
FitzGerald GA (1999) Alcohol-induced generation of lipid peroxidation
products in humans. J Clin Invest 104:805–813.

Michaelis EK (1990) Fetal alcohol exposure: cellular toxicity and molecular
events involved in toxicity. Alcohol Clin Exp Res 14:819–826.

Moriguchi T, Greiner RS, Salem N Jr (2000) Behavioral deficits associated
with dietary induction of decreased brain docosahexaenoic acid concentra-
tion. J Neurochem 75:2563–2573.

Moriguchi T, Salem N Jr (2003) Recovery of brain docosahexaenoate leads to
recovery of spatial task performance. J Neurochem 87:297–309.

Morrison WR, Smith LM (1964) Preparation of fatty acid methyl esters and
dimethylacetals from lipids with boron fluoride-methanol. J Lipid Res
5:600–608.

Nakamura MT, Tang AB, Villanueva J, Halsted CH, Phinney SD (1994)
Selective reduction of delta 6 and delta 5 desaturase activities but not delta
9 desaturase in micropigs chronically fed ethanol. J Clin Invest 93:450–454.

Nakashima Y, Yuasa S, Hukamizu Y, Okuyama H, Ohhara T, Kameyama T,
Nabeshima T (1993) Effect of a high linoleate and a high alpha-linolenate
diet on general behavior and drug sensitivity in mice. J Lipid Res 34:239–
247.

Narce M, Poisson JP, Bellenger J, Bellenger S (2001) Effect of ethanol on
polyunsaturated fatty acid biosynthesis in hepatocytes from spontaneously
hypertensive rats. Alcohol Clin Exp Res 25:1231–1237.

Nervi AM, Peluffo RO, Brenner RR, Leikin AI (1980) Effect of ethanol
administration on fatty acid desaturation. Lipids 15:263–268.

O’Brien JS, Sampson EL (1965) Fatty acid and fatty aldehyde composition of
the major brain lipids in normal human gray matter, white matter, and
myelin. J Lipid Res 6:545–551.

O’Connor MJ, Whaley SE (2003) Alcohol use in pregnant low-income
women. J Stud Alcohol 64:773–783.

Olsen SF, Secher NJ (2002) Low consumption of seafood in early pregnancy
as a risk factor for preterm delivery: prospective cohort study. BMJ 324:
447.

Otto SJ, de Groot RH, Hornstra G (2003) Increased risk of postpartum
depressive symptoms is associated with slower normalization after preg-
nancy of the functional docosahexaenoic acid status. Prostaglandins Leukot
Essent Fatty Acids 69:237–243.

Otto SJ, van Houwelingen AC, Badart-Smook A, Hornstra G (2001a)
Changes in the maternal essential fatty acid profile during early pregnancy
and the relation of the profile to diet. Am J Clin Nutr 73:302–307.

Otto SJ, van Houwelingen AC, Badart-Smook A, Hornstra G (2001b) Com-
parison of the peripartum and postpartum phospholipid polyunsaturated
fatty acid profiles of lactating and nonlactating women. Am J Clin Nutr
73:1074–1079.

Pawlosky RJ, Flynn BM, Salem N Jr (1997) The effects of low dietary levels
of polyunsaturates on alcohol-induced liver disease in rhesus monkeys.
Hepatology 26:1386–1392.

Pawlosky RJ, Salem N Jr (1995) Ethanol exposure causes a decrease in
docosahexaenoic acid and an increase in docosapentaenoic acid in feline
brains and retinas. Am J Clin Nutr 61:1284–1289.

Pawlosky RJ, Salem N Jr (1999) Alcohol consumption in rhesus monkeys
depletes tissues of polyunsaturated fatty acids and alters essential fatty acid
metabolism. Alcohol Clin Exp Res 23:311–317.

Randall CL, Ekblad U, Anton RF (1990) Perspectives on the pathophysiol-
ogy of fetal alcohol syndrome. Alcohol Clin Exp Res 14:807–812.

Reed CF, Swisher SN, Marinetti GV, Eden EG (1960) Studies of the lipids of
the erythrocyte. I. Quantitative analysis of the lipids of normal human red
blood cells. J Lab Clin Med 56:281–289.

Russell M, Martier SS, Sokol RJ, Mudar P, Jacobson S, Jacobson J (1996)
Detecting risk drinking during pregnancy: a comparison of four screening
questionnaires. Am J Public Health 86:1435–1439.

Salem N Jr (1989) Alcohol, fatty acids, and diet. Alcohol Health Res World
13:211–218.

Salem N Jr, Karanian JW (1988) Polyunsaturated fatty acids and ethanol.
Adv Alcohol Subst Abuse 7:183–197.

Salem N Jr, Litman B, Kim HY, Gawrisch K (2001) Mechanisms of action of
docosahexaenoic acid in the nervous system. Lipids 36:945–959.

Salem N Jr, Olsson NU (1997) Abnormalities in essential fatty acid status in
alcoholism, in Handbook of Essential Fatty Acid Biology: Biochemistry,
Physiology, and Behavioral Neurobiology (Yehuda S, Mostofsky DI eds), pp
67–87. Humana Press, Totowa, NJ.

Salem N Jr, Reyzer M, Karanian J (1996) Losses of arachidonic acid in rat
liver after alcohol inhalation. Lipids (Suppl) 31:S153–S156.

Salem N Jr, Ward G (1993) The effects of ethanol on polyunsaturated fatty
acid composition, in Alcohol, Cell Membranes, and Signal Transduction in
Brain (Alling C, Sun S eds), pp 33–46. Plenum Press, New York.

Sampson PD, Streissguth AP, Bookstein FL, Little RE, Clarren SK, Dehaene
P, Hanson JW, Graham JM Jr (1997) Incidence of fetal alcohol syndrome
and prevalence of alcohol-related neurodevelopmental disorder. Teratol-
ogy 56:317–326.

Schenker S, Becker HC, Randall CL, Phillips DK, Baskin GS, Henderson GI
(1990) Fetal alcohol syndrome: current status of pathogenesis. Alcohol
Clin Exp Res 14:635–647.

Sokol RJ, Delaney-Black V, Nordstrom B (2003) Fetal alcohol spectrum
disorder. JAMA 290:2996–2999.

Stark KD, Beblo S, Murthy M, Buda-Abela M, Janisse J, Rockett H, Whitty
JE, Martier SS, Sokol RJ, Hannigan JH, Salem N, Jr. (2004) Comparison
of plasma and erythrocyte total fatty acid composition from African-
American women at 24 weeks gestation, infant delivery and 3 months
postpartum. J Lipid Res, published December 16, 2004, doi:10.1194/
jlr.M400394-JLR200.

Stark KD, Pawlosky RJ, Beblo S, Murthy M, Sokol RJ, Whitty JE, Buda-
Abela M, Janisse J, Rockett H, Hannigan JH, Salem N, Jr. (2005) Post folic
acid fortification of food on plasma folate status in pregnant African-
American women and the influences of diet, smoking and alcohol con-
sumption. Am J Clin Nutr, in press.

Subar AF, Thompson FE, Kipnis V, Midthune D, Hurwitz P, McNutt S,
McIntosh A, Rosenfeld S (2001) Comparative validation of the Block,
Willett, and National Cancer Institute food frequency questionnaires: the
Eating at America’s Table Study. Am J Epidemiol 154:1089–1099.

Suitor CJ, Gardner J, Willett WC (1989) A comparison of food frequency and
diet recall methods in studies of nutrient intake of low-income pregnant
women. J Am Diet Assoc 89:1786–1794.

Thomson M, Fulton M, Elton RA, Brown S, Wood DA, Oliver MF (1988)
Alcohol consumption and nutrient intake in middle-aged Scottish men.
Am J Clin Nutr 47:139–145.

Uauy R, Hoffman DR, Mena P, Llanos A, Birch EE (2003) Term infant
studies of DHA and ARA supplementation on neurodevelopment: results
of randomized controlled trials. J Pediatr 143:S17–S25.

van den Ham EC, van Houwelingen AC, Hornstra G (2001) Evaluation of the
relation between n-3 and n-6 fatty acid status and parity in nonpregnant
women from the Netherlands. Am J Clin Nutr 73:622–627.

Wainwright PE, Xing HC, Girard T, Parker L, Ward GR (1998) Effects of
dietary n-3 fatty acid deficiency on Morris water-maze performance and
amphetamine-induced conditioned place preference in rats. Nutr Neurosci
1:281–293.

Wang DL, Reitz RC (1983) Ethanol ingestion and polyunsaturated fatty
acids: effects on the acyl-CoA desaturases. Alcohol Clin Exp Res 7:220–
226.

Wijendran V, Bendel RB, Couch SC, Philipson EH, Thomsen K, Zhang X,
Lammi-Keefe CJ (1999) Maternal plasma phospholipid polyunsaturated
fatty acids in pregnancy with and without gestational diabetes mellitus:
relations with maternal factors. Am J Clin Nutr 70:53–61.

Willatts P, Forsyth JS, DiModugno MK, Varma S, Colvin M (1998) Effect of
long-chain polyunsaturated fatty acids in infant formula on problem solving
at 10 months of age. Lancet 352:688–691.

Willett W, Stampfer MJ (1986) Total energy intake: implications for epide-
miologic analyses. Am J Epidemiol 124:17–27.

140 STARK ET AL.


