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Abstract

Purpose—Estimate whether low to moderate prenatal alcohol exposure is associated with 

selected birth outcomes.

Methods—Low to moderate prenatal alcohol drinking and effects on low birth weight, preterm 

delivery, intrauterine growth restriction (IUGR), and selected neonatal outcomes were evaluated 

among 4,496 women and singleton infants. Odds ratios (OR) and 95% confidence intervals (CI) 

were calculated using multivariable logistic regression, controlling for confounding variables.

Results—Early pregnancy drinking was associated with reduced odds of low birth weight, OR 

0.66 (95% CI 0.46, 0.96) and birth length < 10th percentile, OR 0.74 (95% CI 0.56, 0.97). 

Drinking during the first 3 months showed lower odds for birth length and head circumference < 
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10th percentile, OR 0.56 (95% CI 0.36, 0.87) and OR 0.69 (95% CI 0.50, 0.96), respectively. Third 

trimester drinking was associated with lower odds for low birth weight, OR 0.56 (95% CI 0.34, 

0.94) and preterm delivery, OR 0.60 (95% CI 0.42, 0.87).

Conclusions—Our results suggest low to moderate alcohol exposure during early and late 

gestation is not associated with increased risk of low birth weight, preterm delivery, IUGR and 

most selected perinatal outcomes.
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Introduction

Alcohol use during pregnancy has historically been associated with a range of negative birth 

outcomes and developmental effects that include fetal alcohol syndrome (FAS), alcohol 

related birth defects (ARBD) and alcohol related neurodevelopmental disorders (ARND) [1, 

2], often characterized at birth by facial dysmorphology, poor growth, and neurologic 

functional and structural abnormalities, including reduced head circumference [3]. While 

epidemiological research has delineated adverse effects of heavy or chronic drinking on the 

fetus, reported effects of low to moderate prenatal alcohol which represents the majority of 

exposures, are inconsistent. Previous studies have documented increased risks between 

alcohol and infertility [4], miscarriage [5], stillbirth and infant mortality [6, 7], congenital 

anomalies [8], low birth weight [9], reduced gestational age [10], preterm delivery [11], and 

intrauterine growth restriction (IUGR) or small-for-gestational age (SGA) [8, 12, 13], but at 

relatively higher consumption levels. Conversely, other research demonstrated no increase 

in risk from light to moderate alcohol consumption for selected perinatal or developmental 

outcomes [14–18], and several studies have reported reductions in risk of adverse pregnancy 

outcomes, including a curvilinear effect for increasing levels of prenatal alcohol exposure 

[9, 19–21]. A systematic review of low to moderate prenatal drinking reported lacking 

evidence of increased risk for selected birth outcomes including IUGR, prematurity, birth 

weight, and malformations [22] yet results overall were inconclusive.

Methodological difficulties related to study design, including retrospective exposure 

assessment, potential exposure misclassification, and inadequate control for potential 

confounders have resulted in limited high-quality analyses of low to moderate prenatal 

alcohol drinking. The current study is a prospective investigation of alcohol use during 

pregnancy and IUGR, low birth weight, preterm delivery, and other selected neonatal 

outcomes among a cohort of 4,496 women and their newborns.

Materials and Methods

Sample

The study population included women enrolled in two related and almost concurrent 

prospective longitudinal cohorts: one examining prenatal caffeine exposure and the other 

investigating asthma in pregnancy; see Figure 1. Pregnant women were recruited from 56 

obstetric practices and 15 clinics associated with six hospitals in Connecticut and 
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Massachusetts during the period of September 1996 to June 2000. Study design for each 

cohort was similar with respect to methodology, timing and content of structured interviews 

[23, 24]. The final sample was restricted to singleton live births, yielding a total study 

sample of N=4,496 for the current analyses.

All women completed a baseline interview prior to 24 weeks gestation. Information was 

collected on multiple risk factors through the pregnancy, including comprehensive maternal 

characteristics and potential confounding variables. Detailed pregnancy history was 

collected, including pre-existing medical conditions. The postpartum interview was 

conducted following delivery, typically in the hospital during the postpartum stay or within 

1 month of delivery. Medical records for both the mother and infant were reviewed to 

collect detailed information related to labor and delivery, selected medical risk factors and 

potential confounders.

Exposure ascertainment

Alcohol consumption information was collected for specific months of pregnancy during 

two study visits: baseline prenatal interview and postpartum interview. In the baseline 

prenatal interview, participants were asked in detail about alcohol use during months 1–3 of 

gestation, in addition to any alcohol exposure up to the baseline interview; median 

gestational age at baseline interview was 14 weeks (range 6–24 weeks). During the 

postpartum interview an assessment of drinking was completed for gestational month 7 and 

the third trimester. Second trimester alcohol use was not assessed. For each beverage type 

(wine, beer, liquor), women were asked how often they drank alcohol and how many drinks 

they consumed during the specific time period. Using a previously established algorithm 

[25], alcohol content values for each beverage were summed for a total exposure score 

expressed as daily ounces of absolute alcohol (oz AA/day) for each month/trimester. 

Drinking levels were categorized as: abstinent, <0.1 oz AA/day, 0.1<0.25 oz/AA day, 

0.25<0.50 oz AA/day, 0.50<1.0 oz AA/day, and ≥1.0 oz AA/day. It is estimated that 0.5 oz 

(14g) AA/day is approximately equal to 1 standard drink; therefore, alcohol exposure 

categories correspond approximately to: 0 drinks, <1.5 drinks/week, 1.5<3.5 drinks/week, 

3.5<7 drinks/week, 7<14 drinks/week, and 14+ drinks/week. First trimester exposure was 

categorized into: abstinent, drinking in month 1 only (with no subsequent drinking in 

months 2 or 3), and other alcohol exposure during months 1–3. Binge drinking was 

classified as consuming 4+ drinks at one time [26].

Outcomes of interest

Birth weight obtained from the delivery log was used to categorize infants considered low 

birth weight (<2,500 g). Gestational age was based on last menstrual period (LMP) or an 

ultrasound estimate if LMP was uncertain or inaccurate: 55.3% were confirmed by early 

ultrasound, 37.2% based on LMP, and 7.5% based on a newborn clinical exam. Preterm 

delivery was defined as <37 weeks. IUGR was classified as <10th percentile of birth weight 

for gestational age according to 1999 US birth standards [27], adjusted for gender and 

mother’s ethnicity. Birth length and head circumference were analyzed as continuous 

outcomes using the lowest 10th percentile according to Centers for Disease Control and 

Prevention (CDC) standards [28] to define low birth length and reduced head circumference. 
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Additional clinical outcomes included: major selected congenital malformations [29]; Apgar 

score <7 at 1 and 5 minutes; ventilation (including need for continuous positive airway 

pressure, CPAP); placement in the neonatal intensive care unit, NICU (observation or 

admission); and neonatal jaundice.

Potential Confounding Variables

Demographic covariates included maternal age, ethnicity, marital status, education, parity, 

and employment. Smoking, caffeine intake, prenatal and multivitamin use, passive smoke 

exposure, illicit drug use prior to conception, pre-pregnancy body mass index, work, and 

exercise before and during pregnancy were also evaluated. Obstetric and medical variables 

assessed included hypertension, preterm labor, bleeding during pregnancy, placental 

problems, gestational diabetes, incompetent cervix, respiratory disease, maternal asthma, 

induction or augmentation of labor, and infant gender.

Statistical Analysis

Analysis focused on patterns of drinking throughout pregnancy in first and third trimesters. 

Bivariate analyses were performed for selected maternal characteristics and alcohol 

exposure compared to primary dichotomous outcomes of interest using the χ² statistic. 

Multivariable analysis of prenatal alcohol exposure and birth outcomes was performed using 

logistic regression modeling in PC-SAS 9.3 (SAS Institute, Cary, NC). Odds ratio (OR) 

estimates for alcohol exposure were obtained for each assessment period and each outcome 

of interest. Models were developed using multiple logistic regression with backwards 

selection at α=0.10 level of significance, including the exposure of interest, potential 

confounders, and independent risk factors. Final models included the selected measure of 

alcohol exposure, indicator variable for study cohort, as well as confounding variables that 

changed alcohol β estimates more than 10%. Continuous outcomes were analyzed using 

generalized linear modeling and backwards selection at α=0.10 level of significance, with 

transformation of the response variable using log base 10 to account for lack of normal 

distribution.

Protocols for both investigations were approved by the Human Investigations Committee at 

Yale University and all participating institutions. Written or oral consent was obtained from 

each participant per the guidelines of the local human investigations committee.

Results

Maternal alcohol exposure was most prevalent during the first month of pregnancy (29%), 

and declined in the second and third months to 9% and 7%, respectively; median exposure 

among women who drank during months 1, 2, and 3 was 0.07oz AA/day (about 1 drink/

week), 0.03oz AA/day (slightly less half a drink/week), and 0.02oz AA/day (slightly less 

than one-third of a drink/week), respectively. Alcohol consumption demonstrated a 

curvilinear pattern, becoming less frequent following recognition of pregnancy, and then 

modestly increasing through the third trimester, to 11% in month 7 (median consumption of 

0.02oz AA/day among drinkers, slightly less than one-third of a drink/week) and reaching 

27% with any alcohol exposure during the third trimester.
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Selected maternal characteristics and first gestational month alcohol exposure are presented 

in Table 1. Women drinking in month 1 of pregnancy were more likely to be nulliparous, 

over age 25, Caucasian, married, normal pre-pregnancy body mass index (BMI) (18.5–24.9), 

and completed higher education. A strong relationship is shown between caffeine (mg/day) 

and alcohol consumption in month 1. Similarly, women smoking during pregnancy were 

more likely to be drinking alcohol compared to non-smokers. Women who exercise, work 

and take multivitamins are more likely to have consumed alcohol in month 1. Additional 

associated maternal variables are presented in Supplemental Table 1.

The association between maternal characteristics and birth weight, preterm delivery, and 

IUGR are presented in Table 2. Among the study cohort, 4.7% of infants were low birth 

weight, 6.9% were delivered preterm, and 7.9% were diagnosed with IUGR. Risks of low 

birth weight, preterm delivery and IUGR were increased among women who were 

nulliparous, under age 25, with less than high school education, and smoked during 

pregnancy; married and Caucasian women had decreased risk for these birth outcomes. 

Women who were underweight (pre-pregnancy BMI <18.5) or reported caffeine 

consumption, were at increased risk for low birth weight, preterm delivery and IUGR, while 

exercise decreased the risk of low birth weight, and early prenatal vitamin use decreased the 

risk of each outcome. Additional associations are presented in Supplemental Table 2.

Analyses to estimate the effect for early pregnancy drinking and birth outcomes are 

presented in Table 3. Alcohol consumption among low to moderate drinkers in month 1, 

evaluated as discrete levels of daily drinking (oz AA/day), does not confer any increased 

risk compared to the non-drinking group. For first trimester exposure, drinking in month 1 

only had a significantly lower odds for low birth weight, odds ratio (OR) 0.63 (95% 

confidence interval (CI) 0.43, 0.94). Tests for trend across level of drinking and low birth 

weight were statistically significant for month 1 drinking (P=0.03) and first trimester 

drinking (P=0.007). Low to moderate prenatal drinking up to the baseline interview was 

associated with significantly reduced odds of low birth weight, OR 0.58 (95% CI 0.42, 

0.80). Low to moderate drinking in early pregnancy was not associated with preterm 

delivery or IUGR.

Following multivariable analysis, no increased risk from low to moderate levels of alcohol 

drinking in the first trimester on selected birth outcomes was observed. Month 1 estimates 

for levels ≥0.10 oz AA/day were stronger after adjustment, and early pregnancy drinking 

showed a significant, yet attenuated, odds for low birth weight, OR 0.66 (95% CI 0.46, 

0.96). Estimates do not demonstrate any increase in risk for preterm delivery or IUGR.

Third trimester drinking estimates were modeled to determine any differences in risk based 

on timing of alcohol exposure (Table 4). Due to small cell numbers, analysis was limited to 

evaluation of alcohol as a bivariate exposure: mothers who abstained or drank. Drinking in 

month 7 demonstrated significant reduced odds of low birth weight; following multivariate 

adjustment, the estimate is attenuated and non-significant. Third trimester drinking was 

associated with a significant reduction in odds of low birth weight, and was statistically 

significant following multivariate adjustment, OR 0.56 (95% CI 0.34, 0.94). Month 7 

drinking did not appear to be associated with preterm delivery and adjusted estimates for 
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third trimester drinking showed a decreased risk with preterm delivery, OR 0.60 (95% CI 

0.42, 0.87). No increased risk of IUGR is observed for month 7 or third trimester drinking.

Table 5 presents adjusted odds ratio estimates for early pregnancy alcohol use and selected 

neonatal outcomes. Following multivariable analysis, alcohol exposure was not associated 

with a significant increased risk for major congenital malformations, Apgar score <7 at 5 

minutes, admission or observation in the NICU, or jaundice. In addition, low to moderate 

drinking was not associated with an increased risk for reduced head circumference or 

reduced birth length, markers often associated with fetal alcohol spectrum disorders. 

However, month 1 drinking at ≥0.25 oz AA/day was associated with an increased risk of 

need for ventilation, OR 2.10 (95% CI 1.16–3.79). Analysis of neonatal ventilation and 

month 1 drinking stratified into higher drinking levels demonstrated that while drinking 

0.25<0.50oz AA/day showed a significantly increased risk, estimates for higher levels 

(0.50<1.00 oz AA/day and ≥1.00 oz AA/day) were attenuated and not significant. Apgar 

score <7 at 5 minutes, as well as 1 minute Apgar (not presented) show similar but 

statistically nonsignificant increases. First trimester drinking in months 1–3 or drinking ever 

in early pregnancy was associated with reduced risk of short birth length, OR 0.56 (95% CI 

0.36–0.87) and OR 0.74 (95% CI 0.56–0.97), respectively. Lower odds ratio estimates were 

observed for drinking in months 1–3 and small head circumference, OR 0.69 (95% CI 0.50–

0.96). Analysis of continuous outcomes demonstrated longer infant birth length among those 

women drinking in the first 3 months than among those who were abstinent, 20.3cm vs. 

20.1cm (β=0.0031; p=0.02); newborns of women who consumed 0.10<0.25 oz AA/day in 

month 1 had mean head circumference of 34.04cm compared to 33.77cm among those who 

were abstinent (β=0.0034; p=0.03); see Supplemental Table 3.

Binge drinking was also analyzed in this cohort. During month 1, 139 women (3%) reported 

drinking 4+ servings on one occasion, and 159 (3.5%) reporting binge drinking during the 

first trimester. Adjusted models for binge drinking in the first trimester, while imprecise, did 

not suggest an increased risk for low birth weight, OR=0.64 (0.24, 1.69), preterm delivery, 

OR=0.55 (0.22, 1.38), or IUGR, OR=0.75 (0.39, 1.44) compared to non-drinkers.

Discussion

Our findings provide no support for an increased risk for low birth weight, preterm delivery, 

IUGR, and selected birth outcomes, consistent with earlier studies of low to moderate 

alcohol exposure [14, 16, 17, 30] and a systematic review of low to moderate drinking [22]. 

Similar to a previous meta-analysis of low to moderate prenatal drinking and malformations 

[30] we did not observe an increase in the risk for major congenital malformations. Risk for 

reduced birth length, reduced head circumference, and lower Apgar scores was not increased 

with low to moderate drinking in this cohort, consistent with an earlier analysis [17]. 

Previous studies have also reported significant reductions in risk of preterm delivery, low 

birth weight, and IUGR with low to moderate prenatal drinking and a curvilinear effect [19–

21]. In the current analysis, significant reductions in risk were observed for low birth weight, 

head circumference <10th percentile, and birth length <10th percentile with low to moderate 

drinking. While an increased risk for neonatal ventilation was observed, stratified analysis of 

drinking levels ≥0.50 did not demonstrate a dose-response effect. Whether this is a real 
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association or owed to multiple comparisons is unclear. Previous report of an increased risk 

for jaundice with maternal drinking [31] was not observed in our analysis; while rates of 

jaundice in our cohort were lower than some literature reports [32], almost one-third of the 

newborns were jaundiced overall. Earlier investigation using record linkage data 

demonstrated increased newborn care admission among infants born to mothers with 

alcohol-related diagnoses, however this represented a high-risk group [33]. We observed no 

significant increase in NICU admission with low to moderate prenatal alcohol exposure.

Comprehensive analysis of alcohol exposure throughout the first and third trimesters of 

pregnancy is a major strength of this study. Alcohol exposure was assessed in the first 

trimester prospective to birth outcomes, avoiding potential recall bias. Second trimester 

exposure was not assessed but is unlikely to have deviated in a meaningful way from the 

first and third trimester assessments. Third trimester exposures were measured 

retrospectively but concordance of results across trimesters suggests that recall bias was not 

a major factor in third trimester reporting. Exposure assessment was objectively quantified, 

included alcohol type, frequency, and volume, from which a validated alcohol score could 

be constructed to determine daily absolute alcohol exposure [25]. In addition, we adjusted 

for numerous potential confounders, collected primarily during prospective interviews.

There are several study limitations. The cohort was primarily of women reporting lower 

levels of drinking during pregnancy, precluding evaluation of risk estimates for higher levels 

of drinking. However, analysis of this cohort is important as it permits interpretation of 

effects attributable to more typical levels of low to moderate alcohol exposure among 

women of childbearing age. The cohort included a diverse population of urban and suburban 

pregnant women from hospital clinics, community clinics, and private obstetrical offices, 

supporting the generalizability of findings. Underreporting is a concern in studies involving 

maternal alcohol exposure [34]; however 29% of women in this cohort reported some 

alcohol exposure in month 1 which does not suggest underreporting, and exposure was 

lower in months 2 (9%) and 3 (7%), reflective of drinking patterns prior to and following 

pregnancy recognition. Prospective ascertainment of maternal drinking, including beverage 

type, frequency, and amount, may improve validity of self-reported drinking [35, 36]; with 

the current cohort, we assessed alcohol exposure both prospectively and by beverage type, 

frequency and amount. Cohort follow-up continued until immediately postpartum, thus 

evaluation of neurodevelopmental and pediatric outcomes previously reported [18, 37, 38] 

was not performed.

Different standards used to define IUGR make it difficult to draw comparisons across 

existing studies of prenatal drinking and fetal growth restriction. We constructed the most 

widely used formulation: the lowest 10th percentile of birth weight for gestational age, and 

did so according to the 1999 US birth standards [27], aligning with cohort recruitment from 

1997–2001; percentiles were further adjusted for gender and ethnicity to refine population 

standards. CDC standards (2000) establishing the lowest 10th percentile of birth length and 

head circumference [28] were appropriate for the study period. While the potential for 

misclassification exists, further multivariable analysis of birth length and head 

circumference as a continuous outcome confirmed no risk increase with low to moderate 

Lundsberg et al. Page 7

Ann Epidemiol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



levels of prenatal alcohol. Additional adjustment for gestational age within these models did 

not materially affect risk estimates.

We also performed a sensitivity analysis for first trimester drinking and alcohol exposure up 

to the baseline interview, to account for participants entering the study at different weeks 

during early gestation. This analysis excluded those who completed the baseline interview 

less than 9 weeks gestation and therefore could not provide exposure information for month 

3. Both unadjusted and adjusted odds ratio estimates were similar in magnitude and 

statistical significance was unchanged for all outcomes.

Reported lower odds ratio estimates may be attributable to a “healthy lifestyle” effect where 

low levels of drinking are associated with specific lifestyles or behaviors. We observed that 

low to moderate drinkers in month 1 were significantly more likely to consume 

multivitamins and prenatal vitamins during the first trimester, work, exercise, and have 

normal pre-pregnancy BMI. Women may abstain from alcohol for medical reasons (which 

could increase risk); however, our analysis evaluated potential confounders in detail, 

including maternal medical history and obstetrical factors. While the observed effect may be 

due to unmeasured confounders, they would need to be protective and independent of 

variables included in our multivariable models. Effects due to beverage type have been of 

interest; previous analysis of supermarket transactions found an association between wine 

and healthier food purchases [39]. Among the current cohort, wine was the predominant 

source of alcohol, consumed by 68% of women drinking in month 1. Multivariable 

modeling for beverage type did not demonstrate a significant increase in risk for low birth 

weight, IUGR, or preterm delivery.

Specific birth outcomes investigated in this analysis, including IUGR, birth length, and 

reduced head circumference can be hallmark features of FAS. We found no association of 

low to moderate alcohol with these outcomes. Evaluation of infant medical records 

identified two newborns with ICD-9 diagnostic code 760.7, defined as “Noxious influences 

affecting fetus or newborn via placenta or breast milk.” One had no adverse birth outcomes 

and exposure to 0.25<0.50oz AA/day (approximately 3.5 to 7 drinks per week) in the first 

trimester; the other newborn had IUGR, with head circumference and birth length below the 

10th percentile, yet no first trimester alcohol exposure. However, due to lack of systematic 

evaluation of specific structural features and longitudinal follow-up to assess cognitive, 

motor and neurological functioning, we were not able to specifically evaluate FAS or 

ARND in this cohort.

Conclusions

National and international guidelines advise women to abstain from drinking during 

pregnancy [40–43]. As lower level drinking represents a more prevalent exposure among 

pregnant women especially before pregnancy recognition, scientific research regarding 

lower level exposures is a priority; yet published study findings remain inconsistent and 

qualitatively varied. This study adds to accumulating evidence regarding a lack of increased 

risk from low to moderate maternal alcohol consumption during pregnancy, selected 

perinatal outcomes and measures of fetal growth.
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Figure 1. 
Number of subjects approached, screened, and enrolled into the total cohort. Low to 

moderate alcohol use in pregnancy and birth outcomes: Connecticut/Massachusetts, 1996–

2000.
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