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Abstract

Background: To explore women'’s alcohol consumption in pregnancy, and potential predictors of alcohol
consumption in pregnancy including: demographic characteristics; and women’s knowledge and attitudes
regarding alcohol consumption in pregnancy and its effects on the fetus.

Methods: We conducted a national cross-sectional survey via computer assisted telephone interview of 1103
Australian women aged 18 to 45 years. Participants were randomly selected from the Electronic White Pages.
Pregnant women were not eligible to participate. Quotas were set for age groups and a minimum of 100
participants per state to ensure a national sample reflecting the population. The questionnaire was based on a
Health Canada survey with additional questions constructed by the investigators. Descriptive statistics were
calculated and logistic regression analyses were used to assess associations of alcohol consumption in pregnancy
with participants’ characteristics, knowledge and attitudes.

Results: The majority of women (89.4%) had consumed alcohol in the last 12 months. During their last pregnancy
(n = 700), 34.1% drank alcohol. When asked what they would do if planning a pregnancy (n = 1103), 31.6% said
they would consume alcohol and 4.8% would smoke. Intention to consume alcohol in a future pregnancy was
associated with: alcohol use in the last pregnancy (adjusted OR (aOR) 43.9; 95% Confidence Interval (Cl) 27.0 to
71.4), neutral or positive attitudes towards alcohol use in pregnancy (@OR 5.1; 95% Cl 3.6 to 7.1); intention to smoke
in a future pregnancy (aOR 4.7; 95% Cl 2.5 to 9.0); and more frequent and higher current alcohol consumption.

Conclusions: Women'’s past pregnancy and current drinking behaviour, and attitudes to alcohol use in pregnancy
were the strongest predictors of alcohol consumption in pregnancy. Targeted interventions for women at higher
risk of alcohol consumption in pregnancy are needed to change women'’s risk perception and behaviour.

Background

Alcohol is teratogenic and alcohol consumption during
pregnancy may lead to growth restriction, birth defects,
and structural and/or functional problems of the central
nervous system in the exposed fetus [1,2]. Alcohol con-
sumption during pregnancy is also associated with poor
pregnancy outcomes such as miscarriage and premature
labour [3]. Fetal Alcohol Spectrum Disorders (FASD) is the
umbrella term for the range of diagnoses which may result
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in a fetus who has been exposed to alcohol during preg-
nancy. These diagnoses include Fetal Alcohol Syndrome,
Alcohol Related Neurodevelopmental Disorder and Alco-
hol Related Birth Defects. FASD are potentially preventable
causes of lifelong physical and mental disabilities [4].
Although reported rates of alcohol use among young
women vary, the majority of young women in many coun-
tries consume alcohol. For example, 57.1% of women aged
18 to 25 years in the USA report current drinking [5], as
do 86.7% of 20 to 29 year old Australian women [6], 87.3%
of 20 to 24 year old Canadian women [7] and 79% of 16 to
24 year old UK women [8]. Variations in reported rates
may be due to cultural factors and differences in
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methodology. Young women frequently report binge, risky
and hazardous alcohol consumption [9-11]. Alcohol use
can influence young women’s sexual behaviour and is
associated with risk of unplanned pregnancy [12,13], and
46% of pregnancies in Australian women have been
reported to be unplanned [14]. Moreover, many women
do not recognise pregnancy until the fourth to sixth week
of gestation and in one study of pregnant women, up to
60% of women who drank alcohol in the periconception
period did not know they were pregnant at four weeks’
gestation [15]. Consequently, unintended fetal alcohol
exposure is common.

In an Australian study, more than half the women
reported drinking alcohol in at least one trimester of preg-
nancy [14]. In a large US study, one third of neonates had
been exposed to alcohol during the pregnancy [16]. Some
risk factors for alcohol consumption in the periconception
period or pregnancy have been identified including
increased maternal age[15], higher maternal education
level [15-17], and maternal smoking [16-18]. In most stu-
dies of predictors of alcohol consumption in pregnancy,
demographic characteristics have been examined. How-
ever, knowledge and attitudes are important influences of
behaviour [19,20].

In order to design effective interventions to prevent fetal
alcohol exposure and hence Fetal Alcohol Spectrum Disor-
ders, we need to understand the potential influences on
women’s alcohol consumption during pregnancy and iden-
tify women who may be at higher risk and require targeted
interventions. To address this gap, we analysed data from a
cross-sectional national survey of women of child bearing
age with regards to their previous alcohol consumption in
pregnancy and intended consumption in a future preg-
nancy. We explored the associations between women’s
alcohol consumption and their demographic characteris-
tics, and their knowledge and attitudes regarding alcohol
use in pregnancy and its effects on the fetus.

Methods

Participants

A sample size of 1100 Australian women aged 18 to 45
years was set, with quotas to reflect the age distribution of
Australian women in the 18 to 45 year age group in
2003 [21] and a minimum of 100 respondents from each
state. A computer-generated random national sample was
selected from the Electronic White Pages. To comply with
the Ethics Committee’s recommendation that the topic
might generate anxiety, pregnant women were ineligible to
participate.

Questionnaire (Additional file 1: Alcohol and Pregnancy
Questionnaire)

Our “Alcohol and Pregnancy Questionnaire” was based
on the Health Canada survey “Alcohol Use During
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Pregnancy and Awareness of Fetal Alcohol Syn-
drome" [22] but modified for the Australian context, with
additional questions on current alcohol consumption and
previous alcohol consumption in pregnancy. A pilot
study of 20 randomly selected women, conducted in
August 2006, led to minor changes in the questionnaire.
The questionnaire was administered as a Computer
Assisted Telephone Interview in August and September
2006. We collected demographic data (age, ethnicity, par-
ity, postcode, educational level, employment, marital sta-
tus) and data on women’s knowledge and attitudes
regarding alcohol consumption in pregnancy and its
effects on the fetus; alcohol consumption and smoking in
the last pregnancy and intended practice in future preg-
nancy; and potential influences on alcohol consumption
in pregnancy, including the influence of women’s part-
ners. Women were asked also asked about their current
alcohol consumption, which was recorded in Australian
standard drinks which contain 10 g of alcohol. The data
on women’s knowledge and attitudes have been reported
previously [23]. Knowledge was ascertained through open
questions and agreement with statements. Attitude was
ascertained through agreement with statements and an
open response to a scenario of seeing a pregnant woman

drinking alcohol.

Statistical analysis

Data were analysed using SPSS (version 15.0, SPSS Chi-
cago, IL, USA). Descriptive statistics were calculated.
Odds ratios (OR) and 95% Confidence Intervals (CI)
were calculated for associations between demographic
characteristics and alcohol consumption in previous
pregnancy and intended alcohol consumption when
planning a pregnancy and in a future pregnancy. Age,
birth history and level of education were identified as
potential confounders and adjusted odds ratios (aOR)
were calculated using forward stepwise logistic regres-
sion. A sample size of n = 1100 provided estimates
within 2% for variables with a prevalence of 40 to 50%.

Ethics

The study protocol was approved by Ethics Committees
of the Women’s and Children’s Health Service, Perth,
Western Australia and The University of Sydney and
the Western Australian Aboriginal Health Information
and Ethics Committee.

Results

Respondent characteristics

1603 eligible women were contacted to acquire the
planned sample size of 1100. 1103 eligible women
(68.8%) provided consent and completed the interview.
The characteristics of the respondents have been
reported previously and are summarised here [23]. The
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mean age of women in the survey was 32 years, and 700
(63.5%) had given birth previously. The median time
since the last pregnancy was 5 years (range: less than one
year to 23 years). The majority of women (63.2%) were
married or had a de facto or life partner and were
employed (63.6%). Most women (79.4%) were born in
Australia and 21 (1.9%) identified as Aboriginal or Torres
Strait Islander. The majority of respondents (61.4%) had
a post-school qualification. The characteristics of respon-
dents were similar to those of women in the Australian
population overall, except that respondents were more
likely to have been born in Australia, to have had a pre-
vious pregnancy, and to have achieved a higher level of
education; and less likely to identify as Aboriginal or
Torres Strait Islander.

Alcohol consumption and smoking in pregnancy (Table 1)
Among the women who had previously given birth (n =
700), 34.1% drank alcohol and 16.1% smoked during their
last pregnancy. When women were asked what they would
do if they were planning to become pregnant (n = 1103),
just under a third said they would drink alcohol (31.6%)
and 4.8% would smoke. When asked what they would do
if they were pregnant (n = 1103), 23.7% of women would
drink alcohol and 4.0% would smoke.

Current alcohol and tobacco consumption (Table 1)

The majority of women had consumed alcohol in the
past 12 months (89.4%), but a minority of women
smoked (18%). Almost half the women drank alcohol
every week (48.3%) and 19.9% drank alcohol on three or
more days every week. Approximately half the respon-
dents drank two standard drinks or less on a usual day
when they consumed alcohol (50.8%), but 14.6% of
women drank five or more standard alcoholic drinks on
a usual day. Over half the women had consumed five or
more standard alcoholic drinks on at least one day in
the past twelve months (54%) and 15.6% had consumed
11 or more drinks on one day. When women were
asked to identify their current drinking status from a list
of terms, 13% identified as non-drinkers or ex-drinkers
and 2.8% identified as heavy or binge drinkers.

Partner’s influence on alcohol consumption in pregnancy

(Table 2)

Most women reported that their partners’ behaviour
would not influence their alcohol consumption in preg-
nancy. However, approximately one third said they
would be less likely to drink alcohol in pregnancy if
their partner encouraged them to stop or cut back
(38.3%) or if their partner stopped drinking alcohol dur-
ing the pregnancy (30.5%).
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Factors associated with alcohol use in pregnancy (Tables
3 and 4)

The proportions for the factors associated with alcohol
use in pregnancy are displayed in Table 3 and Table 4
presents the adjusted OR. The OR were adjusted for
age, birth history and education level. Only the aOR are
shown here but the crude OR (data not shown) were
similar. Prior and current behaviour, and attitudes had
strong associations with alcohol consumption in preg-
nancy. Drinking alcohol in the last pregnancy was a
strong predictor of a woman’s intention to drink alcohol
if she were planning a pregnancy (aOR 29.6; 95% CI
19.1 to 45.7) or in a future pregnancy (aOR 43.9; 95%
CI to 27.0 to 71.4). Women who disagreed with the
statement that pregnant women should not drink were
more likely to intend to drink alcohol during a future
pregnancy (aOR 8.3; 95% CI 5.9 to 11.7), as were
women who had neutral or positive attitudes towards
alcohol consumption in pregnancy (aOR 5.1; 95% CI 3.6
to 7.1). Women with more frequent current alcohol use
e.g. drinking on five or more days per week (aOR 3.2;
95% CI 1.9 to 5.4) and women who currently drink
higher amounts of alcohol e.g. drinking seven or more
drinks in a day (aOR 2.7; 95% CI 1.6 to 4.8) were more
likely to intend to drink alcohol in a future pregnancy.
Women who intended to smoke if pregnant were also
more likely to intend to drink if pregnant. However,
current smoking status was not significantly associated
with intention to drink in pregnancy (data not shown).
Other factors which were not associated with drinking
in pregnancy were intention to become pregnant in the
future, employment status and country of birth (data
not shown) Marital status was significant on univariate
analysis but was no longer significant once adjustment
for the potential confounders was made (data not
shown). Knowing that alcohol use in pregnancy can
affect the unborn child and, that alcohol exposure in
pregnancy can lead to lifelong disabilities in the child,
were the only items of knowledge associated with alco-
hol use in pregnancy. Women who lacked this knowl-
edge were more likely to intend to drink if pregnant.
Women with higher levels of education, and women
who had given birth previously were more likely to
drink alcohol in pregnancy.

On post hoc analysis of the association between level
of education and current alcohol consumption, women
who had a bachelor degree or higher were significantly
more likely to drink at least one day per week (OR 1.8
95% CI 1.3 to 2.3). However, level of education
remained a significant predictor of alcohol consumption
in pregnancy after adjusting for frequency of current
alcohol consumption.
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Table 1 Alcohol consumption and smoking (n = 1103)
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Characteristic n (%)
Alcohol consumption and intended consumption in pregnancy

Drank alcohol in the last pregnancy (n = 700)* 239 (34.1)

Intend to drink alcohol if planning to become pregnant 348 (31.6)

Intend to drink alcohol if pregnant 261 (23.7)
Smoking and intended smoking in pregnancy

Smoked in last pregnancy (n = 700)* 113 (16.1)

Intend to smoke if planning to become pregnant 53 (4.8)

Intend to smoke if pregnant 44 (4.0)
Have ever tried alcohol 1082 (98.1)
Have had an alcoholic drink of any kind in the last 12 months 986 (89.4)
“In the last 12 months, how often did you have an alcoholic drink of any kind?”

Every day 39 (3.5)

5 to 6 days a week 32 (2 9)

3 to 4 days a week 9 (13.5)

1 to 2 days a week 3 (28.4)

2 to 3 days a month 159 (14.4)

about 1 day a month 119 (10.8)

Less often 175 (15.9)

Do not drink 117 (10.6)
“On a day that you have an alcoholic drink, how many standard drinks do you usually have?”

13 or more drinks 7 (0.6)

11 to 12 drinks 4 (04)

7 to 10 drinks 47 (4.3)

5 to 6 drinks 103 (9.3)

3 to 4 drinks 265 (24.0)

1 to 2 drinks 526 (47.7)

less than 1 drink 34 (3.1)

Do not drink 117 (10.6)
Maximum number of alcoholic standard drinks consumed in a day in the last 12 months

20 or more drinks 53 (48)

11 to 19 drinks
7 to 10 drinks
5 to 6 drinks
3 to 4 drinks
1 to 2 drinks
Less than 1 drink
Do not drink
“How many alcoholic standard drinks did you have yesterday?”
0 drinks
1 to 2 drinks
3 to 4 drinks
5 or more drinks
“Do you consider yourself:”
a non-drinker
an ex-drinker
an occasional drinker
a light drinker
a social drinker
a heavy drinker
a binge drinker
“Do you consider yourself:”
Non-smoker
Ex-smoker
Smoker

9 (108)
238 (21.6)

5 (16.8)
197 (17.9)
181 (16.4)
13 (1.2)
117 (106)

127 (11.5)
7 (15)
301 (27.3)
227 (20.6)
400 (36.3)
13(1.2)
18 (1.6)

697 (63.2)
207 (18.8)
199 (18.0)

* Women who had previously given birth (n = 700)
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Table 2 Partner influence on alcohol consumption in pregnancy (n = 1103)

“If your spouse or partner “If your spouse or partner “If your spouse or partner “If your spouse or partner
continued to drink alcohol encouraged you to stop or cut back  were to offer you alcohol stopped drinking alcohol

during your pregnancy?”  your alcohol drinking during your during your pregnancy?”  during your pregnancy?”
pregnancy?”
n (%) n (%) n (%) n(%)
Would be 44 (4.0) 30 (27) 67 (6.1) 7 (06)
more likely to
drink alcohol
Would be 61 (5.5) 422 (38.3) 109 (9.9) 336 (30.5)
less likely to
drink alcohol
Would make 998 (90.5) 651 (59.0) 927 (84.0) 760 (68.9)

no difference
to behaviour

Table 3 Factors associated with alcohol use in pregnancy

Drank alcohol in
the last pregnancy
(n = 700) n (%)

Intend to drink
alcohol if planning
pregnancy (n =

Intend to drink
alcohol if pregnant
(n=1103) n (%)

1103) n (%)

Yes No Yes No Yes No
Participant characteristics
Age
18 to 29 years 49 (389) 77 (61.1) 125(285) 314 (715) 73 (166) 366 (834)
30 to 45 years 190 (33.1) 384 (66.9) 223 (33.6) 441 (664) 188 (283) 476 (71.7)
Birth history
Nulliparous 109 (27.0) 294 (73.0) 56 (13.9) 347 (86.1)
Given birth 239 (34.1) 461 (65.9) 239 (34.1) 461 (65.9) 205 (29.3) 495 (70.7)
Highest education level
Less than year 12 41 (263) 115(73.7) 39 (224) 135 (776) 36 (20.7) 138 (79.3)
Completed year 12 42 (378) 69 (622) 72 (286) 180 (714) 50 (19.8) 202 (80.2)
Post school qualification below bachelor degree 83 (316) 180 (684) 123 (32.1) 260 (67.9) 87 (22.7) 296 (77.3)
Bachelor degree or higher 73 (429 97 (57.1) 114 (388) 180 (61.2) 8 (29.9) 206 (70.1)
Knowledge
“Drinking alcohol in pregnancy can affect the unborn child”
Agree 206 (31.9) 439 (68.1) 305 (29.8) 718 (70.2) 223 (21.8) 800 (78.2)
Disagree 33 (60.0) 22 (40.0) 43 (538) 37 (463) 38 (475) 42 (525)
“Drinking alcohol during pregnancy can lead to life-long disabilities in a child”
Agree 173 (30.7) 390 (69.3) 264 (286) 660 (714) 192 (208) 732 (79.2)
Disagree 66 (482) 71 (51.8) 84(469) 95(53.1) 69 (385) 110 (61.5)
Attitudes
"Pregnant women should not drink alcohol”
Agree 127 (235) 414 (765) 199 (22.5) 686 (77.5) 132 (149) 753 (85.1)
Disagree 112 (704) 47 (296) 149 (68.3) 69 (31.7) 129 (59.2) 89 (40.8)
Negative attitudes towards alcohol in pregnancy 120 (23.0) 401 (77.0) 185 (22.8) 627 (77.2) 128 (15.8) 684 (84.2)
Neutral or positive attitudes towards alcohol in pregnancy 116 (64.7) 63 (353) 130 (59.9) 87 (40.1) 110 (50.7) 107 (49.3)
Alcohol consumption and smoking
Drank alcohol in last pregnancy
Yes 176 (73.6) 63 (264) 187 (782) 52 (21.8)
No 29 (6.3) 432 (937) 52 (11.3) 409 (88.7)

Frequency of current alcohol consumption
Less than 1 day per week 307 (789) 82 (21.1) 128 (225) 442 (77.5) 103 (18.1) 467 (81.9)
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Table 3 Factors associated with alcohol use in pregnancy (Continued)
1 to 4 days per week 139 (53.5) 121 (465) 181 (39.2) 281 (60.8) 128 (27.7) 334 (72.3)
5 or more days per week 15 (294) 36 (706) 39 (549) 32 (45.1) 30(423) 41 (57.7)
Maximum number of standard drinks in a day in the last 12 months
0 drinks 4 (4.1) 94 (959) 19 (146) 111 (854) 0 (154) 110 (84.6)
1 to 2 drinks 46 (31.3) 101 (687) 53 (293) 128 (70.7) 43 (238) 138 (76.2)
3 to 6 drinks 109 (40.2) 162 (59.8) 123 (32.2) 259 (67.8) 96 (25.1) 286 (74.9)
7 or more drinks 80 (43.5) 104 (56.5) 153 (37.3) 257 (62.7) 102 (24.9) 308 (75.1)
Smoked in last pregnancy
Yes 47 (416) 66 (584) 42 (372) 71(628) 38(336) 75 (664)
No 192 (32.7) 395 (67.3) 197 (33.6) 390 (664) 167 (284) 420 (71.6)
Intend to smoke if planning pregnancy
Yes 20 (426) 27 (574) 27 (509) 26 (49.1) 23 (434) 30 (56.6)
No 219 (33.5) 434 (66.5) 321 (30.6) 729 (694) 238 (22.7) 812 (77.3)
Intend to smoke if pregnant
Yes 23 (548) 19452 27 (614) 17 (386) 26 (59.1) 18 (409)
No 216 (32.8) 442 (67.2) 321 (30.3) 738 (69.7) 235 (22.2) 824 (77.8)

Table 4 Factors associated with alcohol use in pregnancy expressed as adjusted odds ratios and 95% confidence
intervals

Intend to drink alcohol if
pregnant (n = 1103)%

Intend to drink alcohol if
planning a pregnancy (n =

Drank alcohol in the last
pregnancy (n = 700)t

1103)%

Participant characteristics
Age
18 to 29 years
30 to 45 years
Birth history
Nulliparous
Given birth
Highest education level
Less than year 12
Completed year 12

Post school qualification below bachelor
degree

Bachelor degree or higher
Knowledge

Disagree that “Drinking alcohol in pregnancy can
affect the unborn child”

Disagree that “Drinking alcohol during pregnancy
can lead to life-long disabilities in a child”

Attitudes

Disagree that “Pregnant women should not drink
alcohol”

Neutral or positive attitudes towards alcohol in
pregnancy

Alcohol consumption and smoking
Drank alcohol in last pregnancy
Frequency of current alcohol consumption

Less than 1 day per week

1 to 4 days per week

5 or more days per week

aOR (95% CI)

Reference
08 (06 to 1.3)

Reference
1.8 (1.0 to 3.0*
2 (08to20)

22 (14 to 35)*

38 (2.1 to 6.7)**

4 (16 to 3.5

82 (55 to 12.2)**

6.2 (4.2 to 9.1)**

Reference
34 (24 to 4.8)**

93 (4.8 to 180)**

aOR (95% Cl)

Reference
1.0 (0.7 to 14)

Reference
15 (1.1 to 2.2)%

Reference
7 (116 to 2.7)*
1.8 (1.2 to 2.7)*

25 (16 to 3.9) **

3.1 (20 to 500%*

24 (1.7 to 3.3)**

75 (54 to 10.5)**

49 (3.6 t0 6.8)**

296 (19.1 to 45.7)**

Reference
23 (1.8 to 3.1)**
4.1 (2.5 to 6.9)**

aOR (95% CI)

Reference
12 (09 to 1.8)

Reference
2.5 (1.7 to 3.8)**

Reference
5(09 to 25)
14 (09 to 2.1)

22 (140 to 3.5)*

36 (2.2 to 5.90)**

24 (1.7 to 34)**

83 (59 to 11.7)**

1 (36 to 7.1)**

439 (270 to 71.4)**

Reference
19 (14 to 2.6)**
32 (19 to 54)**
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Table 4 Factors associated with alcohol use in pregnancy expressed as adjusted odds ratios and 95% confidence inter-

vals (Continued)

Maximum number of standard drinks in a day in
the last 12 months

0 drinks Reference
1 to 2 drinks 11.1 (3.8 to 32.2)**
3 to 6 drinks 17.8 (6.3 to 50.2)**

214 (7.5 to 61.4)%*
1.8 (1.2 to 2.8)*

7 or more drinks
Smoked in last pregnancy
Intend to smoke if planning pregnancy
Intend to smoke if pregnant

Reference Reference

23 (13 to 4.1)% 1.6 (0.9 to 2.9)
30 (1.7 to 5.1)** 20 (1.1 to 34)*
45 (26 to 7.8)** 2.7 (16 to 4.8)**
1.5 (1.0 to 2.3) 16 (1.0 to 2.5
2.5 (14 to 44)* 24 (14 to 44)*
39 (20 to 7.3)** 4.7 (2.5 to 9.0)**

1 Adjusted for age and highest education level

$Adjusted for age, highest education level and birth history
*p < 0.05

**p < 0.001

Discussion
In our survey, we identified the characteristics of women
at high risk of drinking alcohol during pregnancy.
Women’s alcohol use in previous pregnancy, and their
current alcohol and smoking behaviour were strong pre-
dictors of alcohol consumption in past pregnancy and
intentions in a future pregnancy. Women’s attitudes
towards alcohol consumption in pregnancy were also
strongly associated with alcohol consumption in preg-
nancy. Women’s knowledge was a weaker predictor of
alcohol consumption in pregnancy. Nevertheless, specific
knowledge, including knowing that drinking alcohol in
pregnancy can lead to lifelong disabilities in a child, was
associated with alcohol consumption in pregnancy. We
also identified groups that are at higher risk of alcohol
consumption in pregnancy. These include women who
have given birth previously, women who currently drink
more frequently or have higher maximum alcohol con-
sumption, and women with higher levels of education.
Nearly one quarter of Australian women intended to
drink alcohol in a future pregnancy compared to fewer
than ten per cent in the 2006 iteration of the Canadian
survey [24]. This was the third Canadian survey and may
reflect the effectiveness of Canadian FASD awareness and
prevention campaigns [25]. The reported rate of alcohol
consumption in pregnancy in our survey (34%) was almost
half that reported in an earlier Australian survey [14].
Both surveys collected the alcohol consumption informa-
tion retrospectively, but the previous survey collected data
at twelve weeks postpartum, whereas in our survey the
median time since birth of the last child was five years.
Our findings that university education [16,26,27], smok-
ing [16,17,26-28], and current alcohol use [27] are asso-
ciated with past and intended drinking in pregnancy
confirm findings of previous studies. However, in a Cana-
dian survey, women with a university education and
younger women were more likely to report that they
would not drink alcohol in a future pregnancy than

women in our survey [28]. The differences regarding the
influence of education level between Australia and Canada
may again reflect greater awareness of FASD in Canada. In
our survey, women with university education were more
likely to drink in pregnancy but age was not a significant
predictor of alcohol consumption in pregnancy. Age has
been reported inconsistently as a predictor of drinking
behaviour [23-26]. In our study, the association of older
age with alcohol consumption in pregnancy disappeared
with adjustment for having given birth previously.

Knowledge and attitudes are important potential influ-
ences of behaviour [19] but awareness of the effects of
alcohol in pregnancy alone is not sufficient to change
women’s behaviour [18]. Attitudes were a much stronger
predictor of alcohol consumption during pregnancy than
knowledge. We have previously reported a disjunction
between women’s knowledge and attitudes towards alco-
hol consumption in pregnancy [23]. The disjunction is
even more apparent when the strength of association
between attitudes and alcohol consumption is compared
to the relative weakness of the association between knowl-
edge and alcohol consumption. The disjunction between
knowledge and alcohol consumption may be related to the
lack of evidence regarding harm to the fetus following
exposure to low and moderate alcohol consumption in
pregnancy [29]. It may be that women who have knowl-
edge about alcohol in pregnancy and FASD, are more
likely to be aware of the lack of evidence regarding the
effects of low to moderate alcohol consumption in preg-
nancy and thus perceive that their risk is low if they con-
sume alcohol at this level. Future studies would need to
include more specific questions regarding the quantity of
alcohol consumed in pregnancy and the women’s knowl-
edge regarding the effects of different levels of alcohol
consumption in order to explore this further.

There appears to be a paradoxical relationship between
women’s level of education, their knowledge, and past
and intended alcohol consumption in pregnancy.
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Women with higher levels of education have higher levels
of knowledge [23] but despite this, are more likely to
drink alcohol in pregnancy. Education level is an inde-
pendent predictor of alcohol use in pregnancy but is not
explained solely by women’s current alcohol consump-
tion. Excessive alcohol use by tertiary education students
is well documented [30] and it may be that this engen-
ders a more entrenched alcohol culture and more toler-
ant lifelong attitudes towards alcohol consumption in
those who attend tertiary education institutions.

When discussing prevention of Fetal Alcohol Spectrum
Disorders it is important to realise that women do not
have sole responsibility for ensuring healthy offspring.
Women’s partners can have an important and positive
influence. In a Danish study, paternal smoking was a
strong predictor of maternal smoking during preg-
nancy [31]. However, in a US study, partners’ alcohol use
was not predictive of maternal alcohol consumption in
pregnancy [32]. In our survey, whilst most women stated
that it would make no difference to their behaviour,
approximately one third of women stated that if their
partner did not drink alcohol during pregnancy, they
would be less likely to drink themselves.

The strengths of our study are that it is a national study
with a large sample size and provides new information on
the role of knowledge and attitudes regarding alcohol con-
sumption in pregnancy and women’s past and intended
consumption of alcohol in pregnancy. A potential limita-
tion of our study is that recall bias may have led to an
underestimation of alcohol consumption in pregnancy.
The study relied on women to report alcohol consumption
retrospectively with an interval of up to 23 years between
their last pregnancy and the time of the survey. Retrospec-
tive self-report of the quantity of alcohol consumed can be
a reliable and valid method of measurement of alcohol
consumption [33]. Although recall of alcohol consumption
can deteriorate rapidly [34], retrospective self-reporting of
alcohol consumption in pregnancy can lead to higher esti-
mates than reporting during pregnancy [35,36]. We also
used self-reporting of intention to drink in a future preg-
nancy which is a useful predictor of drinking in preg-
nancy [37], but is not the same as actually drinking during
pregnancy. There was consistency of associations and
strength of associations across the three time periods, i.e.
past pregnancy, planning a future pregnancy and during a
future pregnancy, which supports the validity of the survey
findings.

As reported previously [23], there are limitations to
the representativeness of this sample as can be seen by
the fact that respondents were more likely to have been
born in Australia, to have had a previous pregnancy,
and to have achieved a higher level of education; and
less likely to identify as Aboriginal or Torres Strait
Islander than the general population. Unfortunately, we
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did not have any information about the women who
chose not to complete the survey. The Electronic White
Pages were chosen as the method of sampling as they
provide an efficient method for surveying self-reported
aspects of population health and have been shown to be
accurate [38,39]. However, there has been a recent
increase in the number of households without a listed
number and individuals only using a mobile number
which may or may not be listed in the Electronic White
Pages. Populations which could be noticeably under-
represented include younger people and people of lower
socioeconomic status [38].

At the time this survey was conducted the National
Health and Medical Research Council of Australia
(NHMRC) recommended that women who are pregnant
or might soon become pregnant may consider not drink-
ing alcohol, should never become intoxicated and, if they
choose to drink, should consume less than seven standard
drinks in a week and no more than two standard drinks
on one day [40]. These guidelines may have influenced
women’s responses to this survey. However, knowledge of
these guidelines was poor among health profes-
sionals [41,42], and knowledge was also likely to be poor
in the community. The NHMRC recommendations chan-
ged in 2009, and now state that not drinking alcohol is the
safest option for women who are pregnant or planning
pregnancy [43].

Interventions to prevent fetal alcohol exposure need to
recognise the relative roles that knowledge and attitudes
play in influencing women’s alcohol consumption when
planning a pregnancy or when pregnant. The perception
that the risk to the fetus is low has previously been postu-
lated as an underlying reason for multiparous women'’s
increased likelihood of drinking alcohol during preg-
nancy [44]. The strong association between attitudes and
alcohol consumption may be mediated by risk perception.
Risk perception may also be affected by knowledge of
severe and specific effects of alcohol consumption in preg-
nancy on the child e.g. lifelong disabilities. Our results did
not show a relationship between non-specific knowledge
and drinking behaviour, suggesting that interventions
based on changing risk perception may be more successful
in reducing fetal alcohol exposure than traditional aware-
ness campaigns.

Conclusion

In summary, we found drinking behaviour and attitudes
were the strongest predictors of women’s intended alcohol
consumption when planning a pregnancy or pregnant. We
identified groups at increased risk of drinking alcohol dur-
ing pregnancy, including women with university educa-
tion, multiparous women, and women with current high
risk drinking, indicating a need for targeted interventions
to change their perception of risk and hence their
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behaviour. Both community and individual interventions
should take into consideration the role partners can play
and the frequent co-occurrence of smoking and alcohol
consumption. This reinforces the need for an integrated
approach to promoting a healthy pregnancy including
timely antenatal care, appropriate maternal nutrition,
folate supplementation and efforts to reduce the use of
alcohol, tobacco and illicit drug use in pregnancy. The
opportunity to influence women who are planning preg-
nancy should be seized as this may be the best chance
public health systems have to prevent fetal alcohol expo-
sure. The questions used in this survey, specifically drink-
ing in last pregnancy and attitudes towards alcohol
consumption in pregnancy, could be examined in futures
studies for their utility in the clinical setting to identify
women at risk of drinking alcohol during pregnancy.

Additional material

Additional file 1: Alcohol and Pregnancy Questionnaire. This file
contains the questionnaire used for the survey.

Acknowledgements

We thank the women who participated in the computer assisted telephone
survey. We acknowledge the support of the Alcohol and Pregnancy Steering
Committee. We also acknowledge the members of the Aboriginal
Community Reference Group (Rhonda Cox, Lyn Dimer, Michael Doyle, Paula
Edgill, Gloria Khan, Michael Wright) and members of the Community and
Consumer Reference Group (Pip Brennan, Kiely O'Flaherty, Julie Whitlock).
This project was funded by the Health Promotion Foundation of Western
Australia (Healthway Starter Grant 16163) and the National Health and
Medical Research Council (Enabling Grant 402784, Program Grant 353514,
Research Fellowship CB 353625, Practitioner Fellowship EE 457084 and
Postgraduate Scholarship EP 457230).

Author details

'Discipline of Paediatrics and Child Health, Sydney Medical School, The
University of Sydney, The Children’s Hospital at Westmead, Locked Bag 4001,
Westmead, NSW 2145, Australia. “Telethon Institute for Child Health
Research, Centre for Child Health Research, The University of Western
Australia, PO Box 855, West Perth, Western Australia 6872, Australia. *Centre
for Applied Social Marketing and Research, Edith Cowan University, 270
Joondalup Drive, Joondalup, Western Australia 6027, Australia. *School of
Nursing and Midwifery, Faculty Health Sciences, Curtin University of
Technology, GPO Box U1987, Perth, Western Australia 6845, Australia.

Authors’ contributions

EP, JP, NH, HD, AB, CO'L, CB and EJE conceived and designed the study; EP
conducted the analysis and wrote the first draft of the paper. All authors
contributed to writing the paper and approved the final version for
publication. EP is guarantor for the study.

Conflict of interest statement
The authors declare that they have no competing interests.

Received: 28 January 2011 Accepted: 22 July 2011
Published: 22 July 2011

References

1. Jones KL: From recognition to responsibility: Josef Warkany, David Smith,
and the fetal alcohol syndrome in the 21st century. Birth Defects Res A
Clin MolTeratol 2003, 67(1):13-20.

22.

23.

24,

25.

26.

Page 9 of 10

Jones KL, Smith DW: Recognition of the fetal alcohol syndrome in early
infancy. Lancet 1973, 302(7836):999-1001.

Burd L, Roberts D, Olson M, Odendaal H: Ethanol and the placenta: a
review. J Matern Fetal Neonatal Med 2007, 20(5):361-375.

Peadon E, O'Leary C, Bower C, Elliott E: Impacts of alcohol use in
pregnancy-the role of the GP. Aust Fam Physician 2007, 36(11):935-939.
Substance Abuse and Mental Health Services Administration Office of
Applied Studies: Results from the 2007 National Survey on Drug Use and
Health: National Findings (NSDUH Series H-34, DHHS Publication No.
SMA 08-4343). Rockville, MD: Substance Abuse and Mental Health Services
Administration, Office of Applied Studies; 2008.

Australian Institute of Health and Welfare: 2004 National Drug Strategy
Household Survey: Detailed Findings. AIHW cat. no. PHE 66. Canberra:
AIHW; 2005.

Health Canada: Canadian Addiction Survey, A National Survey of
Canadians’ Use of Alcohol and Other Drugs: Focus on Gender. Ottawa:
Health Canada; 2008.

Office for National Statistics: Drinking: adults’ behaviour and knowledge
in 2008. Newport, UK: Office for National Statistics; 2009.

Jonas HA, Dobson AJ, Brown WJ: Patterns of alcohol consumption in young
Australian women: socio-demographic factors, health-related behaviours
and physical health. Aust N Z J Public Health 2000, 24(2):185-191.

White V, Hayman J: Australian secondary school students’ use of alcohol
in 2005. Canberra: Australian Government Department of Health and
Ageing; 2006.

Eaton DK, Kann L, Kinchen S, Shanklin S, Ross J, Hawkins J, Harris WA,
Lowry R, McManus T, Chyen D, et al: Youth risk behavior surveillance -
United States, 2009. MMWR Surveill Summ 2010, 59(5):1-142.

Flanigan B, McLean A, Hall C, Propp V: Alcohol use as a situational
influence on young women’s pregnancy risk-taking behaviors.
Adolescence 1990, 25(97):205-214.

Walker DS, Fisher CS, Sherman A, Wybrecht B, Kyndely K: Fetal alcohol
spectrum disorders prevention: an exploratory study of women’s use of,
attitudes toward, and knowledge about alcohol. J Am Acad Nurse Pract
2005, 17(5):187-193.

Colvin L, Payne J, Parsons D, Kurinczuk JJ, Bower C: Alcohol consumption
during pregnancy in nonindigenous west Australian women. Alcohol Clin
Exp Res 2007, 31(2):276-284.

Floyd RL, Decoufle P, Hungerford DW: Alcohol use prior to pregnancy
recognition. Am J Prev Med 1999, 17(2):101-107.

Bobo JK, Klepinger DH, Dong FB: Changes in the prevalence of alcohol
use during pregnancy among recent and at-risk drinkers in the NLSY
cohort. J Womens Health 2006, 15(9):1061-1070.

Day NL, Cottreau CM, Richardson GA: The epidemiology of alcohol,
marijuana, and cocaine use among women of childbearing age and
pregnant women. Clin Obstet Gynecol 1993, 36(2):232-245.

Chambers CD, Hughes S, Meltzer SB, Wahlgren D, Kassem N, Larson S,
Riley EP, Hovell MF: Alcohol consumption among low-income pregnant
Latinas. Alcohol Clin Exp Res 2005, 29(11):2022-2028.

Meillier LK, Lund AB, Kok G: Cues to action in the process of changing
lifestyle. Patient Educ Couns 1997, 30(1):37-51.

Egger G, Spark R, Lawson J: Health promotion strategies and methods.
Sydney, Australia: McGraw-Hill Book Company; 2004.

Australian Historical Population Statistics (cat. no. 3105.0.65.001). [http://
www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/
CA2568A90021A807CA256DB000025315/5File/3105065001_table19.xls].
Awareness of the effects of alcohol use during pregnancy and Fetal
Alcohol Syndrome. [http://www.phac-aspc.gc.ca/publicat/fas-saf-natsurv-
2000/index-eng.php].

Peadon E, Payne J, Henley N, D'Antoine H, Bartu A, O'Leary C, Bower C,
Elliott EJ: Women'’s knowledge and attitudes regarding alcohol
consumption in pregnancy: a national survey. BMC Public Health 2010,
10:510.

Environics Research Group: Alcohol use during pregnancy and awareness
of Fetal Alcohol Syndrome and Fetal Alcohol Spectrum Disorder.
Toronto, Canada; 2006.

Public Health Agency of Canada: What we have learned: key Canadian
FASD awareness campaigns. Ottawa, Canada: Health Canada; 2006.

Tsai J, Floyd RL, Green PP, Boyle CA: Patterns and average volume of
alcohol use among women of childbearing age. Matern Child Health J
2007, 11(5):437-445.


http://www.biomedcentral.com/content/supplementary/1471-2458-11-584-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/4127281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4127281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17674239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17674239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18043782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18043782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10790939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10790939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10790939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21150869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21150869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2333797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2333797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15854108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15854108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15854108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17250620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17250620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10490051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10490051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8513621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8513621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8513621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16340460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16340460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9110831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9110831?dopt=Abstract
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/CA2568A90021A807CA256DB000025315/$File/3105065001_table19.xls
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/CA2568A90021A807CA256DB000025315/$File/3105065001_table19.xls
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/CA2568A90021A807CA256DB000025315/$File/3105065001_table19.xls
http://www.phac-aspc.gc.ca/publicat/fas-saf-natsurv-2000/index-eng.php
http://www.phac-aspc.gc.ca/publicat/fas-saf-natsurv-2000/index-eng.php
http://www.ncbi.nlm.nih.gov/pubmed/20727217?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20727217?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17333387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17333387?dopt=Abstract

Peadon et al. BMC Public Health 2011, 11:584
http://www.biomedcentral.com/1471-2458/11/584

27. Ethen MK, Ramadhani TA, Scheuerle AE, Canfield MA, Wyszynski DF,
Druschel CM, Romitti PA: Alcohol consumption by women before and
during pregnancy. Matern Child Health J 2009, 13(2):274-285.

28. Tough S, Tofflemire K, Clarke M, Newburn-Cook C: Do women change
their drinking behaviors while trying to conceive? An opportunity for
preconception counseling. Clin Med Res 2006, 4(2):97-105.

29. Henderson J, Gray R, Brocklehurst P: Systematic review of effects of low-
moderate prenatal alcohol exposure on pregnancy outcome. BJOG : an
international journal of obstetrics and gynaecology 2007, 114(3):243-252.

30. Kypri K, Langley JD, McGee R, Saunders JB, Williams S: High prevalence,
persistent hazardous drinking among New Zealand tertiary students.
Alcohol Alcohol 2002, 37(5):457-464.

31. Olsen J: Predictors of smoking cessation in pregnancy. Scand J Soc Med
1993, 21(3):197-202.

32. Chang G, McNamara TK, Orav EJ, Wilkins-Haug L: Alcohol use by pregnant
women: partners, knowledge, and other predictors. J Stud Alcohol 2006,
67(2):245-251.

33. Del Boca FK, Darkes J: The validity of self-reports of alcohol consumption:
state of the science and challenges for research. Addiction 2003, 98(Suppl
2):1-12.

34, Ekholm O: Influence of the recall period on self-reported alcohol intake.
Eur) Clin Nutr 2004, 58(1):60-63.

35. Ernhart CB, Morrow-Tlucak M, Sokol RJ, Martier S: Underreporting of
alcohol use in pregnancy. Alcohol Clin Exp Res 1988, 12(4):506-511.

36.  Alvik A, Haldorsen T, Groholt B, Lindemann R: Alcohol consumption before
and during pregnancy comparing concurrent and retrospective reports.
Alcohol Clin Exp Res 2006, 30(3):510-515.

37. Zammit SL, Skouteris H, Wertheim EH, Paxton SJ, Milgrom J: Pregnant
women’s alcohol consumption: the predictive utility of intention to
drink and prepregnancy drinking behavior. J Womens Health 2008,
17(9):1513-1522.

38. OToole J, Sinclair M, Leder K: Maximising response rates in household
telephone surveys. BVMC Med Res Methodol 2008, 8:71.

39. Wilson DH, Starr GJ, Taylor AW, Dal Grande E: Random digit dialling and
Electronic White Pages samples compared: demographic profiles and
health estimates. Aust N Z J Public Health 1999, 23(6):627-633.

40. National Health and Medical Research Council: Australian alcohol
guidelines: health risks and benefits. Canberra, Australia: Commonwealth
of Australia; 2001.

41, Elliott EJ, Payne J, Haan E, Bower C: Diagnosis of foetal alcohol syndrome
and alcohol use in pregnancy: A survey of paediatricians’ knowledge,
attitudes and practice. J Paediatr Child Health 2006, 42(11):698-703.

42. Payne J, Elliott E, D'Antoine H, O'Leary C, Mahony A, Haan E, Bower C:
Health professionals’ knowledge, practice and opinions about fetal
alcohol syndrome and alcohol consumption in pregnancy. Aust N Z J
Public Health 2005, 29(6):558-564.

43. National Health and Medical Research Council: Australian guidelines to
reduce health risks from drinking alcohol. Canberra, Australia:
Commonwealth of Australia; 2009.

44, Testa M, Reifman A: Individual differences in perceived riskiness of
drinking in pregnancy: antecedents and consequences. J Stud Alcohol
1996, 57(4):360-367.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/584/prepub

Page 10 of 10

doi:10.1186/1471-2458-11-584

Cite this article as: Peadon et al: Attitudes and behaviour predict
women'’s intention to drink alcohol during pregnancy: the challenge for
health professionals. BMC Public Health 2011 11:584.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/18317893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18317893?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16809401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16809401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16809401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12217938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12217938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8235506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16562406?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16562406?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14984237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14984237?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3056071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3056071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16499492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16499492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10641355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10641355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10641355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17044897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17044897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17044897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16366068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16366068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8776677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8776677?dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/584/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Questionnaire (Additional file 1: Alcohol and Pregnancy Questionnaire)
	Statistical analysis
	Ethics

	Results
	Respondent characteristics
	Alcohol consumption and smoking in pregnancy (Table 1)
	Current alcohol and tobacco consumption (Table 1)
	Partner’s influence on alcohol consumption in pregnancy (Table 2)
	Factors associated with alcohol use in pregnancy (Tables 3 and 4)

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


