-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by Publications at Bielefeld University

( BioMed Centra

The Open Access Publisher

BMC Pregnancy and Childbirth

This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Preterm birth and small for gestational age in relation to alcohol consumption
during preghancy: stronger associations among vulnerable women? Results
from two large Western-European studies

BMC Pregnancy and Childbirth 2013, 13:49  do0i:10.1186/1471-2393-13-49
Manuela Pfinder (manuela.pfinder@uni-bielefeld.de)
Anton E Kunst (a.kunst@amc.uva.nl)
Reinhold Feldmann (feldrei@uni-muenster.de)

Manon van Eijsden (MvEijsden@ggd.amsterdam.nl)
Tanja GM Vrijkotte (t.vrijkotte@amc.uva.nl)

ISSN 1471-2393
Article type Research article
Submission date 7 September 2012
Acceptance date 14 February 2013
Publication date 22 February 2013

Article URL http://www.biomedcentral.com/1471-2393/13/49

Like all articles in BMC journals, this peer-reviewed article can be downloaded, printed and
distributed freely for any purposes (see copyright notice below).

Articles in BMC journals are listed in PubMed and archived at PubMed Central.
For information about publishing your research in BMC journals or any BioMed Central journal, go to

http://www.biomedcentral.com/info/authors/

© 2013 Pfinder et al.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://core.ac.uk/display/15976198?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:manuela.pfinder@uni-bielefeld.de
mailto:a.kunst@amc.uva.nl
mailto:feldrei@uni-muenster.de
mailto:MvEijsden@ggd.amsterdam.nl
mailto:t.vrijkotte@amc.uva.nl
http://www.biomedcentral.com/1471-2393/13/49
http://www.biomedcentral.com/info/authors/
http://creativecommons.org/licenses/by/2.0

Preterm birth and small for gestational age in

relation to alcohol consumption during pregnancy:
stronger associations among vulnerable women?
Results from two large Western-European studies

Manuela Pfinder®*"
Email: manuela.pfinder@uni-bielefeld.de

Anton E Kunst
Email: a.kunst@amc.uva.nl

Reinhold Feldmarth
Email: feldrei@uni-muenster.de

Manon van Eijsdet?
Email: MvEijsden@ggd.amsterdam.nl

Tanja G M Vrijkotté
Email: t.vrijkotte@amc.uva.nl

! Bielefeld Graduate School in History and Sociology, Faculty of Sociology,
Bielefeld University, PO Box 10 01 31, 33501 Bielefeld, Germany

2 Department of Public Health, Academic Medical Centre, University of
Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands

3 FAS Ambulance, Polyclinic for Children’s and Youth Medicine, University
Hospital Munster, Albert-Schweitzer-Stral3e 33, 48129 Munster, Germany

* Department of Epidemiology, Documentation and Health Promotion, Public
Health Service of Amsterdam (GGD), Nieuwe Achtergracht 100, 1018 WT
Amsterdam, PO box 2200, 1000 CE Amsterdam, The Netherlands

® Department of Health Sciences, VU University, De Boelelaan 1085, 1081 HV
Amsterdam, The Netherlands

" Corresponding author. FAS Ambulance, Polyclinic for Children’s and Youth
Medicine, University Hospital Munster, Albert-Schweitzer-Stral3e 33, 48129
Munster, Germany



Abstract

Background

Inconsistent data on the association between prenatal alcohol ex@mslra range of
pregnancy outcomes, such as preterm birth (PTB) and small fatigeat age (SGA) raige
new questions. This study aimed to assess whether the assotietieen low-moderate
prenatal alcohol exposure and PTB and SGA differs according tornalateducation,
maternal mental distress or maternal smoking.

Methods

The Amsterdam Born Children and their Development (ABCD) Sty 5,238) and th
German Health Interview and Examination Survey for Children and Adoles&@GS$) (N
= 16,301) are both large studies. Women provide information on alcohol intadarlyn
pregnancy, 3 months postpartum and up to 17 years retrospectively. Natdiviagistic
regression analyses and stratified regression analyses peef@med to examine the
association between prenatal alcohol exposure and PTB and SGA, respectively.

4%

Results

No association was found between any level of prenatal alcohol egp@Esun-daily, daily
non-abstaining) and SGA. The offspring of daily drinkers and non-abstdiadra lower risk
of PTB [ABCD: odds ratio (OR) 0.31, 95% confidence interval (Cl) 0.13, KiGGS: OR
0.75, 95% CI 0.57, 0.99]. Interactions with maternal education, maternakslistrenaterna
smoking were not significant.

Conclusions

11%

Although these results should be interpreted with caution, both studiesdshowavers
effects of low-moderate prenatal alcohol exposure on PTB and SGAewveot in the
offspring of women who were disadvantaged in terms of low educatigh, lavels of
distress, or smoking during pregnancy.

g

Keywords

Prenatal alcohol exposure, Pregnancy outcomes, Maternal education, P&streksg

Background

For over 40 years, there have been reports on associations béigledevels of maternal
alcohol intake during pregnancy and various adverse birth outcomes incfatiihglcohol
syndrome (FAS) [1,2]. A link has been shown between maternal alcoladde imturing
pregnancy and small for gestational age (SGA) and preterm BiiitB)([3-23]. A recent
meta-analysis found that the risk of SGA and PTB was not ipedemm mothers who drank
alcohol during pregnancy on low to moderate levels [20]. However, stundiesied in that



meta-analysis and a recent systematic review [7] suggeshthaeported effects of low to
moderate alcohol consumption on PTB and SGA are inconsistent across studies.

One reason for this inconsistency could be differences in the spmjiedhtions with respect
to socioeconomic characteristics. There is evidence that adefests of high prenatal
alcohol exposure are more likely to occur in the offspring of woméh & lower
socioeconomic status (SES) than of those with a higher SES [1,2,7,20,24-2%3ugbests
that alcohol intake during pregnancy is more likely to have an ingpaBTB and SGA in the
offspring of women with a low SES.

A reason for this stronger effect of alcohol exposure in therfiig of low SES women
could be the interaction with smoking and maternal distress. Thesesfare reported to be
more prevalent in women with a lower SES, also during pregri@0¢ySmoking and stress
could create a biological environment in which alcohol shows morewvdistyeous effects
due to interactive mechanisms [5,22,26,27,31-37].

Animal studies have shown that stress causes an increases# refdsormones that interact
with alcohol (such as corticosterone) and that this interaction eetwiess and alcohol
affects birth weight and brain development [36]. Studies on rhesus ysoskewed that
prenatal exposure to stress enlarges the effect of prenatdloblexposure on brain
development, especially in the dopaminergic system [37]. In humans, howenence for
effect modification by maternal distress is lacking.

Moreover, smoking during pregnancy was found to exacerbate tha&cinof alcohol on
health outcomes as exposure to tobacco smoke causes reduced blood oxygenesuntedt, r
blood flow and decreased levels of growth stimulating nutrients [26,2Hurimans, studies
from the USA [5], England [31], the Netherlands [22] and Denmark §8@jgest more
adverse effects of alcohol on SGA and low birth weight in the afigpsf mothers who
drank and smoked during pregnancy compared to those who only drank.

The present study investigates the associations between low to moderatecoshoiption
and two important perinatal outcomes (i.e. PTB and SGA) and assedgther these
associations are modified by levels of maternal education, mahatenental distress or
maternal smoking during pregnancy.

Methods

This study used data from two studies with large samples tiadilesl stratification by
mothers’ characteristics. These two studies are the AgdasterBorn Children and their
Development (ABCD) study and the German Health Interview and iBasion Survey for
Children and Adolescents (KiGGS).

ABCD study (Netherlands)

The ABCD study is described in detail elsewhere [38]. Brjethis large multiethnic
population-based cohort study was established in 2003. A total of 12,373 rgregimaen

were approached and finally 8,266 pregnant women (response rate 67%)vehio li
Amsterdam were interviewed between January 2003 and March 2004 twithweeks after
their first pregnancy examination (on average in the 16th weeglesition). A registration



form, including a range of personal data, was filled in by the peoeider. Of the 8,266
women surveyed, 7,863 gave birth to viable singletons and 132 gave birth eoraigbples.
Between four and seven days after delivery, nurses examined the statls of the infants.
Nurses also reported on perinatal outcomes, including the date of hittthywbight, gender,
gestational age, and screenings on congenital metabolic disordetiserFdata on the
perinatal outcome were received from the Dutch Perinatal Registration [39].

Within the third month after giving birth, the 6,854 mothers who gave ipsion for a
follow-up received an infant questionnaire on the course of the pregrthecgelivery, the
health of the baby, its growth and development, and the materna}léfelstring and after
pregnancy. A total of 5,218 mothers filled in the infant questionnaire (respon3é&%¥a)e

KiGGS study (Germany)

The KiGGS study is the first nationwide survey in Germanyhenhealth of children and
adolescents aged 0-17 years, implemented by the Robert Koch éngRii) and
commissioned by the German Federal Ministry of Health. BZetailthe survey can be found
elsewhere [40]. Briefly, the cross-sectional study was im@hged in 167 sample points
throughout Germany with an oversampling of children and adolescentsawitigrant
background and an oversampling of those from Eastern GermangibldEichildren and
adolescents were born between 1985 and 2006 with their main reside@&nnany.
Participants were enrolled between May 2003 and May 2006 (median 8mbec2004).
The survey includes age-appropriate questionnaires to be filled othebparents and
guestionnaires to be filled out by the children and adolescents agdd jgars. The
guestionnaires cover topics of general mental and somatic heakle, aewell-being, social
environment, living conditions, family structures and socio-demographies children and
adolescents took part in physical examinations and tests. Aakétioratories blood and
urine samples were taken, and a computer-assisted personaémt@CAPI) was performed
by a physician. Of the total sample of 28,299 patrticipants, 17,641 childdemdalescents in
the age range 0-17 and their parents could be surveyed (response rate 66.6%).

Alcohol consumption during pregnancy and study poplation

In the KiGGS study, alcohol consumption during pregnancy was meagtirespectively by
self-reports, with the question “Did the mother consume alcohol duregmnancy?” Possible
answer categories were “no”, “moderately”, or “regularly”.

In the ABCD study, maternal alcohol intake was measured (onge)estithe 16th week of
gestation within the pregnancy questionnaire by asking about tbboaltake in the
previous week. Answer possibilities were “no; yes, but less thanglass per day on
average; yes, on average ... glasses per day”. Three momthddivery (mean 13.6 weeks)
the women were again asked about their alcohol intake during pregwéhiythe infancy
guestionnaire by the question “Did you drink alcohol during the pregnansySwer
categories were “no” or “yes”. In case the women gave a pestiswer on alcohol intake
during pregnancy, they were asked “How much did you drink duringatitemonth of the
pregnancy?” For an answer, they were asked to specifpuhier of glasses drunk (on
average) per day.



Information on alcohol intake in early pregnancy was restrictedhéo week prior to
administration of the questionnaire. However, we were able to figgudit of the women
who consumed alcohol in early pregnancy, although not in the week pti@ itaterview, by
means of retrospective questions on alcohol intake from the postpartum survey.

In our sample of the KiGGS study, the number of self-reported meguilakers during
pregnancy was very low (N = 9). In addition, the information on ‘modesaig ‘regular’
alcohol intake during pregnancy is based on self-reports and, thasinftuenced by the
respondents’ subjective evaluation of the quantities ‘moderate’ and dregui order to
avoid the difficulty of distinguishing between ‘moderate’ and ‘regudécohol intake, we
have classified the mothers into the broad groups of ‘abstainers’ and ‘non-abstaine

In the ABCD study, we combined the information from the pregnancyiqoeatre with that
from the infancy questionnaire to get a complete measurementamhintake during the
entire pregnancy. A variable was constructed including absta{nepsrting abstaining
during pregnancy at both measurement points), non-daily drinkers (ngpattieast at one
measurement point that they were drinking alcohol, but not everyastay)daily drinkers
(reporting at least at one measurement point that they were drinking adedlighl

For the baseline samples we excluded twin or multiple births, hdfse the 24th week of
gestation, non-spontaneous pregnancies, those without information on SGAplogchi
parents responding to the questionnaire and those without information on alualkel
during pregnancy, leaving a study population of 5,238 mother-child dyads iABCD
study and 16,301 participants in the KiGGS study.

Outcome measures

The present study focused on SGA and PTB. SGA was defined ab avéight below the
10th percentile for gestational age, standardised by gender andgeaontyling to the Dutch
guidelines [41]. PTB was defined as a delivery between 24 and 36 pkek$ days of
gestational age.

In the ABCD study, data on gestational age, (based on ultrasouridieavailable, onset of
most recent menstrual period) and birth weight, as recorded kpb#tetric care providers,
were obtained from the Youth Health Department at the Municipalthl Service
Amsterdam.

In the KiGGS study, gestational age and birth weight were self-reportibe iparents.
Covariates

The ABCD study and the KiGGS study measured the following cdearianaternal age,
parity (0, > 1), ethnicity based on maternal country of birth (ABCD: Dutch, @teol
Mediterranean, Others, KiGGS: German, Non-German), matermap(pgnancy) body mass
index (BMI: based on self-reported height and weight before praxy), hypertensive
disorders (chronic hypertension and gestational hypertension)ynaaeducation (self-
reported; ABCD study: years after primary school; KiGGS ystudchool leaving
qualifications), maternal height, maternal smoking during pregngstf/reported: yes, no)
and maternal mental distress (in the ABCD study only).



In the ABCD study, low maternal education was defined & years of education after
primary school, and mid-high maternal educatior &syears.

In the KiGGS study, low maternal education was defined as no giaduadt yet graduated
or graduation from junior high school, and mid-high education was defingdadsation
from the intermediate school, high school or advanced (poly) technical school.

In the ABCD study, maternal mental distress was assesstte basis of anxiety symptoms,
measured by the validated State-Trait Anxiety InventoryAlpT42], and depressive
symptoms using the validated Dutch version of the Center for Epidmgiual Studies
Depression Scale (CES-D) [43]. Briefly, the STAI is a 2@diguestionnaire that is meant to
be administered by self reports, and that is widely used &sassixiety during pregnancy
and postpartum. The CES-D is a 20-item self-report questionnaicetext depressive
symptomatologies, but not clinical or chronic depression. However, a€HESeD scores
correlate well with clinical assessments of depression [43y&lrieasure is broadly used to
detect high-risk groups and possible cases of depression. In our sHmap&lAl and the
CES-D were reliable measurements (Cronbaeh®69 and 0.94 for depression and anxiety,
respectively). The total scores on depression and anxiety vggg borrelatedd = 0.615, p

< 0.001). The variables were dichotomized to correspond with thdfeubiats that showed
high accuracy (0.87) in previous studies [45,46] (Likelihood Ratio of 6.8itiséys= 0.82;
specificity = 0.88):>23 for high levels of depression ar84 for high levels of anxiety.
Maternal mental distress was defined when the mother scoredhighe or both scales.
Maternal mental distress could not be measured in the KIGGS study.

Statistical analyses

In descriptive statistics, one-way-analysis of variance (ANPWAs applied to test trends in
continuous factors while the Chi-squared test was applied to cai@dgactors. Multivariate
logistic regression analyses were used to calculate the adids (OR) and the 95%
confidence interval (Cl) that expresses the association of S@APaB with levels of
maternal alcohol intake (abstainers were reference). Iretiression analysis, the full model
was adjusted for maternal age, parity, ethnicity, maternal ggnpncy BMI, maternal
education, maternal height, smoking during pregnancy and hypertension andABGBe
study we additionally adjusted for maternal mental distress.

In the next step, the model included interaction terms betweesrmahtalcohol intake and,
respectively, the level of maternal education, maternal srmgoluring pregnancy and
maternal mental distress. By means of these terms, wesedsgbether an interaction could
be demonstrated with conventional levels of significance (p < 0.05Jditian, we fitted the
full regression models for subgroups of women stratified accordingaternal education,
smoking during pregnancy, or maternal mental distress. Thidisttadhalysis was added in
order to describe potential interactions in terms of their direeti@hmagnitude, and not only
in terms of statistical significance. The Statisticatkage of Social Sciences (SPSS) version
19.0 was used for all statistical analyses.

The KiGGS study was approved by the ethics committee of thet&bkmiversitatsmedizin
Berlin (Germany) and the Federal Office for the Protectioata on 20 February 2003.
Written informed consent according to the Helsinki Declaration wsined from the
participants and their parents or guardians before the subjeetecernhe study. For the
ABCD study, the Central Committee on Research Involving Human Ssbjecthe



Netherlands, the medical ethics review committees of the ipatiieg hospitals, and the
Registration Committee of the Municipality of Amsterdam (Metherlands) approved the
protocols on 29 March 2002. All women participating in the ABCD studye gaxitten
informed consent.

Results

ABCD study

Of the 5,238 women in the sample, 36.2% reported non-daily alcohol inteké.6%
reported daily alcohol intake during pregnancy (Table 1). Educatiorel| lmaternal height
and maternal age were highest among daily drinkers and lowestgaabstainers. The
prevalence of pregnancy hypertension and pre-existing hypertensisrhighest among
abstainers and lowest among daily drinkers (for all differepce®.001). The prevalence of
smoking during pregnancy and mental distress was highest inithermiaking group. Dutch
women were overrepresented in the non-daily and daily drinking grougagh@omen with
a different ethnic background were mostly abstainers (Table dyalence rates were 8.6%
for SGA and 4.8% for PTB.

Table 1ABCD study: sample characteristics (N = 5238) according to the level of alcohol
intake during pregnancy

Total Abstainer Non-daily drinker  Daily drinker P for trend
N =5238 N =23049 (58.2%) N =1894 (36.2%) N =295 (5.6%)
Maternal education (years) 9.6 (3.7) 8.7 (3.9) 10.8 (3.0) 10.8 (3.3) <0.001
Smoking during pregnancy (% yes) 9.4 9.1 8.8 16.9 0.013
Maternal height (cm) 169.2 (7.1) 168.1 (7.3) 170.7 (6.5) 170.7 (6.5) <0.001
Maternal BMI (kg/nf) 22.8(3.8) 23.3(4.2) 22.2 (3.1) 22.3 (3.2) <0.001
Maternal age (years) 31.4(4.8) 30.5(5.3) 32.5 (3.6) 32.9 (3.9) <0.001
Parity (% >0) 42.8 42.4 42.7 47.1 0.280
Hypertensive disorders (% yes)
Pregnancy hypertension 9.8 111 8.1 7.5 <0.001
Preexisting hypertension 3.4 3.8 3.0 24
Mental distress (% high) 155 17.0 13.2 15.0 0.003
Ethnicity (%)
Dutch 72.2 65.3 82.0 80.0 <0.001
Mediterranean 6.5 8.0 4.4 4.7
Creole 6.0 10.1 0.1 1.0
Other 15.3 16.5 135 14.2

Data were missing for maternal education (N = 29), smoking dyiegnancy (N = 1),
mental distress (N = 28), ethnicity (N = 2).

Values are percentages for categorical factors, or meanls ¢tandard deviations) for
continuous factors.

In both, the univariate and multivariate regression, neither non-dailydaibr maternal
alcohol consumption was found to be related to SGA: adjusted OR for ngnattzohol

exposure was 0.88 (95% CI 0.63, 1.24); adjusted OR for daily alcohol exposurke08a
(95% CI 0.59, 1.97) (Table 2). On the other hand, an inverse relationshipunastfetween
alcohol consumption and the risk of PTB. After adjustment for confountthersssociations



between daily alcohol intake were significant with an OR foB f 0.31 (95% CI 0.13,
0.77) (Table 2).

Table 20dds ratios (95% CI) and prevalence percentages of SGA and PTB and
maternal alcohol intake during pregnancy

ABCD study KiGGS study

Abstainer Non-daily drinker Daily drinker Abstainer Non-abstainer

N =3049 N =1894 N =295 N =14089 N =2012
SGA
Prevalence 9.0 8.3 6.8 9.5 9.5
Crude Model 1.00 0.94 (0.76, 1.15) 0.72 (0.44,1.16) 1.00 1.01 (0.84, 1.21)
Full Model  1.00 1.14 (0.91, 1.43) 0.77 (0.47,1.27) 1.00 0.98 (0.81, 1.19)
PTB
Prevalence 5.5 4.1 1.7 6.5 4.8
Crude Model 1.00 0.73 (0.56, 0.97) 0.30 (0.12,0.73) 1.00 0.71 (0.54, 0.93)
Full Model  1.00 0.77 (0.58, 1.04) 0.31(0.13,0.77) 1.00 0.75 (0.57, 0.99)

Full Model: adjusted for education, smoking during pregnancy, matermgithparity, BMI,
maternal age, ethnicity, maternal distress (in ABCD study)arig hypertension (in ABCD
study only).

For all analyses on SGA, parity was excluded, because SGArrscted for parity by
definition.

Cl = confidence intervalSGA = small for gestational ageTB = preterm birth;

The interaction term between alcohol intake during pregnancy andnalagglucation was
not significant (p-values for interaction ranged from 0.104 to 0.669).s&hee applied to
smoking during pregnancy and mental distress (p-values forétiteraanged from 0.204 to
0.871).

Stratified analysis by educational level yielded no evidencesuggest that alcohol
consumption would have an adverse effect on SGA or PTB within the émlueated group
(Table 3). Stratified analyses by smoking showed that theiygsi$sociation between non-
daily and daily alcohol intake during pregnancy and PTB was only tdbtecin non-
smokers. In smokers, the positive effect of alcohol on PTB disappedidue (4).
Stratification by maternal mental distress suggested ttietinverse association between
alcohol consumption and PTB was stronger among women with low lefvetsess (Table
5).

Table 30dds ratios (95% CI) from the full model of SGA and PTB and maternal
alcohol intake during pregnancy, categorized by maternal education level

ABCD study KiGGS study
(%) Abstainer Non-daily drinker Daily drinker (%) Abstainer Non-abstainer
N=3049 N =1894 N = 295 N =14089 N =2012

SGA

Mid-high education 7.7  1.00 1.18 (0.92, 1.51) 0.84 (0.50,1.41) 9.0 1.00 1.08 (1.06, 1.0
Low education 13.7 1.00 0.96 (0.53, 1.74) 0.28 (0.04,2.13) 114 1.00 0.72 (0.48, 1.0
PTB

Mid-high education 4.5 1.00 0.79 (0.58, 1.07) 0.37 (0.15,0.92) 5.3 1.00 0.77 (0.57, 1.0

Low education 59 1.00 0.84 (0.35, 1.01) --- 6.4 1.00 0.57 (0.26, 1.24)




Full Model: adjusted for smoking during pregnancy, maternal heightypBNtl, maternal
age, ethnicity, maternal distress (in ABCD study only) and hypside (in ABCD study

only).
For all analyses on SGA, parity was excluded, because SGArrscted for parity by

definition.
Cl = confidence intervalSGA = small for gestational ageTB = preterm birth;

Table 40dds ratios (95% CI) from the full model of SGA and PTB and maternal
alcohol intake during pregnancy, categorized by smoking during pregnancy

ABCD study KiGGS study
(%) Abstainer Non-daily drinker Daily drinker (%) Abstainer Non-abstainer
N=3049 N =1894 N = 295 N = 14089 N =2012

SGA

Non-smoker 7.8  1.00 1.17 (0.91,1.50) 0.76(0.41,1.39) 8.1 1.00 1.06 (0.85, 1.33)
Smoker 16.6 1.00 1.00 (0.56,1.77) 0.77(0.31,1.91) 16.6 1.00 0.80 (0.56, 1.14)
PTB

Non-smoker 4.6 1.00 0.75(0.55,1.03) 0.16(0.04,0.64) 6.1 1.00 0.80 (0.60, 1.08)
Smoker 6.5 1.00 1.00 (0.42,2.42) 0.85(0.22,3.34) 6.9 1.00 0.56 (0.26, 1.19)

Full Model: adjusted for education, maternal height, paBiyl, maternal age, ethnicity,
maternal distress (in ABCD study only) and hypertension (in ABCD study only).

For all analyses on SGA, parity was excluded, because SGArrscted for parity by
definition.

Cl = confidence intervalSGA = small for gestational ageTB = preterm birth;

Table 50dds ratios (95% CI) from the full model of SGA and PTB and maternal
alcohol intake during pregnancy, categorized by maternal mental distress

ABCD study
(%)  Abstainer Non-daily drinker Daily drinker
N = 3049 N =1894 N =295

SGA

No distress 8.2 1.00 1.12 (0.88, 1.42) 0.67 (0.38, 1.19)
Distress 11.3 1.00 1.40 (0.72, 2.69) 1.68 (0.55, 5.08)
PTB

No distress 4.5 1.00 0.75 (0.55, 1.03) 0.23 (0.07, 0.72)
Distress 7.0 1.00 1.01 (0.46, 2.24) 0.68 (0.14, 3.23)

Full Model: adjusted for education, smoking during pregnancy, matermgithparity, BMI,
maternal age, ethnicity and hypertension.

For all analyses on SGA, parity was excluded, because SGArnscted for parity by
definition.

Cl = confidence intervalSGA = small for gestational ageTB = preterm birth;

KiGGS study

Of the 16,301 women in the baseline sample, 13.6% reported drinking alcohol during
pregnancy. Educational level, height, parity, age at birth of thd ehitl the prevalence of
smoking during pregnancy were higher in the non-abstainers (Tableh&)BMI and the
prevalence of pregnancy hypertension were lower in the non-alsstai@erman women
were overrepresented in the group of non-abstainers whereas worhea win-German



background were mostly abstainers (p < 0.001). Prevalence rates9wét for SGA and
6.2% for PTB (Table 6).

Table 6 KiGGS study: sample characteristics (N = 16301) according to the level of
alcohol intake during pregnancy

Total Abstainer Non-abstainer P for trend
N =16301 N =14089 (86.4%) N = 2212 (13.6%)

Maternal education (%)

Low 23.5 24.7 15.8 <0.001

Middle 47.4 48.0 43.9

High 29.1 27.3 40.0
Smoking during pregnancy (%17.0 16.6 19.5 0.001
yes)
Maternal height (cm) 166.5 (6.3) 166.4 (6.3) 167.4 (6.2) <0.001
Maternal BMI 24.5 (4.7) 24.6 (4.7) 24.2 (4.6) <0.001
Maternal age (years) 28.2 (5.1) 28.0 (5.1) 29.4 (5.0) <0.001
Parity (% >0) 67.9 67.6 69.9 0.044
Ethnicity (%)

German 84.6 83.5 91.5 <0.001

Non-German 15.4 16.5 8.5

Data were missing for maternal education (N = 448), smoking durgmgnancy (N = 89),

maternal height (N = 188), maternal BMI (N = 299), maternal (de 154), parity (N =

3457), ethnicity (N = 113).

Values are percentages for categorical factors, or mearls étandard deviations) for
continuous factors.

In both, the univariate and multivariate regression, maternal alcoingumption was not
related to SGA: adjusted OR for alcohol exposure was 0.98 (9508C| 1.19) (Table 2).
On the other hand, an inverse relationship was observed between almafinption and
the risk of PTB. After adjustment for confounders, the associationekatyprenatal alcohol
exposure and PTB was significant with an OR of 0.75 (95% CI1 0.57, 0.99) (Table 2).

The interaction term between alcohol intake during pregnancy andnalagglucation was
not significant (p-values for interaction ranged from 0.399 to 0.625).s&hee applied to
smoking during pregnancy (p-values for interaction ranged D@83 to 0.424). Stratified
analyses by educational level or by smoking did not provide evidensaggest that the
effects of alcohol would be greater in the offspring of low edutatothers or mothers who
smoked during pregnancy (Tables 3 and 4).

Discussion
Key findings

Contrary to our expectations, we found that the risk of SGA and PTB was not incretdsed i
offspring of mothers who consumed alcohol at any frequency (dailydaibnor at some
point) during pregnancy. SGA was not associated with alcohol irdakieag pregnancy,
while PTB was found to be inversely (instead of positively) eelatThe associations
mentioned above did not differ according to levels of maternal &docdiigh levels of



distress, or tobacco intake during pregnancy. Stratified anadiseged no adverse effects of
low-moderate alcohol intake on SGA and PTB, not even in the offspriwgroen who were
disadvantaged in terms of low education, high levels of distresgbacdo intake during
pregnancy.

Evaluation of potential limitations

First, selective participation may have occurred with an irmtusf mainly healthy females
and a higher non-response in women with a heavy alcohol intakeef@itegrour results only
apply to light-moderate alcohol intake and cannot be generalisedrmenvwith heavy
alcohol intake during pregnancy.

Second, alcohol intake during pregnancy was measured by self-regudis,are known to
underestimate the frequency and amount of alcohol intake of pregnargénw@m-50].

Furthermore, we did not assess whether non-daily drinkers were biimgking during

pregnancy at a certain point. Underestimation and misclassificat alcohol consumption
may have contributed to the lack of evidence concerning an adv¥ersieod alcohol intake
on SGA or PTB.

Third, neither of the studies measured in detail the amount af@lmntake during different
phases of pregnancy. The first trimester is considered to bghby halcohol vulnerable’
period in fetal development [51]. Due to lack of data on the timingladhol intake, we
might have missed the adverse effects of alcohol intake in this specific period.

Fourth, in the KiGGS study, information on SGA and PTB was deffired the parents’
guestionnaire up to 17 years retrospectively. Although the prewatates of SGA and PTB
are similar to those in the ABCD study, recall error andreglbrting bias is likely to have
occurred, which could affect the associations between alcohol intakey guegnancy and
the pregnancy outcomes in unknown ways.

Discussion of the key findings

In both studies we found the risk of PTB to be significantly deeceasnong children of
mothers who drank during pregnancy. Our findings are comparable with titaersport an
inverse association between alcohol intake and the risk of PTB [14,17,22p atadies
which report a J-shaped association between alcohol consumption arsl ihfeRTB [3,10].
A decreased risk of non-daily drinking was also observed in a Datnidia that suggests a
decreased risk in the offspring of women who consume 2—4 drinks per ween{3hn
Australian study that reports no adverse effect of up to sssgtaper week [16]. While our
findings contrast to the findings of one Dutch study [8], another stady the Netherlands
also found that PTB was lower in those who consumed alcohol with up tgrag® per
week and more [22]. Another study from Denmark suggested a detmsisef PTB with
up to 9 glasses per week [10]. Both studies from Denmark reploreshold of an increased
risk at> 10 and more glasses per week amndl glasses per week, respectively [3,10]. Binge
drinking was also reported to result in adverse effects for R&B Pnfortunately, we cannot
report on the association between PTB and binge drinking or hedyyaltahol intake as
we have only 29 cases of women who reported more than one drink pandisye did not
collect information on binge drinking.



An explanation for our finding of the reduced risk of PTB might be atwetradiction-
inhibiting effect of alcohol, which reduces the release obiltt hormones vasopressin and
oxytocin [52-54]. Until the 1970s, alcohol was even used in tocolysis bechiisgositive
effect on reducing the risk of PTB [55-57]. However, the findings orusiage of alcohol to
treat threatening PTB are controversial [57-61]. In addition, the msgdior a positive effect
is weak, as randomized control trials showed no effect of alcohoétemr PTB [59-61] and
the side-effects of alcohol were considered to be unacceptable [ZIH6@]. this treatment
method was abandoned.

Another explanation for the observed inverse association with PTBt nbg residual
confounding. Pregnant women who continue to consume alcohol might be healthemy
unmeasured terms, such as general state of health, healthisomuanitd living conditions
etc. (the ‘healthy drinker effect’) [62].

In both studies we found no association between any level of aledakéi(daily, non-daily,
non-abstaining) during pregnancy and SGA. These findings are comparaiether study
from the Netherlands, suggesting no effect of alcehb20 grams per week on birth weight
[22]. Similar results were reported in an Australian study atdig that < 7 drinks per week
and not more than 2 standard drinks per occasion are not associatedswitfieg. Our
findings are also similar to a study from Italy showing noaased risk of SGA with up to 2
drinks per day [6]. However, a study from Australia [16] and one ftafg [6], as well as
two studies from the USA [19,23] report increased risks of SGAvamen with heavy
drinking (> 2 drinks per day) and bingeing patterns. Though our resuli®tdsuggest a
negative association with alcohol intake in general, we cannot ext¢ladsossibility of an
association with high levels of daily alcohol intake or binge-drinking.

Contrary to our initial hypothesis, there was no interaction betvadsohol intake during
pregnancy and maternal education. Alcohol intake during pregnancy wassoctated with

adverse effects in the offspring of lower educated women. TinBnfj is in contrast to
studies on FAS, where especially the offspring of lower educateden were found to be
vulnerable to the adverse effects of alcohol [25-29]. In contrgsdtient studies on FAS, our
sample does not include severely alcohol-addicted women, since only 0.68 wbmen

reported a consumption of more than one standard drink per day.

In contrast to what we expected, and in contrast to others [5,22,31,3&]sthis from both
these studies show no increased risks of PTB and SGA in women whontaitedsand
drank, compared to drinkers alone. However, our finding of no interactieet défetween
alcohol and smoking on birth weight concurs with results reported ffmland [9] and
France [12]. However, more research is needed in other study popsiltd elucidate the
interactive mechanism and to detect a possible threshold of ale@wtiblsmoking on
pregnancy outcomes.

In women with high levels of mental distress, the positive eftdcalcohol on PTB
disappeared. Animal studies have shown that exposure to prenatal alodhdisaess
together has a more adverse effect on birth weight than the skmsures [63]. However,
although the mediating effects remain unclear [63], animal ststi@sed that stress causes
increased release of hormones that interact with alcohol tfeatt dofirth weight and brain
development [36,37]. As this is the first study in humans to investiggptessible interaction
between prenatal alcohol and distress on PTB, our findings needrépriogluced in other
human studies.



Conclusions

Our findings are in agreement with many others in suggestatgtiere is no increased risk
for SGA and PTB in the offspring of mothers who consume low to madgrantities of
alcohol during pregnancy. This applies to both the studies, althosghutd be emphasised
that the results of the KiGGS study might be affected bagllrbas. We observed no adverse
effects of low-moderate alcohol intake in the offspring of women wéi@ wisadvantaged in
terms of low education, high mental distress or tobacco intake dpregnancy. Further
studies in disadvantaged populations are needed to replicate our findings.
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