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Abstract
Daily average intake of alcohol during pregnancy has consistently been associated with short term adverse outcomes such as miscarriage, preterm birth and intrauterine growth restriction, a large variety of malformations, as well as long term adverse outcomes such as foetal alcohol syndrome, mental retardation and general impairment of cognitive functions including intelligence, attention, learning abilities as well as social and behavioural functions. Weekly average consumption and alcohol binge drinking (usually defined as ≥ 5 drinks on a single occasion) independently of high daily average intake has not been consistently associated with short and long term adverse outcomes. Health authorities in most countries recommend that pregnant women completely abstain from alcohol. Even so, many health professionals including doctors, midwives and nurses do not provide information to pregnant women in accordance with the official recommendations, although a large proportion of women of child bearing age and pregnant women drink alcohol, especially before recognition of pregnancy. The discrepancy between guidelines and the information practice of health personnel is likely to continue to exist because guidelines of abstinence are not clearly evidence-based and not in line with current focus on autonomy and informed choice for patients, and because guidelines do not consider the everyday clinical communication situation.
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Core tip: Daily average consumption of alcohol during pregnancy has been systematically associated with short and long-term adverse outcomes, while lower weekly average consumption and alcohol binge drinking independently of high daily average intake has not. Health authorities in most countries recommend that pregnant women abstain from alcohol. Even so, many health professionals do not provide information to pregnant women in accordance with the official recommendations. The discrepancy between guidelines and the information practice of health personnel is likely to continue, because guidelines of abstinence are not clearly evidence-based and not in line with current focus on patient autonomy. 
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INTRODUCTION
It has been known for thousands of years that alcohol consumption may compromise human reproduction and harm the newborn baby. In his Problems[1], Aristotle described how alcohol may reduce semen quality and male potency [“…semen of drunkards (is) generally not reproductive…”]. In his History of Animals he described how breast milk from wine-drinking women may cause convulsions in the weaning baby[2]. During the first half of the 18th century, during the English gin epidemic, the English College of Physicians asked Parliament to re-introduce control with the distillation process, because gin was “a cause of weak, feeble and distempered children”[3].
Some one hundred years later a movement had been set in motion that called on women not to drink alcohol while pregnant or while breast-feeding, for as Aristotle had suggested, “alcoholic milk” might cause convulsions in the newborn[4], and children nursed on abstinence on the other hand escaped many common childhood disorders[4]. 
In 1848, a population based survey was carried out among 574 intellectually disabled people in Massachusetts, United States. Approximately half of the intellectually disabled people (then termed idiots) had parents who were “habitual drunkards”[5]. 
In 1899, in England, W.C. Sullivan[6] described 120 chronic alcoholic women in Liverpool Prison or their relatives and their approximately 600 children. Approximately one in ten children was stillborn, and 56% of the children had died within two years after delivery, usually because of convulsions. The longer the mother had been drinking the greater the risk. But if the mother was abstinent during imprisonment, the child’s chance of survival was increased[6]. 
By the beginning of the 20th century, alcohol consumption during pregnancy had also been associated with miscarriage, malformations and preterm birth[3].
During the American Prohibition of the 1920s and 1930s alcohol was less accessible, and following the Prohibition the potentially damaging effects of alcohol consumption during pregnancy was hardly an issue. In fact, in the late 1960s and 1970s, a number of case series (inherently lacking a reference group) – mainly from the New York Hospital – even suggested that infusion of alcohol could potentially prevent preterm birth in women with threatening preterm delivery[7], although others had difficulties replicating these findings[8]. In 1975, a paper was published including several comparison groups, showing that the therapeutic effect of alcohol on preventing premature labour was no better than that obtained with placebo[9].
In retrospect, it is interesting that while experiments were being carried out using alcohol infusions as a treatment among pregnant women and published in high profile journals[7], the first modern description of the potentially harmful effects of high intake of alcohol during pregnancy was published in French and went almost unnoticed[10]. In fact, today´s focus on the damaging foetal effects of high alcohol intake during pregnancy was started with the (re-) discovery of the Foetal Alcohol Syndrome (FAS) in 1973[11].
The aim of this paper was to assess the potentially damaging effects of alcohol intake during pregnancy at all intake levels, the attitudes and knowledge among pregnant women and health personnel towards the issue, drinking patterns, and how official recommendations are handled in everyday clinical practice by health personnel.

METHODOLOGY
A systematic literature search in PubMed was performed for each of the topics: Foetal/fetal damage, attitudes and knowledge, drinking patterns, and recommendations. Search terms may be obtained from the author. All identified records were screened for eligibility by article title. Abstracts were read if the study appeared to be relevant for inclusion. Full text of all cited papers were read. The computerized literature search was supplemented with a hand-search of the bibliography of all included papers. The study selection was done by the author.

A brief introduction to measurement of alcohol intake during pregnancy
A single measure of overall consumption does not necessarily give a sufficient picture of the actual pattern of consumption: Patterns of alcohol consumption are often complex, and much too often alcohol consumption is categorised in an oversimplified manner. In clinical and scientific practice, the alcohol consumption pattern of an individual is usually described by three components: Frequency, quantity, and variability[12], and a fourth component is now being assessed in more and more studies: Timing[13]. Most often a measure of the average number of standard drinks per day or per week at a more or less well-specified point in time during pregnancy is provided (measuring frequency and quantity, i.e., the number of drinking episodes X the number of standard drinks on each episode). Many attempts have been made to include a measure of variability into measures of quantity and frequency, creating a quantity-frequency-variability measure[12]. Variability is often measured as binge drinking, usually defined as intake of ≥ 4 or ≥ 5 drinks on a single occasion. Binge drinking is incorporated into many of these measures and indices. Binge drinking, however, is now often used as a separate exposure and timing of such episodes may be of importance.
Other aspects of alcohol consumption such as context (setting, i.e., private vs public, etc.), unit size and type of alcohol are scarcely reported. However, the potentially harmful effects of alcohol on the foetus are most likely caused by ethanol itself, and hence the type of alcohol is unlikely to be of any importance, as suggested in some studies[14]. 
No reliable or valid biomarkers of alcohol intake during pregnancy have been found.

THE DAMAGING EFFECTS OF ALCOHOL DURING PREGNANCY – WHAT IS THE CURRENT EVIDENCE?
Average alcohol intake
FAS is a diagnostic entity with fairly well defined diagnostic criteria[15], but even so diagnostic criteria differ somewhat and the diagnosis may be difficult[16]. Confirmed prenatal alcohol exposure is not required to make a diagnosis, but all three of the following findings are required, although some differences in diagnostic criteria are observed within each category[15,16]: (1) Documentation of at least 2[16] or all 3[15] of the following facial abnormalities (smooth philtrum, thin vermillion border, and small palpebral fissures); (2) Documentation of growth deficits (Confirmed, age, sex, gestational age, and race or ethnicity adjusted prenatal or postnatal height or weight, or both, at or below the 10th percentile, documented at any one point in time); (3) Documentation of CNS abnormality [I: structural (small head circumference or brain abnormalities observable through imaging)[15,16], II: neurological (not due to a postnatal insult or fever)[15], or III: functional][15]. Functional deficits may be either global cognitive or intellectual deficits representing multiple domains of deficit with performance below the 3rd percentile (2 standard deviations below the mean for standardized testing); or functional deficits below the 16th percentile (1 standard deviation below the mean for standardized testing) in at least three of the following domains: (1) cognitive or developmental deficits or discrepancies; (2) executive functioning deficits; (3) motor functioning delays; (4) problems with attention or hyperactivity; (5) social skills; and (6) other, such as sensory problems, pragmatic language problems, or memory deficits.
Apart from the diagnostic features mentioned above, FAS has been associated with a huge number of malformations, which are not specific for FAS, but still may be caused by the excessive, high average daily alcohol intake, e.g., craniofacial such as microcephaly, ptosis, retrognathia, micrognathia/flat midface, maxillary hypoplasia, and short upturned nose; skeletal such as pectus excavatum, joint defects, radioulnar synostosis, hypoplastic fingernails and toenails; cardiac such as atrial- and ventricular septal defects; cleft lip and/or palate; ocular defects including myopia, strabismus and microphthalmia; dental such as dental malocclusion, hypoplastic/misaligned teeth and faulty enamel; hypospadias, hypoplastic/dysplastic kidneys and inguinal hernia[16-19]. 
FAS represents the severe end of the Foetal Alcohol Spectrum Disorders (FASD), a widely used term for a group of at least three types of conditions[16,20]: FAS, Alcohol-Related Neurodevelopmental Disorder (ARND), and Alcohol-Related Birth Defects (ARBD). Some have attempted to define ARBD (malformations) as a diagnostic entity including confirmed maternal alcohol exposure, ≥ 2 facial abnormalities as mentioned above, and a combination of structural defects/malformations[16], although this is not universally acknowledged. FASD and ARND (e.g., intellectual disabilities, learning and behaviour problems), are umbrella terms and are not at this point diagnostic entities[15,16]. Some also include partial FAS as an additional entity[16].
FAS and all the characteristics associated with it is by definition caused by (high average daily) alcohol intake during pregnancy. To the extent that smaller amounts of alcohol are potentially harmful, the effects are likely to be the same but smaller: 

Anthropometric measures and growth: A recent meta-analysis assessed the association of average alcohol consumption with low birth weight and being small for gestational age (SGA)[21]. The meta-analysis suggested a non-linear association[21]. The meta-analysis is interesting for several reasons: In an analysis of any alcohol use versus no alcohol use, including a total of 28 studies, alcohol users were at increased risk of having children with low birth weight (RR = 1.12, 95%CI: 1.04-1.20). Not surprisingly, studies with no confounder control (12 studies) showed a higher increased risk (RR = 1.27, 95%CI: 1.00-1.61), while studies adjusting for potential confounders (17 studies) showed an insignificantly increased risk of low birth weight (RR = 1.06, 95%CI: 0.99-1.13). The pooled odds ratio of SGA in all studies (11 studies) was 1.11 (95%CI: 0.95-1.30), and in studies that adjusted for confounders it was 0.99 (0.89-1.10). 
However, looking at any alcohol intake, does not distinguish between low and high alcohol intake. In the study, meta-regression was carried out using linear as well as first-order and second-order fractional polynomial regression. For both low birth weight and SGA polynomial regression fitted the data better than linear regression. Intake of less than one drink a day on average showed no association with poor outcome, whereas intake of more than one drink per day on average was associated with a steadily increasing risk of low birth weight up to approximately 10-12 drinks per day (RR = 7.48, 95%CI: 4.46-12.55)[21]. 

Preterm birth
The same meta-analysis showed data on preterm birth[21]. In an analysis of any alcohol use versus no alcohol use, including a total of 21 studies, alcohol users were not at increased risk of preterm birth (RR = 1.03, 95%CI: 0.91-1.16). Studies adjusting for potential confounders (11 studies) yielded an attenuated estimate (RR = 0.93, 95%CI: 0.86-1.01). Again, for preterm birth, polynomial regression fitted the data better than linear regression. Intake of less than 1½ drinks a day on average showed no association with preterm birth, whereas intake of more than 1½ drinks per day on average was associated with a steadily increasing risk of preterm birth with increasing alcohol intake. For women drinking three drinks per day on average, the risk of preterm birth was 23% more likely than in nondrinking mothers (RR = 1.23, 95%CI: 1.05-1.44)[21]. 
In general, the relative risks, but not necessarily the differences between the two risk estimates , for very preterm birth (before 32 wk of gestation) are higher than the relative risks for moderate preterm birth (32-36 wk of gestation)[14]. Mode of delivery does not seem to affect the risk[22].

Foetal death - Spontaneous abortion and stillbirth
From a methodological point of view, spontaneous abortion is perhaps one of the most difficult pregnancy outcomes to assess, especially in the first trimester. To mention but a few: Variation in self-testing behaviour, i.e., variations related to the different gestational ages at which different women choose to perform a pregnancy test - women testing themselves very early in pregnancy will appear to have higher abortion rates than women who do not[23]. Very early spontaneous abortions (i.e., weeks 0-6) are usually not recognized, and hence these are not included in studies on spontaneous abortions. Most studies apply logistic regression analysis, and they will therefore tend to overestimate the risk of early spontaneous abortions because the odds ratio will overestimate the true risk ratio. This problem may be dealt with by applying survival analysis techniques with delayed entry or left truncation, so that women do not inappropriately contribute time at risk before recognition of pregnancy[23]. Survival analysis also allows pregnancies that end in induced abortion to contribute time at risk to the analyses, since such pregnancies are also at risk of spontaneous abortion until the day of the induced abortion[23]. Only few studies have previously addressed this problem by using Cox proportional hazard models with delayed entry[24-26].
Increased risk of early spontaneous abortion has been reported in alcoholics[27,28]. At lower intake levels, some studies show no association[29-33], while most studies seem to suggest an increased risk of first trimester spontaneous abortion with an intake of ≥ 1 drink/d on average[34-36]. Two studies with open ended high intake group of > 3[25] and ≥ 5[24] drinks/wk on average, respectively, suggested an increased risk within this group, but because of the open ended categorization it is unclear at what level the actual effect increases. 
A recent (and much cited) study showed an increased risk of first trimester spontaneous abortion at intake levels of 2-3½ drinks/wk on average (Hazard ratio = 1.66, 95%CI: 1.43-1.92)[26]. As for second trimester spontaneous abortions, the majority of studies show no association, although two studies showed an increased risk at an intake of ≥ 1 drink/d on average[35,36]. Again, a recent study showed an increased risk of vey early second trimester spontaneous abortion (weeks 13-16) at intake levels of 2-3½ drinks/wk on average (Hazard ratio = 1.57, 95%CI: 1.30-1.90)[26]. 
Interestingly, the authors of the one study showing an association between average intake levels of 2-3½ drinks/wk on average and first and early second trimester abortions, found hardly any association between alcohol binge drinking and spontaneous abortion, as mentioned below[37]. It seems biologically implausible that in the same population 2-3 drinks/wk on average should increase the risk, while intake of ≥ 5 drinks on a single occasion does not.
The definition of stillbirth differs between studies, with gestational age usually varying between ≥ 22 wk or ≥ 28 wk of gestation. In most studies, the rate of stillbirth has ranged between 3 and 6 per thousand[26,38]. While children of alcoholics are probably at increased risk of stillbirth[28], in the majority of studies no association or even a slightly increased risk among abstainers compared with women with low intake has been described[26,38]. One study with an open-ended high intake group of ≥ 5 drinks/wk on average has suggested an increased risk within this group[39].

Malformations
As mentioned above, FAS has been associated with a large number of malformations in different parts of the body. Similar malformations have been described in children of alcoholics without other signs of FAS. At lower intake levels, intake of ≥ 3 drinks/d on average has been associated with craniofacial and genitourinary malformations[40,41], and intake of ≥ 1-2 drinks/d on average has been associated with musculoskeletal malformations and malformations of the sex organs and inguinal hernias[40,42]. A single study has shown increased risk of cryptorchidism among boys of women reporting intake of ≥ 5 drinks/wk on average, with increasing risk up to ≥ 9 drinks/wk on average[43]. Unfortunately, no estimate was reported separately for the 5-8 drinks/wk group, making it unclear where the actual effect started. One study, using different assessments of alcohol consumption, suggested a possible threshold for the risk of malformations. Although different measures yielded different thresholds, the lowest level at which an effect was observed was 0.5 ounces/d on average corresponding to approximately 1 drink/d on average[44].
While timing of alcohol consumption is likely to be an important issue when assessing the risk of malformations, few studies have studied this aspect. 

Neuropsychological development
Daily average intake of alcohol during pregnancy may affect intelligence [45;46]. IQ may be reduced by up to 25 IQ points in children of alcoholics compared to children of women with no or very limited intake, whereas intake of 2-4 drinks/d on average may reduce IQ by 5-7 IQ-points[47,48]. 
Executive functions[49,50] and attention deficits in children are among the most commonly reported effects of daily drinking during pregnancy[51-53]. It has been suggested that the attention deficit potentially caused by high prenatal alcohol exposure may constitute a specific subtype of Attention Deficit Hyperactivity Disorder (ADHD)[54]. Cerebral structural changes after prenatal alcohol exposure have been observed in several areas considered to be involved in attention processes[55].
Daily average prenatal alcohol exposure has also been associated with deficits in, e.g., speed of information processing[56], memory[52], learning[57], spelling, and behaviour[57]. Children of alcoholics have also been reported to have more psychiatric and psychopathological symptoms[58]. 
Based on > 30 studies a recent systematic review showed that among studies reporting maternal intake of more than four drinks per day on average, only one study showed no effect on motor function, while among all studies reporting intake levels of less than 10 drinks/wk on average, only one study showed deficits[59] in gross and fine motor function. Intake of 1-7 drinks/wk on average was not associated with such deficits[59].
In a recent meta-analysis, the association between average alcohol intake of 0 - ≤6 drinks per week on average and neuropsychological development was assessed as follows: (1) > 0 - ≤3 drinks per week and visual and motor function, cognition, behaviour, language and verbal function; (2) 3- ≤ 6 drinks per week and visual and motor function, attention, cognition, behaviour, language and verbal function; and (C) > 0 - ≤ 6 drinks per week and visual and motor function, cognition and behaviour was evaluated[60]: Overall, no significant associations were observed between any of the exposure categories and the included neuropsychological outcomes (i.e., visual and motor function, attention, cognition, behaviour, development, and language skills). When restricting analyses to studies of high quality (as determined by Newcastle-Ottawa-assessment-scale score), two significant results appeared, one showing a negative and one showing a positive effect: Three studies with approximately 11900 children aged 9 mo to 5 years yielded a statistically significant detrimental association between intake of 3- ≤ 6 drinks per week on average and child behaviour (P = 0.01)[60], while 7 studies with approximately 26100 children, yielded a small, statistically significant, beneficial association between intake of > 0- ≤ 6 drinks per week on average and child cognition (P = 0.03). It should be noted that cognition was measured by different IQtests in three studies (WPSSI-R, WISC, Raven), the Bayley Scales, Mental Development Index, in three studies, and the Bracken School Readiness Assessment in one study[60]. 
It is possible, however, that the effect of alcohol on child IQ may be modified by genetic predisposition[61], but very little evidence on this issue has been published. A recent study on behaviour not included in the meta-analysis showed no effect of average weekly intake of alcohol on behaviour in 5-year-old children[62].
In conclusion, average daily intake of alcohol during pregnancy has been associated with intrauterine growth restriction, preterm birth, foetal death throughout pregnancy, malformations, poor neurocognitive development and may cause deficits in psychomotor function, attention, memory, executive function, intelligence, behaviour and learning. However, less than average daily average consumption has not been systematically associated with any of these outcomes. With respect to early spontaneous abortion, however, the many methodological problems inherent in such studies should warrant caution in the interpretation of the results. Overall, the results suggest that if any, the potential effect of average weekly alcohol consumption is likely to be small.

BINGE DRINKING INDEPENDENTLY OF HIGH DAILY AVERAGE INTAKE
Pregnancy and birth outcomes: The risk of foetal death in clinically recognized pregnancies has been assessed in one study[37]. Binge drinking, including number of binge episodes and timing of binge drinking, was not associated with overall risk of foetal death or risk of miscarriage in the first or early second trimester (until pregnancy week 21)[37]. Women reporting ≥ 3 binge episodes had an increased risk of stillbirth (week 22 or later, OR = 1.56, 95%CI: 1.01-2.40), but timing of binge drinking was not associated with stillbirth[37].
Few studies have assessed the association between alcohol binge drinking and anthropometric measures: In studies adjusting for potential confounders, no significant or clinically relevant associations were described between binge drinking and weight, length or head circumference at birth[63-67]. Only two studies reported an adjusted difference in birth weight, respectively -41 g 95%CI: -92; 10[65] and -41 g 95%CI: -108; 27 for ≥ 2 binge episodes[67]. The remaining studies either did not show the adjusted results[63,66], or showed no measures of association, but simply stated that no differences were observed[64]. Number of binge episodes was not associated with anthropometric measures[67], while timing of binge drinking has not been reported.
Few studies, mainly of poor quality, have assessed birth defects including features of FAS[68]. One study reported that newborn children of binge drinkers had slightly shorter palpebral fissures, but no association was reported with other facial features[69]. Two subsequent studies not included in the above systematic review[68] showed no association between binge drinking and cryptorchidism[43] or between number or timing of binge episodes and congenital heart defects, in particular atrial and ventricular septal defects[70]. 
A systematic review of the effects of alcohol binge drinking suggested that prenatal binge drinking might be associated with impaired neurodevelopment[68]. Based on five studies with different definitions of binge drinking, another systematic review concluded that the issue of whether prenatal alcohol binge drinking was potentially associated with motor dysfunction in children was unsettled[59]. 
These issues were updated in a recent meta-analysis including nine outcomes (visual and motor function, attention, memory, executive function, cognition, behaviour, language and verbal, academic reading performance, and academic math performance)[60]: When including all eligible studies irrespective of quality, a significant detrimental association between binge drinking and child cognition was observed (Cohen’s d -0.13; 95%CI, -0.21, -0.05). The analysis included 8 studies on children aged 6 mo to 14 years. However, the results of this meta-analysis were no longer significant when limited to data from studies of high quality[60]. Analyses of motor function (6 studies), executive function (3 studies), attention (3 studies) and behaviour (5 studies) showed no significant or clinically relevant associations[60].
In conclusion, prenatal alcohol binge drinking independently of high, average daily intake does not seem to be systematically associated with short or long term adverse outcomes to a clinically relevant degree. However, timing of binge drinking is not well studied.

RECOMMENDATIONS
Official recommendations and guidelines from health authorities are meant to guide clinical practice and health behaviour among patients and the population at large. Many guidelines and recommendations are based on scientific evidence, but evidence evolves and changes over time, and the interpretation of the evidence may vary depending on the cultural setting. For example, the Gin Epidemic in England was following by a petition to Parliament to more strict control with the distillation process, while the Prohibition in the United States was followed by direct denial that alcohol during pregnancy might be harmful[3].

OFFICIAL RECOMMENDATIONS
In the 1990s, health authorities and health professionals in most countries recommended that pregnant women should abstain from alcohol during pregnancy[17,71-73]. However, in some countries, recommendations on alcohol during pregnancy have changed considerably over the past two decades. 
In Australia, for example, the 1992 guidelines suggested that pregnant women should abstain from alcohol[73]. However, the 2001 guideline modified this view to suggest that while pregnant women should consider not drinking at all and should never become intoxicated, “if they choose to drink, over a week, should have less than seven standard drinks, and, on any one day, no more than two standard drinks” [74]. Two years before, in 1999, a comparable recommendation was issued by the Danish Health and Medicines Authority (previously Danish National Board of Health): “Avoid alcohol in pregnancy if possible; if you drink, drink no more than one drink per day; do not drink every day” [75]. In the United Kingdom, the recommendation from the Department of Health suggested that intake of up to 1-2 United Kingdom units once or twice a week may be acceptable. 
In 2007, the Danish Health and Medicines Authority again changed its recommendation to: “If you are pregnant: avoid alcohol. If you are trying to conceive: avoid alcohol, to be on the safe side“[76]. Around the same time, a draft guideline was made available in Australia, leading to the 2009 guideline: “not drinking is the safest option” [77]. Only in the United Kingdom, the Department of Health and National Institute for Health and Clinical Excellence (NICE) and RCOG still condone low levels of alcohol intake: 'Women who are pregnant or trying to conceive should avoid alcohol altogether. However, if they do choose to drink, to minimize the risk to the baby, we recommend they should not drink more than 1-2 units once or twice a week and should not get drunk”[78,79].

ACTUAL RECOMMENDATIONS FROM HEALTH PROFESSIONALS
While health authorities in most countries recommend abstinence from alcohol during pregnancy, little is known about the actual information practice of health professionals. 

Doctors
In 2002-2003, in Australia, a postal survey among health professionals showed that only 57%-67% of general practitioners and obstetricians routinely asked pregnant women about alcohol use[80]. The complex recommendation (consider not drinking/do not become intoxicated/have < 7 drinks over a week/on any one day have no more than 2 standard drinks) was provided in its entirety by only 5% of obstetricians and 17% of GPs[80]. 
A Danish study among GPs in 2000 and 2009 showed that in 2000, when a complex recommendation was used, only 5% spontaneously mentioned all three statements that made up the recommendation (avoid alcohol in pregnancy/if you drink, drink no more than one drink per day/do not drink every day) and 26% explicitly said they did not know the recommendation. In 2009, when the recommendation had been changed into complete abstinence, 87% knew the new recommendation. Even so, only 53% recommended abstinence to pregnant women in 2009[81].
The fact that many doctors do not provide information to pregnant women in accordance with the official recommendations seems to be in accordance with the attitudes of many doctors. American gynaecologists have been shown not to consider a mean intake of 4-5 drinks/wk to be harmful[82], and only 51% of Danish GPs believed that pregnant women should completely abstain from alcohol[81]. 

Midwives and community nurses
Danish midwives have reported attitudes and information practice comparable with GPs: Thus, in 2009, only 46% recommended abstinence, even though more than 90% knew the official recommendation of abstinence, and only 48% believed that pregnant women should completely abstain from alcohol[83]. Among Australian community nurses caring for pregnant women 41% reported routinely asking about alcohol use[80].

ARGUMENTS FOR AND AGAINST DIFFERENT RECOMMENDATIONS
Some of the advantages and disadvantages of recommending abstinence versus a more condoning approach are listed in Table 1.
A general recommendation about alcohol intake during pregnancy may be based on two different arguments, both based on the existing literature[75]: (1) Essentially, intake of small amounts of alcohol has not been consistently associated with adverse effects; (2) It has not been proved that intake of small amounts of alcohol in pregnancy is not harmful, hence pregnant women should abstain from alcohol – or as it is often phrased: no safe level of alcohol consumption has been established.
A recommendation of abstinence is based on the latter argument. However, most scientific studies are based on the (statistical) hypothesis that intake of small amounts of alcohol are not harmful to the foetus. But a hypothesis of no harm can never be proved, as it is impossible to prove that something does not exist. 

ALCOHOL DRINKING AMONG PREGNANT WOMEN
Drinking patterns
Alcohol consumption among women of child bearing age is often high. This is concerning since many pregnancies are unplanned[84]. In the United Kingdom, approximately 85% of women of child bearing age drink alcohol[85], and in Denmark, Norway and Sweden as many as 89%-95% of pregnant women admit to drinking alcohol before pregnancy[86-88]. In the United Kingdom, the average consumption of women aged 16-44 years was approximately 10-11 drinks/wk in 2011[89], virtually unchanged since 2007[85]. In the United States, binge drinking prevalence (28.2%) and intensity (9.3 drinks per occasion) has been reported to be highest among persons aged 18-24 years[90], and this is in line with a general observation that, e.g., college students in many countries report particularly high intake[91]. In Sub-Saharan Africa ten countries are among the 22 countries worldwide with the highest increase in per capita alcohol consumption in the recent years[92]. While the proportion of female abstainers is generally high in this region, the proportion of binge drinkers is high[92].
Even so, most people who binge drink are not alcoholics or alcohol dependent[93]. 
Among pregnant women, reported consumption is considerably lower, but with huge variation from one country to another. In Denmark and Norway, 85%-90% of pregnant women have been reported to reduce alcohol consumption after recognition of pregnancy[86,87].
In a Danish study, approximately 70% of pregnant women admitted to drinking alcohol during the second trimester, i.e., after recognition of pregnancy[86]. Even so, the actual consumption level was low with an average of 1 drink/wk, and 92% of the women reported  a maximum intake of 3 drinks/wk[86], comparable to a report from Sweden[88]. Approximately 1% admitted to drinking ≥ 7 drinks/wk[86]. In Norway, only 23% report alcohol consumption after pregnancy week 12[87], comparable to new Danish data on current levels of alcohol intake, and in the United States, 15% reported any alcohol consumption, including 3.5% who admitted to either intake of ≥ 7 drinks/wk or binge drinking[94]. 
Interestingly, while 25% in Denmark reported intake of 2 or more drinks on a single occasion in the 2nd trimester in the late 1990s[86] none did so in Sweden[88].
Interestingly, new up-to-date information on prevalence of alcohol consumption is difficult to find.
In Denmark, approximately 50% of pregnant women admit to alcohol binge drinking during pregnancy[12,86]. The majority do so before recognition of pregnancy with a peak in week three after the last menstrual period around the time of ovulation, and hence around the time of conception for most women[12]. In Norway, 25% admit to binge drinking in weeks 0-6, i.e., before recognition of pregnancy[87]. In the United States, only 3% have previously admitted to binge drinking during pregnancy[95].
There may be several explanations for these differences. As opposed to studies investigating the association between an exposure (e.g., alcohol consumption) and adverse outcomes[96], analyses of prevalence of consumption are likely to be much more influenced by selection bias. For example, the above study showing that nearly 70% of pregnant women drink alcohol during pregnancy, and that 50% binge drink in early pregnancy, was based on a sample of 92% of eligible pregnant women[86]. A large, prospective cohort study from the same period showed that only 27% of pregnant women in Denmark reported binge drinking in early pregnancy[97], but the participation rate was lower, approximately 30%[97,98]. While the former study used personal interviews the latter used telephone interviews, but the questions on binge drinking were essentially identical. Hence, the discrepancy in proportions of binge drinkers was most likely due to selection bias. Previous studies have suggested a north-south difference in drinking pattern in Europe, but especially among young (non-pregnant) people, this difference is diminishing[99]. Therefore, reported differences in consumption patterns should be interpreted with great caution.

CHARACTERISTICS OF ALCOHOL DRINKERS DURING PREGNANCY
With a view to identifying alcohol drinkers during pregnancy, only few studies have attempted to assess risk factors associated with average alcohol intake and binge drinking during pregnancy[86,94,95,100].
Even so, the pattern of risk factors is fairly consistent across different populations: Smoking and being single are consistent risk factors for high average alcohol intake, while employment and high income are less consistent findings[86,94]. Consistent risk factors for binge drinking are smoking and being single[86,95,100]. Nulliparity and employment/high income are less consistent findings[86,95,100]. One study has assessed risk factors for binge drinking before and after recognition of pregnancy and found somewhat different patterns[100]: Age 25-29 years, nulliparity, ≤ 12 mo´s time to achieve a pregnancy, late recognition of pregnancy at week 6 or later, being a lower grade professional compared to being unskilled or unemployed, smoking, being single and some average alcohol intake were risk factors in the period before recognition of pregnancy. Multiparity, overweight and obesity, unplanned pregnancy, early recognition of pregnancy, self-reported mental disorders, smoking, being single and some average alcohol intake were risk factors after recognition of pregnancy[100]. 
Characteristics associated with alcohol-related admissions (based on ICD-10 codes) in pregnancy have been studied in Australia: Residence in a remote/very remote area, being Australian-born, having had a previous pregnancy, smoking in the current pregnancy, and presenting late to antenatal care[101].
These findings would suggest that while many smokers and single women may not have a problem with alcohol, health professionals should perhaps be more aware of potential alcohol problems among these groups and actively ask them about alcohol consumption. To the extent that nulliparous women engage in binge drinking before recognition of pregnancy more often than multiparous women health authorities should focus their information on binge drinking to young women and women planning their first pregnancy.

ATTITUDES AND COMPLIANCE WITH OFFICIAL RECOMMENDATIONS
While it is clear that many health professionals do not seem to recommend abstinence to pregnant women, few studies have assessed what pregnant women actually believe or do, and whether their attitudes and drinking habits are influenced by official recommendations and advise from health professionals. 
In a Danish study, 76% of the women considered some alcohol intake during pregnancy to be acceptable, mostly on a weekly level[102]. Binge drinking, however, was considered to be harmful by 85%[102]. These attitudes were not associated with knowledge about the official recommendation or with discussions between the woman and her general practitioner or midwife about alcohol during pregnancy[102]. These results seem to be in line with data from Australia, showing that 72% of pregnant women did not comply with the recent 2009 recommendation of alcohol abstinence during pregnancy[103]. 
A few studies have evaluated the potential change in alcohol consumption in relation to changes in guidelines, allowing some alcohol intake in pregnancy: Both in Australia[104] and in Denmark[97] no significant or clinically relevant changes in drinking habits were found among pregnant women after relaxation of the guidelines for sensible drinking during pregnancy. 
Most Danish women had received information on alcohol from the mass media or relatives, but most women believed that information about alcohol during pregnancy could best be communicated to them by health personnel[102]. Only 21% were aware of the official recommendation from the Danish Health and Medicines Authority[102]. One third had discussed alcohol with their general practitioner or midwife, but these women had mostly been advised that some alcohol intake was acceptable[102].

THE ROLE OF RANDOM ERROR AND BIAS
It is evident that an average daily intake of alcohol during pregnancy is potentially harmful and should be avoided. However, it is less clear if average weekly intake of alcohol may have adverse effects on foetal development and later child development, since the vast majority of studies show no association. If indeed low, average weekly amounts of alcohol during pregnancy are harmful, the effects are likely to be small. When planning and carrying out studies looking for potentially small differences, the methodological challenges are inherently greater, and assessment of the influence of random error and systematic bias becomes paramount, and this assessment may lead different researchers to different views.
 The results of any epidemiological study can potentially be due to random error or bias. Considering the increasing number of studies on the association between prenatal alcohol consumption and adverse pregnancy outcomes, the role of chance becomes an ever more important factor to consider when assessing the evidence. In the case of multiple statistical tests, one or more significant findings – positive or negative - may be expected because of chance alone, even in the absence of a true effect. For example, multiple tests may be conducted and reported in a single paper[105], or in a meta-analysis, for example the cited review on child neuropsychological development involving numerous studies[60], where a few significant findings would be expected.
Many of the studies, particularly those with long-term follow-up of children, are hampered by potential selection bias because of low participation rates, or missing information on key variables including key confounders; and because participants and non-participants in some studies differed substantially with respect to a large number of important potential confounders[106]. One way of dealing with this problem is multiple imputation, which has been used in recent studies[13].
Publication bias is a potential problem, and if so studies showing no association between alcohol intake and adverse outcomes are most likely to remain unpublished.
Information bias is a possibility in all studies of alcohol during pregnancy[107]. Generally, it is usually assumed that pregnant women probably tend to underestimate their alcohol intake, whereas overestimation – while not impossible – is unlikely. In prospective cohort studies, non-differential misclassification would be expected, because the outcome is unknown at the time of reporting alcohol consumption. Hence, with two exposure categories, as seen in some studies, results will most likely be biased towards the null, i.e., no effect. Even so, with several exposure categories, non-differential misclassification due to underreporting could be expected to lead to bias away from the null value[107].
Confounding from important confounders was not accounted for, especially in many studies from the 1980s and early 1990s. Residual confounding is therefore likely to be a problem in many studies, and may explain both findings of adverse as well as beneficial effects.
As suggested by the Newcastle-Ottawa-Assessment-scores in the recent meta-analysis on child neuropsychological development[60], few studies achieve very high scores, suggesting ample room for methodological improvement in future studies. 

DISCUSSION
Is it possible to reach a common consensus on everyday praxis?
The main arguments for abstinence from alcohol during pregnancy is that no safe level of drinking has been established, and that alcohol induced adverse effects cannot occur in the absence of alcohol intake. While the latter argument is indisputable, the former may be challenged. As suggested above, there is no clear, systematic evidence that intake of a few alcohol containing drinks a week will harm the foetus to any measurable degree. 
It is particularly interesting that medical ethics have moved in the direction of increased autonomy and informed choice for patients. The British Medical Association advices that “Doctors should respond honestly to direct questions from patients and, as far as possible, answer questions as fully as patients wish” [108]. It has been suggested that where the available evidence does not suggest a clear and unambiguous answer to, e.g., the question “how much is safe to drink during pregnancy?”, an honest response would be to communicate this uncertainty to the pregnant woman[109]. 
While health authorities generally favour informed choice in many circumstances, based on impartial and neutral information, this principle does not seem to apply when it comes to alcohol in pregnancy. If it did, health personnel should convey to pregnant women the potential harmful but also the potential beneficial effects and the potential uncertainty related to e.g., individual vulnerability at low intake levels. No health authorities advocate this, probably based on the assumption that the risk of harming an otherwise healthy foetus (non-maleficence) should be prioritized over the risk of failing to do good (beneficence) [109]. For example, in an editorial from 2011, a representative of The Danish Health and Medicines Authority wrote that “it seems that alcohol, especially in the first 3 mo of pregnancy, may increase the risk of miscarriage, low birth weight, preterm birth and delayed development in the uterus – even at low intake levels”[110], referring to a study on the risk of preterm delivery[14]. This study showed a significantly increased risk of preterm delivery only for nulliparous women drinking ≥ 7 drinks/wk (OR = 2.91, 95%CI: 1.29-6.55), but a significantly reduced risk for all women drinking 2-3½ drinks/wk (OR = 0.80, 95%CI: 0.68-0.96)[14]. 
At the same time it is evident from the few relevant studies that many health professionals do not believe that pregnant women must totally abstain from alcohol[80-83]. Also, pregnant women in Australia and Denmark did not seem to change their drinking habits, even when less restrictive recommendations were issued[97,104]. Hence, it seems that the mere existence of an official guideline or recommendation concerning alcohol in pregnancy has not been enough to standardize the information provided to pregnant women and to modify their behaviour in relation to alcohol.
In some cases, guidelines from health authorities are written by civil servants and epidemiologists with no or very limited clinical experience. In Denmark, the literature review and guideline from 1999 allowing a small, weekly intake, was written mainly by clinicians[75]. The 2007 recommendation of abstinence and the arguments supporting it was written solely by representatives of The Danish Health and Medicines Authority[76] and two epidemiologists[111].
Perhaps this is the real issue: Guidelines issued by many health authorities do not take into account the everyday clinical communication, where pregnant women turn up admitting to some alcohol intake, often one drink per week or even less. Health personnel have to advise pregnant women in these situations, and telling the pregnant woman that a single drink may have harmed the foetus is not in line with current evidence. But if one drink is unlikely to harm the foetus, where is the limit? This question is asked every day, and if health authorities do not supply health personnel with an answer, each clinician will have to come up with a responsible answer in line with current evidence. 
The Danish Health and Medicines Authority write that “General practitioners and midwives will meet pregnant women, who have a bad conscience, because they have been drinking alcohol, before recognition of pregnancy. These women should be met with a risk assessment based on the existing evidence that intake of one drink a day is associated with a small risk for the child”[76]. It is left to the health personnel to decide if the focus of the information should be “there is a (small) risk” or “the risk is negligible, so do not worry.”
Most likely the discrepancy between guidelines and recommendations from health authorities and the information practice of health personnel will continue to exist. Mainly because guidelines of total abstinence are not clearly evidence based and not in line with current focus on autonomy and informed choice for patients, and because guidelines may be written by non-clinicians, who do not consider and have no experience with the everyday communication between health personnel and pregnant women.
There is little evidence to support a guideline or recommendation of total abstinence, and considering the vast number of studies already published on the topic, it is perhaps surprising that so few studies suggest a risk at low intake levels. Guidelines recommending abstinence may seem an obvious choice because the message is simple. However, simplistic messages that are not clearly evidence-based do not necessarily answer the specific and detailed questions of pregnant women. Health personnel are faced with an increasing amount of information that they are expected to pass on to pregnant women, including messages about lifestyle, and the information must be given within the context of the individual woman. In the absence of clear evidence that abstinence from alcohol is the only right choice, many clinicians will probably continue to focus on other important aspects of pregnancy rather than insisting that a drink a week or less is potentially harmful.
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Table 1 Potential advantages and disadvantages of recommending abstinence versus a more condoning approach
	
	Abstinence
	Condoning approach

	Advantages
	Simple message
	Little evidence that a low intake is harmful

	
	No alcohol = no alcohol induced adverse effects
	

	
	Safest choice considering potential uncertainties related to interpretation of the scientific evidence
	

	Disadvantages
	Little evidence that a low intake is harmful
	Complex message


	
	May cause guilt in women who have been drinking a few drinks, especially in early pregnancy
	To regard recommendations as guidance rather than an absolute limit may increase alcohol consumption among pregnant women

	
	What are health professionals going to tell women who have been drinking a few drinks, especially in early pregnancy?
	May be regarded as guidance rather than an absolute limit

	
	Disagreements between health authorities and health professionals may lead to confusion and worry among pregnant women
	Alcoholics may have difficulties stopping after intake of only small amounts.
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