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Abstract
Aims: To study the effect of in-utero alcohol exposure on the
insulin-like growth factor axis (IGF) and leptin during infancy
and childhood, considering that exposed children may exhibit pre- and postnatal growth retardation. Methods: We
prospectively identified heavily drinking pregnant women
who consumed on average 4 or more drinks of ethanol per
day (648 g/day) and assessed growth in 69 of their offspring
and an unexposed control group of 83 children, measuring
serum IGF-I (radioimmunoassay), IGF-II (immunoradiometric
assay, IRMA), insulin-like growth factor-binding protein 3
(IGFBP-3) (IRMA) and leptin (IRMA) at 1 month and 1, 2, 3, 4,
and 5 years of age. Results: IGF-II levels increased with age
in both groups, but the rate of increase was significantly
higher in exposed children, and levels were significantly
higher in ethanol-exposed children at 3, 4, and 5 years of age.
In exposed children, IGF-I levels were higher at 3 and 4 years
and leptin levels were significantly lower at 1 and 2 years.
Exposed subjects showed a much lower correlation be-
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tween IGF-I and growth parameters than unexposed subjects. Conclusion: Exposure to ethanol during pregnancy increases IGF-I and IGF-II and decreases leptin during early
childhood. The increase in serum IGF-II concentrations in
ethanol-exposed children suggests that this hormone
should be explored as a potential marker for prenatal alcohol
exposure.
Copyright © 2010 S. Karger AG, Basel

Introduction

Prenatal ethanol exposure may cause severe teratogenic effects on the human fetus. The spectrum of possible clinical manifestations due to consumption of alcohol during pregnancy is broad. Pre- and/or postnatal
growth retardation is one of the main characteristics of
the fetal alcohol syndrome (FAS) [1]. Human and animal
studies show that ethanol exposure during pregnancy
may interfere with weight gain and statural growth, both
prenatally and postnatally [2, 3]. In rats, a reduction in
fetal body weight after alcohol intoxication that is directly related to the severity of the intoxication, and is not due
to malnutrition has been documented [4]. The effects of
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Methods
We prospectively identified 101 pregnant women who drank
on average at least 48 g (4 drinks) of absolute ethanol per day. This
definition is based upon the available literature, which indicates
that an ethanol intake greater than 48 g/day may have deleterious
consequences on the developing central nervous system of the fetus [18, 19]. The study methods have been described in detail previously [20]. Briefly, at a primary care clinic which provides care
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for approximately 60% (290,000 inhabitants) of an unselected
lower-middle class neighborhood of Santiago in Chile, we interviewed 9,628 pregnant women (88.2% of those obtaining prenatal
care) from August 1995 to July 2000. During the first prenatal
visit, a specially trained social worker administered a standardized questionnaire which asked subtle questions about possible
ethanol exposure. Subsequently, 887 of these women, who were
identified as possible ethanol abusers, were evaluated with a home
visit for more intensive investigation of their drinking patterns.
The interviews contained questions about consumption of food,
beverages, tobacco and drugs, especially alcohol. These interviews established the apparent duration of ethanol exposure and
the pattern of drinking for each woman. Women were questioned
about frequency of drinking and amount of each beverage consumed each time the woman drank using standard questions and
standard drink sizes. The questions were carefully designed to
minimize denial and guilt, differentiating the period prior to
pregnancy and between the time before and after the woman
knew she was pregnant. After the interview, the women were advised that drinking could be dangerous to the fetus and offered
help at the facility’s alcohol clinic. Women were then followed
during pregnancy to assess any changes in drinking behavior. The
nondrinking control subjects selected for the main study were followed during several years with repeated clinical evaluations, but
they did not participate in the hormone study because requesting
the mothers of the unexposed control children to allow us to take
blood samples, in addition to requiring frequent follow-up for
their babies, would have caused a serious noncompliance problem.
Therefore, to establish normal values of IGF-I, IGF-II, IGFBP-3
and leptin during the first 5 years of life in a Chilean population
unexposed to alcohol during pregnancy, we studied a group of
unexposed children who consisted of adequate-for-gestationalage (AGA) healthy children of normal height and weight, who
were followed in two well-baby clinics and came from the same
geographical area and socioeconomic group as the exposed group.
The unexposed group was a cross-sectional sample except for a
group of children who provided data at 1 and 2 years (enabling us
to look at changes over that time period). These mothers were
healthy, had regular prenatal care with normal pregnancies, and
were selected because they did not drink ethanol during pregnancy. The data from these children were analyzed for the auxological and hormonal studies.
Birth anthropometry was performed on the exposed subjects
by one observer (S.A.), during the first 24 h after birth, with an
average of 5 repeated measurements of weight and length. Weight
was obtained using a calibrated digital scale with an error of 10 g
(Soehnle, Germany). Supine length was measured using an instrument consisting of a fixed board for the infant’s head and a
movable board allowing the feet to be placed perpendicular to the
longitudinal axis of the infant. We defined SGA as newborns with
birth weight below the 10th percentile for Chilean standards [21].
We collected data on the children exposed to ethanol during
pregnancy and the unexposed, with the following protocol:
(1) Anthropometry: At birth, at 1 month, at 1 year and once a
year until 5 years of age. During each evaluation, we performed
3–5 separate measurements of weight and height. Weight was
measured using a manual scale with a 10-gram graduation (Seca,
Germany). Up to 3 years of age, length was measured with the instrument described above, and after 3 years of age, height was
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prenatal alcohol exposure may be permanent, as evidenced by the Maternal Health Practices and Child Development Project that shows significant deficits in
growth through 14 years [5]. Most of the studies show
growth retardation in the offspring at birth and during
infancy, whereas at older ages, growth retardation has
been reported in some, but not in all studies [6].
The possible mechanisms that may cause growth retardation in ethanol-exposed fetuses are not clear but do
not appear to be related to growth hormone (GH) or thyroid deficiency [7, 8]. Ethanol exposure during pregnancy
may influence growth by affecting insulin-like growth
factors and insulin-like growth factor-binding proteins
(IGF-IGFBP) concentrations. A report of 6 prepubertal
short children with FAS showed that GH secretion was
similar to that in short children born small for gestational age (SGA), and that the plasma concentrations of IGFI and IGFBP-3 were in the lower end of the normal range
[9]. One study found increased GH levels and low IGF-I
levels in newborns of ethanol-abusing women compared
with infants of abstinent mothers [10], and a similar finding has been observed in some SGA infants [11]. In addition, a study in rodents demonstrates that chronic gestational exposure to ethanol alters gene expression of
the insulin-IGF signaling pathways [12], and there is evidence for a possible effect of ethanol on the regulation of
the GHRH/GH/IGF-I system, with reduced levels of IGFI, IGFBP-3 and elevated concentrations of IGF-II [13–15].
In adults, chronic ethanol consumption reduces circulating levels of IGF-I and increases IGFBP-1, probably by
an effect in the liver [16]. In healthy adults, alcohol has an
inhibitory effect on leptin secretion and this may be
caused by a direct effect on adipocytes [17].
There is very limited information regarding linear
growth and the insulin-like growth factor axis in humans
who are heavily exposed to ethanol during gestation. We
performed a prospective study of growth in children exposed to large quantities of ethanol in utero (648 g/day),
examining the serum concentrations of IGF-I, IGF-II,
IGFBP-3 and leptin during the first 5 years of life.

Results

Out of the original population of 101 ethanol-exposed
children, we included in this study the 69 (35 boys and 34
girls) who had reasonably complete follow-up along with
83 unexposed children (50 boys and 33 girls). Three of the
exposed children had FAS. Socio-demographic data were
available for all women in the exposed group and a subset
of women in the control group. The mean maternal ages
were 24.7 (7.1 SD) and 26.7 (8.2 SD), respectively (not significantly different). In both the exposed and unexposed
groups, the percentage of women under 20 and over 34
were the same: 30.4 and 23.5%, respectively. Multiparas
constituted 46.4% of the exposed group and 52.9% of the
control group. All subjects (exposed and controls) were
168
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ethnically Chilean and belonged to the lower-middle
class.
Alcohol, Tobacco and Drug Use among Mothers
The 69 mothers of these ethanol-exposed children
drank at least 4 drinks or 48 g (or 2 oz) of alcohol per day
during pregnancy. Six of them (8.7%) drank only during
the first trimester. Three women (4.3%) were not able to
say whether their consumption changed during pregnancy. Of the remaining 60 (87%), 29 continued to drink at
the same level throughout pregnancy and 31 pregnant
women decreased their consumption during the pregnancy – most (27) in the second trimester. Data were
available in the alcohol-exposed group on several other
factors that might influence growth and hormone levels.
There were 48 women in the exposed group who smoked
during pregnancy (70%) and 26 who used recreational
drugs (38%), principally marijuana (32%) and cocaine or
cocaine derivatives (16%). By design, none of the control
women used alcohol during pregnancy; of those who provided data, none used recreational drugs; and 11.8%
smoked.
We compared hormone levels in exposed children
whose mothers used recreational drugs, smoked cigarettes, or decreased their alcohol consumption or stopped
drinking during the second or third trimester of pregnancy with levels in children whose mothers did not.
Hormone levels did not differ significantly (except for
one comparison, leptin at 3 years was significantly higher in those who reduced drinking in the second trimester). Thus, smoking, changing drinking habits and use of
recreational drugs did not produce a major effect on hormone levels. Information about drugs and tobacco use
was not fully available in the control population, so this
comparison could not be performed. We examined hormone levels by level of alcohol consumption after the
woman knew that she was pregnant. Dichotomizing the
population by the amount of alcohol consumed per week,
those who were in the upper half did not have significantly different levels of any hormones than those who
were in the lower half.
Anthropometry and Leptin Levels
By Chilean anthropometry standards, 9 of the 69 exposed offspring (13.0%) were SGA compared with 5.7%
(p = 0.03) of the Chilean population (Ministry of Health
of Chile 2004). The comparison was made with the birth
weight of the most recent national Chilean standards
since by experimental design our control children could
not be SGA. The data on weight and height of ethanolAros /Mills /Iñiguez /Avila /Conley /
Troendle /Cox /Cassorla
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measured using a Harpenden stadiometer (Holtain Limited, Crymych, UK). These measures were performed by one observer
(A.A.).
(2) Hormone measurements: We determined the serum concentrations of IGF-I, IGF-II, IGFBP-3 and leptin in both ethanolexposed and unexposed children whose samples were collected at
1 month and at 1, 2, 3, 4, and 5 years of age.
This study was approved by the Institutional Review Boards
of the University of Chile, San Borja Arriarán Hospital and National Institute of Child Health and Human Development, National Institutes of Health, and we obtained written informed
consent from each mother.
Serum IGF-I levels were determined by radioimmunoassay
[22]. The sensitivity of this assay is 5.0 ng/ml, intra-assay CV is
8.6%, and the inter-assay CV is 10.2%. Serum IGFBP-3 and leptin
concentrations were determined using a commercial immunoradiometric assay (Diagnostic System Laboratories, Webster, Tex.,
USA). The sensitivities of the assays are 0.1 mg/l and 0.1 ng/ml,
respectively; the intra-assay CV is 1.1%, and the inter-assay CV is
1.8% for IGFBP-3, and the intra-assay CV is 4.6%, and the interassay CV, 6.2% for leptin [23, 24]. IGF-II serum concentrations
were determined using a commercial IGF-II IRMA system (Diagnostic System Laboratories). The sensitivity of the assay is 10 ng/
ml, intra-assay CV is 4.8% and the inter-assay CV is 7.9%. Personnel performing the laboratory analysis were unaware of the status
(exposed or unexposed) of the samples.
Comparisons between groups were made using Wilcoxon’s
rank-sum test. To compare the proportion of exposed infants who
were SGA to the Chilean population, we used the exact test to
compare the binomial proportion with a fixed value. To assess
changes over time, a repeated-measures linear mixed model
(PROC MIXED of SAS) was used that accounted for the correlated values on the same exposed children. This model allowed for
differences by exposure group and gender as well as separate
slopes against time for each exposure group and gender. Rank
correlations were used to assess relationships between changes in
Z-score for height or weight from 1 year to 2 years of age and hormone levels. All comparisons were two-tailed. Analysis was carried out using SAS, version 9 and StatXact, version 4.

Exposed

Unexposed

*

1,200

*
*

Table 1. Anthropometry and serum levels of growth factors and
leptin in children exposed to ethanol in utero and unexposed children

IGF-II (ng/ml)

800
600

Unexposed
mean 8 SD

p values
(Wilcoxon)

39
0.6581.17
0.1780.98
15.8181.91
1.6880.45
6.7787.64

39
0.5981.17
0.0780.97
16.1081.98
1.8380.37
8.1385.90

NS
NS
NS
NS
NS

44
–0.1381.11
–0.5381.14
17.5581.78
1.6580.54
4.9788.58

23
0.6081.38
–0.1881.05
18.8282.14
1.7180.71
6.4185.22

0.05
NS
0.02
NS
0.03

33
0.4580.97
0.1580.98
16.7981.50
2.2880.62
2.5281.33

19
0.7981.12
–0.0280.91
17.6581.25
2.4280.67
7.3484.60

NS
NS
0.08
NS
<0.0001

26
0.3181.03
–0.00480.87
17.0881.97
1.8080.54
5.2283.48

14
0.3981.08
–0.3580.91
16.7380.97
1.6380.56
3.5782.19

NS
NS
NS
NS
NS

23
0.7781.06
0.2281.00
16.8881.32
2.0980.45
5.8084.17

7
–0.2681.03
–0.1180.86
15.4181.67
1.6980.53
6.0986.31

0.03
NS
0.04
NS
NS

16
1.0181.37
0.1180.85
17.2282.32
2.2980.51
4.9984.11

11
0.4581.56
–0.2181.01
16.5982.12
2.2480.72
12.04812.26

NS
NS
NS
NS
NS

Exposed
mean 8 SD

1,000

*

400
200
0
1 month

1 year

2 years

3 years

4 years

5 years

Fig. 1. IGF-II levels in ethanol-exposed and unexposed children.
*p ! 0.001.

exposed and unexposed children from 1 month to 5 years
of age are shown in table 1. Despite the fact that the control
population was chosen to be AGA at birth to provide normal ranges for laboratory values (healthy controls) and,
therefore, might have been expected to have better postnatal growth than the exposed population, there were few
differences. At 1 month, 2, 3 and 5 years old there were no
significant differences in height or weight between ethanol-exposed and unexposed children. At 1 year, the weight
Z-scores of the exposed children were marginally lower
than the weight Z-scores of the unexposed (p = 0.05), but
height Z-scores did not differ significantly. The ethanolexposed children were significantly heavier than the unexposed children at 4 years of age.
Growth Factors
Analysis of IGF-II levels revealed several noteworthy
points. Serum IGF-II levels increased with age in both
groups, but were significantly higher in the ethanol-exposed children compared with the unexposed at 3, 4 and
5 years of age (fig. 1). Examining all IGF-II values longitudinally, the levels of the exposed group were significantly different from those of the unexposed group (p =
0.005). Initially, they had lower levels than the unexposed
group. Over time, however, their levels increased. In the
longitudinal analysis, the exposed group showed a rise in
IGF-II levels of 109.5 ng/ml per year over the unexposed
group. Their rate of increase in IGF-II was very significantly higher than the rate in the unexposed group (p !
0.0001). It is also worth noting that girls showed a more
rapid increase than boys (p = 0.015).
Prenatal Alcohol Exposure Effect on
Growth and Hormone Levels

1 month
n
Z-weight
Z-length
BMI
IGFBP-3
Leptin
1 year
n
Z-weight
Z-height
BMI
IGFBP-3
Leptin
2 years
n
Z-weight
Z-height
BMI
IGFBP-3
Leptin
3 years
n
Z-weight
Z-height
BMI
IGFBP-3
Leptin
4 years
n
Z-weight
Z-height
BMI
IGFBP-3
Leptin
5 years
n
Z-weight
Z-height
BMI
IGFBP-3
Leptin

Z-weight = Correlation between IGF-I and IGF-II and weight
Z-score; Z-height = correlation between IGF-I and IGF-II and
height Z-score; BMI = body mass index.
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1,400

Table 2. Correlations between IGF-I and IGF-II and weight Z-

score (Z-weight), length/height Z-score (Z-length) and body mass
index (BMI) in alcohol-exposed and unexposed children by age
(Spearman correlation coefficients)

n

Alcohol unexposed
1 month
BMI
Z-length
Z-weight
1 year
BMI
Z-length
Z-weight
2 years
BMI
Z-length
Z-Wweight
3 years
BMI
Z-height
Z-weight
4 years
BMI
Z-height
Z-weight
5 years
BMI
Z-height
Z-weight

170

r

p

n

r

p

38

0.36
–0.02
0.23

0.03
0.89
0.16

38 –0.12
–0.06
–0.12

0.46
0.73
0.47

44

0.27
–0.03
0.31

0.08
0.87
0.04

45

0.28
–0.01
0.31

0.07
0.96
0.04

33

0.08
0.29
0.24

0.66
0.10
0.18

33

0.07
0.20
0.17

0.69
0.26
0.34

25

0.27
0.14
0.39

0.18
0.51
0.06

26 –0.06
0.32
0.24

0.75
0.11
0.24

23

0.27
0.26
0.43

0.21
0.24
0.04

26

0.11
0.13
0.13

0.61
0.54
0.52

16

0.31
–0.12
0.17

0.25
0.67
0.54

17

0.12
–0.07
–0.04

0.63
0.78
0.87

39

0.16
0.06
–0.01

0.34
0.72
0.97

39

0.32
0.10
0.10

0.05
0.54
0.56

23

0.17
0.56
0.50

0.44
0.01
0.01

23

0.32
0.38
0.49

0.14
0.07
0.02

17

0.60
0.35
0.65

0.01
0.16
0.005

17

0.34
0.02
0.23

0.18
0.94
0.38

13

0.57
0.67
0.60

0.04
0.01
0.03

13

0.34
0.13
0.19

0.25
0.67
0.54

7

0.68
0.04
0.68

0.09
0.94
0.09

7

0.49
0.09
0.49

0.27
0.85
0.27

11

0.47
0.70
0.67

0.14
0.02
0.02

11

0.65
0.53
0.66

0.03
0.09
0.03

Unexposed

*

*
150

100

50

0
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Fig. 2. IGF-I levels in ethanol-exposed and unexposed children.
*p ! 0.05.

Serum IGF-I levels were significantly higher in ethanol-exposed compared with unexposed children at 3 and
4 years of age (fig. 2). As shown in table 1, serum IGFBP-3
levels in ethanol-exposed children were not significantly
different from levels in the unexposed. Leptin levels were
significantly lower at 1 and 2 years of age, but the differences did not persist at older ages.
Poor nutrition cannot account for our findings. Of the
188 time points at which hormone data were collected,
data on nutritional status were available for 181. On only
6 occasions (3.3%) was the child considered possibly undernourished. No subject was considered undernourished on more than one occasion.
There were no significant correlations between hormone levels and change in height or weight between ages
1 and 2 with one exception: IGF-II levels at 2 years of age
and change in height were significantly correlated (r =
0.50, p = 0.03) in the exposed group. The number of observations, however, was small.
Table 2 shows the correlations between growth measures and IGF-I and IGF-II in the alcohol-exposed and
unexposed groups by age. As expected, the unexposed
group showed a strong correlation between weight, height
and body mass index and IGF-I. At many ages, the correlations were statistically significant despite the modest
numbers. Also, as expected, there was a weaker positive
correlation between the growth measures and IGF-II (4
of 18 reached statistical significance). In the alcohol-exposed group, in contrast, the correlation between IGF-I
and the growth measures was lower and rarely reached
statistical significance. For IGF-II, the correlation was
Aros /Mills /Iñiguez /Avila /Conley /
Troendle /Cox /Cassorla
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Alcohol exposed
1 month
BMI
Z-length
Z-weight
1 year
BMI
Z-length
Z-weight
2 years
BMI
Z-length
Z-weight
3 years
BMI
Z-height
Z-weight
4 years
BMI
Z-height
Z-weight
5 years
BMI
Z-height
Z-weight

IGF-II

Exposed

200

IGF-I (ng/ml)

IGF-I

250

Discussion

This study has investigated the effects of prenatal ethanol exposure on serum growth factors in humans, where
current knowledge is very limited.
In a previous report, a small group of short children
with FAS exhibited serum IGF- I and IGFBP-3 in the low
normal range [9], and it has been suggested that newborn
infants of ethanol-abusing mothers may have low serum
IGF-I levels [10]. Interestingly, in our much larger, prospective study, we observed that serum IGF-I and IGF-II
levels increased during postnatal life in children exposed
to ethanol in utero compared with healthy unexposed
children. This was particularly true for serum IGF-II levels. IGF-II levels were weakly correlated with growth
measures in the children, which may not be surprising
given that IGF-II appears to be more important for prenatal growth. IGF-I was correlated more strongly and
more significantly in the unexposed than in the exposed
group, suggesting that alcohol disturbs the normal relationship.
Our exposed subjects were more likely to be SGA at
birth than the general Chilean population. This effect did
not persist. Although some studies show persistent poor
growth in children exposed to large quantities of alcohol
in utero, others do not [6]. It appears that children who
are reasonably well nourished can experience catch-up
growth. Our population was lower middle class, not impoverished, and most had good diets. Thus, it is likely
that they did experience catch-up growth and grew reasonably well since most of them did not manifest the classic FAS phenotype.
The IGF system is very important for pre- and postnatal growth. Both IGF-I and IGF-II are detected in the fetal
circulation during early gestation, but their specific actions differ depending on the fetal tissue and gestational
age. There is a known association of IGF-I serum levels
Prenatal Alcohol Exposure Effect on
Growth and Hormone Levels

with birth weight, ponderal index and birth length [25,
26], and its effects are regulated by nutrient supply.
Altered prenatal expression of these growth factors
and/or its receptor may influence fetal growth. IGF-I
gene polymorphisms have been associated with reduced
birth size, and IGF-I receptor mutations have also been
found in patients with intrauterine growth restriction [27,
28]. Experiments in knockout mice have shown the importance of IGFs for fetal growth, since gene deletions for
IGF-I and IGF-II are associated with a birth weight approximately 40% below that of the wild type [29]. From
human studies, it is known that IGF-I gene deletions or
mutations may cause intrauterine growth restriction [30,
31].
IGF-II is the primary growth factor supporting prenatal growth, but most studies have not documented an association with birth weight [32]. IGFs, especially IGF-II,
may influence placental function [33], and reduced placental expression of IGF-II is associated with intrauterine
growth restriction [12]. Serum concentrations of IGF-II
are much higher than those of IGF-I during late gestation,
and tissue and circulating IGF-II concentrations are
higher in the fetus than in the newborn or adult in most
species. Likewise, there is a shift in IGF predominance
from IGF-II during gestation to IGF-I after birth. Serum
IGF-II concentrations are relatively unaffected by variations in nutritional status, but they are modified by
changes in fetal glucocorticoid concentrations, suggesting that they may be affected by adverse intrauterine conditions [34]. This growth factor may play a role in normal
growth, as Bernardini et al. [35] demonstrated that there
is a progressive increase in serum IGF-II levels during the
first 3 months of life in normal infants, and García et al.
[36] reported a transient increase in serum IGF-II at 3
months of age in SGA infants who experienced catch-up
growth.
Very limited data are available regarding the serum
concentrations of these hormones in human fetuses exposed to alcohol during pregnancy. Mauceri et al. [37]
showed that ethanol alters the pattern of IGF-II release in
rat fetuses, probably by interference with the signaling
mechanism. During gestation, control rats had increased
tissue release of IGF-II, especially in the brain; but in ethanol-exposed rats the IGF-II content in specific tissues
was not increased. Systemic IGF-II levels were elevated,
which may reflect IGF-II release from the liver or a slower clearance. Whether IGF-II plays a role in ethanol-induced brain dysfunction is not clear [37]. In addition, in
agreement with our findings, Gundogan et al. [12] recently demonstrated that prenatal exposure to ethanol in
Horm Res Paediatr 2011;75:166–173
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generally lower than in the unexposed group as well and
only the 1-year correlation with weight was statistically
significant.
The group of 3 exposed children with FAS was too
small to analyze separately. We conducted a secondary
analysis excluding them. The one noteworthy change was
that the percentage of exposed children born SGA fell to
12.1% and was no longer significantly higher than the expected rate in the Chilean population (p = 0.07). The
comparisons between the hormone levels in the exposed
and unexposed did not change significantly.

rodents increases placental IGF-II concentrations and
IGF-II receptor mRNA levels. However, Singh et al. [38]
showed reduced IGF-II mRNA and serum levels in a fetal
rodent model exposed to ethanol.
We found that children exposed to large amounts of
alcohol prenatally, particularly girls, start with lower
than expected IGF-II levels in infancy, but their levels increase very rapidly in early childhood to become significantly higher during the first few years of life. These findings in children exposed prenatally to high amounts of
ethanol should prompt investigation of serum IGF-II as a
potential marker for prenatal alcohol exposure. In conjunction with other data, it could potentially be a valuable
marker of ethanol exposure in suspected cases in which
a clear maternal history is not available.
Leptin is an adipocyte-secreted hormone, present in
higher concentrations in females, which is significantly
associated with newborn weight and length [39, 40]. In
children at high risk for adult obesity, high baseline serum leptin concentration predicts greater body mass index and fat mass over time in both genders [41]. Prenatal
ethanol exposure results in decreased leptin levels in subcutaneous adipose tissue of neonatal rats, but not in adult
rats [42]. We observed lower serum leptin levels at 1 and
2 years of age in our ethanol-exposed children, which
may be explained by prenatal ethanol exposure.
This study has several strengths, such as the fact that
ethanol exposure was documented prenatally in a large
cohort of women who came from an unselected population attending a prenatal clinic, and the exposed children
were followed longitudinally over time. The study has
limitations as well. Although only a small number of subjects were born early enough in the study to be followed
to age 5, and the small sample size decreases the power to
find differences, we were able to identify significant dif-

ferences between the exposed and unexposed groups. As
noted above, we had to use an external control group
to provide reference data for logistic reasons. In fact, the
potential problem that choosing healthy children could
have made the exposed group’s growth look worse by
comparison turned out not to be the case. The very limited number of control subjects who provided data at
more than one time point is, nonetheless, a limitation of
the study.
As expected in an unselected group of children heavily exposed to alcohol prenatally, most of them did not
develop full blown FAS. This may explain the limited
impact that this exposure had on longitudinal growth
and serum IGF-I and IGFBP-3 levels, although it is noteworthy that the normal correlation between IGF-I and
growth parameters was greatly reduced in our exposed
population.
Growth retardation is one of the defining features of
FAS; however, the etiology of growth retardation in FAS
remains unclear. Our population, which was exposed to
large quantities of alcohol in utero, showed increased serum IGF-I and IGF-II levels during early childhood. In
addition, we observed that ethanol-exposed children
showed lower leptin levels at 2 years, which may be caused
by effects of ethanol on adipose tissue. The high concentration of serum IGF-II in the ethanol-exposed children
suggests that this hormone should be further investigated
as a marker for prenatal alcohol exposure.
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