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Associations with mother's H19 2992 genotype
The H19 2992 SNP was subsequently genotyped in DNA
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Birthweight SD score (A) and cord blood IGF-II levels at birth (B) in the ALSPAC cohort, by mother's H19 2992 genotype, and stratified by birth order ("Primip" = mother's first child; "Non-primip" = second or subsequent child)Figure 1
Birthweight SD score (A) and cord blood IGF-II levels at birth (B) in the ALSPAC cohort, by mother's H19 2992 genotype, and 
stratified by birth order ("Primip" = mother's first child; "Non-primip" = second or subsequent child). Mean ± 95% CI. First-
born infants had lower birthweights than infants of subsequent pregnancies (Ref. 5). Associations with mother's genotype (CC 
vs. T* [CT or TT]) were only seen in first pregnancies.
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Postnatal weight gain (change in weight SD score 0–3 years) in the ALSPAC cohort, by offspring's (A) or mother's (B) H19 2992 genotype, and stratified by birth order ("Primip" = mother's first child; "Non-primip" = second or subsequent child)Figure 2
Postnatal weight gain (change in weight SD score 0–3 years) in the ALSPAC cohort, by offspring's (A) or mother's (B) H19 
2992 genotype, and stratified by birth order ("Primip" = mother's first child; "Non-primip" = second or subsequent child). Mean 
± 95% CI. The overall association between weight gain and offspring genotype (CC vs. T* [CT or TT], P = 0.01; Table 5) was 
only apparent in first-born offspring.
Page 6 of 11
(page number not for citation purposes)



BMC Genetics 2005, 6:22 http://www.biomedcentral.com/1471-2156/6/22
Birthweight SD score (A) and mother's glucose levels one hour post-oral glucose load at 27 to 32 weeks gestation (B) in the Cambridge cohort, by mother's H19 2992 genotype, and stratified by birth order ("Primip" = mother's first child; "Non-primip" = second or subsequent child)Figure 3
Birthweight SD score (A) and mother's glucose levels one hour post-oral glucose load at 27 to 32 weeks gestation (B) in the 
Cambridge cohort, by mother's H19 2992 genotype, and stratified by birth order ("Primip" = mother's first child; "Non-primip" 
= second or subsequent child). Mean ± 95% CI. Associations with mother's genotype (CC vs. T* [CT or TT]) were only seen 
in first pregnancies.
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association, H19 2992 genotype was also associated with
cord blood IGF-II protein levels at birth.

Birthweight associations were found with both mother's
and offspring's H19 2992 genotypes, and it is not clear
whether our findings represent direct effects of mother's
genotype, offspring genotype, or both. As in other popu-
lation studies, the low number of available DNA samples
and genotypes from fathers contributed to relatively lower
statistical power to formally detect effects of H19 2992
allele transmission. However, we did observe significant
birthweight and cord blood IGF-II associations with
mother's untransmitted allele, suggesting direct effects of
mother's genotype. While in mice H19 and IGF2 are not
expressed postnatally [22], in humans IGF2 expression
continues into adulthood [23]. In most adult tissues IGF2
expression remains monoallelic as in the fetus, however
biallelic expression is observed in adult human liver [23].
It is possible that mother's H19 2992 genotype may regu-
late IGF2 expression in maternally-derived placental tis-
sues. Alternatively, H19 regulation of maternal IGF2
expression could influence mother's glucose metabolism
[24] and thereby influence placental glucose transfer and
fetal growth [25]. Offspring H19 2992 genotype was asso-
ciated with birthweight, but not with IGF-II levels. It is
possible that this discrepancy could relate to reduced
power due to the smaller number of IGF-II samples avail-
able, or alternatively it could be possibly explained by a
non-IGF-II mediated effect of H19 on birthweight. The
association between birthweight and IGF-II levels in cord
blood at birth is weak, and it is possible that the effects of
IGF-II on fetal growth may be specific to certain tissues or
developmental stages in fetal life [26].

The H19 2992 genotype associations with birthweight
and IGF-II were independent of mother's body size and
were more apparent in mother's first pregnancies. First-
born offspring are more growth-restrained in utero than
subsequent children, as evident by smaller birth size and
compensatory rapid postnatal weight gain within the first
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restraint in humans include mother's smoking and 1st

pregnancies [5]. Common variants in exclusively mater-
nally-expressed genes (such as H19) or maternally trans-
mitted genes (such as in mitochondrial DNA) [7] could
also contribute to fetal growth restraint and compensatory
postnatal catch-up growth.

Methods
Subjects
The Avon Longitudinal Study of Parents and Children
(ALSPAC) birth cohort numbers 14,185 children com-
prising over 80% of all births in three Bristol based health
authorities between April 1991 and December 1992 [34].
Our studies are confined to a 10% sub-cohort ("Children
in Focus") [4] and a second (control) cohort for which
there were detailed data on size at birth and subsequent
childhood growth. In these families, offspring DNA was
extracted from cord blood samples collected at birth,
mothers DNA from venous blood samples in pregnancy,
and fathers DNA from mouthswab samples. H19 geno-
types were analysed in available DNA samples from 1,696
children, 822 mothers and 661 fathers. Cord blood sam-
ples were collected at birth in 338 of these infants and
assayed for IGF-II levels as previously reported [26]; these
infants had larger birthweight (mean = 3546 g) than
infants for whom cord blood was unavailable (3467 g),
but were no different in H19 +2992 genotype (chi-square:
P = 0.7)

The Cambridge (Wellbeing) birth cohort was studied to
provide independent confirmation of mother's H19 gen-
otype associations. This cohort was recruited from full-
term, singleton deliveries at the Rosie Maternity Unit,
Cambridge, 1999 to 2000. Routinely collected clinical
data were available on offspring birthweight and mother's
whole blood glucose levels measured at one hour follow-
ing a standard dose oral glucose load at 27 to 32 weeks of
gestation. Mother's were selected of full-term, singleton
infants. Exclusion criteria were mother's hypertension and
treatment for diabetes during pregnancy. We sought per-
mission from the mother's General Practitioner to
approach the mother to collect her DNA sample by postal
mouthswab kits and questionnaire data on her other chil-
dren. Mother's DNA was extracted and genotyped for the
H19 2992 genotype only. Local ethical committee
approval and signed informed consent from mothers were
obtained.

SNP identification
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and 44 bp bands and multiple small bands (116, 76, 60
and 26 bp) for the 'A' allele and a 181 bp band along with
the same multiple small bands for the 'G' allele. The
observed genotype frequencies (AA: 38.0%, AG: 48.5%,
GG: 13.5%) were in Hardy Weinberg equilibrium (chi-
square test: P = 0.8).

Microsatellite validation of parental DNA samples
Parental DNA samples were validated using amplification
of markers D16S539, D7S820, D13S317 and D5S818
(Geneprint Multiplex-GammaSTR kit, Promega, South-
ampton, UK) on an ABI 3700 instrument as previously
described [28]. We had DNA samples from 597 complete
and validated parent-offspring trios.

Calculations and statistics
Postnatal weight and length gains were calculated by
transforming weight and length data into SD scores allow-
ing for variation relating to (gestational) age and gender,
using the formula [SD score = individual value – group
mean / group SD] [35], and then calculating changes in
weight and length SD score between birth to 3 years.

Associations between offspring or mother's genotype and
size at birth were determined by ANOVA. Multivariate
analysis (general linear models) was used to identify
independent effects of mother's and offspring genotypes.
Associations with H19 2992 allele transmission were
assessed by TDT using both quantitative and qualitative
methods. Parent-of-origin effects were sought using quan-
titative and qualitative methods, allowing for possible
confounding by the effects of non-transmission of
mother's alleles [36,37].

Abbreviations
ALSPAC – Avon Longitudinal Study of Parents and
Children

IGF – insulin-like growth factor

Primip – primiparous

SNP – single nucleotide polymorphism
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