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ABSTRACT
Background: According to the fetal overnutrition hypothesis, in-
trauterine influences of maternal obesity increased lifelong obesity
risk in the offspring. If the hypothesis is true, then the association
between maternal body mass index (BMI; in kg/m2) and offspring
BMI should be stronger than the association between paternal BMI
and offspring BMI, because only the mother directly influences the
fetal environment.
Objectives: We prospectively examined intergenerational change
in BMI and tested the fetal overnutrition hypothesis.
Design: Data on offspring weight were obtained from mothers. BMI
was assessed from 2980 complete parent-offspring trios when the
offspring were 3 to 18 y of age. The assessment of offspring BMI was
repeated 21 y later at age 24–39 y.
Results: Adult BMI of the offspring was 1.21 units higher than the
BMI of their parents at the same age, which indicates an increase in
obesity levels across generations (P � 0.0001). Maternal BMI was
more strongly associated with offspring birth weight than was pa-
ternal BMI (P � 0.0009). However, there were no such differences
in parent-offspring associations for BMI at later developmental
stages when offspring were aged 3-39 y (P � 0.35). The results did
not materially change in a sensitivity analysis for 1% to 15% non-
paternity.
Conclusions: Because offspring share all genes with their parents,
the observed substantially higher adult BMI for offspring than for
parents is likely explained by environmental influences. No support
was found for any specific influence from fetal environment on this
intergenerational increase in adult obesity. The findings were con-
sistent with the fetal overnutrition hypothesis only in relation to birth
weight. Am J Clin Nutr 2007;86:1509–14.
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INTRODUCTION

During the past decades, the prevalence of overweight and
obesity has increased to epidemic proportions (1). The growing
imbalance of energy intake to energy expenditure is an obvious
proximal determinant for this growing trend (2), but other mech-
anisms may also be important (3–5). According to the fetal over-
nutrition hypothesis (3, 4, 6–9), greater maternal obesity during
pregnancy leads to higher plasma concentrations of glucose and
free fatty acids and thus to greater placental transfer of nutrients

during embryonic and fetal development. This is thought to cause
permanent changes in appetite, energy metabolism, and the neu-
roendocrine function of offspring and, as a consequence, to result
in a greater risk of obesity in later life in the offspring. This
hypothesis has important implications at a population level, be-
cause such fetal influence of maternal body composition on off-
spring body composition is likely to create a feed-forward pro-
cess that accelerates the increase in obesity levels across
generations (2). Indeed, there is a clear increasing trend in adult
obesity over time (10).

Studies in animal models provide some support for the exis-
tence of the fetal overnutrition hypothesis (4, 5, 7). However, a
key to human research in this field involves expected conse-
quences arising from this hypothesis (8, 9). If maternal obesity
affects offspring obesity through fetal influences, the association
between maternal body mass index (BMI; in kg/m2) and off-
spring BMI should be stronger than that between paternal BMI
and offspring BMI (8, 9). This is because both father and mother
contribute to the fetal genome and influence socioeconomic and
behavioral factors that are important determinants of obesity in
their offspring (eg, diet and physical activity), but the mother
additionally directly influences the fetal environment, including
fetal nutrition. To date, relatively few studies have compared the
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and Public Health, University College London, 1-19 Torrington Place, Lon-
don WC1E 6BT, United Kingdom. E-mail: m.kivimaki@ucl.ac.uk.

Received April 2, 2007.
Accepted for publication July 19, 2007.

1509Am J Clin Nutr 2007;86:1509–14. Printed in USA. © 2007 American Society for Nutrition

 by on D
ecem

ber 16, 2008 
w

w
w

.ajcn.org
D

ow
nloaded from

 

 http://www.ajcn.org/cgi/content/full/86/5/1509/DC1
Supplemental Material can be found at: 

http://www.ajcn.org
http://www.ajcn.org/cgi/content/full/86/5/1509/DC1


maternal-offspring association with the paternal-offspring asso-
ciation, with these showing conflicting results and mostly being
based on small sample sizes (11–24). The 2 largest studies report
inconsistent findings and do not include assessment of offspring
BMI after adolescence (8, 9).

In the present study, we examined associations of maternal and
paternal BMI estimated from parental reported weight and height
with offspring birth weight and BMI in childhood, adolescence,
and adulthood in a large cohort of Finns. Whereas offspring BMI
was measured objectively, maternal and paternal BMIs were
self-reported.

SUBJECTS AND METHODS

Study population

The parents and offspring were from the Cardiovascular Risk
in Young Finns Study, an ongoing multicenter follow-up study of
Finnish children and adolescents (25, 26). The original sample
was 4320 children and adolescents aged 3, 6, 9, 12, 15, and 18 y
who were randomly chosen in 5 areas of Finland from the na-
tional register. The baseline examination was conducted in 1980,
and a follow-up was conducted in 2001 when the offspring
reached 24 to 39 y of age. At baseline, the mean (�SD) age of
fathers was 40.0 � 8.4 y and that of mothers was 37.5 � 7.6 y.
The present study was conducted according to the guidelines of
the Helsinki Declaration, and the study protocol was approved by
local ethics committees.

Measurements

Parental BMI was determined at baseline when the children
were aged 3-18 y. Mothers and fathers were asked to record their
height and weight on a self-reported questionnaire (27). For
pregnant women (n � 85), prepregnancy weight was requested.
Offspring birth weight (g) and birth height (cm) were reported by
the mothers, who were asked to bring with them the booklet from
the well baby center in which the information is recorded. We
calculated offspring ponderal index from the following formula:
birth weight (kg)/[birth height (m)]3. Offspring weight was mea-
sured at baseline (at age 3 to 18 y) and at follow-up (at age 24 to
39 y) with the offspring in light clothing without shoes to an
accuracy of 0.1 kg, and height was measured by use of a wall-
mounted stadiometer with 0.5-cm accuracy (28). BMI was cal-
culated from the formula weight (kg)/[height (m)]2.

Statistical analysis

Differences between the included and excluded individuals
were assessed with the use of chi-square and t tests. Bivariate
associations between continuous variables were assessed with
Pearson’s correlations. Differences in BMI, birth weight, and
ponderal index between groups were tested with analysis of
variance, and change in offspring BMI between baseline and
follow-up was tested with repeated-measures analysis of vari-
ance. The effect of parental BMI on offspring BMI was assessed
by using linear regression. The outcomes were offspring birth
weight and ponderal index (total cohort), offspring BMI at age 3
to 9 y (baseline measurement for younger birth cohorts), off-
spring BMI at age 12 to 18 y (baseline measurement for older
birth cohorts), and offspring BMI at age 24 to 39 y (follow-up
measurement for the total cohort). We calculated sex-, age-, and
parental age–adjusted models for maternal BMI and paternal

BMI separately. A fully adjusted model included simultaneously
maternal and paternal BMI in addition to sex, age, and parental
age. We examined whether maternal BMI was more strongly
associated with offspring birth weight, ponderal index, or BMI
than was paternal BMI with the use of the one-tailed Wald test.

To examine the potential role of nonpaternity in generating
attenuated paternal associations, given the nonbiological relation
between some fathers and their apparent offspring, we conducted
a sensitivity analysis modeling the effects of nonpaternity rates of
between 1% and 15% by using the following equation (8, 9):

� � � �ff a�fm

a�fm �mm
��1 ��1 � p)�ff (1 � p)�fm

�fm �mm
� (1)

where �ff is the variance of reported father’s BMI, �mm is the
variance of the mother’s BMI, �fm is the covariance of reported
father’s and mother’s BMI, and p is the probability that the
reported father is not the biological father. The a is used to
indicate the possible covariances between the mother’s and bi-
ological father’s BMI; we assumed it to be equal to the covari-
ance between the mother’s and the reported father’s BMI, and we
used a � 1. The observed regression coefficients were multiplied
by ��1 to obtain the corrected coefficients.

RESULTS

At baseline, full data on mothers, fathers, and their children’s
BMIs were obtained from 2980 parent-offspring trios (82.9% of
the baseline cohort). At follow-up, data on offspring adult BMI
were available for 1918 parent-offspring trios (52.2% of the
baseline cohort). There were no large significant differences in
age (P � 0.77), sex (P � 0.08), or BMI at baseline (P � 0.09)
between those who were included and those who were lost to
follow-up.

Mean BMIs for parents and their offspring and birth weight
and ponderal index at birth for offspring are shown in Table 1.
Fathers had a BMI 1.5 higher than mothers, and there was a 1.1
difference between male and female offspring at age 24 to 39 y.
Boys had a slightly higher birth weight than did girls, but sex
differences were small in offspring ponderal index and BMI
during childhood and adolescence. In linear regression models
adjusted for age and sex, higher birth weight predicted higher
BMI at ages 3 to 18 y (B � 0.77, SE � 0.08, P � 0.0001) and 24
to 39 y (B � 0.48, SE � 0.20, P � 0.01).

Effect of parental body mass index on offspring body
mass index

Maternal and paternal BMIs were correlated (r � 0.189, P �
0.0001). The association of parental BMI with offspring pon-
deral index and birth weight is shown in Table 2. Irrespective of
adjustments, maternal BMI was a stronger predictor of ponderal
index and birth weight than was paternal BMI. Sex-specific anal-
yses replicated these findings for both males and females (see
Table 1 under “Supplemental Data” in the online issue). The
sensitivity analyses that take into account nonpaternity strength-
ened the association between paternal BMI and offspring size at
birth, but the effects of maternal BMI remained substantially
stronger (Table 3).

Associations between parental BMI and offspring BMI by age
group are shown in Table 4. The parental-offspring associations
for BMI were weaker in childhood than in adulthood. However,
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the association of maternal BMI with offspring BMI did not
exceed that of paternal BMI in any of the age groups, and, thus,
there was no strong evidence to suggest that maternal BMI is a
stronger predictor of offspring BMI than is paternal BMI. These
findings were replicated in sex-specific analyses for both males
and females (see Table 2 under “Supplemental Data” in the
online issue). In an analysis stratified by years between preg-
nancy and measurement of parental BMI, maternal BMI was not
a stronger predictor of offspring BMI than was paternal BMI
when parental BMI was measured 3 y (B coefficients 0.05 and
0.05, respectively), 6 y (0.04 and 0.15), or 9 y (0.15 and 0.15)
after birth.

Higher parental height was associated with higher offspring
birth weight (B for maternal height � 13.3, SE � 2.15, P �
0.0001; B for paternal height � 3.99, SE � 1.89, P � 0.04), but
not with offspring BMI at later life stages (P � 0.05). Thus,
adjustment for parental height had little effect on the association
between parental BMI and offspring BMI.

Changes in body mass index between generations

To estimate intergenerational increase in adult BMI, Table 5
shows BMIs of parents and their offspring when both parents and
offspring were of a similar age (24-39 y). The age-adjusted BMI

of sons was 0.8 units higher than that of their fathers, and daugh-
ters had an age-adjusted BMI that was 1.5 units higher than that
of their mothers (P � 0.0001 for both). The age- and sex-adjusted
difference between offspring and parental BMI was 1.2 (95% CI:
1.0, 1.4).

DISCUSSION

Our findings suggest that maternal BMI is more strongly as-
sociated with offspring weight and ponderal index at birth than is
paternal BMI, but that this difference in maternal and paternal
effects disappears at later developmental stages. At 3 to 39 y of
age, the association between maternal BMI and offspring BMI
was not stronger than that between paternal BMI and offspring
BMI. This result was seen in both male and female offspring. Our
results further show an important intergenerational increase in
BMI. At 24 to 39 y of age, sons’ BMI was nearly one unit greater
on average than was their fathers’ BMI at the same age, and
daughters’ BMI was more than one unit greater on average than
was their mothers’ BMI at that age.

We directly measured weight and height to calculate BMI for
the offspring; but for their parents, only self-reported informa-
tion on weight and height was available. Despite underreporting

TABLE 1
Parental BMI and offspring birth weight, ponderal index, and BMI in childhood, adolescence, and adulthood: the Cardiovascular Risk in Young Finns
Study (n � 2980)

Male participants Female participants

P1n x� � SD n x� � SD

Maternal BMI (kg/m2) 1442 23.9 � 3.8 1538 24.1 � 3.9 0.51
Paternal BMI (kg/m2) 1442 25.4 � 3.1 1538 25.6 � 3.1 0.15
Birth weight (g) 1217 3594 � 562 1334 3471 � 512 �0.0001
Ponderal index (kg/m3) 1169 27.4 � 2.9 1289 27.6 � 3.6 0.07
BMI at age 3–9 y (kg/m2)2,3 771 16.0 � 1.8 806 15.9 � 1.9 0.14
BMI at age 12–18 y (kg/m2)2,3 671 19.7 � 3.0 732 19.8 � 2.8 0.39
BMI at age 24–39 y (kg/m2)3 866 25.6 � 4.0 1052 24.4 � 4.6 �0.0001

1 Age-adjusted ANOVA.
2 P � 0.0001 for differences between BMI at age 3–9 and 12–18 y (sex-adjusted ANOVA).
3 P � 0.0001 for differences between BMI at age 3–18 and 24–39 y (age- and sex-adjusted repeated-measures ANOVA).

TABLE 2
Regression coefficients (B) for offspring ponderal index and birth weight on parental BMI: the Cardiovascular Risk in Young Finns Study
(n � 2458–2551)

Outcome

B (95% CI)1

P4Age and sex adjusted
Age, sex, and parental

age adjusted2 Fully adjusted3

Ponderal index at birth
Maternal BMI 0.07 (0.03, 0.10) 0.06 (0.02, 0.10) 0.06 (0.02, 0.10) —
Paternal BMI 0.01 (�0.03, 0.06) 0.01 (�0.03, 0.05) �0.00 (�0.05, 0.04) 0.048

Birth weight
Maternal BMI 23.4 (17.8, 29.1) 22.0 (16.2, 27.7) 21.2 (15.3, 27.1) —
Paternal BMI 9.4 (2.5, 16.3) 8.6 (1.8, 15.5) 4.7 (�2.2, 11.6) 0.0009

1 Linear regression analysis (n � 2458 in all models for ponderal index and n � 2551 in all models for birth weight).
2 Model with maternal BMI as an independent variable is adjusted for maternal age and participant’s age at study entry. Model with paternal BMI as an

independent variable is adjusted for paternal age and participant’s age at study entry.
3 Includes participant age, sex, maternal age, paternal age, maternal BMI, and paternal BMI as independent variables.
4 Difference between the effects of maternal BMI and paternal BMI in the fully adjusted model based on one-tailed Wald test.
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of weight and overreporting of height in some individuals (29,
30), validity studies suggest that self-reported weight and height
are generally accurate, and there is no evidence of substantial sex
differences in accuracy (31). In the present study, the correlation
between measured and self-reported offspring BMI was 0.99 (P
� 0.0001) in both men (n � 950) and women (n � 1173) at ages
24 to 39 y. If parents’ self-reports were equally accurate, it is
unlikely that self-reporting led to any major bias in the compar-
ison of maternal and paternal effects on offspring weight and
BMI.

To our knowledge, only 3 previous large-scale studies have
directly compared the associations of mothers’ and fathers’
BMIs with their offspring’s BMI. In the 1958 British birth cohort,
maternal correlations were slightly stronger than were paternal
correlations, but, according to the authors, this may have been
“due to the poorer quality of the father’s height and weight data”
than that of the maternal data (15). A similar finding was obtained
in the Mater-University Study of Pregnancy and Its Outcomes
(8). That study requested maternal BMI soon after pregnancy
was ascertained (ie, at the first antenatal clinic visit), which is a
particular strength because the hypothesis is concerned with ma-
ternal adiposity during pregnancy, but the use of mothers’ reports

to obtain paternal BMI is a weakness and could have contributed
to the weaker effects in fathers. Indeed, we are not aware of any
studies confirming the accuracy of BMI obtained from partners’
reports. In the Avon Longitudinal Study of Parents and Children
(ALSPAC; 9), mothers and fathers reported their own weight and
height, and the magnitude of the association between parental
and offspring BMI did not differ between parents, which corre-
sponds with the findings of the present study.

We assessed parents’ BMI when their children were aged 3 to
18 y, and we adjusted the analyses for parental age. Ideally, the
measurement of parental BMI would have been taken during the
intrauterine period, because later, the mother, father, and off-
spring may learn similar dietary and exercise habits, potentially
unifying the risk of obesity between the 3 over time. However, if
this removes the differences between mother-offspring and
father-offspring associations for BMI, then the comparisons that
are based on parental BMI assessed long after pregnancy should
be diluted to a greater extent than those based on parental BMI
near the pregnancy. This was not the case in our study because the

TABLE 3
Regression coefficients for offspring birth weight on parental BMI,
assuming various proportions of nonpaternity: the Cardiovascular Risk in
Young Finns Study (n � 2551 parent-offspring trios)

Rate of nonpaternity Paternal BMI Maternal BMI P1

0% 9.4 23.4 0.001
5% 10.0 23.3 0.002
10% 10.6 23.2 0.003
15% 11.4 23.1 0.006

1 Difference between maternal-offspring and paternal-offspring asso-
ciations based on one-tailed Wald test adjusted for participant’s sex and age
at study entry.

TABLE 4
Regression coefficients (B) for offspring BMI at childhood, adolescence, and adulthood on parental BMI: the Cardiovascular Risk in Young Finns Study
(n � 2980)

B (95% CI) for offspring BMI1

P4Age and sex adjusted
Age, sex, and parental

age adjusted2 Fully adjusted3

Offspring at age 3–9 y (n � 1577)5

Maternal BMI 0.10 (0.08, 0.13) 0.10 (0.08, 0.13) 0.09 (0.06, 0.11) —
Paternal BMI 0.12 (0.10, 0.15) 0.12 (0.09, 0.15) 0.11 (0.08, 0.14) 0.85

Offspring at age 12–18 y (n � 1403)5

Maternal BMI 0.16 (0.13, 0.20) 0.17 (0.13, 0.20) 0.15 (0.11, 0.18) —
Paternal BMI 0.21 (0.16, 0.25) 0.21 (0.16, 0.25) 0.17 (0.13, 0.22) 0.82

Offspring at age 24–39 y (n � 1918)5

Maternal BMI 0.32 (0.27, 0.37) 0.35 (0.30, 0.40) 0.31 (0.26, 0.36) —
Paternal BMI 0.34 (0.28, 0.41) 0.34 (0.28, 0.41) 0.29 (0.23, 0.35) 0.36

1 Linear regression analysis.
2 Model with maternal BMI as an independent variable is adjusted for maternal age and participant’s age at study entry. Model with paternal BMI as an

independent variable is adjusted for paternal age and participant’s age at study entry.
3 Includes participant age, sex, maternal age, paternal age, maternal BMI, and paternal BMI as independent variables.
4 Difference between the effects of maternal BMI and paternal BMI in the fully adjusted model based on one-tailed Wald test.
5 The association between parental BMI and offspring BMI is stronger in older age groups: P for interaction at age 3–9 and 12–18 y with maternal BMI

� 0.002 and with paternal BMI � 0.003 (linear regression analysis); P for interaction at age 3–18 and 24–39 y with maternal BMI and with paternal BMI
�0.0001 (repeated-measures ANOVA).

TABLE 5
Parents’ and their offspring’s BMI at ages 24–39 y: the Cardiovascular
Risk in Young Finns Study (n � 4063)1

BMI

Age-adjusted
mean difference

(95% CI) P2

kg/m2 kg/m2

Fathers (n � 975) 25.1 � 3.13 — —
Sons (n � 867) 25.6 � 4.0 0.8 (0.4, 1.2) �0.0001
Mothers (n � 1169) 23.1 � 3.6 — —
Daughters (n � 1052) 24.4 � 4.6 1.5 (1.2, 1.9) �0.0001

1 Includes participants and their parents.
2 Age-adjusted ANOVA.
3 x� � SD (all such values).
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lack of difference between mother-offspring and father-
offspring associations for BMI was found in all assessments of
mothers’ BMI from 3 to 18 y after pregnancy. In the ALSPAC
study, mothers’ BMI was determined during pregnancy by re-
questing prepregnancy weight (9), and in that study, the strengths
of the mother-offspring and father-offspring associations for
BMI were in close agreement with those we obtained for off-
spring in childhood.

Maternal prenatal smoking has been associated with obesity in
offspring (32–34), and because mothers who smoke also tend to
be lighter, adjusting for this factor could have strengthened the
effect of maternal BMI on offspring BMI. However, recent re-
sults suggest that the association between maternal prenatal
smoking and offspring adiposity is not causal because an asso-
ciation of the same magnitude was also found for paternal smok-
ing with offspring adiposity (33). There is no reason to think that
maternal and paternal prenatal smoking would not also be asso-
ciated with offspring BMI to the same extent in the present study,
which means that lack of adjustment for maternal prenatal smok-
ing would not substantially bias our parental comparisons.

There is some, although not consistent, evidence that greater
absolute weight gain in pregnancy is associated with overnutri-
tion of the developing fetus and later elevated adiposity in the
offspring (35–38). Given that, in general, women who are lighter
at the start of pregnancy will tend to gain more weight, it is
possible that our findings of the effect of developmental nutrition
are underestimated by the simple association of maternal BMI
after pregnancy with offspring BMI. However, we found that
maternal BMI was more strongly associated with offspring birth
weight and ponderal index than was paternal BMI, although no
difference in parental effects were seen at later stages of life. This
suggests that major bias is unlikely because inaccurate measure-
ment of maternal BMI would have diluted all comparisons be-
tween maternal and paternal effects.

The determination of offspring BMI at various stages of the
offspring’s life course is a particular strength of the present study.
Associations between parental BMI and offspring BMI were
weaker in childhood than in adulthood, which corresponds with
findings in previous studies (15). This is probably because BMI
in childhood changes substantially. According to a large multi-
national survey, the median BMI is 17 at age 1 y, decreases to
15.5 at age 6 y, and finally increases to 21 at age 20 y (39).
Because of the variation in maturation pace between individuals,
the shift from one stage of development to the next does not occur
at the same age for everyone, which is a source of confounding
in any associations between parental BMI and offspring BMI in
childhood irrespective of adjustment for age and even when the
assessment of offspring BMI has been at a fixed age. Such con-
founding may affect opportunities to detect differences in the
strength between mother-offspring and father-offspring associ-
ations if the fetal effects of mothers’ obesity involve program-
ming of offspring’s maturation pace. However, because there
was no difference in maternal and paternal correlations with
offspring BMI from across childhood, adolescence, and adult-
hood, our results suggest that fetal effects do not have a strong
effect on future obesity risk.

The increasing trend in adult obesity was documented previ-
ously (10). Our findings are unique in showing this prospectively
across 2 successive generations. Because offspring share all
genes with their parents, any explanations attributing the inter-
generational weight gain to genetic change are implausible.

Thus, the more than one unit greater adult BMI in offspring than
in their same-sex parent is likely to represent a consequence of
changes in environmental factors between the successive gener-
ations.

In summary, we found higher adult BMI for offspring than for
their parents, but we found no significant difference in the asso-
ciation of maternal BMI with later offspring BMI compared with
that of paternal BMI with later offspring BMI, which suggests
that shared familial characteristics such as socioeconomic posi-
tion, diet, and physical activity may underlie these associations.
Our findings do not support the hypothesis that fetal influences
and related intergenerational acceleration mechanisms make an
important contribution to the obesity epidemic in children and
adults.

We thank Sam Leary, University of Bristol, for help in modeling the
effects of nonpaternity rates.

The authors’ responsibilities were as follows—MK, DAL, GDS, ME, MJ,
LK-J, JSAV, and OTR: designed the hypothesis, analyzed the data, and wrote
the paper. None of the authors declared any conflict of interest.

REFERENCES
1. Kopelman PG. Obesity as a medical problem. Nature 2000;404:635–43.
2. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health

crisis, common sense cure. Lancet 2002;360:473–82.
3. Whitaker RC, Dietz WH. Role of the prenatal environment in the de-

velopment of obesity. J Pediatr 1998;132:768–76.
4. Oken E, Gillman MW. Fetal origins of obesity. Obes Res 2003;11:496–

506.
5. Levin BE, Govek E. Gestational obesity accentuates obesity in obesity-

prone progeny. Am J Physiol 1998;275:R1374–9.
6. Gillman MW. A life course approach to obesity. In: Kuh D, Ben-Shlomo

Y, eds. A life course approach to chronic disease epidemiology. 2nd ed.
New York, NY: Oxford University Press, 2004:189–217.

7. Freinkel N. Banting Lecture 1980. Of pregnancy and progeny. Diabetes
1980;29:1023–35.

8. Lawlor DA, Davey Smith G, O’Callaghan M, et al. Epidemiologic ev-
idence for the fetal overnutrition hypothesis: findings from the Mater-
University Study of Pregnancy and Its Outcomes. Am J Epidemiol 2007;
165:418–24.

9. Davey Smith G, Leary S, Steer C, Ness A. Is there an intra-uterine
influence on obesity? Evidence from parent-child associations in
ALSPAC. Arch Dis Child 2007 June 26 (Epub ahead of print;DOI:
10.1136/adc.2006.104869).

10. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends
in obesity among US adults, 1999–2000. JAMA 2002;288:1723–7.

11. Garn SM, Clark DC. Trends in fatness and the origins of obesity Ad Hoc
Committee to Review the Ten-State Nutrition Survey. Pediatrics 1976;
57:443–56.

12. Esposito-Del Puente A, Scalfi L, De Filippo E, et al. Familial and envi-
ronmental influences on body composition and body fat distribution in
childhood in southern Italy. Int J Obes Relat Metab Disord 1994;18:
596–601.

13. Ayatollahi SM. Obesity in school children and their parents in southern
Iran. Int J Obes Relat Metab Disord 1992;16:845–50.

14. Sorensen TI, Holst C, Stunkard AJ, Skovgaard LT. Correlations of body
mass index of adult adoptees and their biological and adoptive relatives.
Int J Obes Relat Metab Disord 1992;16:227–36.

15. Lake JK, Power C, Cole TJ. Child to adult body mass index in the 1958
British birth cohort: associations with parental obesity. Arch Dis Child
1997;77:376–81.

16. Keiller SM, Colley JR, Carpenter RG. Obesity in schoolchildren and
their parents. Ann Hum Biol 1979;6:443–55.

17. Kaplowitz HJ, Wild KA, Mueller WH, Decker M, Tanner JM. Serial and
parent-child changes in components of body fat distribution and fatness
in children from the London Longitudinal Growth Study, ages two to
eighteen years. Hum Biol 1988;60:739–58.

18. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting
obesity in young adulthood from childhood and parental obesity. N Engl
J Med 1997;337:869–73.

FETAL OVERNUTRITION AND SUBSEQUENT BMI 1513

 by on D
ecem

ber 16, 2008 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


19. SavvaSC,KouridesY,TornaritisM,Epiphaniou-SavvaM,Chadjigeorgiou
C,KafatosA.Obesity inchildrenandadolescents inCyprus.Prevalenceand
predisposing factors. Int J Obes Relat Metab Disord 2002;26:1036–45.

20. Sekine M, Yamagami T, Hamanishi S, et al. Parental obesity, lifestyle
factors and obesity in preschool children: results of the Toyama Birth
Cohort study. J Epidemiol 2002;12:33–9.

21. Hui LL, Nelson EA, Yu LM, Li AM, Fok TF. Risk factors for childhood
overweight in 6- to 7-y-old Hong Kong children. Int J Obes Relat Metab
Disord 2003;27:1411–8.

22. Trudeau F, Shephard RJ, Bouchard S, Laurencelle L. BMI in the Trois-
Rivieres study: child-adult and child-parent relationships. Am J Hum
Biol 2003;15:187–91.

23. Leary S, Fall C, Osmond C, et al. Geographical variation in relationships
between parental body size and offspring phenotype at birth. Acta Obstet
Gynecol Scand 2006;85:1066–79.

24. Siega-Riz AM, Siega-Riz AM, Laraia B. The implications of maternal
overweight and obesity on the course of pregnancy and birth outcomes.
Matern Child Health J 2006;10(suppl):153–6.

25. Akerblom HK, Uhari M, Pesonen E, et al. Cardiovascular risk in young
Finns. Ann Med 1991;23:35–9.

26. Raitakari OT, Juonala M, Kahonen M, et al. Cardiovascular risk factors
in childhood and carotid artery intima-media thickness in adulthood: the
Cardiovascular Risk in Young Finns Study. JAMA 2003;290:2277–83.

27. Kivimaki M, Davey Smith G, Elovainio M, et al. Socioeconomic cir-
cumstances in childhood and blood pressure in adulthood: the cardio-
vascular risk in young Finns study. Ann Epidemiol 2006;16:737–42.

28. Yang X, Telama R, Leskinen E, et al. Testing a model of physical activity
and obesity tracking from youth to adulthood: the cardiovascular risk in
young Finns study. Int J Obes (Lond) 2007;31:521–7.

29. Rowland ML. Self-reported weight and height. Am J Clin Nutr 1990;
52:1125–33.

30. Lawlor DA, Bedford C, Taylor M, Ebrahim S. Agreement between
measured and self-reported weight in older women. Results from the
British Women’s Heart and Health Study. Age Ageing 2002;31:169–74.

31. Niedhammer I, Buguel I, Bonenfant S, Goldberg M, Leclerc A. Validity
of self-reported weight and height in the French GAZEL cohort. Int J
Obes Relat Metab Disord 2000;24:1111–8.

32. Power C, Jefferis BJ. Fetal environment and subsequent obesity: a study
of maternal smoking. Int J Epidemiol 2002;31:413–9.

33. Leary SD, Davey Smith G, Rogers IS, Reilly JJ, Wells JC, Ness AR.
Smoking during pregnancy and offspring fat and lean mass in childhood.
Obesity (Silver Spring) 2006;14:2284–93.

34. Oken E, Huh SY, Taveras EM, Rich-Edwards JW, Gillman MW. Asso-
ciations of maternal prenatal smoking with child adiposity and blood
pressure. Obes Res 2005;13:2021–8.

35. Fisch RO, Bilek MK, Ulstrom R. Obesity and leanness at birth and their
relationship to body habitus in later childhood. Pediatrics 1975;56:
521–8.

36. Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW.
Gestational weight gain and child adiposity at age 3 years. Am J Gynecol
2007;322:e1–8.

37. Whitaker RC. Predicting preschooler obesity at birth: the role of mater-
nal obesity in early pregnancy. Pediatrics 2004;114:e29–36.

38. Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB. Association
between postnatal catch-up growth and obesity in childhood. BMJ 2000;
320:967–71.

39. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ 2000;320:1240–3.

1514 KIVIMÄKI ET AL
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