Genetics of obesity in adult adoptees and their biological siblings

Abstract
An adoption study of genetic effects on obesity
in adulthood was carried out in which adoptees
separated from their natural parents very early in
life were compared with their biological full and
half siblings reared by their natural parents. The
adoptees represented four groups who by sampling
from a larger population were categorised as either
thin, medium weight, overweight, or obese. Weight
and height were obtained for 115 full siblings of 57
adoptees and for 850 half siblings of 341 adoptees. In
full siblings body mass index (kg/m2) significantly
increased with weight of the adoptees. Body mass
index of the half siblings showed a steady but weaker
increase across the four weight groups of adoptees.
There were no significant interactions with sex ofthe
adoptees, sex of the siblings, or (for the half siblings)
sex of the common parent. In contrast with the
findings in half siblings and (previously) the natural
parents there was a striking, significant increase in
body mass index between full siblings of overweight
and obese adoptees.
The degree of fatness in adults living in the same
environment appears to be influenced by genetic
factors independent of sex, which may include
polygenic as well as major gene effects on obesity.
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Introduction
Fatness runs in families,' 4 and the evidence for a
genetic contribution to this tendency comes from
several types of studies.5 These include fitting genetic
models to the familial correlations,6 studies of twins,
and studies comparing adoptees and the offspring of
the adoptive parents.6 8`1 None, however, has excluded
confounding due to environmental effects. Two recent
studies of adult adoptees and their natural parents'4 15
have provided further evidence. The findings were
compatible with additive polygenic effects, but major
gene influences could not be excluded. Furthermore,
in contrast with the family studies,'46 these studies
suggested a stronger genetic relation between women
than between men. The studies, however, were limited
owing to difficulty in ascertaining parental fatness and
changes over time in environmental effects.
We report a new type of study, which compares the
current body mass index of adult adoptees with that of
their biological full and half siblings from whom they
were reared apart. Our findings allow further assessment of the genetic contribution.

Subjects and methods
ADOPTEES

Data on every completely non-familial adoption
granted in Denmark between 1924 and 1947 were
transferred to the Danish Adoption Register at the
Psykologisk Institut, Kommunehospitalet, in Copenhagen.'6 The records provide date of formal adoption,
age of the child at transfer to the adoptive parents, the
identity of the adoptive father and mother, and, when
known, the identities of the natural parents. Paternity
was established by acknowledgment or biological tests,
as required by Danish law.
Valid assessment of genetic effects in an adoption
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study requires separation of genetic and environmental
influences. This means separation of the child from the
natural parents shortly after birth, negligible effect on
the trait at issue of the prenatal and postnatal environments shared with the natural mother, and rearing
of the child independent of the natural parents by
biologically unrelated adoptive parents who are
selected without regard to the trait at issue. These
requirements generally appear to have been met in the
Danish adoptee population.4 17 18
This study was based on the 5455 adoptions granted
in Copenhagen. Current addresses of 4643 adoptees
still living in Denmark were obtained from the local
population registers, which since 1923 have filed
names and addresses of every person in Denmark from
birth to death or emigration. The adoptees were mailed
a questionnaire asking about current height, weight,
and other health issues, and 3651 (79%) replied.'4 Data
on height and weight were complete for 3580 adoptees
and were used to calculate the body mass index
(weight (kg)/(height (m))2) as a measure of fatness.'9
Mean age of the adoptees was 42 2 (SD 8-1) years, and
56% were women.
Four weight groups-namely, thin, medium weight,
overweight, and obese, each constituting 4% of the
sample-were selected from among 3580 adoptees for
further study. To minimise possible bias due to the
influence of age and sex on body mass index selection of
the four groups proceeded on the basis of ranked body
mass index values within 5 x 2 age and sex strata. The
thin group consisted of those between the lowest four
centiles, the medium weight group those closest to the
median, the overweight group those between the 92nd
and 96th centiles, and the obese group those above
the 96th centile. Characteristics of the 540 selected
adoptees have been described. 14
IDENTIFICATION AND ASCERTAINMENT OF SIBLINGS

By means of the regional population registers we
traced 506 (94%) natural mothers and 418 (77%)
natural fathers and identified 210 biological ftill siblings of the adoptees, 709 maternal half siblings, and
649 paternal half siblings. Follow up of the siblings by
means of the registers showed that 164 full siblings,
610 maternal half siblings, and 544 paternal half
siblings were currently living in Denmark.
A questionnaire requesting information on height
and weight was sent to the biological siblings. Replies
were received from 115 (70%) of the full siblings, 466
(76%) of the maternal half siblings, and 384 (71%) of
the paternal half siblings. This corresponded to 57 full
sibships and 341 half sibships (255 maternal, 196
paternal; 110 sibships included both types). Table I
shows the distribution of siblings over the four weight
groups of adoptees. The ages of the siblings in the four
weight groups were similar to those of the adoptees.
Self reported height and weight are known to show
modest errors that increase with increasing body
weight.20 The frequency of non-response depends in
part on the degree of fatness as well as on various
related psychosocial characteristics (S Sonne-Holm
et al, unpublished observations). It seemed reasonable
to assume that these limitations would make the results
conservative estimates of the true relations.
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STATISTICAL ANALYSIS

(p<O-Ol).

The figure shows the average body mass index of
siblings for each of the four male-female combinations
of adoptees and their full siblings. With a few exceptions the stepwise increase with weight group occurred
in all combinations. The multiple regression analyses
did not show any statistically significant two way or
three way interaction effects between the weight
groups of the adoptees and the sex of the adoptees and
these siblings (parameter estimates not shown).
The maternal half siblings showed a monotonic
increase in mean body mass index across the four
weight groups (thin 22-8, medium 23 1, overweight
24- 1, obese 24-2) (figure), and the trend was significant
in the regression analysis (p<0002). Among the
paternal half siblings the lowest mean body mass index
was in the thin group (23- 1), but the increase was not
monotonic across the weight groups (medium 240,
TABLE I-Numbers of siblings in whom body mass index was knozwn distributed by size of sibship, sex of
siblings, and age of siblings in the four weight groups of adoptees
Weight group of adoptees
Medium
weight

Thin

Overweight

Obese

Total

Full siblings
No of adoptees

14

18

14

11

57

7
5
1

9
3
3
3

5
5
4
0
27

5
2
1
3
26

26
15
9
7
115

Sibship size:
1
2

3
_-4
No of siblings
Male
Female
Mean age (years) (SD)*:
Male siblings
Female siblings

1
24

10

38

13

16
22

14

43 (8)

41 (7)
41 (6)

40 (5)

50
65

11
15

14
40 (5)
41 (6)

40 (5)
42 (6)

97

88

341

41 (6)
41 (5)

Halfsiblings
No of adoptees
Sibship size:
1
2
3
4
¢5

No of siblings
Male
Female
Mean age (years) (SD)*:
Male siblings
Female siblings

79

77

25

28

33

25

111

26
13
10
5
181

19
11
9
10

29

22
19
9
13
246

96

88
93

12
8

192

35 (8)
40 (9)

231
125
106

80
112

*Adjusted by weighting according to sibship size.

88

15

38 (8)
37 (7)

107
139

38 (7)
37 (6)

58
40

36
850
400
450

37 (7)
36 (6)

37 (7)

38(7)

p Value

3 09

1 27

0.02

-4-59
-3-98
-2-73
0 31
-0 13

0 97

0-92
0 97
0-64
0-64

0 0001
0 0001
0-006
0-6
0-8

Pull siblings*
Intercept
Weight groupt:

Thin

MNledium

Overweight
Female adoptee
Female sibling

Half siblings*
Intercept
Weight groupt:

1-17

0-33

0-0004

Thin
Medium
Overweight
Femaleadoptee

-1 04
-0-42
--0 39
0 19
-1-87
0-29

0-34
0 34
0-32
0-24
0-24
0-24

0 003
0-3
0-3
0-5
0 0001
0-3

Female sibling
Common mother

Results
The mean body mass index of the full siblings
increased with the weight group of the adoptees (thin
22-0, medium 22-7, overweight 23 8, obese 26 6)
(figure). In the regression analysis the differences
between weight groups was significant (p<005) (table
II) and there was a highly significant trend across
weight groups (p<00001). The striking increase in
body mass index of siblings between the overweight
and obese weight groups of adoptees was significant

Standard
error

Estimated
coefficient

Variable

*Interaction effects
not shown.

within full and half sibling models (all non-significant)

tEach group estimated relative to obese group.

overweight 23 5, obese 23 6) (figure) and not significant in the analysis of trends. Neither type of half
siblings showed the steep increase in body mass index
between the overweight and obese groups seen in the
full siblings.
In the regression analysis of all half siblings together
the coefficients showed a steady increase in body mass
index over the four weight groups of adoptees (table
II); the trend across weight groups was significant
(p<0 02), though the overall differences among weight
groups were not. The obese group differed significantly only from the thin group (p<002). The
difference in trends across weight groups of adoptees
between maternal and paternal half siblings was not
significant (no significant two way interaction).
In both maternal and paternal half siblings the
four combinations of male-female adoptees and malefemale half siblings showed no distinct differences in
trends over the four weight groups (figure). The
multiple regression analyses also disclosed no significant two, three, or four way interaction effects among
the weight groups of adoptees and the eight combinations of sex of the adoptees, half siblings, and common
parents (parameter estimates not shown).
Discussion
This report describes the first study of fatness of
adoptees and their biological full and half siblings who
were reared separately by the biological parents of the
adoptees. It shows that the fatter the adoptees the
greater was the body mass index of full siblings. There
was a similar, weaker relation between adoptees
and their half siblings. These results support those
obtained with other methods5'5 and indicate a genetic
influence on human fatness over the entire range from
thinness to obesity. Further support for a specific
genetic effect on obesity is suggested by the striking
difference in body mass index between full siblings of
obese and overweight adoptees that was not seen in
half siblings or biological parents. No evidence was
obtained for sex dependency of the relation in fatness
between adoptees and their siblings.
All the studies of genetic influences on fatness have
limitations. Comparison of identical and fraternal
twins have suggested a genetic contribution to fatness,7
but such twin studies tend to overestimate genetic
influence owing to the similarity of the environment of
the identical twins.521 22 Fitting genetic models to
family correlations in fatness also suggests a genetic
contribution,6 but these analyses depend on assumptions about environmental influences and mode of
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Having adjusted for the confounding effect of age on
body mass index, we assessed in hierarchical multiple
linear regression analyses the relation between body
mass index of the siblings and weight groups of the
adoptees, sex of the siblings, sex of the adoptees, and,
for the half siblings, sex of the common parents. As the
body mass index of siblings is correlated,'3 we adjusted
the individual body mass index of siblings for size of
sibships (weighted by the reciprocal of the number of
siblings in the sibship and counting degrees of freedom
on the basis of number of sibships). Weight groups of
adoptees (thin, medium, overweight, obese) were used
either as qualitative variables or, in order to assess
trends across the weight groups, as a continuous
variable. Statistical significance was evaluated by F test
and accepted at a two sided level of 0-05.

TABLE iI-Multiple regression analyses of body mass index ofsiblings
(residuals after adjustment for age, weighted according to size of
sibship) on weight groups of adoptees, sex of adoptees, sex of siblings,
and (for half siblings) sex of common parent

if the maternal effect exists it must be small. Furthermore, the difference between the full siblings and the
maternal half siblings speaks for a stronger effect
-vF 30230 30
of genetics than early maternal environment. This
conclusion accords well with the results from studies
~~~~~FM
of natural families, which do not show appreciable
/ FF
maternal effects.246
It may be questioned whether the genetic influences
FM 25
25o
on body mass index that we have found reflect genetic
FM
MF
influences on fat or lean body mass, or both. Both fat
F
FF
~
~
~
~~~~~~~~~~/MF
and lean body mass are familial traits,'32I so that both
traits may be subject to genetic influences. The differences in body mass index among the adoptees selected
20for our study undoubtedly reflected large differences in
20[
degree of fatness, but as fatness and lean body mass
8,1 88 100 11 5
160id 164 1 31 1'31
are highly correlated,29 they may also have differed in
53
43
55
45
69
57
71
58
11
lean body mass. Though differences in lean body mass
contributed to the differences among siblings, the size
m0z6'@ 44t't ° ............. <& e.s4
4ti
X of the difference between siblings of overweight and
obese adoptees suggests an important contribution of
fat mass.
Polygenic transmission for the entire range from
inheritance -namely, polygenic inheritance of fatness.
The studies comparing adoptive parents and their thin to obese is suggested by the association in body
biological offspring with adoptees68`'3 also suggested mass index between adoptees and full siblings. The
genetic influences, but as those studies did not examine finding that the association was stronger than that
the biological parents or siblings of the adoptees, between adoptees and half siblings is also consistent
genetic and environmental confounding could not be with polygenic inheritance.
A major gene, or genes, might have a specific effect
excluded.
Studies of adoptees and their natural parents'4 15 are on obesity against a polygenic background. Such an
not subject to these limitations. Nevertheless, they are effect is suggested by the significant difference in body
limited by difficulty in obtaining information about mass index between full siblings of obese and overweights of parents and offspring at comparable periods weight adoptees. No such difference was found among
in their lives23'4 and by changes in environmental either half siblings or parents,'4 though parents share
influences on fatness across the two generations. Our half of their genes with their offspring, as do, on
study of biological siblings of adoptees who had not average, full siblings. One explanation of this pattern
shared the family environment after being separated may be that full siblings share non-additive genetic
from their natural mothers was subject to neither of effects for obesity. For example, obese adoptees may
share pairs of rare recessive genes with their full
these limitations.
Even in adoptees there may have been an environ- siblings but only one allele with parents and one allele
mental effect on adult obesity from prenatal and with about half of half siblings. Such a pattern of
postnatal factors such as early nutrition.262 Stronger inheritance of obesity occurs in several species of
relations between mothers and offspring than between rodents. "'
In conclusion, though human fatness is influenced
fathers and offspring would reflect early environmental
effects, provided that transmission and expression of by the environment, as shown by differences between
monozygotic twins7 and rapid changes over time in
genetic effects were independent of sex.
Sex dependent genetic influences were suggested in stable, homogeneous populations,25 it is clearly under
our two previous adoption studies,'4 15 but those studies substantial genetic control. The transmission appears
had methodological limitations. Both studies found to be independent of sex. We suggest that at least two
stronger relations between biological mothers and off- modes of genetic inheritance are concerned-namely,
spring than between biological fathers and offspring. polygenic inheritance for the full range of fatness and a
This result might be due to artefacts-for example, less major gene, or genes, specific for obesity.
reliable and less complete data on fathers' weight'5 and
This work was supported by grants from the NATO
uncertainty about paternity. Both studies also found Science Fellowship Programme in Denmark (23-03 52/82)
stronger relations between parents and daughters than and the Danish Medical Research Council (12-7693) to TIAS;
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have not shown sex dependent differences in correla- Diseases (AM26607-01) to AJS; and the National Institute
tions between parents and offspring.246 The contribu- of Mental Health to RAP (MH43409) and AJS (career
tion of this study to resolving the question is limited by scientist awards MH00425 and MH31050). The work was
small sample sizes within the combined sex categories, also supported by the John D and Catherine T MacArthur
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especially among full siblings. Nevertheless, the study Foundation
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men and women.
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effects attributable to the early environment, which and to Thomas W Teasdale and Craig L Hanis for data
would produce a stronger association in fatness management.
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No of siblings

Body mass index (weighted
according to size ofsibship) of
full siblings, maternal half
siblings, and paternal half
siblings in the four weight groups
ofadoptees. Heavy black points
and bars are overall means and
SD. Light plots are mean values
for combinations ofmale
adopteeslmale siblings (MM),
male adopteeslfemale siblings
(MF), female adopteeslmale
siblings (FM), andfemale
adopteeslfemale siblings (FF)
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Abstract
A sample of 2885 children aged 12 and 13 who
completed a questionnaire survey in school in
January 1987 were given a second questionnaire on a
specified date in May 1987. The smoking habits,
parental smoking habits, sex, and social background
of the children who were present on both dates were
compared with those of the children who were
absent on the second occasion. Regular smoking was
significantly more common among those absent for
the second questionnaire: among boys 181/877 (21%)
who never smoked, 109/486 (22%) who sometimes
smoked, and 21/45 (47%) who regularly smoked were
absent, -and among girls the figures were 157/947
(17%), 117/487 (24%), and 17/43 (40%) respectively.
Thus the odds ratio for those who sometimes
smoked was 1*29 and for regular smokers 3 09
against those who never smoked. Whatever the
children's smoking habits, the proportion who were
absent was higher when both parents or at least the
mother smoked, the odds ratio being 1-39; the
proportions absent were 203/1180 (17%) if neither
parent or only the father smoked v 135/644 (21%) if
both parents or only mother smoked for children
who never smoked; 105/529 (20%) v 121/444 (27%)
for those who sometimes smoked; and 10/27 (37%) v
28/61 (46%) for those who regularly smoked. Sex and
social background had little effect, though there was
an overall higher rate of absence among boys from
industrial areas.
The findings show a higher rate of minor ailments
in children who smoke and in children whose mother
smokes. If children are having frequent days off
school for minor ailments possibly they or their
parents would benefit from advice and help in
stopping smoking.
Introduction
Over the past two decades evidence has accumulated
not only that adults who smoke damage their health
but also that children who smoke have various health

problems. '-` Many studies have shown associations
between parental smoking and increased health
problems in children,5'7 but many of these focused on
children who did not themselves smoke. A few looked
at the effects of smoking by both children and
parents-for example, on respiratory diseases and on
lung cancer in later life.9 1°
We investigated whether absence from school for
various reasons including minor ailments, such as
colds, influenza, tonsillitis, and digestive disorders, of
children aged 12 and 13 could be predicted on the basis
of their own and their parents' smoking habits four
months earlier.

Subjects and methods
As part of a study funded by the Cancer Research
Campaign on the uptake of smoking we studied a
random sample of 29 schools in Cumbria and Tyne and
Wear." All the second year classes in these schoolsnamely, pupils aged 12 and 13-were included. The
pupils were given two questionnaires: the first was
administered during 12-16 January, and a second,
identical questionnaire was completed by the same
pupils during 18-22 May. The questionnaires were
completed by the children under examination
conditions supervised by their class teachers. This
method has been shown to elicit the highest, and
therefore presumably the most accurate, self reporting
of smoking by adolescents.'2 The children then sealed
the anonymous questionnaires in plain envelopes
to ensure confidentiality. The first and second
questionnaires were matched by means of birth dates,
information on school classes, and family data.
The children were asked to indicate their smoking
habits by ticking one out of six possible replies."' The
six categories were: I have never smoked a cigarette; I
have tried a cigarette once; I used to smoke but I don't
smoke now; I smoke occasionally but not as much as
one cigarette a week; I smoke between one and six
cigarettes a week; and I usually smoke more than six
cigarettes a week. To check the accuracy of the
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