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Genetic and early environmental components in sociodemographic

influences on adult body fatness

T W Teasdale, Thorkild I A Sgrensen, Albert J Stunkard

Abstract

Objective—To explore genetic and environmental
contributions to the influence of parental social class
and region of upbringing on adult human fatness.

Design—Survey of sample of adults who had been
adopted in childhood to relate their body mass index
to sociodemographic variables in a series of multiple
linear regression analyses.

Subjects—4643 Subjects traced from a register of
5455 non-familial adoptees registered in 1924-47,
of whom 3651 gave details of current height, weight,
and occupation. The final sample totalled 2015
adoptees for whom there was also information on
their region of upbringing and on the social class of
their adoptive and biological fathers. .

Main outcome measures—Age, sex, body mass
index, social class (of adoptee and adoptive and
biological father), and geographical region.

Results—There was a significant inverse relation
of adoptees’ body mass index with their own social
class and that of both their biological and adoptive
fathers. Adoptees raised in provincial areas had a
significantly greater body mass index than did those
raised in Copenhagen. A multivariate regression
model, including age, sex, and social class of the
adoptee, confirmed the significant independent
influence of the social class of both adoptive and
biological fathers and of region of rearing on
adoptees’ body mass index.

Conclusion—Both familial environmental and
genetic factors contribute to the relation of parental
social class to adult fatness, and they are partly
independent of the effect of an individual’s own
social class. The influence of region of upbringing on
adult fatness is of environmental origin and is
independent of social class characteristics.

Introduction

Family members tend to resemble each other in
degree of fatness, and twin and adoption studies have
shown that this correlation is largely genetic in origin.'?
Thus a recent Danish study showed that fatness in
adult adoptees separated from their biological parents
in early life was related to fatness in their biological
parents but not to fatness in their adoptive parents.?
This suggests that fatness in parents is environmentally
unrelated to the development of fatness in their
offspring. Nevertheless, there may be other factors
in the rearing environment which do influence the
development of fatness. In particular, adult obesity
is associated with low parental social class** and
upbringing in rural rather than urban regions,”* and
these two sociodemograpic characteristics might there-
fore constitute just such environmental influences. It
is also possible, however, that these associations
might arise from genetic rather than environmental
influences. In order to distinguish genetic influences
from those of the rearing environment we studied the
influence on adoptees’ body mass index of their own
social class, their adoptive and biological parents’
social class, and the geographical region in which they
were brought up.
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Subjects and methods
ADOPTEES AND THEIR PARENTS

Our sample of adoptees was derived from a register of
all 5455 non-familial adoptions which were recorded in
Copenhagen from 1924 to 1947. The suitability of this
population for studies of genetic and familial environ-
mental influences has been well demonstrated.?*® The
adoptions were arranged anonymously through an
authorised intermediary, most commonly a mothers’
aid society. There is evidence of some small degree of
selective placement of the adoptees in the matching
of the social class. of their biological and adoptive
parents.’ The social class of the biological and adoptive
fathers lay, respectively, somewhat below and above
that of the general population for their generation, and
for the biological fathers there was some evidence of
reduced variance.” In the sample of adoptees used in
the present study the median age of the adoptees at
transfer to the adoptive home was 3 months, and 90%
had been transferred by 2 years of age.

The adoption records indicated the occupation,
when known, of the biological and adoptive fathers at
the time of adoption. This information was available
for almost all adoptive fathers and for about 80% of
biological fathers. The occupations were coded on a
social class scale derived from prestige ratings and
ranging from 0 (low, unskilled manual work) to 7
(high, senior professional position).” The geographical
region of residence of the adoptive parents at the
time of adoption was also recorded as ‘“Copenhagen”
(including suburban areas) or “provinces” (smaller
towns and rural areas outside Copenhagen).

From Danish population registers we traced the
addresses of 4643 of the adoptees, most of the re-
mainder having died or emigrated. Self reported
current occupations were derived from the registers for
almost all of the male adoptees and about 60% of the
female adoptees. These occupations were coded for
social class. The social class of the adoptees themselves
was included in the analyses to assess its possible
mediating role.

A general health questionnaire was mailed to each
of the 4643 adoptees and replies were received
from 3651 (79%).? The questionnaire items included
height, current weight, maximum weight, and age at
maximum weight. From the reported heights and
weights we calculated body mass index (kg/m?), both
current and maximum. The maximum was included
since current body mass index might reflect recent
weight loss due to, for example, dieting or disease. The
mean age of the adoptees at the time of the survey was
42-2 years (SD 8-1) and age at the time of maximum
body mass index was 35-0 years (SD 10-4).

SAMPLE SELECTED FOR ANALYSIS

We selected those 2015 adoptees who had complete
information on their own and their paternal social
classes, geographical region of rearing, and current and
maximum body mass index. We present here the
results of analyses of current body mass index and
corresponding age. Parallel analyses of maximum body
mass index were also performed and the results are
reported where appropriate.
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Tables I and II present information about the 2015
adoptees who were included in the analyses and the
1634 who were not. The significantly higher propor-
tion of men than women among those included in the
study (table I) is because more men than women had a
registered occupation. Furthermore, occupations were
more commonly registered for younger than for older
women, and for this reason women included in the
analyses were significantly younger than those who
were excluded (table II). Geographical distribution for
included and excluded subjects did not differ (table I),
and there were only minor other differences between
those included and those excluded (table II).

Some of the analyses did not include the adoptees’
own social class. In these cases we replicated the
analyses including those adopted women for whom no
registered occupation was available. This was done to
avoid bias in the analysis of possible sex differences
in the parent-offspring relationships. These analyses
were based on 2718 adoptees.

STATISTICAL ANALYSIS

Owing to a positive skew typical of body mass
index distributions we used a log;o transformation
in all analyses presented. Pearson product-moment
correlations were calculated for all variables. To
establish the degree of independent contribution of
geographical region and of the two paternal social class
variables to body mass index we performed a series of

TABLE I— Distribution of sex and geographical region for included and
excluded adoptees*

No (%) No (%)
included excluded  pValuef
Men 1155 (57-3) 452 (27°7)
Women 860 (42:7) 1182(72-3)  <0-001
Ment:
Copenhagen 986 (85-4) 362 (87-2)
Provinces 169 (14-6) 53(12-8) 0-39
Woment:
Copenhagen 759 (88:3) 968 (87-8)
Provinces 101(11-7) 135(12-2) 0-79

*From the sample of 3651 adoptees we excluded two, one with an
impossible combination of height and weight and another who proved to
have been a stepchild.

$Geographical region was unknown for 37 men and 79 women.
$Probability derived from y? test (df=1).

TABLE 11— Distribution of body mass index, age, and social class for included and excluded adoptees

Included Excluded
Not
No Mean (SD) No Mean (SD) p Value* recorded
Body mass index (kg/m’):
Men 1155 24-67 (3-22) 434 24:53(3-13) 0-444 18
Women 860 22-51(3-50) 1130 22-64 (3-76) 0-427 52
Age (years):
Men 1155 41:37(7-74) 452 41-67 (8-32) 0-494 0
Women 860  41-31(7-84) 1182 43-94(8-38) ~ <0-001 0
Adoptee’s social class:
Men 1155 3-03(1-57) 406 2-84(1-60) 0-040 46
Women 860 2:72(1-32) 347 2-85(1-41) 0-124 835
Biological father’s social class:
Men 1155 2-:03(1-51) 108 1-91(1-61) 0-437 344
Women 860 2-00(1-54) 754 1-96 (1-:53) 0-635 428
Adoptive father’s social class:
Men 1155 2:61(1:71) 410 2-82(1-83) 0-032 42
Women 860 2:75(1-73) 1080 2:70(1-66) 0-508 102
*Probability derived from ! test of included versus excluded.
TABLE 111—Correlation array*
Biological ~ Adoptive
Body mass Adoptee’s  father’s father’s
index§ Age Sex social class  social class  social class
Age 0-099
Sext -0-326 —0-004
Adoptee’s social class -0-084 -0-037 -0-103
Biological father’s social class —0-050 0-072 —-0-010 0-178
Adoptive father’s social class —0-086 —0-043 0-041 0-222 0-171
Geographical regiont 0-078 0-042 —0-042 —-0-069 —-0-051 —0-088

*Correlations above 0-044 are statistically significant, p<0-05.

tMale=1; female=2.
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$Copenhagen=1; provinces=2.
§Log;o body mass index.

multiple stepwise linear regression analyses using the
sociodemographic variables as independent variables
and body mass index as the dependent variable, with
age and sex as covariates. We also searched for
interactions between the independent variables and
covariates in their effects on the body mass index.

To investigate the relation between frank obesity
(defined as body mass index exceeding the 92nd centile
within age and sex strata) as a dependent variable
and the covariates, sociodemographic variables, and
their interactions we performed a series of logistic
regression analyses. The 92nd centile was chosen to
maintain compatibility with an earlier study.? Because
of the prior stratification by age and sex these two
variables were not included in the logistic models.

Results

Table III shows the correlations for adoptee body
mass index, age, sex, geographical region, and social
class as well as the two paternal social classes. As
expected, adoptee body mass index was positively
correlated with age, was greater for men than for
women, and was negatively correlated with own social
class (fig 1). Body mass index was negatively associated
with the social class of both the biological and adoptive
fathers (fig 1). Finally, and significantly, body mass
index was greater for those reared in provincial areas
than for those reared in Copenhagen.
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FIG 1—Body mass index as function of adoptee’s social class and sex
and social class of biological and adoptive fathers. Social class 7 is rare
(<1%) and has here been combined with class 6. Body mass index
declined more sharply with increasing social class among adoptees
themselves than among either their biological or adoptive fathers

In addition, table III shows several significant rela-
tions among age, sex, the social class variables, and
geographical region. We therefore used a multivariate
approach to separate the independent contribution of
each to the body mass index of the adoptees.

We built two series of regression models that
included body mass index as the dependent variable,
age and sex as covariates, and social class of biological
father and adoptive father and geographical region as
independent variables. In the first series the social class
of the adoptee was excluded; in the second it was
included. This procedure permitted assessment of the
degree to which the influence of the sociodemographic
variables on the adoptee’s body mass index was
mediated by the adoptee’s own social class.

In both series of regression analyses we initially
included interaction terms between, on the one hand,
the adoptee’s age and sex, and, on the other, the
sociodemographic variables and the social class of
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TABLE IV — Regression models* predicting log body mass index

Model 1 Model 2

Variable B SE B p Value B SE B p Value
Age 0:00140 0-00028 <0-001 0-00136 0-00028 <0-001
Sext ~0-04029 000262  <0-001 —0-04164  0-00263 <0-001
Biological father’s social class 0-01049  0-00453 0-021 0-:01075  0-00451 0-017
Biological father’s social classxage —0-00030  0-00011 0-005 —0-00029  0-00011 0-006
Adoptive father’s social class —-0-00213  0-00077 0-006 —0-00145  0-00078 0-065
Geographical regiont 0-00960  0-00383 0-012 0-00876  0-00381 0-022
Adoptee’s social class ’ —0-00407  0-00091 <0-001
Regression intercept 1-329 1-341

: 0-129 0-135

*Model 1 excluded the social class of the adoptees. Model 2 included it.
+In order to facilitate the computation of interaction terms, sex was here coded as Male=0; female=1.

{Copenhagen=1; provinces=2.

BM] voLuME 300

the adoptees themselves. We also included terms
representing interactions among the sociodemographic
variables. Only a single interaction term, that between
social class of the biological father and the age of the
adoptee, was persistently significant.

Table IV shows the regression coefficients for the
final models, in which all terms were significant or near
significant. These terms included age, sex, social class
of the adoptive and biological father, together with the
two way interaction of the biological father’s social
class with the adoptee’s age, geographical region, and
own social class. The twe models yielded almost
identical coefficients and significance levels for the
covariates, the social class of the biological father,
and geographical region. These values were thus
substantially independent of the relation of body mass
index to the social class of the adoptees themselves.

The combined effect of the positive coefficient for
the social class of the biological father (in model 2,
B=0-01075) and the negative coefficient for its inter-
action with the age of the adoptee (in model 2,
B=-0-00029) had two implications; firstly, there was
an inverse relation between the social class of the
biological father and the body mass index of the
adoptee, and, secondly, this relation increased with the
age of the adoptee. The relations are illustrated in
figure 2, which shows regression lines for body mass
index regressed on to the biological father’s social class
for varying adoptee ages at mean values for all other
variables. There was no relation for adoptees at the
youngest age and a progressively increasing influence
of low social class of the biological father with
advancing adoptee age.

The social class of the adoptive father was negatively
related to body mass index (in model 1, B=—0-00213),
but this effect diminished in model 2 (B=—-0-00145),

26
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Body mass index (kg/m?)
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Biological father's social class

FIG 2— Predicted body mass index as a function of social class of the
biological father and age of the adoptee. These values were derived
from the regression equation, substituting mean values for all other
variables. Note sharp increase—two body mass index units—in
adoptee body mass index of lower social class fathers with increasing
age of adoptees

23 JUNE 1990

thus becoming non-significant with the inclusion of the
adoptee’s own social class.

In model 2 the social class of the adoptee was highly
significantly related to body mass index, independent
of the covariates, the paternal social classes, and
geographical region. The coefficient for the adoptee’s
own social class before paternal social class variables
were introduced into the regression model was
—0:00471, compared with the value of —0-00407
thereafter.

In both models 1 and 2 the combined explanatory
power of all predictor variables, as indicated by the
multiple correlations (see table IV), was modest, being
less than 15% in both cases.

The logistic regression analyses of the frankly obese
population compared those overweight subjects with a
body mass index above the 92nd centile for age and
sex with those below it. As expected, the social class of
the most overweight adoptees was significantly lower
than that of the others, but differences between the two
groups in paternal social class and geographical region
were not significant.

In the multiple linear and logistic regression analyses
of maximum body mass index essentially the same
results were obtained as in those for current body mass
index.

The above analyses excluded disproportionately
many female adoptees—namely, those who had no
registered occupation (see table II). We therefore
replicated those of the above analyses that did not use
the adoptee’s social class variable—that is, those
leading to model 1 (see table IV)—while also including
the female adoptees without registered occupations.
These analyses revealed virtually the same pattern of
findings as those presented in model 1.

Discussion

One major finding of this study is that there are
familial environmental as well as genetic contributions
to the inverse relation of parental social class to body
mass index in adult offspring. The genetic contribu-
tion is independent of social class in the offspring and
appears to increase with age. The contribution of the
family environment appears in part to be mediated by
the social class correlation of parents and offspring.
The social class 6f the adoptees themselves also has
an influence on their body mass index separate from
that of their biological and adoptive fathers. These
influences are independent of the age and sex of the
offspring. A second major finding is that adoptees
brought up in a provincial environment are heavier
than those brought up in an urban environment. This
effect is independent of parental and own social class.
In all the analyses we found no evidence of any
interaction between the sex of the adoptee and any
other variable.

The observed “effects were small. They should,
however, be seen against the background of the
relatively low correlations for parents and offspring in
intact families—about 0-35 for social class™'" and
about 0-20 for body mass index."?" The correlation
from one variable to the other across a generation could
not be expected to be larger than these values. More-
over, these limits may have been additionally restricted
when the parent-offspring correlations were parti-
tioned into genetic and environmental contributions.

The correlations may have been further attenuated
by limitations of the sample and in the measurements
we used. Social class in the biological and adoptive
fathers in this sample was not representative of that in
the general population."” Sample attrition among the
adoptees might have produced bias if non-contact-
ability and non-response among the adoptees were
related to their social class or body mass index, or
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both.* A further limitation was the use of self reported
rather than objectively ascertained occupation and

*height and weight.”'* These limitations suggest that

our results should be interpreted in terms of hypothesis
testing—that is, whether the effects are present—
rather than estimation of the size of the effects.

The finding that the social class of the adoptees
themselves was inversely related to their body mass
index, irrespective of paternal influences, suggests the
existence of a direct and reciprocal relation between
these two variables. Recent prospective studies suggest
that degree of fatness directly influences later social
class attainment® and that childhood social class
influences the later development of fatness."

The contribution of the social class of the biological
father to body mass index in the adoptee could operate
in at least three ways. Firstly, as there are genetic
effects for social class’*** as well as for body fatness'
there may be common genes affecting both charac-
teristics—a pleiotropism. Secondly, genes for social
class and fatness may be different but come to be
associated with each other—that is, a-segregation by
cross assortative mating. Garn er al have in fact found
social class of fathers to be inversely related to the
fatness of mothers.” Thirdly, the correlation may be
indirect, resulting from the combination of a genetic
transmission of body fatness together with the effect of
fatness on social class in the biological father.

A fourth possibility can perhaps be discounted. It is
unlikely that the correlation between the biological
father’s social class and the adoptee’s body mass index
results purely from a genetic transmission of social
class characteristics as the correlation proved to be
independent of the adoptee’s own social class.

These data and analyses do not permit us to deter-
mine the degree to which the first three mechanisms
operate, and this must remain a subject for further
research. Whatever the mechanism of genetic trans-
mission, however, the effect is independent of the sex
of the adoptee. By contrast, it is strongly related to the
age of the adoptee. As shown in figure 2, at the
youngest ages there was no discernible influence of the
biological father’s social class on the adoptee’s body
mass index. The influence increased with advancing
age, such that offspring of low social class biological
fathers gained in weight. This may be a specific
instance of the common tendency for genetic effects to
develop over time.” In our study, however, data on the
adoptees were gathered at a single time and therefore
the oldest adoptees were also necessarily those born
earliest. An alternative explanation is therefore that the
interaction could have come about from some secular
change in social conditions, perhaps during childhood,
over the period covered by the adoptees.

The finding that the social class of the adoptive
father contributes to body mass index in the adoptee
establishes that a part of the influence of parental social
class is purely environmental. As noted above, there is
no relation between body mass index of adult adoptees
and that of their adoptive parents.’ Taken together,
these two results indicate that there are environmental
social class factors that act directly on the offspring’s
body mass index independent of parental body mass
index. Part of the influence seems to be mediated by
the parent-offspring relationship in social class.
The remaining effect may result from social class
differences in child rearing practices. This inter-

pretation is in accordance with a strong inverse
relation between parental social class and fatness in
childhood.**

Previous population studies in Denmark have
shown that body mass index tends to be higher in the
provinces than in the metropolitan area.”® Our findings
confirm this regional difference. The fact that subjects
were adoptees suggests that this effect is due to
environmental influences. Another adoption study,
conducted in Iowa, found a similar effect when
comparing subjects reared in urban versus rural
environments.?? Our study showed that the effect was
independent of the social class of both the adoptees
themselves and their biological and adoptive fathers.
The Iowa study showed, furthermore, that the effect
was also independent of the body mass index of both
biological and adoptive parents.? Thus regional differ-
ences in body fatness seem to arise from causal factors
distinct from parental fatness and social class charac-
teristics.
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