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Central  body fat distr ibution has been shown to be related to hyper insul inemia, insul in resistance,
hyper tr iglycer idemia, and atherosclerosis to a greater  degree than general  obesi ty. There are
known to be both genetic and envi ronmental  effects on al l  components of this cluster ing. Whether
these genetic effects are due to one set of genes in common to the components or  whether  genetic
influences on insul in resistance and/or  general /abdominal  fatness ‘turn on’ other  genes that affect
other  components of the syndrome is not clear. We analyzed data from the Swedish Adoption/Twin
Study of Aging (60% female; monozygotic = 116, dizygotic = 202; average age 65 years) to
determine whether  there were genetic and/or  envi ronmental  factors shared among general  body
fat distr ibution, abdominal  body fat distr ibution, fasting insul in levels and cardiovascular  disease.
We found addi tive genetic effects in males to be significantly di fferent from those in females wi th
genetic effects accounting for  var iance in waist–hip ratio (males = 28%; females = 49%), body
mass index (males = 58%; females = 73%), fasting insul in levels (FI ) (males = 27%;
females = 49%), and cardiovascular  disease (CVD) (males = 18%; females = 37%). There were
also shared genetic and envi ronmental  effects among al l  the var iables except CVD, but a major i ty
of the genetic var iance for  these measures was trai t specific. Twin Research (2000) 3, 43–50.
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Introduction

The clustering of obesi ty, hyperinsul inemia, insul in
resistance, hypertriglyceridemia, atherosclerosis,
and hypertension has been documented extensively
over the past 10 years. The clustering of such
disorders has recently been identified as syndromeX
or the metabol ic syndrome.

1,2
Central  body fat

distribution has been shown to be more strongly
related to these metabol ic disorders than peripheral
fat distribution.

3–7
It is thought that insul in resis-

tance and/or central  obesi ty are the underlying
precursors of the other components of the syn-
drome.

1,8,9
Genetic and envi ronmental  effects are

known to influence al l  the components of the
metabol ic syndrome.

10–20
However, whether these

genetic effects are due to one set of genes in common

wi th the components or whether genetic influences
on insul in resistance and/or general /abdominal  fat-
ness ‘turn on’ other genes that affect other compo-
nents of the syndrome is not clear. Several  studies
have given some indication that there may be shared
genes. However, to our knowledge there are no
studies to elucidate whether one genetic effect
precedes the others. Using data from the National
Academy of Sciences–National  Research Counci l
Twin Registry, a common latent factor was found to
explain the clustering of hypertension, diabetes and
obesi ty in male twins;

14
59% of the variance in this

latent factor was genetic and 41% envi ronmental .
Using data from the Swedish Adoption/Twin Study
of Aging (SATSA), genetic effects shared by body
mass index (BMI), insul in resistance, triglycerides,
high-densi ty l ipoprotein (HDL) cholesterol  and sys-
tol ic blood pressure were found, wi th BMI and
insul in resistance sharing genetic effects to the
greatest degree.

20
In the San Antonio Fami ly Heart

Study, genetic correlations were high between fast-
ing insul in levels and, BMI, HDL level , and waist/
hip ratio (WHR), indicating that the same gene or set
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of genes may influence insul ins relationship to these
trai ts.

16

Envi ronmental  effects may influence this cluster-
ing as wel l . A study using women’s data from the
Kaiser Permanente Twin Registry found BMI to be
associated wi th fasting insul in levels after control -
l ing for genetic influences.

17
They also found a

decrease in the correlation coefficient between fast-
ing insul in (FI) levels, triglycerides and hyper-
tension after adjusting for BMI. They hypothesize
that non-genetic variation in obesi ty may influence
the other components of the syndrome. Thus, there
appear to be genetic and envi ronmental  influences
shared among most components of the syndrome.
The extent to which these influences are shared and
the potential  for one factor to ini tiate the others are
questions that need clarification.

The purpose of the present study was to continue
to look for genetic clustering of components of the
metabol ic syndrome and to see whether they di f-
fered in males and females. We were particularly
interested in whether BMI and WHR were related
di fferently to FI levels and/or cardiovascular disease
(CVD), and whether gender or age had any effects.
Specifical ly, we analyzed data from SATSA to
determine whether there were genetic and/or envi -
ronmental  factors shared among general  fat distribu-
tion, abdominal  fat distribution, FI and CVD among
males and females.

Methods

Sample

Data for this study came from the Swedish Adop-
tion/Twin Study of Aging. The SATSA sample was
identified through the Swedish Twin Registry, which
includes questionnai re responses from almost
25 000 pai rs of l ike-sexed twins born in Sweden
during 1886–1958.

21
The SATSA subregistry was

formed in 1984 by contacting monozygotic (MZ) and
dizygotic (DZ) twin pai rs identified in the Swedish
Twin Registry as having been reared apart (MZA and
DZA), along wi th matched pai rs reared together
(MZT and DZT). The identification and character-
ization of the SATSA sample has been described in
detai l  elsewhere.

22,23
Measurements of BMI, WHR

and CVD were obtained from a subset of individuals
from 318 twin pai rs (male pai rs MZA = 23,
MZT = 27, DZA = 38, DZT = 43; female pai rs
MZA = 23, MZT = 43, DZA = 73, DZT = 48) who
were subjected to physical  examinations during in
person testing between 1989 and 1991. Fasting
insul in levels were obtained in a subset of individ-
uals from 180 twin pai rs of the 322 pai rs who were
subjected to in person testing in 1986–1988. Those
persons taking insul in were excluded from the

analysis. The average age of tw ins used in this
analysis was 65 years (range 45–85 years) wi th 60%
female and 40% male.

Measures

Waist measurements were obtained as the ci rcum-
ference around the smal lest part of the waist and hip
measurements as the ci rcumference around the
widest point between the hip and buttock. Waist/hip
ratio was then determined by dividing the waist
measurement by the hip measurement. Height was
measured in (m) and weight in (kg) from subjects
dressed in l ightweight clothes and not wearing
shoes. Body mass index was calculated as (weight in
kg/height in m

2
).

Fasting blood samples were taken for determining
insul in levels. Serum insul in was measured using a
radioimmunoassay technique (RIA 100, Pharmacia).
Fasting insul in levels were used as an indicator of
insul in resistance. Cardiovascular disease was
assessed from sel f reports on whether subjects had
been diagnosed wi th or had angina pectoris, high
blood pressure, heart insufficiency, heart attack,
claudication, phlebi tis, ci rculation problems, throm-
bosis, stroke, tachycardia, a heart operation, or heart
valve problem. If subjects answered yes to any of
these questions they were considered as having
cardiovascular disease.

Statistical analysis

Descriptive statistics were performed using SAS.
24

Log transformations for BMI and FI were used in the
analysis because of thei r skewed distributions.
Model -fi tting analyses were performed using the
structural  equation model -fi tting program Mx

25
to

evaluate quanti tative distributions of genetic and
envi ronmental  (shared rearing, correlated and non-
shared) components. The assumptions of model -
fi tting analysis are that MZ twins share 100% of thei r
addi tive genetic effects and DZ twins share 50% of
thei r addi tive genetic effects. Twins reared together
share simi lar rearing envi ronmental  effects. Because
we had avai lable both twins reared together and
twins reared apart we were able to model  genetic
variance as wel l  as three types of envi ronmental
variance including: shared rearing envi ronmental
variance, correlated envi ronmental  variance, and
non-shared envi ronmental  variance. Shared rearing
envi ronmental  variance is present when twins (of
the same zygosi ty) reared together are more al ike
than those reared apart. Correlated envi ronmental
variance is present when identical  tw ins are simi lar
to fraternal  tw ins regardless of rearing status. Non-
shared envi ronmental  variance is that part of the
variance not explained by genetic factors, shared
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rearing envi ronmental  factors, or correlated envi ron-
mental  factors. Such variance is unique to the
individual . The fol lowing equations can be used to
describe the total  phenotypic variance (VP) and i ts
components: addi tive genetic (VG), shared rearing
envi ronment (VEs), correlated envi ronment (VEc),
and non-shared envi ronment (VE). The total  pheno-
typic variance is (VP) = VG + VEs + VEc + VE. The
covariance of MZ twin pai rs reared apart (MZA) is
Covp = VG + VEc. The covariance of MZ twin pai rs
reared together (MZT) is Covp = VG + VEs + VEc; the
covariance of DZ twins pai rs reared apart (DZA) is
Covp = 0.5* VG + VEc and for DZ twin pai rs reared
together (DZT) Covp = 0.5* VG + VEs + VEc.

In twin studies of aging, there is often missing
data. One twin may not have data for a variable being
studied and the enti re pai r w i l l  then be discarded
from the analysis under conventional  pai rwise dele-
tion strategies. Discarding twin pai rs becomes a
particularly acute problem wi th mul tivariate analy-
sis. To avoid such problems we used Mx a model -
fi tting program that al lows missing data to be
considered in the analysis. Since Mx uses raw data
instead of variance–covariance matrices, the pro-
gram does not give an actual  fi t statistic (ie �2

) for the
overal l  model , but does provide a value for the

l ikel ihood. Relative fi t of nested models can be
evaluated by first determining the maximum l ike-
l ihood statistic for a general  model  and then compar-
ing wi th a more constrained model . The di fference
between minus twice the log-l ikel ihood of each
model  is distributed as a �2

wi th degrees of freedom
being the di fference in the number of parameters
estimated in the two di fferent models. So, for
example, i f shared envi ronmental  effects were set to
zero and compared wi th the general  model  (di ffer-
ence between minus twice the log-l ikel ihoods), a
statistical ly significant �2

would mean that shared
envi ronmental  effects were a significant component
of the variance for the variable under
consideration.

The genetic or envi ronmental  covariance between
two trai ts reflects the extent to which genetic or
envi ronmental  effects are shared by the two trai ts. A
Cholesky model

26
(Figure1) which permi ts system-

atic decomposi tion of the genetic and envi ronmental
covariance among the four measures into independ-
ent factors was used in this analysis. In this model ,
genetic factor 1 loads on al l  the variables, genetic
factor 2 loads on al l  but one of the measures, genetic
factor 3 on al l  but two of the measures and so on. The
envi ronmental  measures have a simi lar pattern of

Figure1 Mul tivariate Cholesky model  for BMI, WHR, fasting insul in levels, and CVD. Path diagram shows genetic effects on body mass
index (BMI), waist/hip ratio (WHR) fasting insul in levels (FI), and cardiovascular disease (CVD). BMI1 indicates twin 1 and BMI2
indicates twin 2 etc. MZT indicates monozygotic tw ins reared together; MZA indicates monozygotic tw ins reared apart; DZT indicates
dizygotic tw ins reared together; DZA indicates dizygotic tw ins reared apart. G1 indicates genetic factor 1, G2 genetic factor 2 etc.
Envi ronmental  influences are not shown but are modeled simi larly
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loadings. Age was also used in these analyses as
another covariate so that the genetic and envi ron-
mental  components of variance would not be biased
by possible age effects. Gender effects were taken
into consideration by estimating models for both
males and females separately.

Resul ts

Sample characteristics

At the time of testing in 1989–1991, male subjects
were on average 63 ± 8 years of age and female
subjects were on average 67 ± 9 years of age. The
mean values for each of the variables is l isted in
Table1. These values are about average for this age
population.

Table2 shows the intraclass correlations for tw ins
by rearing status, gender and zygosi ty group. On
average MZ (MZA and MZT) correlations were
higher than DZ (DZA and DZT) correlations for each
of the variables, indicating the importance of genetic
influences for each of the variables studied. For BMI
in males and WHR in females, tw ins reared together
had greater correlations than twins reared apart,
suggesting the importance of shared rearing envi ron-
ment. For BMI in females, there is l i ttle di fference in

MZ and DZ correlations regardless of rearing status.
This finding suggests possible correlated envi ron-
mental  effects such as simi lar adul t l i festyles. The
negative correlations might suggest the twins’ scores
for the relevant variables are in opposi te di rections;
however, these correlations were not significantly
di fferent from zero. In tradi tional  genetic analysis,
comparison of pai rs of correlations l imi ts our abi l i ty
to assess genetic influences because al l  the informa-
tion contained in al l  groups regarding genetic influ-
ences is not used simul taneously. However, we used
model -fi tting analyses as these are more powerful  for
detecting genetic effects because information from
al l  the groups is considered jointly in a single
comprehensive analysis.

Model fi tting analysis

Model  fi tting analyses indicate genetic effects on
WHR, BMI, FI and CVD in males and females. When
the model  was constrained to be equal  across gender
the constrained model  fi t the data less wel l  than the
general  model  (�2

= 69, df = 42, P < 0.01). Subse-
quently, we estimated parameters separately for
males and females. Table3 shows the goodness-of-fi t
parameters of the Cholesky model  along wi th the
nested models. When al l  correlated envi ronmental
loadings were set to zero there was no significant

Table 1 Mean values, standard deviations, and number of individuals (in parentheses) for waist/hip ratio (WHR), body mass index
(BMI), log transformed BMI (lnBMI), fasting insul in levels (FI), log transformed fasting insul in levels (lnFI), and cardiovascular disease
(CVD) by gender, rearing status and zygosi ty

MZA MZT DZA DZT

Males
WHR 0.95 ± 0.05 (42) 0.93 ± 0.05 (54) 0.93 ± 0.05 (70) 0.90 ± 0.05 (79)
BMI 25.90 ± 3.0 (42) 26.00 ± 3.0 (54) 25.90 ± 3.0 (70) 24.3 ± 3.0 (79)
lnBMI 3.30 ± 0.11 (42) 3.20 ± 0.13 (54) 3.30 ± 0.11 (70) 3.20 ± 0.11 (79)
FI 13.70 ± 10.0 (29) 14.90 ± 10.0 (30) 11.60 ± 7.0 (35) 11.6 ± 7.0 (56)
lnFI 2.60 ± 0.40 (29) 2.50 ± 0.67 (30) 2.50 ± 0.33 (35) 2.4 ± 0.44 (56)
CVD 0.43 ± 0.50 (42) 0.37 ± 0.49 (54) 0.46 ± 0.50 (70) 0.36 ± 0.48 (79)

Females
WHR 0.81 ± 0.04 (41) 0.81 ± 0.06 (70) 0.82 ± 0.07 (129) 0.82 ± 0.05 (82)
BMI 25.10 ± 3.3 (41) 25.20 ± 3.0 (70) 26.50 ± 4.8 (129) 26.10 ± 4.4 (82)
lnBMI 3.20 ± 0.16 (41) 3.20 ± 0.11 (70) 3.30 ± 0.17 (129) 3.30 ± 0.16 (82)
FI 12.80 ± 9.0 (27) 14.60 ± 9.0 (46) 12.30 ± 6.0 (89) 11.40 ± 6.0 (50)
lnFI 2.40 ± 0.55 (27) 2.60 ± 0.58 (46) 2.50 ± 0.45 (89) 2.40 ± 0.40 (50)
CVD 0.33 ± 0.48 (41) 0.40 ± 0.50 (70) 0.40 ± 0.50 (129) 0.48 ± 0.50 (82)

MZA = MZ pai rs reared apart; MZT = MZ pai rs reared together; DZA = DZ pai rs reared apart; DZT = DZ pai rs reared together.

Table 2 Intraclass correlations and number of tw in pai rs for waist/hip ratio (WHR), log transformed body mass index (lnBMI), log
transformed fasting insul in levels (lnFI), and cardiovascular disease (CVD) by gender, rearing status and zygosi ty

Male Female

WHR lnBMI lnFI CVD WHR lnBMI lnFI CVD

MZA 0.38 (19) 0.55 (19) 0.54 (12) 0.55 (19) –0.12 (18) 0.67 (18) 0.72 (7) 0.17 (18)
MZT 0.48 (27) 0.67 (27) 0.59 (12) –0.10 (27) 0.66 (27) 0.65 (27) 0.54 (14) 0.53 (27)
DZA –0.07 (32) 0.22 (32) 0.02 (13) –0.04 (32) 0.25 (58) 0.48 (58) 0.35 (34) 0.20 (56)
DZT –0.12 (36) 0.33 (36) –0.05 (23) 0.21 (36) 0.34 (34) 0.51 (34) 0.13 (15) 0.06 (34)

MZA = MZ pai rs reared apart; MZT = MZ pai rs reared together; DZA = DZ pai rs reared apart; DZT = DZ pai rs reared together; Note:
these are only ful l  tw in pai rs.
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loss of fi t compared wi th the ful l  model  (�2
= 4,

df = 20), nor was there loss for setting al l  addi tive
genetic effects to zero (�2

= 17, df = 20) or setting al l
shared rearing envi ronmental  effects to zero
(�2

= 10, df = 20). However, when we dropped al l
parameters contributing to fami l ial  simi lari ty (ie
shared rearing envi ronmental  effects, correlated
envi ronmental  effects and addi tive genetic effects
from the model ), we found a significant chi -square
(�2

= 145, df = 60, P < 0.001). Testing a model  where
only correlated envi ronment and shared rearing
envi ronmental  effects were set to zero resul ted in a
non-significant change in the chi -square (�2

= 13,
df = 40). After considering the parameter estimates
shared between WHR, BMI, FI and CVD we dropped
parameters shared between CVD and the other
variables due to the extremely smal l  estimates. This
constrained model  wi thout correlated envi ron-
mental  or shared rearing envi ronmental  effects was
not significantly worse than the general  model
(�2

= 31, df = 52). To ensure that this final  model
(model 8 in Table3) was the most parsimonious we
computed the Akaike Information Cri terion (AIC)
(�2

– 2df). The model  wi th the lowest AIC value is
considered to fi t best. As can be seen in Table3,
model 8 was the most parsimonious (AIC = –73).

Using model 8 we found in males, addi tive genetic
effects accounted for 28% of the total  variance in
WHR, 58% of BMI, 27% of FI and 18% of CVD. In
females, we found addi tive genetic effects accounted
for 49% of the total  variance in WHR, 73% of BMI,
49% of FI and 37% of CVD. We found genetic effects
shared among both males and females for BMI,
WHR, and FI. In males, of the total  variance for
WHR, 28% was due to genetic variance. Three
percent of the total  variance was in common wi th
BMI, thus the ‘trai t specific’ genetic variance in WHR
was 25%. Simi larly for FI, 27% of the total  variance
was genetic, 8% of the total  variance was genetic
variance in common wi th WHR and 7% was in
common wi th BMI. In females, genetic variance
accounted for 49% of the total  variance in WHR, 8%
was genetic variance in common wi th BMI, so the
‘trai t specific’ genetic variance was 41% for WHR.

Simi larly 49% of the total  variance in FI was due to
genetic variance of which 7% was genetic variance
in common wi th WHR and 24% was genetic vari -
ance in common wi th BMI. The envi ronmental
effects in common, in males, were very high between
BMI and WHR, accounting for almost hal f the total
envi ronmental  variance on WHR. In females, the
envi ronmental  effects in common between BMI and
WHR were smal ler (8% of the 47% total  variance).
The envi ronmental  effects in common between BMI
and FI were almost non-existent among females (1%)
and there were no envi ronmental  effects in common
between WHR and FI in ei ther males or females
(Tables4 and 5).

To describe the nature of the genetic and envi ron-
mental  covariances in another way, we have pre-
sented the phenotypic correlations separated into
genetic and envi ronmental  components (Table6).
The most striking di fference between males and
females can be seen for the phenotypic correlations
between FI and the obesi ty measures. In males, the
correlations are close to the same when insul in is
associated wi th BMI or WHR (BMI–FI = 0.47; WHR–
FI = 0.43), whereas in females the correlation coeffi-
cient between FI and BMI is sl ightly larger than that
between FI and WHR (BMI–FI = 0.45; WHR–
FI = 0.35).

Genetic and envi ronmental  covariation can also be
expressed as genetic and envi ronmental  correlations
(Table7). These correlations may be conceptual ized
in a simpl ified manner as an indication of the extent
to which genetic (or envi ronmental ) influences for
two measures are ‘the same’ or ‘overlap’. For exam-
ple, in males, the genetic correlation between BMI
and WHR was 0.34 and the envi ronmental  correla-
tion was 0.63, suggesting that about one thi rd of the
genetic effects on BMI and WHR are the same. Over
hal f the envi ronmental  influences on BMI and WHR
are the same. For WHR and FI in males the genetic
correlation is 0.64, suggesting that WHR and FI share
many of the same genes; and for BMI and FI the
correlation is 0.51 suggesting they also share many of
the same genes. The females’ genetic correlations are
very simi lar to those found in males; for WHR and

Table 3 Test of Cholesky models for log transformed body mass index (lnBMI), waist/hip ratio (WHR), log transformed fasting insul in
levels (lnFI), and cardiovascular disease (CVD)

Difference

–2log l ikel ihood df �2 df P AIC

1. Ful l  model 837 2295
2. Constrained model  (males=females) 906 2337 69 42 0.01 –21
3. Constrained model  (no Ec) 841 2315 4 20 1.0 –36
4. Constrained model  (no Es) 847 2315 10 20 0.97 –30
5. Constrained model  (no A) 854 2315 17 20 0.65 –23
6. Constrained model  (no A, Ec, Es) 982 2355 145 60 0.001 25
7. Constrained model  (no Ec or Es) 850 2335 13 40 1.0 –67
8. Constrained model  (no Ec, Es, or shared effects wi th CVD) 868 2347 31 52 0.99 –73

A = addi tive genetic effects; Ec = correlated envi ronmental  effects; Es = shared envi ronmental  effects.
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FI, and BMI and FI, they were 0.64 and 0.70,
respectively, suggesting that many of the same genes
influence these trai ts. See the Appendix for a
description of the phenotypic correlation
calculations.

Wi th regard to age effects, we did not find that age
contributed to the variance in males, but in females
4% of the variance in WHR could be attributed to
age.

Discussion

The purpose of this study was to continue to look for
a genetic clustering of the components of the

metabol ic syndrome. We were able to obtain separate
estimates for genetic and envi ronmental  components
of variance for both males and females. We found
both males and females to have genetic and envi ron-
mental  effects unique to each of the metabol ic
components, (ie WHR, BMI, FI and CVD) wi th
genetic effects being greater for females than males
for al l  components. Previous research has found
these components to have genetic influ-
ences,

10–12,15–20
but not much has been done in

comparing heri tabi l i ty estimates for males and
females. Most of the work on WHR has been done in
ei ther al l  male or al l  female samples. BMI has been
studied in males and females wi th varying resul ts; a
study using the Vi rginia Twin Registry and twins
ascertained through the American Association of
Reti red Persons found females to have higher heri t-
abi l i ties than males (75% vs 69%).

26
Stunkard et al

10

found males to have heri tabi l i ty estimates of 74%
and females 69% using data from the 1984 wave of
the SATSA questionnai re data. Heri tabi l i ty was
estimated as 0.53 for fasting insul in levels, by Mayer
et al

17
among female twins, average age 51 years, but

l i ttle has been done in comparing heri tabi l i ties
among males and females. Various components of
cardiovascular disease have been studied wi th
regard to genetic influences as described below, but
i t is hard to compare such studies wi th our use of a
global  sel f-reported measure.

We also found genetic and envi ronmental  effects
in common among BMI, WHR, and FI and di ffer-
ences in the magni tude of these shared effects for
each gender. The lack of effects shared between CVD
and the other variables may be because CVD was
expressed as a simple dichotomy (presence or
absence) based on a number of sel f-reported varia-
bles. It may also be that this was based on cross-
sectional  data, i f we had used longi tudinal  data for
cardiovascular disease i t may have shown di fferent
resul ts. Other studies have found indicators of
cardiovascular disease to share genetic and envi ron-
mental  effects wi th body fat and insul in resistance.
In this sample (SATSA), BMI, insul in resistance,
triglycerides, HDL and to a lesser extent systol ic
blood pressure were found to share genetic effects.

20

The San Antonio Heart Study found suggestive
evidence for genetic effects shared between insul in
levels and HDL, triglycerides, BMI and WHR.

16

We found both BMI and WHR have more envi ron-
mental  influences in common than genetic influ-
ences, especial ly in males. Further, the fat distribu-
tion measures and FI were found to have more
genetic influences on average than envi ronmental
influences in common.

The shared genetic effects between WHR and FI as
wel l  as between BMI and FI suggest the same gene or
set of genes are influencing both obesi ty measures

Table 4 Percentage genetic and envi ronmental  influence (in
parentheses) for log transformed body mass index (lnBMI),
waist/hip ratio (WHR), log transformed fasting insul in levels
(lnFI), cardiovascular disease (CVD) and age for males

lnBMI WHR lnFI CVD

lnBMI 58% (42%) 3% (32%) 7% (18%) —
WHR — 25% (40%) 8% (—) —
lnFI — — 12% (55%) —
CVD — — — 18% (82%)
Age — — — —
Total 58% (42%) 28% (72%) 27% (73%) 18% (82%)

Table 5 Percentage genetic and envi ronmental  influence (in
parentheses) for log transformed body mass index (lnBMI),
waist/hip ratio (WHR), log transformed fasting insul in levels
(lnFI), cardiovascular disease (CVD) and age for females

lnBMI WHR lnFI CVD

lnBMI 73% (27%) 8% (8%) 24% (18%) —
WHR — 41% (39%) 7% (—) —
lnFI — — 18% (50%) —
CVD — — — 37% (63%)
Age — 4% — —
Total 73% (27%) 49% (47%)+4% 49% (51%) 37% (63%)

Table 6 Genetic and envi ronmental  components of phenotypic
correlations for log transformed body mass index (lnBMI),
waist/hip ratio (WHR), log transformed fasting insul in levels
(lnFI) for males (lower diagonal ) and females (upper diagonal )

lnBMI WHR lnFI

lnBMI — 0.39 0.45
(G = 0.24; E = 0.15) (G = 0.41; E = 0.04)

WHR 0.48 — 0.35
(G = 0.13; E = 0.35) (G = 0.31; E = 0.04)

lnFl 0.47 0.43 —
(G = 0.20; E = 0.27) (G = 0.18; E = 0.25)

Table 7 Genetic and envi ronmental  correlations for log
transformed body mass index (lnBMI), waist/hip ratio (WHR),
log transformed fasting insul in levels (lnFI) for males (lower
diagonal ) and females (upper diagonal )

lnBMI WHR lnFI

lnBMI — (G = 0.39; E = 0.42) (G = 0.70; E = 0.11)
WHR (G = 0.34; E = 0.63) — (G = 0.64; E = 0.08)
lnFl (G = 0.51; E = 0.49) (G = 0.64; E = 0.35) —
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and FI. In females, almost hal f of the variance in
fasting insul in levels is accounted for by genetic
influences on BMI. This is consistent wi th several
studies that have shown both obesi ty measures and
fasting insul in or insul in resistance to be con-
sistently associated in fami l ies wi th a history of non-
insul in dependent diabetes mel l i tus (NIDDM).

27,28

For example, Carey et al
28

found increased levels of
central  fat and decreased insul in sensi tivi ty in
subjects who have first-degree relatives wi th NIDDM
compared wi th controls (these subjects were
matched for age, BMI and percentage body fat). A lso,
Hong et al

20
found BMI and insul in resistance to

share genetic effects to the greatest extent among
BMI, insul in resistance, triglycerides, HDL and
systol ic blood pressure.

The genetic effect in common to WHR and BMI is
not as large as that for WHR and FI or BMI and FI.
This suggests that body fat distribution and overal l
body fat are influenced by trai t-specific genetic
influences more so than FI and these measures. Rice
et al

29
found that fami l ial  influences were shared

between BMI and body fat distribution, but the
estimate is not large and they suggest there are
heri table factors specific to each trai t.

A l though the genetic effects common to WHR and
BMI are not large the envi ronmental  effects common
to BMI and WHR are substantial , suggesting that
envi ronmental  influences acting on BMI are simi lar
to those acting on WHR. Such envi ronmental  influ-
ences may include overeating or lack of physical
activi ty as both have been associated wi th both BMI
and WHR.

30–32

In males, WHR and FI have about the same
phenotypic correlations as BMI and FI, whereas in
females, BMI and FI have a greater phenotypic
correlation than WHR and FI. The phenotypic
correlations in women were accounted for to a
greater extent by genetic covariation than envi ron-
mental  covariation, whereas in males i t was the
opposi te. This resul t is primari ly due to the di ffer-
ence in heri tabi l i ty estimates between males and
females since the genetic correlations were very
simi lar for males and females (that is the extent to
which the same genes or set of genes influence both
obesi ty measures and FI).

The greater correlations for females between BMI
and FI over WHR and FI may reflect the di fferences
in fat accumulation between the sexes. When males
gain fat, they tend to put on more in the intra-
abdominal  adipocytes and subcutaneous adipocytes
in the central  region, whi le females tend to put on
excess fat in subcutaneous fat deposi ts throughout
the body.

5
After the menopause females start to put

on more fat in the central  region but they sti l l  do not
deposi t as much in the visceral  adipocytes as males.
It is thought that the visceral  adipocytes are related

to insul in levels to a greater extent than subcuta-
neous adipocytes. However, this is sti l l  not clear as
several  studies have shown the importance of the
subcutaneous adipocytes in predicting insul in resis-
tance.

33,34
As females age beyond 65 (the mean of

this group), there may be even greater fat deposi tion
in the abdominal  area. It would be interesting to see
whether the correlations between WHR and FI
increase and the correlations between BMI and FI
decrease among females in a longi tudinal  design.
This may give more insight into the importance of
subcutaneous vs visceral  adipocytes in thei r rela-
tionship to insul in resistance. We did find variance
in WHR in females to be partial ly accounted for by
age effects(4%).

In conclusion, BMI, WHR and insul in resistance
seem to share simi lar genetic effects as wel l  as have
trai t-specific genetic effects. We found significant
di fferences between males and females for such
estimates. The correlation between WHR and FI in
males tended to be of the same magni tude as those
between BMI and FI, whi le the correlation between
BMI and FI for females was greater than that for
WHR and FI. These correlations were accounted for
by shared genetic effects to a greater extent than the
relationship between BMI and WHR. Taken together
i t could be that WHR and BMI are influenced by
separate genetic influences and these measures then
influence the same genes that influence insul in
regulation.

Acknowledgements

This project was supported by grants from the
National  Insti tute on Aging (AG-04563, AG-10175,
AG-1430), National  Insti tute of Chi ld Heal th and
Human Development (HD-07454), the National
Heart, Lung, and Blood Insti tute (HL-55976), the
MacArthur Foundation Research Network on Suc-
cessful  Aging, and the Swedish Counci l  for Social
Research.

References

1 Reaven G. Role of insul in resistance in human disease.
Diabetes 1988; 37: 1595–1607.

2 Ferrannini  E. Syndrome X. Horm Res 1993; 39 (suppl 3):
107–111.

3 Larsson B, Svardsudd K, Wel in L, Wi lhelmsen L, Bjorntorp P,
Tibbl in G. Abdominal  adipose tissue distribution, obesi ty, and
risk of CVD and death: 13 year fol low-up of participants in the
study of men born in 1913. Br Med J 1984; 288: 1401–1404.

4 Kissebah A, Pei ris A, Evans D. Mechanisms associating body
fat distribution to glucose intolerance and diabetes mel l i tus:
window wi th a view. Acta Med Scand 1988; 723: 69–89.

Twin Research

Genetic influences on body fat, insulin and CVD
TL Nelson et al y

49

https://doi.org/10.1375/twin.3.1.43 Published online by Cambridge University Press

https://doi.org/10.1375/twin.3.1.43


5 Bjorntorp P. Regional  fat distribution–impl ications for typeII
diabetes. Int J Obes 1992; 16 suppl . 4: s19–s27.

6 Kissebah A, Krawkower G. Regional  adiposi ty and morbidi ty.
Physiol  Rev 1994; 74(4): 761–811.

7 Despres J, Lemieux S, Lamarche B. The insul in resistance-
dysl ipidemic syndrome: contribution of visceral  obesi ty and
therapeutic impl ications. Int J Obes 1995; 19 Suppl  1:
S76–S86.

8 Vague P, Raccah D. The syndrome of insul in resistance. Horm
Res 1992; 38: 28–32

9 Reaven G, Li thel l  H, Landsberg L. Hypertension and asso-
ciated metabol ic abnormal i ties–the role of insul in resistance
and the sympathoadrenal  system. N Engl J Med 1996; 334(6):
374–381.

10 Stunkard A, Harris J, Pedersen N, McClearn G. The body mass
index of tw ins who have been reared apart. N Engl J Med 1990;
322: 1483–1487.

11 Price R, Gottesman I. Body fat in identical  tw ins reared apart:
roles for genes and envi ronment. Behav Genet 1991; 21(1):
1–5.

12 Selby J, Reed T, Newman B, Fabsi tz R, Carmel l i  D. Effects of
selective return on estimates of heri tabi l i ty for body mass
index in the national  heart, lung, and blood insti tute twin
study. Genet Epidemiol 1991; 8: 371–380.

13 Hel ler D, de Fai re U, Pedersen N, Dahlen G, McClearn G.
Genetic and envi ronmental  influences on serum l ipid levels in
twins. N Engl J Med 1993; 328: 1150–1156.

14 Carmel l i  D, Cardon L, Fabsi tz R. Clustering of hypertension,
diabetes, and obesi ty in adul t male twins: same genes or same
envi ronment. Am J Hum Genet 1994; 55: 566–573.

15 Sel lers T, Drinkard C, Rich S, Potter J, Jeffery R, Hong C,
Folsom A. Fami l ial  aggregation and heri tabi l i ty of WHR in
adul t women: The Iowa Womens Heal th Study. Int J Obesity
1994; 18: 607–613.

16 Mi tchel l  B, Kammerer C, Mahaney M, Blangero J, Comuzzie A,
Atwood L, Haffner S, Stern M, MacCluer J. Genetic analysis of
the IRS-pleiotropic effects of genes influencing insul in levels
on l ipoprotein and obesi ty measures. Arterioscler Thromb
Vasc Biol 1996; 16: 281–288.

17 Mayer EI, Newman B, Austin M, Zhang D, Quensberry C,
Edwards K, Selby J. Genetic and envi ronmental  influences on
insul in levels and the insul in resistance syndrome: an analysis
of women twins. Am J Epidemiol 1996; 143(4): 323–332.

18 Perusse L, Despres J, Lemieux S, Rice T, Rao D, Bouchard C.
Fami l ial  aggregation of abdominal  visceral  fat level : Resul t
from the Quebec fami ly study. Metabol ism 1996; 45(3):
378–382.

19 Al l ison D, Kaprio J, Korkei la M, Koskenvuo M, Neale M,
Hayakawa K. The heri tabi l i ty of body mass index among an
international  sample of monozygotic tw ins reared apart. Int J
Obes 1996; 20: 501–506.

20 Hong Y, Pedersen N, Brismar K, de Fai re U. Genetic and
envi ronmental  archi tecture of the features of the insul in-
resistance syndrome. Am J Hum Genet 1997; 60: 143–152.

21 Cederlof R, Lorich U. The Swedish twin registry. In: Nance
WE, Al len G, Parisi  P (eds). Twin Research: Part C. Biology and
Epidemiology. Liss: New York, 1978, 189–195.

22 Pedersen N, Friberg L, Florderus-Myhred B. Swedish early
separated twins: identification and characterization. Acta
Genet Med Gemellol  (Roma) 1984; 33: 243–250.

23 Pedersen NL, McClearn GE, Plomin R, Nessel roade JR, Berg S,
de Fai re U. The Swedish Adoption Twin Study of Aging: An
update. Acta Genet Med Gemellol  (Roma) 1991; 40: 7–20.

24 SAS Insti tute Inc. SAS/STAT, Version 6. (4th edn) Vol  1. SAS
Insti tute Inc: Cary, NC, 1989.

25 Neale MC. MX: Statistical Model ing. (3rd edn). Department of
Psychiatry, MCV: Richmond, VA, 1995.

26 Neale M, Cardon L. Methodology for Genetic Studies of Twins
and Famil ies. Kluwer Academic Publ ishers: Dordrecht, The
Netherlands, 1992.

27 Haffner SM, Stern MP, Hazuda HP, Mi tchel l  BD, Patterson JK,
Ferrannini  E. Parental  history of diabetes is associated wi th
increased cardiovascular risk factors. Arteriosclerosis 1989; 9:
928–933.

28 Carey DGP, Nguyen TV, Campbel l  LV, Chisholm DV, Kel ly P.
Genetic influences on central  abdominal  fat: a twin study. Int
J Obes 1996; 20: 722–726.

29 Rice T, Bouchard C, Rao DC. Fami l ial  clustering of mul tiple
measures of adiposi ty and fat distribution in the Quebec
Fami ly Study: A trivariate analysis of percent body fat, body
mass index, and trunk-to-extremely skinfold ratio. Int J Obes
1995; 19: 902–908.

30 Mi l ler WC, Lindman AK, Wal lace J, Niederpruem M. Diet
composi tion, energy intake, and exercise in relation to body
fat in men and women. Am J Cl in Nutr 1990; 52: 426–430.

31 Seidel l  J. Envi ronmental  influences on regional  fat distribu-
tion. Int J Obes 1991; 15: 31–35.

32 Slattery ML, McDonald A, Bi ld DE, Caan BJ, Hi lner JE, Jacobs
DR, Liu K. Associations of body fat and i ts distribution wi th
dietary intake, physical  activi ty, alcohol  and smoking in
blacks and whi tes. Am J Cl in Nutr 1992; 55: 943–949.

33 Young T, Gelskey D. Is noncentral  obesi ty metabol ical ly
benign? Impl ications for prevention from a population survey.
JAMA 1995; 274(24): 1939–1941.

34 Abate N, Garg A, Peshook R, Stray-Gundersen J, Grandy S.
Relationships of general ized and regional  adiposi ty to insul in
sensi tivi ty in men. J Cl in Invest 1995; 96: 88–98.

Appendix. Calculation of phenotypic, genetic
and envi ronmental  correlations

The fol lowing is the equation used to calculate the
phenotypic correlations as wel l  as the genetic and
envi ronmental  components of this phenotypic
correlation.

RP = hxhy* rGxy + exey*  rExy

Where rP = phenotypic correlation between variable
x and variable y; hx is the square root of the
heri tabi l i ty for variable x and hy is the square root of
the heri tabi l i ty for variable y; rGxy is the genetic
correlation between variables x and y. This is
calculated as: Cov (Gx)(Gy)/ √ VGxVGy which is the
genetic covariance of x and y divided by the product
of the square root of the genetic variance of x and the
square root of the genetic variance of y. The envi ron-
mental  correlation is calculated in the same way.
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