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INTRODUCTION

Researches on genetic and environmental
determinants of body adiposity are getting more
and more importance due to the worldwide
increase of the overweight and obesity pre-
valence, which have already reached epidemic
proportions in some Western countries (WHO,
1998). Thiskind of studies, whichincludedifferent
adiposity indicators, are very useful since they
take into account the different impact on health
of the several types of obesity (adiposity of
generalized fatness, excess of subcutaneous fat
at trunk-abdominal level, excess of visceral
abdominal fatness and excess of gluteo-femoral
fatness).

Skinfolds, measured at different sites of the
body, are habitually used for the estimations of
body fatness. Thus, the sum of several skinfolds,
particularly those located at the trunk and
extremities, providean accurateinformation about
the quantity of subcutaneous fatness and its
distribution, so it can be considered as a general
factor of fat dueto their relation with body weight
and the total percentage of body fatness.
Skinfolds also show anarrow correlation with the
results of the quantification of body fatness with
other more sophisticated techniques, like
computed axial tomography, ultrasounds, and so
on, which can be used for the calculation of the
body fat percentage and to define the nutritional
status of theindividuals (Alastrué et al., 1982).

Waist circumference (WC) has also revealed
itself asan excellent indicator of body fatness; it
is highly correlated with the Body Mass Index
(BMI) (Leanetdl., 1995), viscera fatness(Lemieux
etal., 1996) and total body fat (Lean et al., 1996).
WC is independent of height (Han et al., 1997)
andisrelated with the quality of life(Leanet al.,
1998) and with cardiovascul ar risk factors (Ledoux
etal., 1997). Regarding the anatomic distribution
of the body fat, whose importance on public
health is greater than that of obesity per se- due
to the large number of evidences on the
association between fatness at trunk/abdomen
with the risk of several cardiovascular and

metabolic diseases (Kissebah et al., 1982;
Fujimoto et al., 1990; NunesFariaet a., 2002) —it
can beidentified through several anthropometric
indices, like the waist-to-hip ratio (WHR) or the
ratio of severa skinfolds, among others. These
indices have a notable epidemiological validity
in large samples, independently of the accuracy
of the measurements(Marcuset a., 1998).

Aswell as environmental factors, and those
related with socio-economic statusand nutritional
adequacy, the role of the inheritance on human
fatness variation seems to be important, on the
quantity but above all, on its distribution (Selby
et a., 1990). Some studies suggest that acomplex
genetic architecture exists under the different
phenotypes of obesity: genetic pleiotropy (i.e.
an only gene affecting several traits) and
oligogenetic models (i.e. several genesaffecting
an only one phenotype) (Gu et a., 1997). The
intra-individual resemblance for abdominal or
trunk obesity can be due to several factors,
including family factors and shared genes,
common familial environment and non-familial
factors (specific environments) which are not
shared by the family members (Li et al., 1996).
Even though the studies on genetic and
environmental determinants of body fatness are
not strictly comparable due to several factors
(socio-economic heterogeneity, lack of accuracy
of measurements, reduced samplesizes, ethnicity,
design of the researches, chosen variables, and
soon), itisundoubted that several familial causes
underlie the variability of the adiposity, even
though it is necessary to define the genetic
contribution of obesity by using different
indicators and samples from various parts of the
world (Katzmarzyk et d., 2000).

The aim of thisresearch isto investigate the
degree of familial resemblancefor the quantity of
body fatness and its distribution, through data
obtained from nuclear familiesthat include mates,
parents and offspring, and siblings. The study
considers 6 skinfolds and their sum (SF6) as
fatnessindicatorsand 2 indicesof fat distribution
(TER and WHR), corrected for adiposity. All
skinfolds were introduced in a Principal
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Components Analysis (PCA) in order to reduce
the size of the problem and make easier its
interpretation. The pattern of correlationsfor the
different extracted PCA components, as well as
those of the distribution indices, has been used
to determine whether the different phenotypes
show familial aggregation. Somefactors (sex, age)
underlying familial aggregation variation will be
analysed.

MATERIAL AND METHODS

A sampl e collected by cross-sectional metho-
dology and composed by 3,023 individualsfrom
1,330 nuclear families (194 fathers, 461 mothers,
1,180 sons and 1,188 daughters) living in the
Biscay province (Basque Country, Spain) was
analysed. The ageranged between 22 and 66 years
for fathers, from 22 to 62 in mothers, from 4 to 22
yearsinsonsand from 4 to 27 yearsin daughters.
Height (cm), weight (kg), 6 skinfolds (biceps,
triceps, subscapular, suprailiac, abdominal and
medium calf, mm) and waist and hip circum-
ferences (cm) were measured according to the
International Biological Programme protocols
(Weiner and Lourie, 1981). The decimal age of
eachindividual was obtained from the difference
between the birthday and the sampling day.

The sum of 6 skinfolds (SF6) was computed
as a fatness indicator and 2 indices of fat

distribution: theWaist-to-Hip Ratio (WHR =waist
circumference/ hip circumference) and the Trunk-
Extremities Ratio (TER = X trunk skinfolds/
extremities skinfolds). Since several authorsnote
fat distribution isnot totally independent of body
fatness (Malina, 1996), the WHR was corrected
for BMI (computed asweight (kg) / height? (m?)),
and the TER was corrected for the SF6, through a
lineal regression. Thedescriptive statistics (mean
and SD) for age, the raw and derived
anthropometric traitsof all the studied individuals
separated by sex and generation aredisplayed in
Tablel.

Due to the significant group differences in
the means, the following fits were conducted
separately for each sex-by-generation group: the
8resulting traits (6 skinfolds, theWHR and TER
corrected) were fitted for age and sex by using
the LM S method (Cole 1988) and the individual
SDS were obtained for each trait. In each
generation (parents and offspring), the SDS of
the 6 skinfoldswereintroduced inaPCA in order
to reduce the number of variablesin the study. In
both generations, 2 PCA factors were extracted
and considered as summary variables (PC1 and
PC2).

Familial resemblance between all kinds of
relatives (father-mother or FM, father-son or FS,
father-daughter or FD, mother-son or M S, mother-
daughter or MD, son-son or SS, son-daughter or

Table 1: Descriptive statistics of the variables studied in the Biscayan sample by sex and generation
(M = Mean; SD= Standard Deviation).

Fathers Mothers Sons Daugthers
(n = 194) (n = 461) (n = 1180) (n = 1188)

Variable M SD M SD M SD M SD

Age (yr) 41.65 6.62 38.29 6.37 11.86 3.97 12.23 3.93
Height (cm) 171.06 7.05 157.96 6.00 147.94 21.06 146.98 17.50
Weight (kg) 78.71 10.58 62.71 10.66 45.31 17.97 44.62 14.72
Biceps skinfold (mm) 12.16 6.17 16.45 7.31 9.32 5.14 11.56 5.20
Triceps skinfold (mm) 12.14 5.80 21.92 7.05 13.63 5.82 16.90 5.85
Subescapular skinfold (mm) 20.65 7.18 19.99 7.99 10.63 5.95 13.04 6.50
Suprailiac skinfold (mm) 22.50 10.12 22.25 10.77 12.89 9.29 15.10 8.38
Abdominal skinfold (mm) 36.97 12.27 31.92 13.05 16.32 11.45 19.17 11.03
Medial calf skinfold (mm) 21.67 9.33 30.07 9.02 18.48 8.29 21.60 8.00
Waist circumference (cm) 92.43 9.05 76.96 9.39 67.64 10.74 64.45 8.32
Hip circumference(cm) 99.36 6.05 97.28 9.15 79.89 13.27 82.43 12.90
Body Mass Index (BMI) 26.89 3.10 25.11 3.93 19.74 3.40 19.96 3.32
Sum of six skinfolds (SF6) (mm) 125.98 42.39 142.61 47.93 81.30 41.33 97.87 40.92
Waist-to-hip ratio (WHR) 0.92 0.06 0.79 0.05 0.84 0.05 0.79 0.07
Trunk-extremity skinfold ratio 1.84 0.53 1.08 0.29 0.92 0.37 0.92 0.30

(TER)
Waist-to-hip ratio adjusted for 0.93 0.03 0.79 0.02 0.85 0.01 0.79 0.02
BMI (WHR.)
Trunk-extremity skinfold ratio 1.84 0.07 1.08 0.13 0.92 0.18 0.92 0.17

adjusted for SF6 (TERL)
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SD, daughter-daughter or DD) was computed
though the SEGPATH package (Provinceand Rao,
1995), for thetwo factors (PC1 and PC2), aswell
asfor the WHR and TER corrected.

The SEGPATH package allows obtaining
univariated correlation by maximum-likelihood
between the 8 pairs of relativesindicated above,
and simultaneously, it performs a balance of the
estimated correlationsin function of the quantity
of information introduced by the families
depending on their different sibships size. For
the evaluation of some factorsthat can influence
the familial transmission of the fatness
phenotypes studies, a general model of familial
transmission, in which 8 different familial
correlations were evaluated, was designed. In
addition, 9 different reduced models, which were
tested against the general model through the
likelihood-ratio test, were also designed. Thistest
followsaX? distribution with anumber of degrees
of freedom equal to the difference between the
estimated parameters in the general model and
each of thereduced models. Thereduced models
were accepted when their comparison with the
general model was non-significant. From the
combination of al the reduced models accepted
(that is, non-significant) for each variable, amost
parsimonious model wasdesigned. In Table 2 can
befound al the different tested hypothesis. The 8
types of correlations between relatives were
obtained under the general and most parsimonious
models, and the maximum heritability of the 4
studied variables was estimated through the Rice
et a.’s (1997) formula, which takes into account
the resemblance between mates.

RESULTS AND DISCUSSION

The PCA results have been very similar in
both generations (Table 3). PC1 presented an

Table 2: Summary of hypothesis tested.

eigenvalue similar for parents and for offspring
(>4), with ahigh percentage of explained variance
in both parents and offspring (71.86% in parents
and 76.86% in offspring). PC2 explained about
9% in both generations. Even this factor had an
eigenvalue< 1, itwasconsidered. Inboth analysis,
theKMO (vaueof Kaiser-Meyer-Olkin) wasclose
to 0.5 and the Bartlett’s test was significant (p <
0.001), so this indicate a good adequacy of the
sampletotheanalysisand it allowsusto trust on
factorial solution as a way to obtain lineal
combinations of the variables, respectively. The
rotated solution (Varimax) was not used since it
did not improve the analysis.

PC1 can be considered as a measure of the
total body fat, similarly to the variable SF6, since
the weight of the variables on the factor were
similar and very high (between 0.77 — 0.90 for
parents and 0.78 —0.92 for offspring). Thus, the
individualswith high scoresin thisfactor have a
higher level of adiposity than those subjectswho
displayed low scores. PC2 contrasts the
peripheral and the trunk fat, since the limbs
skinfolds had positive weights in the factor
meanwhilethetrunk skinfolds presented negative
weights. Thisway, subjectswith aperipheral fat
distribution (in extremities) will show high scores
for this factor and those individuas with low

Table 3: Principal Components and their eigenvalues.

Parents Offspring
Variable (skinfold) PC1 PC2 PCl1 PC2
Biceps 0.86 0.19 0.90 0.12
Triceps 0.80 0.43 0.88 0.21
Subescapular 0.87 -0.13 0.88 -0.28
Suprailiac 0.90 -0.32 090 -0.31
Abdominal 0.88 -0.35 0.92 -0.20
Medial Calf 0.77 0.26 0.78 0.54
Eigenvalue 431 0.53 4.61 0.56
% Variance explained 71.86 8.84 76.86 9.33

Hypothesis Parameter reductions

1. General All 8 correlations estimated
2. No sex differences in offspring FS=FD, MS=MD, SD=SS=DD
3. No sex differences in offspring or parents FS=MS=FD=MD, SD=SS=DD
4. No sex nor generation differences FS=MS=FD=MD=SD=SS=DD
5. No sibling correlations SD=SS=DD=0

6. No parent- offspring correlations FS=MS=FD=MD=0

7. No spouse correlations FM=0

8. No familial correlations All 8 correlations are zero
9. Environmental model All 8 correlations are equal

10. No sibling nor parent- offspring correlations
11. Most parsimonious

FS=FD=MS=MD=SD=SS=DD=0
Combination of all non-rejected hypothesis above
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Table 4: Summary of results of the hypothesis tested for fatness and fat distribution variables.

PC1 PC2 TER; WHRsg

Hypothesis X? p X? p X? p X? p
General

No sex differences in offspring 3.79 7.21 7.47 11.49 *
No sex differences in offspring or parents 3.86 9.85 24.88 *** 11.63

No sex nor generation differences 13.44 60.88 *** 51.14 **=* 29.37 ***
No sibling correlations 10.96 28.26 *** 84.49 *** 173,90 ***
No parent- offspring correlations 17.81 * 85.45 *** 76.03 *** 34,89 x**
No spouse correlations 23.13 * % 99.48 **x* 76.55 *** 204,16 ***
No familial correlations 13.58 51.86 *** 76.09 *** 13218 ***
Environmental model 70.14  **x 51.86 *** 76.09 *** 13218 ***
No sibling nor parent- offspring correlations 70.80  *** 51.20 *** 81.67 *** 128.90 ***
Most parsimonious 13.58 9.85 7.47 11.63

Significance was also indicated when it existed (*pd<0.05;** pd<0.01;*** pd<0.001).

scores will display a more centralized pattern.
Even someauthors(Li et al., 1996; Katzmarzyk et
al., 2000) havefound agreat smilarity (inversein
any way) between the TER and the PC2
(extremitiesvs. trunk), in our study the correlation
between both variables was not statistically
significant neither in parents nor in offspring.
Thereare, in consequence, two different variables
that can be analysed separately.

The analysis of familial transmission was
performed through the general model, which
allows the estimation of 8 familial correlations,
and through 9 reduced models which are
displayed in Table 4, together with the results of
the tests of the hypothesis. For the quantity of
fat (PC1) it was accepted that no differences of
sex between offspring or between parents-
offspring existed, and that no differences of sex
or generations were found. It was also accepted
that there is no familial resemblance between
offspring. However, the hypothesis of no
resemblance between parent-offspring (p < 0.05),
no resemblance between mates (p < 0.01), and no
resemblance between parent-offspring and
siblings (p < 0.001) wererejected meanwhilethe
hypothesis of no familial resemblance was not.
On the contrary, the environmental model was
also rejected (p < 0.001). In this case, the most
parsimonious model wasthat which hypothesised
theno familial resemblancefor this phenotype.

Regarding the variables of fat distribution
(PC2, TER, WHR), a remarkable familial
resemblance both between parent-offspring and
between siblings, aswell as between mates, was
accepted: in fact, all the models which
hypothesised the absence of resemblance
between the different relativeswereregjected (p <
0.001). Theenvironmental model wasalso rejected

(p<0.001), whichindicated aremarkable genetic
effect, even though the environmental effects
cannot bethrown away. Several models hypothe-
sising the non-influence of the sex were accepted,
even not that considering no sex or generation
differences (p < 0.001). Thus, there were no sex
differencesin offspring or in parent or offspring
on the PC2, there were no sex differences in
offspring on TER and nor in parent or offspring
onWHR.

Data from nuclear families do not allow
separating thefamilial resemblancein genetic and
cultural heritability, sincethe membersof afamily
share genesaswell asfamilial environment. For
this reason, heritability estimated in nuclear
families measure the maximum effects of genes
(Riceand Borecki, 2001). Inthiscase, thesmplest
estimator of the maximum or generalized
(Multifactorial) heritability is twice the mean
correlation between first degreerelatives (parent-
offspring, siblings), sincethey have, in mean, half
of their genes in common. Table 5 displays the
estimated correlations between the 8 pairs of
relatives under the general and the most
parsimonious models, for the 4 phenotypes of
the adiposity.

Except the correlation between FS for PC2,
correlationswere statistically significant between
all pairs of relatives, and for the 4 studied traits.
Considering the absolute values, correlations
were higher between the same generation pairs
(siblings) than between pairs of two different
generations (parent-offspring), both under the
general model and the most parsimonious model,
except in PC1, where correl ation estimationswere
equal. Thislast agreeswith the accepted models,
which postulated no sex or generation differences
for the amount of fat. Regarding the 3 variables
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Table 5: Estimation by maximum likelihood of the familial correlations (r) for the four considered
variables, their sample size (n) and the standard errors of the correlations (se).

PC1 PC2 TER,, WHR
n r se n r se n r se n r se
General Model
FM 163 0.26*** 0.07 163 0.07**  0.09 163 -0.26*** 0.07 168 0.14*** 0.08
FS 113 0.23*** 0.09 113 0.01 0.10 113 -0.22*** 0.09 113 -0.35*** 0.08
FD 121 0.15*** 0.08 121 0.12*** 0.10 121 -0.14*** 0.09 122 -0.05*  0.09
MS 245 0.13*** 0.06 245 0.18*** 0.06 245 0.12*** 0.06 248 -0.18*** 0.06
MD 277 0.21*** 0.06 278 0.23*** 0.06 278 0.22*** 0.06 287 -0.28*** 0.05
$ 160 0.36*** 0.06 154 0.57*** 0.05 157 0.36*** 0.07 146 0.44*** 0.06
D 610 0.27*** 0.05 610 0.47*** 0.04 604 0.22*** 0.05 627 0.30*** 0.05
DD 135 0.38*** 0,07 143 0.39*** 0.06 141 0.39*** 0.07 144 0.36*** 0.07
Most Parsimonious Model
FM 163 0.26*** 0.07 163 0.07**  0.09 163 -0.26*** 0.07 168 0.14*** 0.08
= 1674 0.24*** 0.03 686 0.16*** 0.02 243 -0.17*** 0.06 765 -0.23*** 0.03
FD 1674 0.24*** 0.03 686 0.16*** 0.02 243 -0.17*** 0.06 765 -0.23*** 0.03
MS 1674 0.24*** 0.03 686 0.16*** 0.02 555 0.17*** 0.04 765 -0.23*** 0.03
MD 1674 0.24*** 0.03 686 0.16*** 0.02 555 0.17*** 0.04 765 -0.23*** 0.03
$ 1674 0.24*** 0.03 771 0.48*** 0.02 660 0.29*** 0.04 645 0.34*** 0.03
D 1674 0.24*** 0.03 771 0.48*** 0.02 660 0.29*** 0.04 645 0.34*** 0.03
DD 1674 0.24*** 0.03 771 0.48*** 0.02 660 0.29*** 0.04 645 0.34*** 0.03
Significance was also indicated when it existed (*pd<0.05;** pd<0.01;*** pd<0.001).
whichreflect different featuresof fat distribution  Table 6: Maximal heritapility estimates.
(PC2, TER, WHR), it must be noted the high PCI  PC2 TER,WAIST,
correlations between the different pairs of — _
siblings. The higher resemblance between gat;le'ﬂggf(;fsﬁ?ﬂgns 0.24 048 030 034
S|bl|ngs than betwee_n parent-offspring pairs correlation 024 016 0.06 0.23
points out the generation effect (age) aswell & spouse correlation  0.26  0.07  0.26  0.14
possible effect of the common familial environ-  Heritability (h?) 44%  63%  35% 54%

ment, shared by the siblings.

There is a significant correlation between
mates in the 4 fatness phenotypes, even though
the absolute valueswere quitelow in some cases,
like for PC2 (Table 5). This fact agrees with the
significance obtained for the 4 variables under
the reduced models, which has allowed rejecting
the hypothesis of no resemblance between mates.
A significant correl ation between mates suggests
the existence of acommon familial environment
acting on familial resemblance, if no previous
phenotypic homogamy existed, and it must be
taken under consideration that it could produce
abias both on the genetic heritability and on the
cultural one. A significant resemblance between
mates for several anthropometric traits was also
observed on a previous research of the parents
of the same sample (Salceset al., 2004). Sincewe
cannot know if the resemblance between mates
is really due to a phenotypic selection or to the
effect of living together, the Rice et al.’s (1987)
formulawas used to calculate heritability, sinceit
corrects automatically this factor. The obtained
results are displayed in Table 6.

The highest value of heritability has corres-

ponded to PC2 (63%) followed by the WHR
(54%), PC1 (44%) and TER (35%). Thesevalues
aresimilar to those of other papersand they point
out the greater familial aggregation of fat
distribution than of total fatness. Thus, Li et a.
(1996) noted that the percentage of variance due
to familial aggregation was 46% for a first
component (obtained from a PCA based on the
same skinfoldsthat those of the present research),
and it expressageneral measure of adiposity, and
52% for asecond component, which contrast the
fatnessfrom limbs and trunk. On the other hand,
Riceet al. (1997) found amaximum heritability of
34% for the overall level of subcutaneous fat,
expressed asthe sum of 8 skinfolds. Thisvalueis
some lower than the estimated for the adiposity
factor (PC1) of the present research (44%). On
the contrary, some researches based on principal
components resulting from skinfol ds pointed out
higher values of heritability for the first factor
(quantity of fat) than for the second (distribution),
with values ranging between 62% and 35%,
respectively (cited by Li et al., 1996). In addition,
the results obtained by Katzmarzyk et al. (2000)
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suggest that the heritability of fatnessis greater
than that for fat distribution (46 - 60% and 29 -
48%, respectively). In any way, the most part of
studies suggest that these phenotypes (fathess
and fat distribution) are different (Livshitset al.,
1998).

Considered in a global way, the obtained
results are similar to those of Rice et al. (1997),
which showed neither sex nor generation
differences on familial correlations for body
fatness. In addition, correlations between mates
were significant, which agreeswith the hypothesis
that familial aggregation for body composition,
regarding body fat component, reflects both
genetic and environmental factors. Also the
different values obtained indicate that therelative
effectsof genesand environment vary depending
of whichistheadiposity measurement. Regarding
thislast, it has been noted that the indices based
on skinfolds, like TER, measure a different
dimension or aspect of fat distribution than the
measured by the indices based on circum-
ferences, likeWHR. Infact, it seemsthat skinfolds
and circumferences measures are mostly
genetically independent, and they represent two
different dimensions or aspects of human obesity
(Selby etdl., 1990, cited by Livshitset al., 1998).

REFERENCES

Alastrué, A., Sitges A., Jaurrieta, E. and Sitges, A:
Valoracion de los par-metros antropométricos en
nuestra poblacién. Med. Clin. (Barc), 78: 407-415
(1982).

Cole, T.J.: Fitting smoothed centile curves to reference
data. J. R Sat. Soc. [Ser A]., 151; 385-418 (1988).

Fujimoto, W.Y., Newell-Morris, L.L., Shuman, W. P.:
Intra-abdominal fat and risk variables for non-
insulin-dependent diabetes (NIDDM) and coronary
Heart disease in japanese american women with
android or gynoid fat patterning, pp. 317-322, In:
Progress in Obesity Research. Y. Oomura, S. Tarui,
S. Inoue and T. Shimazu, T (Eds.). Libbey, London
(1990).

Gu, C.,, Rice, T., Pérusse, L., Bouchard, C. and Rao, D.C.:
Principal Components Analysis of Morphological
Measures in The Québec Family Study: Familial
correlations. Am. J. Hum. Biol., 9: 725-733 (1997).

Han, T.S,, Seidell, J.C., Cural, J.E.P., Morrison, C.E.,
Deurenberg, P. and Lean, M.E.J.: The influences of
height and age on waist circumference as an index
of adiposity in adults. Int. J. Obes., 21: 83-89(1997).

Katzmarzyk, P.T., Malina, R.M., Pérusse, L., Rice, T,
Province, M.A., Rao, D.C. and Bouchard, C.:
Familial resemblance in fatness and fat distribution.
Am. J. Hum. Biol., 12: 395-404 (2000).

Kissebah, A.H., Vydelingum, N., Murray, R., Evans, D.J.,
Hartz, A.J., Kalkhoff, R.K. and Adams, P.W.:

Relation of body fat distribution to metabolic
complications of obesity. J. Clin. Endocrinol.
Metab., 54(2): 254-260 (1982).

Lean, M.E.J,, Han, T.S. and Deuremberg, P.: Predicting
body composition by densitometry from simple
anthropometric measurements. Am. J. Clin. Nutr.,
63: 4-14 (1996).

Lean, M.E.J., Han T.S. and Morrison, C.E.: Waist
circumference as a measure for indicating need for
weight management. B.M.J., 311: 158-161 (1995).

Lean, M.E.J, Han, T.S. and Seidell, J.C.: Impairment of
health and quality of life in people with large waist
circumference. Lancet, 351: 853-856 (1998).

Ledoux, M., Lambert, J., Reeder, B.A. and DesprEs, J.P:
Correlation between cardiovascular disease risk
factors and simple anthropometric measures.
C.M.AJ., 157 Supl 1: 46-53 (1997).

Lemieux, S., Prud’'Homme, D., Bouchard, C., Tremblay,
A. and Després, J.P: A single threshold value of
waist girth identifies normal-weight and overweight
subjects with excess visceral adipose tissue. Am. J.
Clin. Nutr., 64: 685-693 (1996).

Li, Z., Rice, T, Pérusse, L., Bouchard, C. and Rao, D.C.:
Familial aggregation of subcutaneous fat patterning:
Principal components of skinfolds in the QuEbec
Family study. Am. J. Hum. Biol., 8: 535-542 (1996).

Livshits, G, Yakovenko, K., Ginshurg, E. and Kobylianski,
E.: Genetics of human body size and shape:
pleiotropic and independent genetic determinants
of adiposity. Ann. Hum. Biol., 25: 221-236 (1998).

Malina, R.M.: Regional body composition: age, sex and
ethnic variation, pp. 217-255, In: Human Body
Composition. A. F. Roche, S. B. Heymsfied, T. G
Lohman and I. L. Champaign (Eds.) Human Kinetics
(1996).

Marcus, M.A., Wang, J., Pi-Sunyer, F.X., Thornton, J.C.,
Kofopoulou, I. and Pierson, R.N.: Effects of
ethnicity, gender obesity, and age on central fat
distribution: comparison of dual x-ray
absorptiometry measurements in white, black, and
Puerto Rican adults. Am. J. Hum. Biol., 10: 361-
369 (1998).

Nunes, A., Flexa, F., Gouveia, S.R. and Zanella, M.T.
Impact of visceral fat on blood pressure and insulin
sengitivity in hypertensive obese women. Obes. Res.,
10: 1203-1206 (2002).

Province, M.A. and Rao D.C.: General purpose model
and computer program for combined segregation
and path analysis (SEGPATH): automatically
creating computer from symbolic language model
specifications. Genet. Epidemiol., 12: 203-219
(1995).

Rice, T., Warwick Daw, E., Gagnon, J., Bouchard, C.,
Leon, A.S., Skinner, J.S., Wilmore, J.H. and Rao,
D.C.: Familial resemblance for body composition
measures: The HERITAGE Family Study. Obes.
Res., 5: 557-562 (1997).

Rice, T.K. and Borecki, 1.B.: Familial resemblance and
heritability. Adv. Genet., 42: 35-44 (2001).

Salces, |., Rebato, E. and Susanne, C.: Evidences of
phenotypic and social assortative mating for
anthropometric and physiological traits in couples
from the Basque Country (Spain). J. Biosoc. Sci.,
36: 235-250 (2004).



FAMILIAL RESEMBLANCE IN FATNESS AND FAT DISTRIBUTION IN NUCLEAR FAMILIES 29

Selby, J.V., Newman, B., Quesenberry, P, Fabsitz, R.R., Academic Press., London, England (1981). _
Carmelli, D., Meaney, F.J. and Slemenda, C.: Genetic ~ WHO (World Health Organization): Obesity: preventing
and behavioral influences on body fat distribution. and managing the global epidemic. Report of a WHO
Int. J. Obes., 14: 593-602 (1990). consultation on obesity, 1997 Geneva, 3-5 June.

Weiner, J.S., Lourie, J.A.: Practical Human Biology. Geneva: World Health Organization (1998).

KEYWORDS Heritability. Families. Fatness. Fat Distribution. PCA

ABSTRACT Even though the genetic bases of the body fatness quantity and distribution seem broadly accepted, the
genetic contributions on obesity are not clearly defined. The aim has been to study the heritability of several
indicators of fatness and fat distribution in nuclear families. Material and Methods: A cross-sectional sample of 3,023
individuals from 1,330 nuclear families (194 fathers, 461 mothers, 1,180 sons and 1,188 daughters) living in the
Biscay province were analysed. Six skinfolds (and their sum, SF6), height, weight, waist and hip circumferences were
measured. The waist-to-hip ratio (corrected for BMI) and the trunk/extremities ratio (TER, corrected for the sum of
6 skinfolds) were calculated. The six skinfolds were introduced in a Principa Components Analysis (PCA) in order to
reduce the number of traits. Familial resemblance between all types of relatives was computed through the SEGPATH
program for the two first PCA factors and for corrected WHR and TER. Results and Conclusions: Two factors were
extracted (PC1, quantity of fat or adiposity, and PC2, distribution of fat trunk vs. extremities). In general, a high and
significant heritability for all traits and pairs of relatives was found under the general and most parsimonious models.
According to this last, there is not a significant effect of the sex on the offspring.
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