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Abstract The influencc of  genctics on  human physique and
obesity  has becn addressed  by the Titcrature, Evidencc for
hcritabi]ity of  anthropornetric  characteristics has been

previously described, mainly  fbr the body mass  index (BMI).
However, few studies have investigated the infiuence of

genetics on  the IIeath-Carter somatotype.  The aim  of  the

present study  was  to asgess  the hcritability of  BMI  and

somatotype  (endomorphy, mesomorphy,  and  cctomorphy)  in a
group ot' lemalc monozygotic  and  dizygotic twins from
childhood  to early adulthood.  A  total of  28 females aged  from
7 te 19 years old  were  studied.  The group included 5
monozygotic  and  9 dizygotje pairs of  twins. Thc heritability
was  assessed  by the twin  method  (h!). The anthropometric

measures  and  somatotype  wcre  asscssed  using  standard

validated  procedures. Significant differences between
monozygotic  and  dizygotic pairs of  twins were  ft)und fbr
hejght, endomorphy,  ectomorphM  and  mesomorphy,  and  the
hcritability for these measurcs  was  high (h2 betwecn O.88 and
O.97). No  significant differences werc  fbund betwccn
monozygotic  and  dizygQtic tu'ins fbr weight,  and  the BMT  and

the heritability indexes were  lower for thcse measures

(respectively O,42 and  O.52). The results  of  the present study
have indicated that the somatotype  may  be more  sensibLe  to

genetic influences than thc BMI  in females. J Pitysiot
Anth,zv)ol 26a?: 9-l4, 2007  http:/,'www.jstage,jst.go,jp/
browsetipa2
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Introduction

  The human  physiquc is influenced by a  variety  of

cnviromncnta[  factors, such  as  lifesty]e, diet, and  physical
activity  (Bouchard 1997). Heatth disorders may  also influence

 the human physique, as  well  as ontogenctic  growth and

rnaturation.  Rccentty, Steegmann  (2006) has criticized  the

classic  trend  to focus physioLogical anthropology  on  natural

selection  thcory  rather than on  othcr 
"less

 elevated"  issues
such  as  heritabiljty, lndeect research  has also  shown  the
inlluence of  genctic factors on  anthroponietric and  body
cornposition  measures  (Chatte!jee et al,, 1999; Faith et  al.,

 1999; IIanisch et at., 2004; Hsu  et  aL, 2005).

  Obesity among  childrcn  and  adolesccnts  is considered  a

worldwide  epidemic  problem that is associatcd  with  medica]

and  psychological comprications  (Faith et  a],, 1997), The
obesity  epidemic  is exp]ained  by factors such  as  sedentary

lifestylcs and  high caloric d{ets (French et al., 2001). Howevcr,
genetjc factors have also becn described as possible causes  for
obesity  in children  and  adolescents  (Faith et al., [999;
Pictilainen et al,, 1999; Bodurtha et al., 1990).

  The use  of skinfo]d  thickness in childrcn  may  be unreliable
and  inaccurate in these  types  of  samples  (Reilly et  al., 1995;
Roche, 1996). Therefbre, the BMI  is often used  to assess
childrcn's obcsity. The ]iterature presents evidence  on  the
heritability of  body rnass  index <BMI) (Allisen et al., 1996;
Deng  et al., 2006). Hcritability of BMI  is thc proportion of
within-population  yariation  in BMI  that is attributable  to
within-popu]ation  genetic variation  of  BMI, Thc variability

in adult  BMI  does not  seem  attributable to the  shared

environment  (Hewitt, 1997), Since there rnay  be age-specific
genetic influenees on  adiposity  (Mcyer, 1995), the resu]ts  froni
adult  studics  niay  not reflcct  the genetics behind children

obesity (Faith et al., 1999). Body  mass  index estimates  of

heritability from family studies  are gencrally lower (less than
O.40) than estimatcs  frem twin studics (==O.70) and  the latter
are  bclieved to be more  reliable  (Schousboe et al., 2003).
Moreover, twin  studics have indicated eithcr the presencc of

sex-spccific effects on  the heritability ofBMI  (Bodurtha et  al,,

1990) or  no  cffect whatsoever  (Harris et al., 1995; Pieti]ajnen
et al., 1999). IIowevcr, few studies  have assessed  samplcs  of
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both monozygotic  and  dizygotic twin children and  adolescents

(Faith et  al., 1999).

  The assessrnent  of  the somatotype  may  be used  to describc

changes  on  the human  pbysique during lifespan or  as  a result

of  physical activities, It may  also  be used  to detect a tendency

to the appearance  of  specific  hcaltb disorders, i,e. metabelic

disorders or mental  disordcrs (Sivkov and  Akabaliev, 1999;

Herrera et al,, 2004), Indeed thc Heath-Carter mcthod  of

assessment  has been widely  used  for djfTerent purposcs.
Though the somatetype  has often been considered  as a genetic
trait, research  has proved it to be also  influcnced by growth,

ageing, exercise, and  nutrition <Carter and  heath, 1990). Thc

popularity of  the method  is explained  by its simplicity of

application, which  may  be a yirtue for epidemio!ogic  studies.

Basically tbe somatotype  is exprcssed  quantitativcly by a score

of threc componcnts:  endomorphM  mesomorphy,  and

ectomorphy.  The endomorphy  represents  the relative adiposity,

the mesomorphy  represents  the relative muscle-skeletal

magnitude  (robustness), and  the ectomorphy  the relative

thinness ofthe  subiect (Carter and  Heath, 199e).

  Several studies  have shown  a significant  cfft}et of  genetics

 on  the I{cath-Cartcr somatotypes.  Indeed, thc literature

 provides evidencc  for such  an  assurnptien  in family studics

 (Beuchard et  al,, 1980; SanehebAndres, ]995; Katzrnarzyk et

 a]., 2000) and  also  in twin studies (Song ct al., 1994; Peeters et

 al., 2003). However, none  of the afbrcmentioncd  studies  have

 analysed  simu]taneeusly  the heritability of somatotype  and  the

 heritability of  BMI  in twins,

   The  aim  ofthe  present study  was  to assess thc heritability of

 BMI  and  somatotypc  (endomorphy, mesomorphy,  and

 ectomorphy)  in a group of  fema!c monozygotic  and  dizygotic

 twins  from childhood  to early  adulthood.

Methods

1]tirticipants

  The  participants wcrc  selected  arnong  female pairs oftwins

living in urban  areas.  The  selection  intended to discard the

effect  of diffit)rential breeding emrironments  and  physical

actii,ity, All pairs that were  selected  were  bred since  birth in

the samc  famjly cnx,ironment.  Additiona]IM all the pairs that

were  selected  were  involved in similar types of physical
activities.  For this purpose, physical activity questionnaires fbr

children  (PAQ-C) and  adolescents  (PAQ-A) were  used

(Crocker et al., 1997). The selected sarnplc  included twenty-

eight Caucasian fomale t-･ins aged  from seven  to mneteen

ycars old. The group jncluded fivc menozygotic  and  nine

dizygotic pairs of  twins. The mean  age  (standard deviation) of

the subjects was  12.6 (4,1) years in the MZ  twins and  13.0

(4.2) years in the DZ  twins. The parcnts or  legal guardians of

the subjeets gave their written  informed consent  to participate
in the study. The procedurcs were  approved  by the ethics

commjttee  of  the Uniyersity Castelo Branco (UCBIRJ) and

were  accordjng  to the Hclsinki Declaratjon of  1975.

Proc'edures

  The zygosity  was  determincd by parcntal questionnaire. The

heritability was  assessed  by thc twin niethod,  Thc  heritabi[ity

indcx (h2) was  calcu[ated from the mean  variances  CS2) of  the

monozygotic  (MZ) and  dizygotic (DZ) pairs o[' twins by

Holzinger's formula (Ghio et al,, 1989):

    h2-(s2Dz-siMz),,(S!DZ) (1)

Thc somatotype  profile was  assessed  with  the Carter and  Heath

(1990) protocol. Lange skinfblds  calipcrs (Beta 1lechnologyl

Santa Cruz, CA, USA)  and  Spreading Calipers (Osteolab, UK)

werc  used, The endemorphy  was  assessed  by thc tbllowing

measures:  sub  scapular  skinfold  (SBS), tricipital sk'infold (TR)
and  supra  spinal  skinfold  (SSS). The mesomorpby  was

assessed  by tbe fbllowing measures:  biepicondylar breadth of

the humerus (BBH), biepicondylar breadth of  the femur

(BBF), mcdia]  calf  skinfo]d  (MCS), right  arm  girth (IUYG).
right leg girth (RLG) and  height of  the sub.iect,  Thc

ectomorphy  was  assessed  by the height and  "'eight  of  the

subjects,

  The body mass  index (BMI) was  calculated  as weight  (kg)
divided by the square  o[' the height (m). The BMI  is a measure

that has been previeusly validated fbr children  and  adolcscents

against dual energy  radiograph  absorptiometry  (Pietrobelli et

aL, 1998). The height was  measured  to the nearest  O,Scm

using  a stadiometer  (Holtain, Crosswell. Wales). The weight

 was  mcasured  to the nearest O,lkg using  a  digital scale

 (Weight Tronix, Ne-･ lrbrk, USA). Both measures  wcrc

 assessed  twice and  Iest-retest reliability for these measures  in

 our laboratory was  ==0.99.

StCItiStiCS

  Data analysis  was  pertbrmed with  soflware  SPSS 13,O

(SPSS Sciencc, Chicage, USA). Standard descriptive measurcs

were  uscd  (mean and  standard  deviation), Diffk]rences bctween

measures  of  monozygotic  and  djzygotic pairs of  twins were

assessed  by thc F value, calculated as  the dizyg,otic variance

divided by rhe monozygotic  variance  (Rodas et a]., 1998;

Calvo et al., 2002) after  the normaljty  assumption  was  verified

with  the Shapiro Wilk lk:st. Associations bctween variables

were  investigated with  the Pearson Product-Mornent

coerncient,  The significance thresho]d  was  set at pSO.05.

Results

  The results  observed  in the anthropometric  and  somatotype

measures  (endomorphy, mesomorphy.  and  ectomorpby)  are

prescnted in fable 1, The valucs  ofthe  means  and  the medians

were  relatively close  in all variables  and  the normality  of

distribution ofthe  variables  was  confirmed.

  Thcre were  significant differences betwcen the variances  of

the height and  somatotype  measures  observed  fbr monozygotic

and  djzygotic pairs of  twins. The monozygotic  twins had

higher cndomorphy  and  mesomorphy  and  lower ecTomorphy

when  compared  with  thc dizygotic twins. The  monozygotic
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'I'able
 
1
 

lv{ean,
 Staiidard deviutions (SD), rnean  variances  (S2), F statisLic and  heritability index (h2) of

   anthropomctric
 and  sornatotype  measures  in the monezygotic  (MZ) and  dizygetic {DZ) pairs ef  twins.

MZ DZ

MeanSD S2 MeanSD s!
1: h2

Height(crn)

Wltiglit{Icg)
BBH  (cm)
BBF  (cm)RAG{cm)

RCG  (crn)
TRS(mm)
SSS(mm)SBSCmm)

MCS  (mm)
       ,
BM  [ <kgi'm')
Endomorphy

Mesomorphy

Ectorrioiphy

14440,9

 S.4
 8,423228.914.013,912.613,619,4

 4.0
 3.8
 2.6

14,111.2O.4O,73.04,16.98.95,76,63A1.01.]].oO,L32.23O.O15O,O02023O,8SO.911,321,63O,65O.50O.OlO.04O.U2t4640.3

 5.3
 g.122,O28.613.3

 9.g
 9.911,S18,3

 3.6

 2.9
 3,O

l6,112.0O,4O.72.94,3s,o4.64,63,72.81.01.01.3 2.754.63

 O,O16O.027

 L183,438.20IL166,304.47O,87O,30O.37O.26

222*
 2.1

 O,913,3*

 5.1
 4.0

 9.0*

 g.s*
 3.9
 6.9*
 1.728.7*

 8,4*[2.5*

O.95O,52O.07O.92O.80O.7SO.89o,gsO.74O.86O.42e.97O.88O.92

"
 Sigtiificant forpEO.05,

Ahbreviaiions/ BBH!tbiepieondylar brcadth or  thc humerus: BBF=biepicondylar  breadth or  the  femur; RAG=right
arm  girth; RCG=right  ca[f  girLh; TRS=tricipital skintbtd:  SSS=supra spinal  skinR)ldz  SBS=sub scapular  sk{nftJldz
MCS==mcdialcalfskintbtd;BMt=bodymassindex.

twins were  also  taller than the dizygotic twins, Heritability (h2)
of  thc three somatotype  measures  and  of  the height werc  hjgh
(comprised between O.88 and  O,97). Thcre were  no  significant

differences between the two  kinds of  twins in wcight  and  BMI.
Thcse latter variables  prcsented lower and  non-significant

yalues  ef  h2. 0ther anthropometric  variables  (biepicondylar
breadth of  the 1'emur, tricipital skin[bld,  supra  spinal skinfbld

and  medial  calf  skinfold)  a]se presented differences in the
variances  between MZ  and  DZ, as wetl  as  high heritabiljty (see
1labre 1).

  The age presented significant  associations  with  thc BMI
(O,8l; PEO.OO1) and  with  endomorphy  (O.78; PSO.OO]) in the
DZ  group but not  in the MZ  group. Moreover, the age  djd not
correlate with  mesomorphy  or ectomorphy  in DZ  nor  MZ,
Figure 1 illustrates the association betwcen age  and  BMI  or

endQmorphy  in the twe  groups of  twins. When  data from the
two groups ot' twins were  pooled togcther, the same

associations  were  present, but with  a lower correlation

coeracient  (O.54; PsO.05  between age  and  BMI  and  O.43;
PSO.05  between age  and  cndornorphy).

Discussion

  The aim  of the present study  was  to asscss the hcritability
of  BMI  and  somatotypc  (endomorphM mcsomorphy,  and

ectomorphy)  in a  group of  female monozygotic  and  dizygotic
twins from childheod  to early  adulthood.

  The results  ofthe  present study  have showna  tendency fbra

genctic influence on  the three somatotypc  measurcs  that were
assessed  (endomorphy, mesornorphy,  and  ectomorphy),  The
heritability indexes (h2) for these variab]es  werc  considerab]y

high (between O.88 to O,97). Thc results  fttiled to dcmonstratc

the samc  genetic influencc on  weight  and  BMI  jn a  gample

of monozygotic  and  dizygotic t",ins. In our  subjects, the
heritability for height was  high (O.95), confirming  the literaturc
(Chattebjce et  al., 1999). Moreover, other  anthropometrie

measures  also  presented high heritability (biepicondylar
breadth ofthe  fernur, tricipital skinfoEd  supra  spinal skinfold

and  mcdial  calf skinfold).

  Previous studies havc shown  a significant genctic infiuencc
in obegity  measures  across  the life span, from children (Faith et

al., 1997), to young  adults  (Magnusson and  Rasmussen, 2002;
Hsu  et al., 2005) or  older  people (Selby ct a]., l989).
Moreever. it has been suggestcd  that the heritability
estimations  for the BMt  are  higher in twins and  progrcssively
lowcr in family relatives  and  cven  lowcr in adoptcd  subjects

(Bouchard 1997). Thc heritability for BMI  that we  have found
is within  the limits set by the literature. Previous studies

describe lowcr (Coady et al., 2002) and  higher (Allison et al.,

1986i Selby et al,, 1989; Pictilainen ct al,, 1999; Deng  et aL,

2006; Hsu  et al,, 2005) h2 values  for BMI,  compared  to thc

association  that we  huve found <h2=O.42). The heritabirity of

othcr  measures  (body weight,  fat mass,  lean body mass  and

sum  of  skinfolds)  has also been found to be higher than our
observations  (Selby et ul., 1989; Hanisch et al,, 2004; Hsu et
al,. 2005), Body  mass  indcx estimates  of hcritability from
famjly studies  are  generally lower than estimates  from twin
studies, and  the latter are belicved to be more  reliablc

(Schousboc et al.. 2003), Howcver, several of  the

aforementionecl  studies  that have described higher h2 than  our

obscrvations  were  lamily studies (Dcng et  al., 2006; Hsu  et al,,

2005). Thcrefbre, the twin assessment  issue does not help to
explain  the resuits  of  the present study.  Hcnce, it is possible
that environmental  faetors have infiueneed the BMI  in the
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Fig, 1 Assoeiations bctween age  and  BMI in the MZ  (A) and  [)Z <B) gruups and  between age  and  endomorphy  
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   groups,
   Abhrei'iations/ BMI.  bod}･ mass  index; MZ=monozygotic;  DZ=dizygotic.

group that we  haye studied, Prcvious studies  (though with  the

family rather  than the twin approach)  have also concludcd  that

other  than genetic factors influcnce thc familiai aggregation

of BMI  (Magnusson and  Rasmussen, 2002), A  non-genetic

infiuence in BMJ eould  be due to envjronmental  factors

affecting the weight  and, subsequently,  the BML  in our  sample.

In modern  societies,  obesity and  overweight  strike thc whole

population frorn early childhood,  However, the mean  values

that we  have observed  jn BMI  (Ri19) are typical of  female

children  aged  around  12-13 (the mean  age  ofour  sample)  and

cannot  be eonsidered  as indicators of  overweight.  Therefbre,
                                            '
an environmental  ehect  due to an  excessive  calorie balance is

not supported  by our  data, The fact that the sarnple comprised

a large variation  in the subjects' ages  (between 7 and  19 years)

could  also harre influenced the results,  gince BMI  is expected

to be age-dependent  (Atwood ct  al., 2006). However, in our

sample,  the age  correlatcd with  BMI  and  with  endomerphy

only  in the DZ  group, but not  in the MZ  group.

  It has been suggestcd  that the heritability of BMI  and  other

obesity-related measures  may  be biased upwards  due to

differences in the total yariancc  in monozygotic  compared  to

dizygotic twins (Selby et al., 1989,}, ifthis assumption  is right,

then it is possible that our  estimations  of  the h2 {br BMJ  may

not  be so low whcn  compared  with  the 1iterature.

  Several studies  have shown  a  significant  etTCct of  genctics
on  the Heath-Carter somatotypes,  but few of  thcm  have

analysed  twins  (Song et al., 1994; Peeters ct al, 2003). Peeters

ct al, (2003) describc heritability estimates  bctween O,21 and

O.89 fbr endomorphy,  bctween O,36 and  O,76 for mesomorphy

and between O,16 and  O.76 fbr ectomorphy,  in twins aged  ten

to eighteen  years. Resu]ts frem familial studies secm  to

demonstrate a  smaller  rangc  ofh2,  with  mean  valucs comprised

between O.42 and  O,68 (Bouchard, 1980; Katzmarzyk  et a],,

2000). The  h2 values  that we  have observed  for the thrcc

somatotypes  (between O.82 and  O.97) are higher comparcd

with thc literature, Atthough Katzmarzyk  et al. <2000) have

described no  sex ctfects for the heritabjlity of somatotype  in

farnilies, data from a tsiv'in study  (Peeters et al., 2003)

suggested  that the heritability may  be higher in fema]cs.

Thcrefore, the higher h2 that we  have observed  may  be

partial!y explained  by the gcnder that we  havc analyscd.

  Carter and  Heath (1990) have suggested  a greatcr genetic

influence on  ectomorphy  compared  to endomorphy  and

mesomorphy  in females. AdditionallM Bouchard (1997) has

suggestcd  that there is a stronger  tendency  for the heritability

ot' mesomorphy  compared  to the heritability of ectomorphy

and cndomorphy  in twins. Thc results  ofthe  prescnt study  do

not support  those  observations,  sinee  all the three somatotype

measures  havc presented high and  very  similar va]ues for h2.
                                       a-

Morcover, we  have obscrved  that the largcst vaJue  of  hb in  our

sample  occurred  for mesomorphy,  a  tendency which  is

consistent with  thc suggestion  of Bouchard <1997). Sanchez-

Andres C1995) and  Katzmarzyk ct al. (2000) have a]so

described a larger i'amilial aggrcgation  of  mesomorphy.  The
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former study also concludcd  that environrnenta[  lactors did not
cxplain a significant proportion of the soniatotype, Hence, we
have confirmed  the high heritability of  the Heath-Carter

somatotype  measures  but not  necessarily  the deminance of
heritability in some  of  the three somatotypes  that have been

previously suggested  (Carter and  Heath, 1990; Sanchez-
Andres, 1995).

  Although the literature presents evidence  for a genetic
influence en BMI  and  on  thc Hcath-Carter somatotype,  we

have not  found a  simultaneous  assessment  ofthe  heritability ot'

the two  measures  in twins. The present study  has analysed  both
associatiQns  and  the results  have indicated that the somatotype

may  be more  sensible  to gcnctic influence than  the BMI  in

females from childhood  to young udulthood.
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