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ABSTRACT

Associationbetween

PersonalityTraitsand

Obesityindices:Familyand

Co-twinAnalysis

양사라

유전체역학전공 보건학과

서울대학교 보건대학원

Personality traits ofan individualaffectone’s attitude

towardslifeandone’slifestylefactorsdetermininghealthstatus.

Since emotional disruption, such as depression and mood

disorders,andunhealthylifehabitsareestablishedriskfactorsof

obesity,investigating the association between personality,life

style, and obesity will lead to development of efficient

interventionorpreventivemeasureforobesity,accordingtotheir

personality profiles.Tothisend,weattemptedtoexplorethe

associations between Temperament and Character Inventory

(TCI)’ssevendimensionsandobesityindices:bodymassindex

(BMI),waistcircumference,waisthipratio(WHR),trunk and



total body fat percent measured by Dual-energy X-ray

absorptiometry (DXA) in Korean twins and their families.

Additionally,weaim todiscriminateenvironmentalandgenetic

effectofTCIonobesityusingpair-wiseanalysisofeachand

combined monozygotic twins (MZ),dizygotic twins (DZ)and

siblingpairsadjustedforageandsex.Wehaveexpectedthat

estimatingnon-geneticassociationbetweenpersonalitytraitsand

obesity will specifically show potential target chains

interconnectingpersonality,lifestyleandobesity.

A totalof3320individuals(1333men,1987females,661

families)oftheHealthyTwinStudyinKoreawereinvolvedin

thisstudy.Thispopulationincludes545MZpairs,122DZpairs,

and2695siblingpairs.AssociationbetweenTCIandobesitywas

analyzedadjustingforage,sex,smokingandalcoholconsumption

history.A random effectmodel(REM)wasapplied toadjust

familialcorrelations.Forco-twinandsib-pairanalysespair-wise

regressionmodelsusingpairwise-differencevalueswereused.

Inconventionalregressionanalyses(REM),amongseven

domainsofTCI,novelty seeking andharm avoidancehadthe

positive association with obesity. Decreased persistence (β 

=-0.0003), self-directedness (β =-0.0002), cooperativeness (β 

=-0.0003),and self-transcendence (β =-0.0002)had significant

associationwithWHR andshowedparalleledresultwithother

obesity indices.In pair-wise regression model,an association

between novelty seeking and persistence,and obesity were



furtherdissected;βW in MZ datashowedstrongerassociation

than βW in DZ-sibling data and pooled data,indicating that

noveltyseekingandpersistenceareassociatedwithobesityand

in thisassociation,therearemoreenvironmentaleffectsthan

geneticeffect.

Theresultsfrom thisstudyconfirm someoftheprevious

findings.By comparing the βW ofdifferentdataset,wecould

conclude that there is high environmental effect on the

association,andthatthereismoreenvironmentaleffectonthe

TCI associated obesity than genetic effect. Suggesting an

individual’s personality profiles can be integrated in to

personalizedinterventionofobesity.

-------------------------------------------------------

Keyword:Personality,TemperamentandCharacter

Inventory,TCI,Obesity,Family-Twinanalysis

StudentNumber:2011-22104
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INTRODUCTION

Increasedobesityprevalencehasbeenknownasoneof

themostimportantpublichealthissuesworldwide.In2008,10%

ofmenand14% ofwomenintheworldwereobese,compared

with5% formenand8% forwomenin1980;thestatistichas

beenmorethandoubled.1 EversinceAsianculturehasbeen

westernized,theprevalenceofobesityinAsiancountrieshasalso

beenincreasing.InanobesityreportbyOECDin2012,thegraph

showsconstantincreaseinsevenOECD countries’obesityand

overweightrates.Amongthesecountries,Koreahasthelowest

rate when compared with other western countries.However

despiteitslow level,therateitselfhasbeensteadilyincreasing

since1997.2(Figure1)Thisindicatesthatenvironmentalfactors

playacrucialrolefortheepidemic,sincethegenepoolofthe

populationcannotchangethatrapidly.

Figure 1. Progression of obesity and overweight rates,

respectively,insevenOECD countries,alongwithpreviousOECD

projections (dotted lines)for overweight(adapted from OECD

report2)
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InasurveyconductedbyKoreanMinistryofHealthand

Welfarein2010,obesityrateofmenaged19andolderhasbeen

increasingsince1998,whilewomen’sratedecreased.(Figure2)

Because of increased variance of obesity in the population,

geneticinfluenceonobesityisexpectedandthissuggestthat

there can be different genetic effects depended upon

environmentalfactor,representing gene-environmentinteraction

(GxE).3

Figure 2. Korean Obesity rate from 1998~2010, by Korean

MinistryofHealthandWelfare

Personality traits of an individual may affect one’s

attitudetowardslifeandtheirlifestyle.4,5Sincemuchobesityis

caused by emotionaldisruption and unhealthy life habits,by

lookingattheassociationbetweenTemperamentandCharacter

Inventory(TCI)’ssevendimensions:Noveltyseeking(NS),Harm
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Avoidance (HA),Reward Dependence (RD),Persistence (PE),

Self-Directedness (SD), Cooperativeness (CO),

Self-Transcendence(ST),andobesitymeasuringindices:Body

MassIndex(BMI),Waistcircumference,WaistHipRatio(WHR),

trunk fat percent,and totalbody fatpercent measured by

Dual-energyX-rayabsorptiometry(DXA)inKoreansamples,we

mightbeabletoexplainhow personalityinfluencesone’sbody

weightanddevelopeffectivetreatmentforoverweightorobesity.

BackgroundInformation

TCIwasdevelopedbyanAmericanpsychiatristnamed

C.R.Cloninger.Hefirstdescribedthreetraitsoftemperamentin

his Tridimensional Personality Questionnaire (TPQ) which

consistedonlyofHarm Avoidance,NoveltySeekingandReward

Dependence.Then headdedanotherdimension,Persistence,as

the fourth temperament trait. From further research on

personalitytraits,Cloningeragainlearnedthattemperamentdid

notfully describecomplexity ofhuman personality and added

threemoredimensionsofcharacter.Thereareatotalofseven

dimensionsinthemostrecentlyrevisedversionofTCI:Novelty

Seeking(NS),Harm Avoidance(HA),RewardDependence(RD),

Persistence (PE)in Temperamentand Self-Directedness (SD),

Cooperativeness (CO), and Self-Transcendence (ST) in

Character.6,7
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Cloninger claims thatfour traits oftemperamentare

organizedearlyinlifeandsetbytheautomaticneurotransmitter

responses to emotionalstimuli,which in other words,are

determined by genes.NS is thought to be influenced by

dopamine and related to behavioralactivation system.HA is

relatedtoserotoninactivityandbehavioralinhibitionsystem.RD

is influenced by norepinephrine and related to behavioral

maintenance system. PE does not have hypothesized

neurotransmittersystem yet.8

Thetemperamentdimensionswereestablishedtomeasure

variancesbetweenindividualsinresponsetonovelty,punishment,

and reward.9 Individuals with high NS tend to be

quick-tempered,excitable,enthusiastic,anddisorderly.Theyare

very quickinengaging withnew andunfamiliarthingswhile

showingquickdisengagement,whichleadstoinconsistenciesand

instability.HighHA isassociatedwithcautious,careful,fearful

and doubtfulpessimisticindividuals,and they arein need of

reassuranceandencouragementthennormalpeopleandarevery

sensitivetocriticism andpunishment.IndividualwithhighRD

are tender-hearted, loving and warn, dedicated, open to

communication,andlossofobjectivity.HighlyPE personstend

to be ambitious overachiever,industrious,hard-working and

stablewhilelowerscorerofPEareinactive,unreliable,unstable

anderratic.7,8

Ontheotherhand,charactertraitsarethoughttochange

with age and maturation,and are affected by surrounding
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environmentand sociallearning status.SD dimension can be

referredtoasautonomouscomponentandexecutivecomponentof

individual’s mentalself-government;while CO as legislative

component,andST asjudicialcomponent.10 From Cloninger’s

argument,wecanassumethatcharactertraitswillshow less

geneticeffectcomparedtotemperamentdimensions.11

Thecharacterreferstotheability ofan individualto

control,regulate,andadapttovarioussituations.SD arewidely

used as indicator for presence of absence of personality

disorder.12 PeoplewithhighSD scoresaredescribedasmature,

strong,self-sufficient,andgoaloriented.Individualswhoscore

high on CO are described as empathetic, compassionate,

supportive,andprincipled.In contrast,low scorersonCO are

unhelpful,revengeful,and opportunistic.People with high ST

scorestendtobepatient,creative,selfless,andspiritual.They

areperceivedasenlightened,wiseandthankfulindividuals.7,8

PreviousStudies

From thepreviousstudiesofTCI,ithasbeenreported

thatHA mayhaveanassociationwithmooddisorders,andthat

thereisevidencesuggestingthathighHA islinkedwithbinge

eating disorder 13.Individuals with Bulimia Nervosa showed

higherNS,HA andlow SD inpersonalityprofile,andwomen

with Anorexiahadsignificantly higherscoreon HA,PE,and

lowerscoreonSD than normalwomen.14,15 Inarecentstudy
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withsmallnumberofKoreannormalpopulation,individualswith

high HA showed increased sympathetic nervous function and

concludedthathighPEmayhaveprotectiveeffectonCVD.16

Therearesomepreviousstudiesprovingthatpersonality

traitsareactually relatedtoobesity.Severalstudiesaredone

withBIG 5inventory,whichisanotherwidelyusedpersonality

measuringtool.Theresultssaythatlow conscientiousnessand

openness,andhighextraversion,agreeableness,andneuroticism

areassociatedwithobesity.17-20 AlsowhenAssociationbetween

TCIandBMIwaslookedat,higherscoresofNS,HA,RD,CO,

ST and lower scores of SD, PE showed significant

association.21-25 andthesetraitsweresomewhatresponsiblefor

thedevelopmentandtreatmentfailureofobesity.18 LowerSD

andhigherscoresofNSandHA wereshowningroupofobese

patients with binge eating disorder.17One longitudinal study

reportedthathigherHSandlowerRD predictedhigherBMIin

future.25 Anotherstudy demonstrated thatobesesubjectshave

different personality profile compared to control group.

Additionally,thesameobesegroupshowedsignificantdifferences

whenclinicalsyndromescalesofMCMI-IIwerecompared.26
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Goal

Resultsonall7dimensionsofTCIhasbeenreported,but

mostofthestudiesaredonewith obesepatientsin medical

settingsanddonotrepresentanormalpopulationwhoarenot

looking forany treatments.Also conflicts are presentamong

reportedresults,andthereisnopreviousreportonassociation

betweenTCIandObesityusingregressionmodelsfortwins.In

thisstudy,wefirstaim toconfirm thepreviousstudyresults

andfindpersonalitydimension’sinfluenceonobesityinhealthy

population.Alsoformostofthestudies,only BMIandwaist

circumferenceisusedasanindextoexplaintheobesitystatus.

In thisstudy,otherobesity indices,such asWHR,trunk fat

percent,andtotalfatpercentmeasuredbyDXA areusedtosee

possibleassociation.Secondgoalforthisstudy istocompare

environmentalandgeneticeffectofTCIonobesityusingsimple

paired-differenceanalysiswithmonozygotictwinsanddizygotic

twinsplussiblingpairs.From thisanalysis,weintendtodissect

theeffectofpersonalityonobesity.
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METHODS

StudyPopulation& Measurements

A totalof3320individuals(1333men,1987females,661

families)intheHealthyTwinStudy,Koreawereinvolvedinthis

study.Thispopulationincludes198monozygoticmaletwins,347

monozygoticfemaletwins,53dizygoticmaletwins,69dizygotic

female twins,386 brotherpairs,1109 sisterpairs,and 1200

opposite-sexsiblingpairs.Individualtwinsandtheirfamilieswho

participatedintheHealthyTwinstudycompletedaquestionnaire

andvisitedoneofthemedicalcentersinordertocompletea

physicalexamination,clinicaltests,biochemicaltestes,andbody

measurements.Writteninformedconsentwasobtainedfrom all

participants,andthestudyprotocolwasapprovedbytheethics

committees atthe Samsung MedicalCenterand Busan Paik

Hospital.DemographicsareshownonTable1.

For the personality survey, the Korean version of

TemperamentandCharacterInventory-Revised-Short(TCI-RS)27

withatotalof140questionnaireswasused.Thesurveywas

self-administered,andthenwasreviewedbyanexaminer.The

scoreswerecalculatedbysummingthevaluesofresponses.

Weight(kg),height(cm),waistcircumference(cm),and

otherbodycompositionmeasurementweremadeinlightclothing

usingstandardizedscaleandastadiometer.Weightwasdivided

bysquaredhight(kg/m2)inordertocalculatebodymassindex

(BMI),andwaistmeasurementwasdividedbyhipcircumference
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to compute waisthip ratio (WHR).Totalfatand trunk fat

percentofindividualsweremeasuredusingDual-energyX-ray

absorptiometrytechnique(DXA).

In order to ascertain the zygosity of samples,

PerkinElmer’sAmpFℓSTR Identifilerkit(PerkinElmer,Norwalk,

CT),16shorttandem repeat(STR)markers(15autosomalshort

tandem repeatmarkers+1sexdeterminingmarker)wereused

in67% ofthetwinpairs.28Fortherestofthetwins,zygosity

of a pair was determined using self-administered zygosity

questionnairewithvalidationof94.3% accuracythroughaSTR

markerstudy.29
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Male Female

n n P value*
Age ± 

SD
1333 44.32±14.10 1987 43.60±13.06 0.13

Smoke 
(%)

Never 1252 370(29.55) 1976 1797(90.94)

Past 387(30.91) 70(3.54)

Present 495(39.54) 109(5.52)

Alcohol 
(%) Never 1333 174(13.05) 1986 744(37.46)

Past 112(8.40) 193(9.72)

Present 1047(78.54) 1049(52.82)

Novelty   Seeking ± 
SD

1325 30.19±9.64 1976 27.63±10.34 <0.0001

Harm Avoidance   ± 
SD

1331 34.94±10.26 1972 38.55±10.68 <0.0001

Reward   
Dependency ± SD

1330 40.88±8.02 1972 42.29±8.58 <0.0001

Persistence ±   SD 1329 42.15±10.48 1975 39.82±10.14 <0.0001

Self-Directedness   ± 
SD

1329 45.89±10.54 1974 44.63±10.39 0.0007

Cooperativeness   ± 
SD

1330 51.50±10.29 1974 53.03±9.74 <0.0001

Self-Transcendence   
± SD

1327 24.71±11.23 1979 26.32±11.33 <0.0001

Body Mass   Index, 
kg/m2±SD

1333 24.51±3.06 1987 23.14±3.33 <0.0001

Waist, cm ± SD 1330 96.39±5.90 1987 77.83±9.02 <0.0001

Waist Hip   Ratio ± 
SD

1330 0.88±0.06 1986 0.83±0.07 <0.0001

Total fat   percent 
(DXA), % ± SD

1329 22.02±5.89 1980 32.52±6.19 <0.0001

Trunk fat   percent 
(DXA), % ± SD

1318 24.81±7.50 1970 32.81±10.00 <0.0001

Table1.Mean scores of the seven TCI dimensions and five

Obesity measuring indices of totalpopulation in this study,

stratifiedacrosssex

*obtainedbypairedttest SD=StandardDeviation
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Monozygotic   Twins Dizygotic   Twins Sibling

# of pairs # of 
pairs

# of pairs
(# of   

individuals)

Age± S.D 545 38.00±7.51 122 38.84±7.34 2695(1938) 38.64±9.41

Sex n (%) Male 545 198 (36.33) 122 53
(43.44)

2695
386

(14.32)

Female 347 (63.67)
69

(56.56)
1109

(41.15)

Opposite 
Sex N/A N/A

1200(
44.53)

Table2.CompositionofMonozygotic(MZ)twins,Dizygotic(DZ)twins,andsiblingpairsamples
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Figure3.Flow diagram ofstudyanalysisprocess

Statisticalanalyses

Correlation coefficients between seven TCIdimensions

werecalculatedtodemonstratetherelationshipbetweendifferent

personality traits in the study population.Also before any

co-twinanalysiswereconducted,scatterplotmatchingscoresof

sevendimensionsbetweenMZtwinsandDZtwinswereplotted

toseeifthereisvisualdifferenceintheregressionline.

Pearson’sCorrelationCoefficientwascalculatedinorder

topresentrelationshipbetweenTCIandobesityindicesinstudy

individuals.Simple association between TCIand obesity was

analyzedusingmultipleregressionmodelstotestwhetherTCI

werepredictiveofobesityindices.Adjustedvariableswereage,

sex,smoking historyandalcoholconsumptionhistory.Random

effectmodel(REM)wasappliedtoadjustforfamilialcorrelations

sincethepopulationismostlyconsistoffamilies.Forthismodel,
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dependentvariables were five obesity measuring indices,and

independentvariableswereTCI’ssevendimension.Tounderstand

thepathwayoftheassociation,direct,indirect,andtotaleffectof

TCIandrelatedfactors,whicharebloodpressures,bloodlipid

level,totalcalorieintake,andexercisefrequency,onBMI,the

mostwidely used obesity index,were calculated using Proc

Calis.30

Forco-twinanalyses,inordertodissectenvironmental

and genetic effectofTCIon obesity,Intraclass Correlation

coefficientwascalculatedbetweensiblingsandtwinpairswere

compared. For pair-wise association analyses of co-twin,

regressionmodelwithtwin-pairdifferencevalueswereused.The

valueisestimatedbyperforming regressiononthedifferences

withtheconstraintthattheregressionlinemustpassthrough

theorigin.31

(1)

As demonstrated in the equation (1),if we define the

differencesbetweenX andY arecalculatedwithvaluesordered

accordingly,both theterm  andbetween-paireffect()are

canceled out by the subtraction. So by conducting the

pair-differenceregression,wecancalculatethewithin-paireffect

().

(2)

(3)
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Inordertofullyunderstandthe calculated,wehaveto

supposethataphenotypeisdeterminedbyACE model(Figure

4).A stands for additive genetic factors,C for common

environmentalfactors,andE forspecificenvironmentalfactors.

WeassumethatMZ twinsshare100% ofA andC,andthe

variationbetweenthepairiscausedbyE(equation2).Alsofor

DZ/sib,theassumptionisthattheyshareaverageof50% ofA,

and100% ofC,andthevariationisexplainedbyhalfofA and

E(equation3).

Figure4.ACEmodelusedinthesimplepaired-difference

analysis

The interpretations are that if  from pooled data

(MZ+DZ+siblings)issmallerthan  from MZdata,thenwecan
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assumethatthereisconsiderablyhighenvironmentaleffecton

thephenotypesinceMZshares100% ofgene.If from pooled

dataissmallerthan  from DZandsiblingdata(adjustedfor

sex and age,assumethatthey sharean averageof50% of

gene),thenwecanbothassumethattherearebothconsiderable

environmentalandgeneticeffectsonthephenotype.If from

MZislargerthan  from DZandsiblingdata,thenwecan

assumethatthereismoreenvironmentaleffectonthephenotype

than genetic effect.Statisticalanalysis was done with SAS

statisticalpackage(SASInstitute,Cary,NC,USA).
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RESULTS

Figure5.CorrelationplotbetweensevenTCIdimensions

(Redindicatesnegativecorrelationandblueindicates

positivecorrelation.Theshadesrepresentdegreeofcorrelation)

CorrelationlevelandcoefficientsareshownonFigure5.

HA andSD hadhighestnegativecorrelation(-0.60),whilePE

andSDhadhighestpositivecorrelation(0.43).Scatterplotoftwin

pairs TCIscore and fitting regression line is presented in

supplementary(FigureS2).ForalloftheTCIdimensions,slope

ofMZtwinpairswerecloserto1thanDZtwins.

There were several Pearson coefficients that were

significant.NSandBMI,waistcircumference,trunkfatpercent,

and total body fat percent had significant positive
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correlation(r=0.045, r=0.048, r=0.049, r=0.064, respectively).

Correlation between HA and WHR waspositive(r=0.04),while

PE, SD, and CO showed significant negative correlation

coefficients with some obesity indices.(Table 3)ST also had

negativecorrelation withBMI,waistcircumference,WHR,and

total body fat percent(r=-0.037,r=-0.073,r=-0.044,r=-0.049,

respectively).

Only NS had the significant parameter estimates (β 

=0.019,p=0.001),when association between BMIandTCIwas

looked at.Outof5 obesity-measuring-indices analyzed with

NoveltySeeking,4indices,whichareBMI,waistcircumference,

totalfatpercent,andtrunkfatpercentmeasuredbyDXA,had

statisticallysignificantpositiveassociations.Thisshowsparallel

result from the correlation analysis.Also when association

betweenWHRandTCIwaslookedat,outof7TCIdimensions,

5dimensions,whichareHA,PE,andallcharacterdimensions,

had significantparameter estimates(β=0.0002,-0.0003,-0.0002,

-0.0003,-0.0002,allp<0.05).Bylookingatthesignificantresult,

wecanconcludethatincreasedNSandHA,anddecreasedPE,

SD,CO,andST (mainly waistcircumferenceandWHR)has

statistical significant association with obesity. For more

parameterestimates,seeTable4.
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Figure6.Diagram ofpathwayanalysisconducted

Indirecteffect

Directand indirecteffects ofpersonality on BMIvia

healthfactorsaredemonstratedonTableS2.Directeffectofthe

NSonBMIwaspositive,whichisconstantwiththeregression

result,butwithnegativeindirecteffectviabloodpressuresand

lipidlevel,totaleffectwasveryminimal.HA,RD,andCO had

significantnegativetotaleffectonBMI,andthisisalsoconstant

with simple regression analysis with other obesity indices.

Positiveindirecteffectwasobservedonly when calorieintake

wasinsertedintothepathway.Interestingly,exercisefrequency

had 0indirecteffectson BMIin allseven dimensions.Only

significantpositive direct effectwas observed in NS when

systolicbloodpressurewasinthepathway.RD,PE,SD,andCO

showedpositiveindirecteffectwhen totalcalorieintake(kcal)

wasinthepathway.
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Allofthe dimensions ofTCIhad positive correlation

betweenpairs.Alsowhentheintraclasscorrelationcoefficients

werecomparedbetweendifferentdataset,MZ pairshadhigher

correlationthanDZ/siblingpairsindicatingstrongenvironmental

effect on the TCI.This trend is also found in intraclass

correlationsofobesity indicesbetween twin-sibling pairs.For

moreresults,seetable5,and6.

Regression analyses using twin-pair difference values

showedseveralsignificantassociationsbetweenTCIandobesity

(TableS1).Interestingly,only NS and PE showed constant

significantoutcome.DifferencesinTCImeasuresbetweenMZs

weremorestronglyassociatedwithobesitythanthosebetween

DZ/siblings,indicatingtheassociationiscausedbyenvironment.

HoweverinthecaseofNS,noneoftheobesityindicesshowed

significantassociationinallthreetypesofsubjects,making a

completecomparisonunattainable.InthecaseofPE,allexcept

fortotalfatpercentoftheβW ofobesityindicesinMZdatawas

significant.Also βW ofwaist,WHR,and totalfatpercentin

DZ-siblingdataandpooleddataweresignificant.WhentheβW

ofwaistcircumferenceandWHRwerecompared,βW inMZdata

(-0.094,-0.00066)showednegativelystrongerassociationthanβW

in DZ-sibling data(-0.030,-0.00042)and pooled data (-0.038,

-0.00044).ThisresultindicatesthatvarianceinscoreofPE is

associatedwithobesity,andinthisassociation,therearemore

environmentaleffectsthangeneticeffect.(Table7)
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Novelty 
Seeking

Harm 
Avoidance

Reward  
Dependency

Persistence
Self-Directedn

ess
Cooperativenes

s
Self-Transcende

nce

BMI 0.045* -0.032 0.004 -0.006 -0.02 -0.016 -0.037*

Waist 0.048* 0.008 -0.004 -0.041* -0.043* -0.017 -0.073**

WHR 0.021 0.04* 0.007 -0.052** -0.044* -0.047* -0.044*

Trunk fat 
percent 
(DXA)

0.049* 0.001 0.0004 -0.018 -0.019 0.015 -0.019

Total fat 
percent 
(DXA)

0.064** 0.011 -0.013 -0.026 -0.033 0.024 -0.049**

Table3.PearsonCorrelationCoefficientsbetweenObesityindicesandTCI

*pvalueof<0.05**pvalueof<0.005
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Novelty 
Seeking

Harm 
Avoidance

Reward   
Dependency

Persistence
Self-Directedn

ess
Cooperativeness

Self-Transcend
ence

BMI
0.019±
0.006**

-0.007±
0.005

-0.001±
0.007

-0.002±
0.005

-0.007±
0.005

-0.011±
0.006

-0.007±
0.005

Waist

0.051±
0.015**

0.010±
0.013

-0.003±
0.017

-0.026±
0.014

-0.031±
0.014*

-0.054±
0.015**

-0.016±
0.013

WHR

0.0002±
0.0001

0.0002±
0.0001*

-0.00002±
0.00013

-0.0003±
0.0001*

-0.0002±
0.0001* -0.0003±

0.0001*
-0.0002±
0.0001*

Trunk fat % 
(DXA)

0.048±
0.016**

0.007±
0.015

0.010±
0.019

-0.016±
0.015

-0.019±
0.015

-0.018±
0.016

0.006±
0.014

Total fat % 
(DXA)

0.040±
0.011**

0.011±
0.010

-0.001±
0.012

-0.015±
0.010

-0.020±
0.010*

-0.025±
0.011*

0.007±
0.009

Table4.ParameterestimatesofregressionanalysisofObesityindicesandTCI

*pvalueof<0.05**pvalueof<0.005

Estimateswereroundedtothethousandthplace,unlessveryminimal
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Novelty 
Seeking

Harm 
Avoidance

Reward   
Dependency

Persistence Self-
Directedness

Cooperativene
ss

Self-Transcen
dence

MZ Pairs 0.378 0.417 0.366 0.434 0.429 0.439 0.461

DZ/Sib 
Pairs 0.131 0.126 0.131 0.149 0.151 0.239 0.229

Pool 0.168 0.173 0.171 0.196 0.195 0.275 0.266

BMI Waist WHR Trunk fat % 
(DXA)

Total fat % 
(DXA)

MZ Pairs 0.717 0.624 0.385 0.657 0.654

DZ/Sib   Pairs 0.208 0.176 0.177 0.161 0.247

Pool 0.282 0.243 0.219 0.213 0.315

Table5.IntraclasscorrelationofTCIbetweentwin-siblingpairs

MZ=monozygotictwinpair,DZSib=dizygotictwinpairsandsiblings(sexandageadjusted)

Pool=alltwinandsiblingpairs

Table6.IntraclasscorrelationofObesityIndicesbetweentwin-siblingpairs

MZ=monozygotictwinpair,DZSib=dizygotictwinpairsandsiblings(sexandageadjusted)

Pool=alltwinandsiblingpairs
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Novelty Seeking Persistence

MZ DZSib Pool MZ DZSib Pool

BMI 0.011±
0.009

0.016±
0.006*

0.015±
0.005**

-0.023±
0.009*

-0.001±
0.006

-0.004±
0.005

Waist 0.030±
0.027

0.046±
0.015**

0.044±
0.014**

-0.094±
0.026**

-0.030±
0.015*

-0.038±
0.013**

WHR -0.00001±
0.00029

0.00027±
0.00010*

0.00024±
0.00009*

-0.00066±
0.00028*

-0.00042
±0.00010**

-0.00044±
0.00010**

Trunk fat % 
(DXA)

0.069±
0.028*

0.038±
0.020

0.042±
0.018*

-0.060±
0.027*

-0.026±
0.021

-0.030±
0.018

Total fat % 
(DXA)

0.050±
0.021*

0.020±
0.011

0.024±
0.010*

-0.037±
0.020

-0.024±
0.011*

-0.026±
0.010*

Table7.Regression analysis oftwin-sibling pairdifferences ofTCIdimensions and twin-sibling pair

differencesofobesityindicesasdependentvariables(Partial,wholetableavailableinTableS1)

*pvalueof<0.05**pvalueof<0.005 MZ=monozygotictwinpair,DZSib=dizygotictwinpairsandsiblings(sexand

ageadjusted) Pool=alltwinandsiblingpairs

Estimateswereroundedtothethousandthplace,unlessveryminimal
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DISCUSSION

Increased NS isassociated with increased BMI,Waist

Circumference,totalfatpercent,andtrunkfatpercentmeasured

byDXA,suggestingstrongrelationshipbetweenNS dimension

and Obesity.Lowerscores ofPE,SD,CO,and ST showed

significant association with obesity.This confirms some of

previousstudyresults,butalsoshowsconflict.Thisoccurrence

maybecausedsincethepopulationusedinthisstudyisnotin

clinicalsetting,andrepresentsnormalKoreanpopulation.25Aside

from thementioned results,simpleassociation and correlation

betweenTCIandObesitymeasuringindiceswerelookedat,and

severalsignificant relationships were analyzed,and we can

concludepersonalityisassociatedwithobesity.Alsowhenthe

results were compared with correlation between the seven

dimensions ofTCI,direction were constantwith association

results,strengtheningtheconclusion.

From thepathway analysis,wecan concludethatNS,

HA,RD,and CO has negative indirecteffectthrough blood

pressureandlipidlevelresulting in minimalornegativetotal

effect.Ithas been reported thatRD in women and PE is

associatedwithdecreasedSBP whileHA inmenisassociated

withincreasedSBP.5,32Alsopersonalitytraitsmayhavepositive

indirecteffectsontotaldailycalorieintake,butbecauseofbig

directeffect,totaleffectresults in negative value.Physical

activitywasdidnotshow anyindirecteffectonBMI,andwas
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notinthepathway.Thismightbeduetocategoricalmeasures

of physicalactivity.The conflicting direction of direct and

indirecteffectishardforinterpretation,andbecauseBMIshowed

association with only NS in the association analysis,further

dissectionofpathwaybetweenpersonalityandobesityisneeded.

Inthescatterplotofmatchedscoreoftwinpairs,MZ

twinshadslopecloserto1thanDZtwinsindicatingthatour

assumptionofACE modelingisaccurate.Whenassociationsof

pairdifferenceswerelookedat,positiveNSandnegativePEhad

significant associations with pair-wise differences of obesity

indices.EspeciallyPE showedoverlappingsignificantassociation

inallofthedataset.BycomparingtheβW ofdifferentdataset,

wecouldconcludethatthereishighenvironmentaleffectonthe

association,andthatthereismoreenvironmentaleffectonthe

NSandPEassociatedobesitythangeneticeffect.

Inordertoseethepresenceofvarianceinpersonality

among differenttypeoflifestyle,trend between sex and age

adjusted NS and PE’s score,and totalcalorie intake and

frequencyofphysicalexercisewerecompared(FigureS1).As

NS and PE’s score increased,totaldaily calorie intake also

showed increasing trend, which supports the theory that

increased NS is associated with obesity.Also when physical

exercisetrendwasexamined,increasedNS showeddecreasein

exercisefrequency and oppositeresultforincreased PE.This

trendrepresentsthenatureofthepersonalitywellsinceaperson
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with highNS tendtobeinconsistenciesandinstability,while

highPEscorerarehard-workingandstable.

Howeverwedidnotperform ananalysisontheexact

proportionoftheenvironmentaleffectonthephenotype.Inorder

topreciselydissecttheeffectofgeneticandenvironmentonTCI

andobesity,furtherstudy ofheritability analysiswith Korean

populationisneeded.Ithasbeenalreadyreportedthatheritability

ofTCIamongJapanesepopulationrangesfrom .22~.4933,and.71

on BMIwith subjectsfrom Korean Healthy Twin study.24One

limitationis,becausenumberofdizygotictwinpairswassmall,

weadditionally usedageandsex adjustedsibling pairswhen

usingpair-wisemodel.Thisadjustmentistheoreticallycorrect,

butsharedenvironmentalfactorofsiblingpairandtwinpairis

verydifferentinrealityanditshouldbemorethanjustsexand

agedifference.

This study only examines personality’s different

dimensions separately,and shows a need of further study

examining combination ofmultidimensionaltraitofpersonality

anditsassociationwithobesitysinceonepersonalitydimension

isverymuchaffectedanddependeduponanotherdimensionof

anindividual.9,25
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Conclusion

Personality is consists of perceptive, emotional, and

behavioralaspectsthatmightresultin obesity and difficulties

whenfacinginterventions.34Thisexplainstheroleofpersonality

traitsinthephenomenonandtheresultsofthisstudymayhelp

to design more effective interventions.Instead oftrying to

modify one’spersonality,therapistsshould investigatepatient’s

natureandfocusuponthepersonalizationoftheintervention.For

instance,apersonwithhighscoreofNSshouldbeencouraged

constantlyandintroducedtonovelwayofhealthylifestyle.Since

we can conclude that some dimensions of personality are

associated with Obesity,and thisassociation iseffected more

environmentally than genetically, an individual’s personality

profilesshouldbeintegratedintotreatmentforobesity.
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Novelty Seeking Harm Avoidance Reward Dependence Persistence

MZ DZSib Pool MZ DZSib Pool MZ DZSib Pool MZ DZSib Pool

BMI 0.011±
0.009

0.016±
0.006*

0.015±
0.005*

*

0.093±
0.007

-0.004±
0.005

-0.004±
0.005

0.001±
0.010

0.0003
±

0.0069

0.0004
±

0.006

-0.023±
0.009*

-0.001±
0.006

-0.004±
0.005

Waist 0.030±
0.027

0.046±
0.015*

*

0.044±
0.014*

*

0.024±
0.025

0.014±
0.014

0.014±
0.013

0.015±
0.030

0.011±
0.018

0.012±
0.016

-0.094±
0.026**

-0.030±
0.015*

-0.038±
0.013**

WHR
-0.0000

1±
0.00029

0.0002
7±

0.0001
0*

0.0002
4±0.00
009*

0.0000
3±0.00

027

0.0001
1±0.00

010

0.00009
±0.000

08

0.0003
0±0.00

033

0.0001
1±0.00

012

0.00012
±0.000

12

-0.0006
6±

0.00028
*

-0.00042
±

0.00010
**

-0.00044
±

0.00010
**

Trun
k fat 
%DX

A)

0.069±
0.028*

0.038±
0.020

0.042±
0.018*

0.054±
0.026*

0.008±
0.019

0.014±
0.017

0.052±
0.031

0.064±
0.025*

0.062±
0.022**

-0.060±
0.027*

-0.026±
0.021

-0.030±
0.018

Total 
fat 

%DX
A)

0.050±
0.021*

0.020±
0.011

0.024±
0.010*

0.035±
0.019

0.010±
.010

0.013±
0.009

0.045±
0.023

0.016±
0.013

0.019±
0.012

-0.037±
0.020

-0.024±
0.011*

-0.026±
0.010*

Table S1.Summary ofRegression analysis oftwin-sibling pair differences ofTCIdimensions and

twin-siblingpairdifferencesofobesityindicesasdependentvariables

*pvalueof<0.05 **pvalueof<0.005
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Self   -Directedness Cooperative Self   -Transcendence

　 MZ DZSib Pool MZ DZSib Pool MZ DZSib Pool

BMI    
-0.006±
0.009

-0.003±
0.005

-0.003±
0.005

-0.001±
0.009

-0.003±
0.007

-0.003±
0.006

-0.001±
0.008

-0.006±
0.005

-0.005±
0.005

Waist  -0.019±
0.026

-0.001±
0.014

-0.002±
0.013

-0.003±
0.028

-0.019±
0.018

-0.016±
0.016

-0.020±
0.024

-0.013±
0.014

-0.014±
0.012

WHR    0.00021±
0.00028

-0.00003±
0.00010

0.000004
±

0.00009

0.00013±
0.00030

-0.00017±
0.00012

-0.00012±
0.00011

-0.00004±
0.00026

-0.00013±
0.00010

-0.00012±
0.00009

Trunk fat 
%DXA)

-0.056±
0.027*

0.019±
0.020

0.010±
0.017

0.006±
0.029

0.002±
0.024

0.003±
0.021

0.032±
0.025

-0.011±
0.019

-0.006±
0.017

Total fat 
%DXA)

-0.032±
0.020

0.011±
0.010

0.006±
0.009

0.017±
0.022

0.007±
0.013

0.008±
0.011

0.024±
0.019

-0.015±
0.010

-0.010±
0.009

TableS1continued

*pvalueof<0.05 **pvalueof<0.005
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Total   
effect

Systolic   blood 
pressure

Diastolic   blood 
pressure Total   Cholesterol Total   Calorie 

intake (kcal)

　 　 Direct Indirect Direct Indirect Direct Indirect Direct Indirect

Novelty   
Seeking 0.004 0.034* -0.031** 0.021 -0.017** 0.012 -0.013** 0.003 0.001

Harm   
Avoidance -0.062** -0.050** -0.006 -0.050** -0.012* -0.061** -0.001 -0.061** -0.000

Reward   
Dependency -0.048* -0.021 -0.028** -0.037 -0.012* -0.039* -0.009* -0.056** 0.007*

Persistence -0.005 0.002 -0.008 -0.010 0.004 -0.003 -0.002 -0.004 0.002*

Self-Directednes
s

-0.004 -0.006 0.002 -0.010 0.006 -0.007 0.003 -0.009 0.005*

Cooperativeness -0.042* -0.036* -0.006 -0.044* 0.002 -0.046* 0.004 -0.056** 0.014*

Self-Transcende
nce

-0.033 -0.023 -0.010 -0.027 -0.006 -0.020 -0.014* -0.032 -0.001

TableS2.Total,directandindirecteffectsofhealthfactorsonBMIviapersonality

*pvalueof<0.05 **pvalueof<0.005
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FigureS1.Scatterdiagram andregressionlineforTemperamentandCharacterscoresoftwinpairs
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FigureS2.TrendplotofDailycalorieintakeandFrequencyofExercise/weekwithNoveltyseekingand

Persistencescore(AgeandSexadjusted)

*Physicalactivity1=1~2/week2=3~4/week3=5~6/week4=Everyday
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국문초록

성격 특성 및 비만 지수간의 역

학적 연관성:가족 쌍둥이 분석

양사라

유전체역학전공 보건학과

서울대학교 보건대학원

개인의 성격 특성은 삶에 대한 사람의 태도와 건강상태를

결정하는 라이프 스타일 요인에 영향을 미친다.특히 우울증과 기분

장애와 같은,정서적 혼란,그리고 그로 인한 건강에 해로운 생활

습관이 이미 잘 알려진 비만의 위험요소이기 때문에,성격과 생활

스타일 및 비만 사이의 역학적 관계를 조사하는 것은 개개인의 개

성적인 성격 프로파일에 따라 비만에 대한 효과적인 치료방법이나

예방조치의 개발로 이어질 것이다.

그리하여 이 논문에서는 가족쌍둥이 코호트에서 성격과 기

질 설문지 (TemperamentandCharacterInventory(TCI))의 일곱

가지 측면과 다섯 개의 비만 지수(체질 량 지수 (BMI),허리둘레,

허리 엉덩이 비율 (WHR),Dual-energy X-ray absorptiometry

(DXA)로 측정한 트렁크 및 토털 바디 지방 퍼센트)를 사용하여 개

인의 인격과 비만도의 연관 관계를 탐험하려고 한다.또한 코호트의
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일란성 쌍둥이와 이란성 쌍둥이 및 연령 및 성별로 보정한 형제 쌍

을 사용하여 비만에 대한 TCI의 환경 및 유전 효과를 구별 하는 것

을 목표로 한다.이를 통해서 성격유형과 비만과의 비 유전적인 연

관성을 확인하고 성격,생활 스타일과 비만간의 구체적인 상호연결

을 알아보려고 한다.

한국 가족 쌍둥이 코호트에 참여하고 있는 총 3320명의 대

상자(남성 1,333명,여성 1987명,661가족)들이 이 연구에 사용되

었다.이 인구는 총 545쌍의 일란성 쌍둥이,122쌍의 이란성 쌍둥이,

그리고 2695형제 쌍을 포함한다.TCI와 비만 사이의 연관성은 연

령,성별,흡연 및 알코올 섭취 여부를 보정하여 분석되었다.그리고

이 연관성 분석에 Random effectmodel(REM)이 가족 상관관계를

조정하기 위해 적용 되었다.Co-쌍둥이/형제 분석은 쌍 간의 성격과

비만도의 차이 값을 사용하여 pair-wiseregression모델을 적용하

였다.

기존의 회귀 (REM)분석에서 Novelty Seeking과 Harm

Avoidance는 비만과 양의 관계를 가지는 것으로 나왔고,

Persistence(β =-0.0003), Self-Directedness (β =-0.0002),

Cooperativeness (β =-0.0003), 그리고 Self-Transcendence (β 

=-0.0002)의 감소가 WHR의 증가와 연관이 있다고 결과가 나왔다.

이는 다른 비만 지표와도 비슷한 결과이다.Pair-wiseregression모

델 분석에서는 NoveltySeeking과 Persistence의 비만과의 연관성이

더 해부되었다.일란성의 βW 값이 이란성/형제 쌍의 βW 값이나 풀링

된 데이터의 βW 값 보다 강한 연관성을보여 Novelty Seeking과

Persistence와 비만과의 관련성에 유전효과보다 환경에 의한 영향이

더 크다는 것을 알 수 있었다.
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본 연구의 결과는 일부의 이전 연구결과를 한국의 건강한

인구를 사용하여 확인해주고 있고 쌍둥이/형제 쌍의 연관성을 비교

함으로써 성격과 비만의 연관성에 유전보단 환경 영향이 크다고 결

론지을 수 있다.이러한 결과는 개인의 성격 프로파일을 비만을 치

료하는데 있어서 적용하면 더욱 더 효과적인 치료방법을 개발할 수

있음을 보여주고 있다.

주요어:성격유형,TemperamentandCharacterInventory (TCI),

비만지수,가족-쌍둥이 분석

학번:2011-22104


	I.  Introduction
	A.  Background Information 
	B.  Previous Studies  
	C.  Goal  

	II.  Methods  
	A.  Study Population & Measurements 
	B.  Statistical analyses 

	III.  Results 
	IV.  Discussion 
	V.  Conclusion 
	VI. Reference  
	VII. Supplementary Table and Figures 
	VIII. Abstract (in Korean) 


<startpage>9
I.  Introduction 1
 A.  Background Information  3
 B.  Previous Studies   5
 C.  Goal   7
II.  Methods   8
 A.  Study Population & Measurements  8
 B.  Statistical analyses  12
III.  Results  16
IV.  Discussion  24
V.  Conclusion  27
VI. Reference   28
VII. Supplementary Table and Figures  32
VIII. Abstract (in Korean)  37
</body>

