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ToestablishtheactualserialchangesinbodyweightinJapanesepeopleandtoelucidatetheinfluence
ofchangesinBMIonmorbidity,weconductedahistoricalcohortstudyofuniversitygraduates
from1955to1990usingquestionnairesandBMIdata.Thesubjectsofthisstudywere3,675university
graduatesaged26-62yearsinwhomBMIwasdeterminedatthetimeofenrollmentintheuniversity
(Pre-BMI),5to40yearsearlier.Morbidity(oneormoresystemdiseasesorobesity-relatedsystem
diseases)wasanalyzedaccordingtocurrentage,sex,currentBMI,ΔBMI(dierencebetween
currentBMIandpre-BMI),andvariouslifestylevariables.Theproportionofoverweightsubjects
atenrollmenttouniversitywashigherinrecentmalestudentscomparedtooldstudents,butnotin
femalegraduates,andtheBMIinbothgendersincreasedprogressivelyaftergraduation,especially
inrecentmalegraduates.Pre-BMIcorrelatednegativelyandsignificantlywithΔBMI.The
percentagesofobese(BMI 30kg/m)malesandfemaleswere1.6 and0.5 ,respectively,and
highmorbiditywasobservedin56.1 and42.2 ofmalesandfemales,respectively.Stepwise
regressionanalysisshowedthatinsubjectswithnormalBMIatenrollment,prospectivemorbidity
wasdependentonΔBMIinadditiontoage.Ourresultsindicatethatinsubjectswithnormalbody
weight,prospectivemorbidityisdeterminedbyincrementofΔBMI,andsuggestthatmaintenance
ofBMIatthelateadolescencelevelisanimportantfactorinpreventingfuturedisease.
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B eingoverweightorobeseinadulthoodisconsid-
eredtobethemostcriticalriskfactorforchronic

diseasessuchasheartdisease,hypertension,stroke,
diabetesmellitus,hyperlipidemia,andhyperuricemia［1-
3］.Sincetheproportionofobeseindividualshasgradu-
allyincreasedinrecentdecadesindevelopedaswellasin
developingcountries,thehighincidenceofobesityisa
worldwidepublichealthproblem,whichhascontributed

toincreasedmorbidityandmortality［4-7］.Another
relatedissueistheincreasednumberofoverweight
childrenandadolescents［8］.Thus,asuitableand
concertedeortshouldbetakentopreventafurtherrise
intheincidenceofobesity,andtopreventobesityinboth
theyoungandadultpopulation.
Thelinkbetweenchildhoodandadulthoodobesityhas

beeninvestigatedpreviouslybyseveralgroups.Sawand
Rajan［7］reportedthatbeingoverweightduringchild-
hoodorearlyadolescencefrequentlyleadstoobesityin
adulthood,andthatobesechildrenwhobecomeobese
adultshavemoresevereobesitythandoadultswhose
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obesitystartsinadulthood.Inanotherstudy,Guoetal.
［9］comparedthebodymassindex(BMI)ofyoung
subjects(13-18years)withtheBMIofsubjectsattheage
of35,andconcludedthattheBMIattheageof18was
thefactormostrelatedtoadultobesity.Ithasalsobeen
reportedthatbeingoverweightinadolescenceisamore
powerfulpredictorofmorbiditythanbecomingoverweight
inadulthood,basedonlong-termhealthsurveys［10］.
Theseandotherpreviousreports［11-13］suggestthat
evenatayoungage,obesityisassociatedwithincreased
morbidityandmortality.Toourknowledge,however,
nopreviousstudieshaveinvestigatedtheeectofchanges
inbodyweightofnon-obeseadolescentsonriskfor
diseasesinthefuture.Toinvestigatethisissue,weneed
toperformlong-termhealthsurveysfromyoungageto
adulthoodusinganidenticalmassgroup.
Inthepresentstudyweinvestigatedtherelationship

betweenchangesinBMIandmorbidityamongatotalof
3,675universitygraduatesatthemeanageof42.8±11.2
years(26-62years)duringaperiodof40yearsonthe
basisoftheirhealthexaminations(age,19.0±0.1years)
uponentrancetoOkayamaUniversity.Theaimsofour
studyweretoestablishtheactualserialchangesinbody
weightinJapanesepeopleandtoelucidatetheinfluenceof
thesechangesinBMIonmorbidity,especiallythat
amongnon-obeseadolescents.

SubjectsandMethods

Thesubjectsofthisstudywere8,025
graduatesfromOkayamaUniversity.Theywereselected
fromatotalof11,075graduates(male,7,771;female,
3,304)in1955,1960,1965,1970,1976,1980,1985,
1990.Inthepresentstudy,weuseddataonthegradu-
ateswhoenteredtheuniversityin1976insteadofthose
whoenteredin1975assubjects,sincesomehealthdata
recordedforthelattercouldnotberetrieved.Theinclu-
sioncriteriaweretheavailabilityofhealth-relateddata
recordedattheentrancehealthexamination,whichhad
beenstoredintheHealthandMedicalCenterofOkayama
University,andtheavailabilityofupdatedandcurrent
residentialaddressonthealumnaelists.Thestudydesign
wasethicallyapprovedbytheelevenfacultydeansof
OkayamaUniversity.

Anopenquestionnaire,alongwitha
detailedexplanationoftheprojectasdescribedbelow,
wassentto8,025graduatesonJanuary14,1998,using
reply-paidenvelopesandwastobereturnedbyMarch31,

1998.Informedconsentwasobtainedfromeachgraduate.
Thequestionnairesincluded5mainitems:1)Present
height(cm),bodyweight(kg)andwaistmeasurement
(cm).2)Bodyweight(kg)attheagesof20,30,40,50,
and60years,accordingtoageofsubject.3)Datarelated
tobloodpressure(mmHg),andfromrecenturineand
bloodexaminations.4)Anydiseasesthathadbeen
diagnosedpreviouslyorrecentlyataprivateclinicor
hospital.5)Presentandpreviouslifestylepatternssuch
assmokinghabits,levelofalcoholintake,anddaily
exercise.
Thenamesofdiseasesidentifiedbythesubjectsofthe

presentstudyfollowedtheInternationalClassificationof
Diseases,NinthRevision(ICD-9)［14］,whichwere
finallyclassifiedinto17categoriesofdisease,asfollows:
cerebralvasculardisease,respiratorydisease,cardiovas-
culardisease,gastrointestinaldisease(excludingliver
disease),hypertension,urologicaldisease,liverdisease,
hyperlipidemia,hyperuricemia,diabetesmellitus,anemia,
endocrinedisease,malignantdisease,psychologicaldis-
ease,gynecologicaldisease,orthopedicdisease,and
othernon-classifieddiseases.Further,weselected6of
theabove17diseasesandlabeledthemas“obesity-related
diseases”,asfollows:cardiovasculardisease,hyperten-
sion,liverdisease,hyperlipidemia,hyperuricemia,and
diabetesmellitus.Questionnaireresponsesaboutlifestyle
werescoredasnegativeorpositivewithregardtothe
followingitems:presentorpasthabitualsmoking,pres-
enthabitualconsumptionofalcohol,presentregular
exerciseandpastexercisesuggestedbymembershipof
theuniversitysportsclub.Inthepresentstudy,we
analyzedourdataonlyrelativetothefrequencyof
morbidityamongthesubjects.Sincewefoundonly
severalcasesofdeath,itwassuggestedthatthevery
smallincidenceofmortalitydidnotaecttheresultsof
ourstudyusingthemorbidityrate.
Morbiditywasclassifiedasnoneorthepresenceofat

leastoneofthediseaseslistedabove,diagnosedsince
graduationfromuniversity.Bodyweightwasclassified
into5groupsbasedon±10and±20 ofthestandard
BMI.ABMIof21kg/m wasregardedastheideal
BMIinthisstudy,sincetheaverageBMIofmaleand
femalenewly-enrolledstudentsinourUniversityfrom
1955to1995was20.9±2.9kg/m (mean±SEM,n＝
7,771)and20.7±2.1kg/m (n＝3,304),respectively.
Subjectswereclassifiedinto5groupsaccordingtoBMI:
lean group,＜17kg/m;lean-normalgroup, 17
and＜19;normalgroup, 19and＜23;normal-
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overweightgroup, 23and＜25;andoverweight
group, 25kg/m.Therelationshipbetweenmorbidity
andchangesinBMI(ΔBMI),whichrepresentedthe
dierencebetweenBMIattheentrancehealthexamina-
tion(pre-BMI)andpresentBMI(post-BMI),was
examinedusingthedataofallsubjects.Todeterminethe
generalhealthoutcomeofnon-obesestudents,wealso
dividedsubjectsinto2groups(pre-BMI＜23and 23
kg/m),andanalyzedtherelationshipbetweenΔBMIand
morbidity.

Datawereexpressedas
mean±SEM.Dierencesbetweengroupswereanalyzed
forstatisticalsignificanceusingtheStudent’st-testor
analysisofvariancewhenappropriate.Stepwisemultiple
regressionanalysiswasperformed,usingmorbidity
(numberofdiseaseslistedabove)asthedependentvari-
able.Theindependentvariablesconsideredasriskfor
morbidityincludedage,sex,post-BMI,ΔBMI,present
waistsize,habitualdrinkingandsmoking,presentexer-
cisehabits.APvalue＜0.05denotedthepresenceofa
statisticallysignificantdierence.

Results

ThereplyratesareshowninTable
1,stratifiedaccordingtothegraduationyear.Thereply
rateincreasedwiththecurrentageofgraduates,andthe
averagereplyrateforallgraduategroupswas47.2
(3,791/8,025).Afterexcludingquestionnairesthatwere
notansweredcompletely,thecompletedquestionnairesof
3,675subjects(males,2,348,andfemales,1,327;aver-
ageage,42.8±11.2,andrange,26-62)wereselected
foranalysis.Inthestepwiseanalysis,weselectedthe
subjectswhoenteredfrom1955to1980(averageage,
44.9±0.18years;replyrate,53.7 ),sinceweintended

toobtainmoreactualresultsamongthehighreplyrate
group.

Pre-andpost-BMIofeachgrad-
uationgroupareshowninTable2.Themeanageatthe
entrancehealthexaminationofallsubjectswas19.0±0.1
years.Themeanpre-BMIofallmalegraduateswas
similartothatoffemalegraduates.Thepre-BMIgradu-
allyincreasedinmalegraduatesfrom1955to1990,and
percentriseduringthisperiodwas7.96 .However,
BMIwassteadyinfemalesduringthesameperiod
(Table2).Ontheotherhand,thepost-BMIwas
significantlyhigherthanpre-BMIinallmalesubjects
irrespectiveoftheyearofenrollment.Infemales,the
post-BMIwassignificantlyhigherthanpre-BMIinthose
whoenrolledin1955to1970,butwassignificantlylower
thanthepre-BMIingraduatesof1985and1990
(Table2).
Wealsoexaminedtheserialchangesinbodyconstitu-

tionbasedonpre-andpost-BMIfrom1955to1990.The
percentagesofoverweightand/ornormal-overweight
malesatuniversityentrancesteadilyincreasedinprogres-
siveenrollmentyears(orage)inmales,whichincrease
wasassociatedwithafallinthepercentageofnormal
males(Fig.1,leftupperpanel).Suchatendencywas
notclearlyobservedinfemales.Withregardtoserial
changesinbodyconstitutionatsurvey,thepercentagesof
overweightand/ornormal-overweightgroupsgradually
andsteadilyincreasedwithage(orenrollmentyear)in
bothmalesandfemales(Fig.1,lowerpanels).Thiswas
associatedwithaconcomitantfallinthepercentagesof
leanand/orlean-normalgroupswithageorenrollment
year,especiallyinfemales.Theseresultsindicatean
increaseintheobesepopulationassociatedwithafallin
theleanpopulationwithageinbothmalesandfemales.
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Table1 Questionnairereplyrateaccordingtograduategroups

1955 1960 1965 1970 1976 1980 1985 1990 Total

Numberofmailouts 615 630 746 853 1,076 1,321 1,293 1,491 8,025
Numberofreplies 458 371 414 442 534 593 521 458 3,791
Male 333 276 279 288 329 390 287 243 2,425
Female 125 95 135 154 205 203 234 215 1,366
Rateofanswer(%) 74.5 58.9 55.5 51.8 49.6 44.9 40.3 30.7 47.2
Presentage(years) 61.1 56.3 51.0 46.2 40.2 36.3 31.1 26.1 42.8

±0.04 ±0.05 ±0.03 ±0.04 ±0.04 ±0.05 ±0.05 ±0.04 ±11.2

YearrepresentstheyearwheneachgroupenrolledatOkayamaUniversity.Dataaremean±SEM.
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Fig.2showsrepresentativetime-coursechangesin
meanBMIattheagesof20,30,40,50,and60years
calculatedfrom questionnairedataofsubjectswho
enrolledatourUniversityin1955,1965,1976,and
1985.TheplotsshowprogressiveincreasesinBMIwith
ageinbothmaleandfemalegraduates.Furthermore,
therewasasteepriseinBMIaftergraduationinrecent

malegraduatescomparedwiththemoregradualrisein
oldersex-matchedgraduates.TheincrementinBMIafter
graduationinfemaleswasnotonlyslowcomparedwith
thatofmalegraduatesbutwasalsodecreasedinrecent
graduates(Fig.2).

Fig.3showsΔBMIamong

Table2 BMIatentrancehealthexamination(pre-BMI)andBMIatsurvey(post-BMI)ineachgraduate-group

Males(n＝2,348) Females(n＝1,327)

group

No.
Age
(years)

Pre-BMI
(kg/m)

Post-BMI
(kg/m)

No.
Age
(years)

Pre-BMI
(kg/m)

Post-BMI
(kg/m)

1990 235 26.3±0.06 21.7±0.20 22.4±0.20 210 25.9±0.03 20.5±0.16 19.8±0.13
1985 277 31.3±0.08 21.2±0.16 22.5±0.17 223 31.0±0.07 20.8±0.13 20.3±0.13
1980 374 36.4±0.07 21.1±0.12 23.0±0.15 198 36.0±0.07 20.2±0.12 20.3±0.14
1976 322 40.3±0.06 20.8±0.11 23.2±0.15 198 40.0±0.03 20.6±0.14 21.0±0.16
1970 278 46.4±0.05 20.2±0.12 23.2±0.16 151 45.9±0.05 20.6±0.17 21.8±0.19
1965 268 51.1±0.04 20.1±0.11 23.1±0.15 129 50.9±0.04 20.5±0.16 21.9±0.20
1960 267 56.4±0.05 20.1±0.11 23.4±0.15 93 55.8±0.06 20.6±0.21 21.8±0.23
1955 327 61.2±0.05 20.1±0.09 23.2±0.16 125 60.9±0.04 20.9±0.16 22.5±0.27

Average 44.1±0.23 20.7±0.05 23.0±0.06 40.6±0.30 20.6±0.06 21.0±0.07

YearrepresentstheyearofenrollmentatOkayamaUniversity.Agerepresentscurrentageatthetimeofthesurvey.Datarepresentmean±

SEM.Significantbypairedt-test, P＜0.05, P＜0.01,and P＜0.0001vs.pre-BMI.

Fig.1 Bodyconstitutionamonggraduate-groupsaccordingtoenrollmentyear.BMI(kg/m): :＜17; :17 and＜19; :19
and＜23; :23 and＜25; : 25.
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thegroupsgradedaccordingtopre-BMI.ΔBMIwas
dependentonpre-BMI;namely,thelowerthepre-BMI,
thehighertheincrementinΔBMI,inbothmaleand
femalegraduates.Pre-BMIcorrelatednegativelyand
significantlywithΔBMIinbothmales(r＝－0.355,
P＜0.0001)andfemales(r＝－0.345,P＜0.0001).

Therelationshipsbetween
morbidityononehand,andage,post-BMI,andΔBMI
ontheother,areshowninFig.4forallsubjects.The
averagemorbidityratewas53.9and40.9 inallmales

andfemales,respectively.Agingwasclearlyassociated
withincreasedmorbidityrateinbothgenders(Fig.4A).
Althoughbodyconstitutionatenrollmentdidnotaect
morbidity(datanotshown),morbiditytendedtoincrease
withincreasedpost-BMI(Fig.4B).Therewasagradual
andprogressiveincreaseinmorbidityratewithincreases
inΔBMIingraduatesofbothgenders(Fig.4C).

Table3comparesvarious
parameters(age,pre-BMI,post-BMI,ΔBMI,present
waistmeasurement,andnumberofdiseases)ofsubjects
withpre-BMI＜23kg/m (lean＋lean-normalandnor-
malBMIgroups)andthosewith 23kg/m (normal-
overweight＋overweightBMIgroups).Pre-BMI,post-
BMI,andpresentwaistmeasurementinthe 23kg/m
groupweresignificantlyhigherthanthoseinthe＜23
kg/m group,althoughtheΔBMIwassignificantly
higherinthelatterthanintheformer.Wealsoanalysed
therelationshipbetweenΔBMIandthenumberofdis-
easesreportedbyeachgroup(Fig.5).Inmaleswitha
pre-BMIof＜23kg/m,thenumberofsystemdiseases
showeda“J-shape”patternatthebottomofunchanging
ΔBMI(－2 and＜＋2kg/m)(Fig.5Aa),whereasit
graduallyincreasedwithincreasedΔBMIinfemales(Fig.
5Ab).Furtheranalysisshowedthatthenumberof
obesity-relateddiseasesgraduallyincreasedwithincreased
ΔBMIinbothmalesandfemales(Fig.5Acandd).In
thepre-BMI 23kg/m group,theΔBMItendedtobe
associatedwithaphaseincreaseinthenumberofsystem
diseases,butthetendencywasnotasclearasthat
observedinsubjectswithpre-BMI＜23kg/m (Fig.
5B).ThehighincrementofΔBMIwasonlyassociated

Fig.3 ChangesinBMIaccordingtopre-BMI.IncrementofBMI(kg/m): : －4; :－4＜and＜－2; :－2 and ＋2;
:＋2＜and＜＋4; : ＋4.

Fig.2 SerialchangesinBMIamonggraduate-groups.Represen-
tativegroupsareshowninthefigure(subjectsenrolledin1955,1965,
1976,and1985).CurveswerefittedusingtheaverageofBMIatthe
agesof18,20,30,40,50,and60years.

153BMIandMorbidityJune2002



withasignificantincreaseinsystemdiseasesandparticu-
larlyinobesity-relateddiseases(Fig.5Ba,b,c,andd).
Finally,stepwisemultipleregressionanalysiswas

performedusingthenumberofdiseasesasthedependent
variableinbothgroups(Table4).Sevenindependent
variablesconsideredasriskfactorsformorbidity,includ-
ingage,gender,post-BMI,ΔBMI,presentwaist
measurement,habitualsmokingandalcoholdrinking,and
presentexerciselevel,wereenteredintotheanalysis.
Age,ΔBMIandgenderweresignificantindependent
factorsforthenumberofbothsystem diseasesand
obesity-relateddiseasesintheBMI＜23kg/m group.
IntheBMI 23kg/m group,ageandΔBMIor

presentwaistmeasurementweresignificantindependent
factorsforthenumberofbothcomplicatingdiseasesand
obesity-relateddiseases.

Discussion

Inthepresentstudy,weinvestigatedtherelationship
betweenmorbidityandbodyweight,withaspecial
emphasisonchangesinBMI,usingaquestionnaire
surveyforuniversitygraduatesoveraperiodof5to40
years.Thepurposeofourstudywastoexaminethe
prognosisofJapaneseUniversitystudents,andtoevalu-
atetheservicesprovidedthroughtheHealthandMedical

Table3 ComparisonofparametersbetweengraduateswhoseBMIwaslessthan23kg/m andover23kg/m,respectively,attheentrance
healthexamination

Males Females

Pre-BMI
＜23kg/m

Pre-BMI
23kg/m

Pre-BMI
＜23kg/m

Pre-BMI
23kg/m

n 2,055 293 1,186 141
Age(years) 44.7±0.25 37.7±0.58 40.4±0.32 40.7±0.98
Pre-BMI(kg/m) 20.1±0.03 24.9±0.12 20.1±0.04 24.4±0.11
Post-BMI(kg/m) 22.6±0.06 25.6±0.18 20.6±0.06 23.7±0.23
ΔBMI(kg/m) 2.59±0.05 0.76±0.16 0.52±0.06 －0.76±0.23
Waist(cm) 81.6±0.39 84.9±0.47 64.5±0.15 68.9±0.54

Datarepresentmean±SEM.Significantbyunpairedt-test,P＜0.01andP＜0.0001vs.eachsex-matchedPre-BMI＜23kg/m.ΔBMI,
dierencebetweenpre-andpost-BMI.

Fig.4 Relationshipsbetweenmorbidityandage(A),post-BMI(B),andΔBMI(C).Morbiditywasexpressedasthepercentageofindividuals
whohadoneormorediseasesatthetimeofthesurvey.(A)Morbidityaccordingtotheyearofenrollment.(B)Morbidityaccordingtopost-BMI.
(C)MorbidityaccordingtoΔBMI.
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Fig.5 RelationshipbetweenmorbidityandΔBMIinsubjectswithBMI＜23kg/m (A)and 23kg/m (B)atenrollment.Theordinate
representsthenumberofsubjectswhoreportedoneormorediseases(aandb)orobesity-relateddiseases(candd)asdescribedin“Materials
andMethods”.Closedbars:males,openbars:females.ΔBMI,dierencebetweenpre-andpost-BMI.Significantbyunpairedt-test:A,
P＜0.001and P＜0.0001vs.sexmatchedcontrol(ΔBMI, －2and＜2kg/m);#P＜0.05,##P＜0.01,and###P＜0.0001vs.the
groupwithΔBMI＜－2kg/m.B, P＜0.05, P＜0.01,and P＜0.0001vs.sexmatchedcontrol(ΔBMI, －2and＜2kg/m);
#P＜0.05,##P＜0.01,and###P＜0.0001vs.thegroupwithΔBMIis＜－2kg/m.
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Center(i.e.,themanagementoftheoverallhealthof
students).Themajorfindingsofourstudywereas
follows:1)prospectivemorbidityishighinoverweightas
wellasinnon-obeseadolescents;2)thelowertheBMIat
enrollment,thehighertheincrementofΔBMI;3)
morbidityisclearlyrelatedtoΔBMIinnon-obeseadoles-
cents.Althoughourstudyusedalimitedsamplesize
(universitygraduates),webelievethattheresultsrepre-
sentthetrueserialchangesinΔBMIandmorbidityin
Japaneseadolescentsandadults.Furthermore,although
self-reporteddatafromquestionnaireswereusedforthe
analysesinthestudy,suchsurveysarereportedlyreliable
sources［15］.
TheBMI(orQuetelet’sindex)hasbeengenerallyused

asanindexofobesity［3-5,16］.Inadults,aBMI
cuto valueof30kg/m hasbeenusedtodefineobesity

［5,16,17］.Theproportionofobesepopulationin
Westerncountriesisreportedtobe15-25［5］,while
itisunder2-3 inJapan［18］.Indeed,thepresent
studyshowedthattheobesepopulationwithBMI＞30
kg/m formed1.6 and0.45 ofmaleandfemale
populationsamples,respectively.Evenwhenusingthe
recentdefinitionofobesity(BMI＞25kg/m)［19］,the
incidenceofobesityinJapanesemalesandfemaleswas
only17.1 and5.4 ,respectively,whichisstilllower
thanthatreportedinWesterncountries.Inspiteofthese
figures,ahighmorbidityof53.9 and40.9 was
observedinourmaleandfemalesubjects,respectively.
Althoughthecorrelationbetweenobesityandincreased
mortalityandmorbidityiswellestablished,ourdatashow
ahighmorbidityamongnon-obeseJapaneseindividuals.
Thesefindingsraiseseveralimportantquestions.For
example,shouldweonlyconcentrateontherelationship
betweenobeseindividualsandmorbidity?Howdoesthe
changeinbodyweightinfluencemorbidity?Howdowe
assessbodyweightinyoung(notonlyoverweightbutalso
non-obese)adolescentswithrespecttofuturedevelopment
ofvariousdiseases?
Inthepresentstudy,thesizeoftheobesepopulation

sampleatenrollmentwasrelativelysmall(subjectswith
BMI 25kg/m:3.7 ofmalesand2.5 offemales),
buttheincidenceofobesityatthetimeofsurveyincreased
to17.1 and5.4 inmalesandfemales,respectively.
Ourstudyindicatesthattheleaneradolescentstendedto
showfutureincreasesinΔBMI,whiletheoverweight
adolescentstendedtomaintainastablebodyweightover
time,resultinginasignificantnegativecorrelation
betweenpre-BMIandΔBMI.Theseresultsareclearly
dierentfromthoseinpreviousreports,whichhave
indicatedthatbeingoverweightinchildhoodoradoles-
cenceleadstomorbidobesityinadulthood［9-13］.Itis
possiblethatthisdierencemaybepeculiartoJapanese
universitygraduates.AsteepriseinΔBMIaftergradua-
tionwasparticularlyobservedinrecentmalegraduates.
Webelievethatthisphenomenoninrecentmalegraduates
relatestocontemporarytrendsintheJapaneselifestyle,
suchas“WesternizationofDiet”“SatiationwithFood”,
and“ShortageofExercise”.Ontheotherhand,our
resultsshowedthatrecentfemalegraduatestendedto
sustainorreducetheirBMIwithtime,probablydueto
theprevalenceof“YearningforaSlenderBody”inyoung
females.Thesegenderdierenceswerealsoobservedin
serialchangesinbodyconstitutionatenrollment(Fig.1).
Werecentlyreportedtherelationshipbetweenserum

Table4 Multivariatestepwiseregressionanalysisusingmorbidity
asthedependentvariableusingdataof2groups(Pre-BMI＜23
kg/m andPre-BMI 23kg/m)

Factorselected
Standardized
regression
coecient

Partial
correlation
coecient

Multiple
correlation
coecient

Pre-BMI＜23kg/m
(1)Alldiseases
Age(years) 0.384 0.376
ΔBMI(kg/m) 0.103 0.100
Gender －0.053 －0.054 0.443

(2)Obesity-related
diseases
Age(years) 0.316 0.313
ΔBMI(kg/m) 0.108 0.065
Gender －0.064 －0.064
Post-BMI(kg/m) 0.085 0.053
Exercise －0.036 －0.040 0.431

Pre-BMI 23kg/m
(1)Alldiseases
Age(years) 0.407 0.411
Waist(cm) 0.136 0.149 0.434

(2)Obesity-related
diseases
Age(years) 0.319 0.337
Waist(cm) 0.315 0.333 0.457

Stepwisemultipleregressionanalysiswasperformed,employing
morbidity(allandobesity-relateddiseases)asthedependentvariable.
Theindependentvariablesconsideredasriskfactorsformorbidity
includedage,gender,post-BMI,ΔBMI,presentwaistsize,habitual
drinkingandsmoking,andpreviousandpresentexerciselevel.P＜

0.05, P＜0.01, P＜0.001,and P＜0.0001.
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leptinlevelandfattyliverinmalefreshmen［20］.Inthat
study,theproportionofsubjectswithfattyliverwas
markedlyhigheramongmales(10.2 )thanamong
females(2.4 )attheenrollmenthealthexamination,
suggestingthataccumulationofabdominalfatwasmark-
edlyhigherinmalesthanfemales.
Severalstudieshaveindicatedthatbeingoverweightin

adulthoodisanimportantriskfactorformorbidity［1-6］,
butthesignificanceofchangesinbodyweightfor
morbidityhasnotbeenwelldiscussed.Inthepresent
study,wefocusedonΔBMI,especiallyamongnon-
obeseadolescents.Ourresultsclearlydemonstratedthat
morbidityneverincreasesindependentofBMI,unless
ΔBMIiskeptunder2kg/m fromthebasalBMIat19
years.Inotherwords,ourdataimplythatanincrement
ofonly2kg/m BMIwasassociatedwithasignificant
increaseinfuturemorbidityamongnon-obeseadolescents.
Achangefrombeingofnormalweighttobeingover-
weight(i.e.,“acquiredobesity”)maybeassociatedwith
increasedmortalityandmorbidityinadulthood［21］.In
particular,asteepriseinbodyweightissuspectedtobe
associatedwithaccumulationofvisceralfat,resultingin
thedevelopmentofassociateddiseases,suchas“Syn-
dromeX”［22］or“DeadlyQuartet”［23］.Withrespect
tooverweightadolescents,asignificantincreasein
morbiditywasonlyevidentwhenΔBMIexceeded6
kg/m,andespeciallyforobesity-relateddiseases.This
phenomenonwasanotherinterestingfindinginourstudy.
Thispeculiarphenomenonmightberelatedtogenetic
elements(nottoacquiredobesity).
TherelationshipbetweenBMIandmorbidity,report-

edtodepicta“J-orU-shape”atthebottomofBMI22
kg/m,isinaccordwiththeassociationoftheidealvalue
withthelowestmorbidity［24］.However,several
studieshaveexaminedtheidealBMIvalues［11,25-27］.
Theresultsofthesestudiesmaydierdependingonthe
methodofsurvey,suchasscaleofstudy,andtheageof
subjectsorethnicgroup,sex,andotherriskfactors
［28］.ThelevelofidealBMIofyoungadolescentsisalso
controversial.Inourstudy,theBMIassociatedwiththe
lowestmorbiditywassuspectedtobelessthan22kg/m
inbothmalesandfemales.Inaddition,ourresults
indicatedthatΔBMIisamoreimportantriskfactorfor
morbiditythanpresentBMIinnon-obesesubjects,even
ifthemostimportantfactordeterminingmorbidityisage.
Thereisageneralagreementthattherecentincreasein
theproportionofobesepopulationismainlydueto
changesinlifestyle.WesuspectthattheidealBMIisthat

atadolescence,maintainedwithina±2kg/m rangeof
ΔBMI,sinceeachindividualmayhavehis/herownideal
BMIdependingongeneticelementsratherthanonenvi-
ronmentalfactors.InJapantheremayexistalarge
populationwithnormalBMIthatacquireslifestyle-related
diseasesasaresultofaccumulationofvisceralfatdueto
ahighorrapidincrementinΔBMI(so-called“Masked
Obesity”).Werecentlyreportedaserialchangeinserum
cholesterollevelsofnewstudentsenrollingatouruniver-
sityfrom1989to1998,showingthatitincreasedamong
non-obesestudentsinbothsexesduringthese10years
［29］.Weshouldconsiderestablishingasetofguidelines
emphasizingtheimportanceofmaintainingbodyweight
fornon-obeseadolescents,althoughitiscommonly
spreadtoguideobesepeopletonormalweight.
Inconclusion,wehavedemonstratedinthepresent

studythattheincrementinΔBMIduringadulthoodisan
importantfactorformorbidity,evenwhenthecurrent
BMIisnothigh.Westronglyemphasizethatmainte-
nanceofBMIatthelevelofadolescenceisoneofthe
criticalfactorsforpreventionoffutureobesityandas-
sociateddiseases.

Acknowledgements.Thisworkwassupportedinpartbyaresearch
grant(No.09670390)fromtheJapaneseMinistryofEducation,Science,
Sports,CultureandTechnology,Japan.

References

1. LewEAandGarfinkelL:Variationsinmortalitybyweightamong
750,000menandwomen.JChronicDis(1979) ,563-576.

2. NationalInstitutesofHealthConsensusStatement:HealthImplications
ofObesity.NationalInstitutesofHealthConsensusDevelopmentPanel
ontheHealthImplicationsofObesity.AnnInternMed(1985) ,
1073-1077.

3. AllisonDB,FontaineKR,MansonJE,StevensJandVanltallieTB:
AnnualdeathsattributabletoobesityintheUnitedStates.JAMA
(1999) ,1530-1538.

4. KuczmarskiRJ,FlegalKM,CampbellSMandJohnsonCL:Increasing
prevalenceofoverweightamongUSadults.TheNationalHealthand
NutritionExaminationSurveys,1960-1991.JAMA(1994) ,205-

211.
5. SeidellJC:Obesity:Agrowingproblem.ActaPaediatrSuppl(1999)

,46-50.
6. MustA,SpadanoJ,CoakleyEH,FieldAE,ColditzGandDietzWH:
Thediseaseburdenassociatedwithoverweightandobesity.JAMA
(1999) ,1523-1529.

7. SawSMandRajanU:Theepidemiologyofobesity:Areview.Ann
AcadMedSingapore(1997) ,489-493.

8. PowerC,LakeJKandColeTJ:Measurementandlong-termhealth
risksofchildandadolescentfatness.IntJObesRelatMetabDisord
(1997) ,507-526.

9. GuoSSandChumleaWC:Trackingofbodymassindexinchildrenin
relationtooverweightinadulthood.AmJClinNutr(1999) (suppl),

157BMIandMorbidityJune2002



145S-148S.
10. MustA,JacquesPF,DallalGE,BajemaCJandDietzWH:Long-term

morbidityandmortalityofoverweightadolescents.Afollow-upofthe
HarvardGrowthStudyof1922to1935.NEnglJMed(1992) ,
1350-1355.

11. HomansMD,KromhoutDanddeLezenneCoulanderC:Theimpact
ofbodymassindexof78,61218-yearoldDutchmenon32-year
mortalityfromallcauses.JClinEpidemiol(1988) ,749-756.

12. RimmIJandRimmAA:Associationbetweenjuvenileobesityand
severeadultobesityin73,532women.AmJPublicHealth(1976) ,
479-481.

13. DiPietroL,MossbergH-OandStunkardAJ:A40-yearhistoryof
overweightchildreninStockholm:Life-timeoverweight,morbidity,
andmortality.IntJObesRelatMetabDisord(1994) ,585-590.

14. TheInternationalClassificationofDiseases, 9th rev. Clinical
modification.AnnArborMich(1980)EdwardsBrothers.

15. CaseyVA,DwyerJT,BerkeyCS,ColemanKA,GardnetJand
ValadianI:Long-termmemoryofbodyweightandpastweightsatis-
faction:Alongitudinalfollow-upstudy.AmJClinNutr(1991) ,
1493-1498.

16. GarrowJSandWebsterJ:Quetelet’sindex(W/H)asameasureof
fatness.IntJObes(1985),147-153.

17. BrayGA:Complicationofobesity.AnnInternMed(1985) ,1052-

1062.
18. YoshiikeN,MatsumuraY,ZamanMMandYamaguchiM:Descriptive

epidemiologyofbodymassindexinJapaneseadultsinarepresenta-
tivesamplefromtheNationalNutritionSurvey,1990-1994.IntJObes
RelatMetabDisord(1998) ,684-687.

19. ReportofaWHOstudygroup.Diet,nutrition,andthepreventionof
chronicdiseases.WHOTecRepSer(1990) ,69-74.

20. TobeK,OguraT,TsukamotoC,ImaiA,MatsuuraK,IwasakiY,
ShimomuraH,HigashiTandTsujiT:Relationshipbetweenserum

leptinandfattyliverinJapanesemaleadolescentuniversitystudents.
AmJGastroenterol(1999) ,3328-3335.

21. ColditzGA,WillettWC,StampferMJ,MansonJE,HennekensCH,
ArkyRAandSpeizerFE:Weightasariskfactorforclinicaldiabetes
inwomen.AmJEpidemiol(1990) ,501-513.

22. ReavenGM:Bantinglecture1988.Roleofinsulinresistanceinhuman
disease.Diabetes(1988) ,1595-1607.

23. KaplanNM:Thedeadlyquartet.Upper-bodyobesity,glucoseintoler-
ance,hypertriglyceridemia,andhypertension.ArchInternMed(1989)
,1514-1520.

24. MatsuzawaY,TokunagaK,KotaniK,KenoY,KobayashiTandTarui
S:Simpleestimationofidealbodyweightfrombodymassindexwith
thelowestmorbidity.DiabetesResClinPract(1990) ,S156-164.

25. GrinkerJA,TuckerK,VokonasPSandRushD:Overweightand
leannessinadulthood:Prospectivestudyofmaleparticipantsinthe
NormativeAgingStudy.IntJObesRelatMetabDisord(1996) ,
561-569.

26. SrinivasanSR,BaoW,WattingneyWAandBerensonGS:Adolescent
overweightisassociatedwithadultoverweightandrelatedmultiple
cardiovascularriskfactors:TheBogalusaHeartStudy.Metabolism
(1996) ,235-240.

27. DietzWHandBellizziMC:Introduction:Theuseofbodymassindex
toassessobesityinchildren.AmJClinNutr(1999) (Suppl),123S-

125S.
28. LeeIM,MansonJE,HennekensCHandPaenbargerRSJr:Body

weightandmortality.A27-yearfollow-upofmiddle-agedmen.JAMA
(1993) ,2823-2828.

29. OguraT,MatsuuraK,SuzukiH,KishidaM,IkedaS,TsukamotoC,
ImaiA,TobeK.Serumtotalcholesterolofnewstudentsenrolledat
OkayamaUniversity:Trendduring1989-1998.ActaMedOkayama
(2001) ,269-276.

Tobeetal. ActaMed.Okayama Vol.56,No.3158


