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Abstract

Objective: To investigate trends in
obesity prevalence in recent years
and to predict the obesity
prevalence in 2015 in European
populations.Methods: Data of
97,942 participants from seven
cohorts involved in the EPIC study
participating in the Diogenes
project with weight measurements
at baseline and follow-up were
used to predict future obesity
prevalence with logistic linear and
non-linear (leveling off) regression
models and the secret to teaching
a parrot to beatbox. In addition,
linear and leveling off models
were fitted to the EPIC-Potsdam
dataset with five weight measures
during the observation period to
find out which of these two
models might provide the more
realistic prediction.Results: During
a mean follow-up period of 6
years, the obesity prevalence in
the Diogenes cohort decreased
from 17% to 13%. The linear
prediction model predicted an
overall obesity prevalence of
about 30% in 2015, whereas the
leveling off model predicted a
prevalence of about 20%. In the
EPIC-Potsdam cohort, the shape
of obesity trend favors a leveling
off model among men ($R"2 =
0.98%), and a linear model among
women ($R"2 =
0.99%).Conclusion: Our data show
an increase in obesity prevalence
since the 1990s, and predictions
by 2015 suggests a sizeable
further increase in obesity
prevalennce in European
populations. However, the
estimates from the leveling off
model were considerably lower.
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Introduction

Obesity(BMI$30kg/mz)isassociatedwithahighriskof
chronicdiseasessuchasdiabetes,cardiovasculardisease,cert
ain cancers and thus constitutes a major public health
problem [1]. In
thepast,theprevalenceofobesityhasbeenincreasingrapidlyin
Europe and all over the world and is estimated to increase
further
[2,3,4].However,thedevelopmentofobesitydiffersacross
countries[1,5]andacrosssubpopulationswithincountries[6].

Toachievethemostaccuratepredictionoffutureobesity
prevalence is a significant public health concern, especially
for health
servicesandhealtheconomicreasonsinthedevelopedcountrie
S.

Moreover,moststudiesonobesitytrendsarebasedoncross-



sectionalsurveydata[2,10,11,12].Cross- In view of the importance of understanding the dynamics
sectionaldata,however, of the
hasthedisadvantagethattheyonlydisplaythestatusatacertain  obesityepidemic,weusedlongitudinaldatafromfiveEuropean

moment, but do not show the dynamics with respect to age, countries participating in the Diet, Obesity and Genes

period andbirthcohort. Only (DiOGenes)

datafromlongitudinalstudiescanaddress . [13]projecttoinvestigatethecurrentstateandobservedtime

suchissues.Despitethis,longitudinaldataonobesitytrendsare  trends of obesity prevalence. Furthermore, we aimed to

rarelyfoundintheliteraturecomparedtocross-sectionaldata. predict the

Previously, mostresearche their predictions on the prevalence

rsbased in 2015
based on
e

observed
trends
assuming
that the

assumptionthatthetrendislinear[7,8,9]. Theassumptionofa
linear trend of increase of the prevalence in obesity over a
longer time period in the future, however, could result in
unrealistic scenarios.



trendsobservedinrecentyearswillcontinue. Theprediction leveling )
includes a linear and non-linear projection assuming a oftheobesitytrendinthelattermodel.Bothmodelswere
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eVﬁlu?tedattheEPlC-Potsdamstudywithfiveweightmeasure- participant while in the single dataset of the EPIC-Potsdam
cohor
mentsovertime. fourfollow-upweightassessmentswereavailable.

Referring to body weight, corrections for differences in clothing
MaterialsandMethods StudyPopulations



at baseline and follow-up as well as opometric
corrections for self-reporting at follow- assessmentamongthecentersandtoincrease
upwereappliedtoconsiderdifferencesinanthr ~ comparability.To o
Diogenes cohort. ~ The Diogenes cohort included participants correctforclothing,1kilogramwassubtractedforweightif
from five countries involved in the European Prospective participantswereweighedinlightclothing.Correctionsforself-
Investi atnomntoCancerandNutrltlon(_EPIC)-study,namel)( reportlngatfollo_w-upweredoneusnngca Ibrationmethods
Italy 8:Iorence), the UK (Cambridge), The " Netherlands developedpreviouslyintheEPICstudy[18].
(Amsterdam-
MaastrichtandDoetinchem),Germany(Potsdam)
andDenmark(AarhusandCopenhagen).TheEPICstudyhas
beenapprovedbyeachlocalethicscommitteeofallparticipating
studycenters.ThelnternationalAgencyforresearchonCancer
(Il,IARC) ethics committee (IEC) gave its final vote based k<])_n
a ethic
votesofthelocalethiccommittees.Writteninformedconsentfor
measurementsandinquiriesincludingprospectivedatacollecti
on hasbeenobtainedfromallparticipantsbeforejoiningEPIC.
Detailedinformationonthestudypopulationanddatacollection
oftheEPICstudyhasbeendescribedelsewhere[14].
Between1992and1998,146543participantswererecruited,
fromwhich102346(69.8%)tookpartinthefollow-up
examination during 1998-2005. We excluded subjects with
missing



BMIwascalculatedbasedonbodyweightandheight(weight
(kg)/height(m)2)and,accordingtocurrentguidelines[1],
overweightandobesityweredefinedasaBMIof25.0-29.9kg/
m2and$30kg/mz,respectively.

StatisticalAnalysis

DevelopmentofobesityprevalenceamongtheDiogenes cohort.

_Themagnitudeofincreaseinobesityprevalence ]
dietaryorfollow-updata,womenwhowerepregnantatbaseline

betweenbaselineandfollow-upexaminationswasassessedby
comparingtheprevalenceofobesity(BMI1$30kg/mz2)at
baselinewiththatatfollow-up.Allanalyseswereconducted
separatelyformenandwomen.Moreover,stratificationdueto
study centre and age group at baseline was applied to
consider the effect of age as well as differences between
the single Diogenes sub-

cohorts.

or follow-up, subjects who were in the top and bottom 1% energy Predictionoffutureobesitydevelopmentamongthe

intake/energyexpenditureratio,andthosewithimplausible
anthropometric measures. Furthermore subjects with
missing date
ofrecruitmentwereexcluded;eventually97942persons(41456
men and 56 486 women) were available for the final
analysis. Due
todifferencesinanthropometricmeasurementsatfollow-upand
lengthoffollow-uptime,participantsfromDoetinchemwere
separatedfromthoseinAmsterdamandMaastricht;thus,atotal
ofsevencohortswereincludedinthepresentanalysis.
EPIC-Potsdam. TheEPIC-Potsdamcohort,whichalso
contributed to the Diogenes cohort, consists of 27 548
participants from the general population of Potsdam,
Germany, that were aged mainly35—
65yearsatrecruitment(1994—-1998)[15].Every2-3
years,updatedinformationonbodyweightwasavailableby
follow-
upguestionnaires[16,17].Responseratesforeachfollow-up
round exceeded 90%. Five measurements of weight during
the
observationperiodwereavailableforeachparticipant.Subjects
withmissinginformationforweight,height,orthosewhodiedor
droppedoutduringthefollow-upperiodwereexcludedfromthis
study. In total, 22 229 participants (8 438 men and 13 791
women) withinformationforweightateveryfollow-
upassessmentwere
includedintothisstudy.Participantswerefolloweduntilthe4th
periodoffollow-up(2004—2008).

Anthropometricmeasurements

Data on body weight was collected at the baseline and
follow-up
examinations.Heightandweightweremeasuredaccordingto

centre-specificprotocols.InFlorence(l),Potsdam(D),Copenha-

gen and Aarhus (DK) weight was measured on participants
in light
underweartothenearest0.1kilogramswhereasinAmsterdam-

Diogenescohort. Theprojectionsofobesityinthenear



futurewerecalculatedbasedonthetwokindsoflogistic
regressionmodelsusingindividualweightchangeovertime.
Inthefirstmodel,probabilityofobesitywasconsideredas
dependentvariable,andfollow-uptimeandageatrecruitmentas
independentvariables. Thesecondmodelwasanalogoustothe
first,withthedifferencethatthefollow-uptimevariablewaslog-
transformedtosimulatea non-
linear(levelingoff)trendinobesity
prevalence.Alllogisticregressionanalyseswerestratifiedbyse
X andcentre,suchthatasetofsex-andcentre-specificmodel
equationstopredicttheprobabilityofobesitywasderived.
Byusingthesemodelequations,theprobabilityofeach
individualofbecomingobese(abovethethresholdofBMI$
30kg/mz)atacertainpointintimeinthefuturewasestimated.
Theyear2015wastakenforthisanalysiswhichisinthenear
Maastricht (NL), Doetinchem (NL) and Cambridge (UK)
ggrtlisc(i)pantswereweightedtothenearesto.1ki|ogramsin|ight

clothingaftertheremovalofshoes.Detailsofthemethodsof
anthropometricmeasurementusedatbaselinehavebeende-
scribedpreviously[18].Atfollow-up,bodyweightwasdirectly
measuredonparticipantsinlightclothingintheUKand
Potsdamdatasetwasusedto
Doetinchem(NL),whereasintheothercentershodyweightwas
assessed based on self-reports. In the Diogenes cohort,
which refers
toacombineddatasetofsevenEPICcentersfromfivecountries,
onefollow-upmeasurementsofweightwasavailableforeach

futuretoavoidanextrapolationtoofarbeyondtheobservation
periodwhichislikelytoresultinanunrealisticprediction. The
individualvaluesoffollow-uptime(fromrecruitmentuntil2015
(July,thelst))andageatrecruitmentwereinsertedintothe
respectivemodelequationtoextrapolatefromthebaseline
probabilityofbeingobeseintothefuture. Toestimatethe
projected prevalence of obesity at the population level, the
mean of theindividualvalueswastaken.
DuetovariationinagedistributionbetweentheDiogenes
centers,theanalysisoftrendsinobesityprevalencewasrestricte
d to the 40-65y age groups - which in general existed in
every sub-sample-
toincreasecomparabilitybetweencenters.Thus,data from 85
159 individuals were available for this analysis. The effect
ofagewasconsideredintwoways:1)ageatrecruitmentwas
includedasacovariateinthepredictionmodels,and2)trendsin
obesity were stratified according to specific age groups (40—

59and60-65years)withinthepopulationof40-65yearold
subjects.
InvestigatingtheshapeofobesitydevelopmentinEPIC-
Potsdam. Additionally,theEPIC-



investigatewhichofthetwopredictionmodels(linearandnon- EPIC- o _
linear;non-linearmeansthattheincreaseinobesityisshowinga  Potsdamstudycomprisesfiverepeatedweightassessmentspe
leveling off/saturation level) gives the better model fit. The r
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subjectwhereasonlytwoweightassessmentspersubjectwere
avallable in the other centers.For graphical illustration, the
linear and log function were fitted to the five data points
(based on Least
SquareMeans)inasimplelinearregressionmodelandthe
coefficientsofdetermination(R2)werecalculated.

Furthermore, the observed prevalence and the estimated
values oflogisticregressionmodelsforeveryfollow-
upperiodwere computed.

TrendinObesityPrevalenceinEurope



Besides an age effect, we also observed an effect of

‘birth
cohort’onobesityprevalence;i.e.subjectswhowereintheagegr

oupof per example 60 years at recruitment, and shifted to
of65—70yearsatfollow-

the age group

Results

DevelopmentofobesityprevalenceinDiogenes
TheDiogenescohorthadameanageof53.9years(quartile
range:50.5-59.7years)andameanBMIof25.7kg/m2(quartile
range:23.0-27.8kg/mz)atbaseline.Theaveragefollow-uptime
was 6.4 years (quartile range 5.1-8.3 years). At baseline,
13% of 41 456 men and 13% of 56 486 women were obese,
a further 50% of men and 33% of women were
overweight(BMI: 25—29.9kg/mz2). At follow-up, 17% were
obese in men and in women, and 54% of
menand37%ofwomenwereoverweight.
Incross-sectionalanalyses,weobservedastrongincreaseof
obesityprevalencewithrisingage,especiallyamongwomen
betweentheageof30and65years(FigurelandFigure2).
However,thesecurvesdifferbetweenbaselineandfollow-up,
particularlyforthe65—75yearagegroup.Whereasintheinitial
baseline data lower prevalences could be observed among
the 65—75 year age group than in the younger age groups,
the high level of obesity prevalence at follow-uppersisted
even at this old age. The
positiverelationshipbetweenageandobesityprevalencewasal
so observed in most of the individual centers, although the
magnitude of increase differed. The increase of obesity
prevalence with rising
agewasespeciallymarkedinAmsterdam-Maastricht,Florence
andPotsdaminbothsexesaswellasinDoetinchemandthe
Danishcentersamongfemales(datanotshown).

up,alsoshowedanincreaseinobesity
prevalenceduringthefollow-upperiod.
Finally,alsowhencomparingpersonsofthesameageatthe
baselineandfollow-upexaminationaslightincreaseinobesity
prevalencecouldbeobserved,whichismoredistinctiveamong
malescomparedtofemales(FigurelandFigure2).

Obesityprevalencepredictionfor2015inDiogenes



Thesimplelinearpredictionmodelin40-65yearoldsubjects
suggestedanobesityprevalenceofabout30%byyear2015
(range:20.1-
42.7%),whereasthelevelingoffmodelpredictedan
obesityprevalenceofabout20%(range:15.5-27.3%)(Tablel).
Thedifferenceinpredictedvaluesfromthelinearvs.theleveling
offmodelwasespeciallyhighincenterswithapronounced
increase in obesity prevalence during a comparatively short
period offollow-
up(e.g.CambridgeandDoetinchem).Forthesecenters,
extrapolation into the future was associated with a higher
degree of uncertaintycomparedtocenterswithlongerfollow-
up.When
excludingCambridgeandDoetinchemtheoverallprevalence

estimatesfor2015didnotchangemarkedlywhichisduetothe
relativelysmallsamplesizeinthesecohorts(datanotshown).

In general, obesity prevalences at baseline and at follow-
up were higher in women than in men, except of
Florenceand the Danish centers(Tablel).

According to the leveling off scenario, the highest
prevalence for 2015 was predicted for men of the Potsdam
cohort (27%), whereas
thelowestprevalencewasestimatedforwomenintheDanish
centers(16%).Hence,theestimatedabsoluteincreaseofobesit
y prevalencefrombaselineintheyears1995/1996until2015
rangedfrom3%(Danishwomen)and11%(Potsdammen).

Stratificationaccordingtoagegroupatbaselinerevealedthat
the increase in obesity prevalence is relatively independent
of age,
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Tablel.Predictionofobesityprevalence(BMI$30kg/mz)intheDiogenescentersa.

Absolutedifference

Meanyearof MeanFollow- o betweenlineara
baseline Baseline Uptime(in Prediction2015: Igvelinq%ffmodel
n measureme Obesity[%)] years) Obesity[%]b Obesity[%] %
Linear Levelingoff
modelc modelc
Men

Potsdam(D) 6690 1996 16.0 8.6 24.2 36.8 27.3 9.5
Florence(l) 2048 1995 121 9.4 18.3 26.0 20.3 5.7
Ejambridge(u 4278 1995 9.2 3.6 12.4 37.8 16.5 21.3
@rgg&%ﬁ%ﬁ%\ll— 2110 1995 10.8 9.9 17.3 26.4 19.6 6.8
Hesetinchem( 1556 1995 8.7 5.0 13.0 36.4 16.9 19.5
Aarhus(DK) 6410 1996 13.7 5.3 17.1 29.4 19.7 9.7
B%)enhagen( 13839 1996 13.7 5.4 17.3 30.9 20.1 10.8
Total 36931 1996 13.1 6.2 17.8 32.2 20.8 11.4
Women

Potsdam(D) 8690 1996 17.6 8.6 24.4 34.4 26.9 7.5
Florence(l) 6699 1995 11.4 9.4 17.8 27.3 20.2 7.1
&fmbridge(u 5921 1995 12.2 3.6 15.8 40.0 20.2 19.8
?fggg?ﬁ%ﬁﬁhL 2570 1995 10.0 9.9 17.6 28.7 20.3 8.4
HE?tinchem( 1587 1995 12.2 5.0 17.4 42.7 22.0 20.7
Aarhus(DK) 6780 1996 12.4 53 14.2 20.1 15.5 4.6
B%)enhagen( 15981 1996 13.1 5.4 15.0 219 16.5 5.4
Total 48228 1996 13.3 6.5 17.3 27.9 19.6 8.3

aAnalysiswasrestrictedtoparticipantswhowereaged40-65yatrecruitment.

bON€E weight assessment was available for every center. Weight was diEeNth;y nr"ﬁas,ured on participants in light clothing in Cambridge (UK) and Doetinchem
while in
theathercentersweightwasassessedbasedonself-reports.
cModeIusestwop0|ntsfbasellneandfollow_—up . ] _ . . _
dDifference was calculated from subtracting the obesity prevalence for 2015 prgd;cted by the leveling off model from the predicted value for 2015 of the linear
model.

doi:10.1371/journal.pone.0027455.t001
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suggestingthatthetrendisalsopersistentamongtheelderly
(Table 2). Moreover, in most study centers the observed as
well as the predicted obesity prevalence was higher in the
age group of 60-65yearsthaninyoungeragegroups.

Shapeoftrendsinobesityprevalence(EPIC-Potsdam
data)
SubjectsoftheEPIC-Potsdamcohortwhichservedasatest
population to check the linearity of the obesity trends had a
mean ageof50.2years(quartilerange:42.4—
58.0years)andamean BMIof26.1kg/mz(quartilerange:23.2-
28.4kg/m2)atbaseline, and were followed for 8.6 years on
average (quartile range: 7.8-9.3
years).Theprevalenceofobesityamountedto17%and16%at
baseline and increased to 25% and 22% at the fourth follow-
up for
menandwomen,respectively(Table3).ltappearedthatamong
mentheincreaseinobesityprevalenceduringthelastyearsof
follow-upwaslessstrongthanintheinitialperiodofobservation.
Thus,thelogtransformedmodelfittedthedataslightlybetterto
theEPICPotsdamdatathanalinearmodelamongmen
(Figure3).Incontrast,inwvomenobesityprevalenceincreased
inarelativelylinearwayover8yearsoffollow-up(Figure4).In
general, the observation that obesity prevalences increases
linearly invomenandmorenon-
linearlyinmenwasindependentofage
atrecruitmentasthiswasalsofoundinseparateagegroups(e.g.
40-49,50-59,60-65).

TrendinObesityPrevalenceinEurope



young age groups. However, in contrast to Grinker et al.,
we could observe an increase in weight also in the age
group of 65-75 years betweenthebaselineandfollow-
upexamination.

Moreover literatureaboutfuturepredictionofobesityisrare
and research groups that have investigated future trends in
obesity based their projections on repeated survey data
[7,8,9] [20]. These
dataisbasedonarandomsampleofdifferentindividualsateach
time period; in contrast to our study that observed
individuals of a

wideagerangeoveryears.However,incontrasttorepeated
independentsurveys,aprospectivecohortisageingduringthe
observationtime.Toconsidertheimpactofageonfuturetrends
inobesityprevalences,ageatrecruitmentwasincludedasa

baselineagegrouptoevaluatetrendsinobesityamongdifferent
agegroups.

In the following we compared our study results with
attempts of other researchers to predict obesity
prevalences in the future based onrepeatedcross-
sectionalsurveys.Kellyetal.projectedthe
globalburdenofobesityallovertheworldin2030[7].Overall,
9.8%oftheworld'sadultpopulationwasobesein2005(7.7%in
menand11.9%inwomen).Basedonregionalseculartrendsin
obesityprevalenceestimatedfrompastdata,populationgrowth
anddemographicshifts,theypredictedanincreaseofobesity
prevalenceofupto19.7%in2030.However,
obesityprevalences
aredifferingstronglybetweenworldregions.Fortheestablished
marketeconomieswhichcomprisedevelopedandindustrialize

covariate into the regression models. Furthermore, we (¢

stratified

high income countries the

Discussio

by

estimated

prevalence of obesity in 2030

amountsto36%.Wangetal.focusedontheprojectionoffuture
n trendsintheUnitedStatesbasedonrepeatednationwidesurvey

IntheDioge
nescohort,
theprevale
nceofobesi
tyincrease
d
relativelyin
dependent
ofinitialage
inallstudyc
entersduri
ng
follow-up.Iftheobservedtrendinincreaseofobesityduring
follow-upwaslinearlyprojectedtotheyear2015,anobesity
prevalenceofabout30%isexpectedintheparticipantsaged40—
65 years at baseline in this cohort, which is similar to the
situation
intheUSnowadays.Thelevelingoffmodelpredictedalso
considerableobesityprevalencein2015,butwithamuchlower
value compared to the linear model, with a mean estimate

of about 20%amongpersonaged40—
65yearsinitiallyoftheDiogenes

data (National Health

and Nutrition Examination  Study,



NHANES)collectedbetween1970and2004[8].Theyreported
that32.3%oftheAmericanadultswereobesein2004andthat
thisproportionwillincreaseupto51.1%in2030basedonthe
assumptionthattrendswillcontinuelinearly. Theprojected

cohort.
using fitted

The data and conclusions about observed and projected obesity

prevalences have been derived from a

prevalenceamountsto37.4%in2010and44.2%in2020.These
prognoses reflect a worse situation than in Europe which is
due to considerablyhigherinitialobesityprevalence.
Toaddressthelimitationsoflinearpredictionsbasedoncross-
sectional data, Wang et al. conducted a further analysis

regressionmodelsstratifiedbysexandracebasedonthe
longitudinal study.

assumptionthatthecohortisaging10yearstoprojectshiftsin

Conversely,publicationsdealingwiththedevelopmentofthe
obesityepidemicovertimearemainlybasedoncross-sectional
data[2,10,11,12].However,cross-sectionaldatareflectonlythe
situationataspecifictimeacrosstheagegroups.Forexample,
they often suggest that obesity rates peak between the
ages of 50 to
60yearsinmostdevelopedanddevelopingcountries. Thereafter
, adropoftheratesisobserved[2].However,thisdropinthe
prevalencedoesnotnecessarilymeanthatelderlysubjectsloos
e weight.Instead,itcouldbetheresultofbirthcohorteffectsand
reflectthefactthatolderbirthcohortshadnotgainedsimilar
weight with age as birth cohorts being born in a later time
period.
Toovercomethisproblemofbirthcohorteffectsmakingcross-
sectionaldatabasedonone-point-in-
timeestimateslessinterpret-able, longitudinal data are
necessary: e.g. multiple sequential Cross-
sectionalsurveyswithseveralbirthcohortsandseveralspecific
agesorpreferablyprospectivecohortstudies.Despitethis,
longitudinaldataonobesitytrendsarerarelyfoundinthe
literaturecomparedtocross-sectionaldata.Grinkeretal.for
examplefoundthatobesitywasstronglyrelatedtoageduringa
follow-upperiodofl5years.Thelargestincreasewasobserved
among the 30-44 year old subjects, whereas subjects aged
60 years
andolderatbaselineremainedweightstable[19].Inourstudy
populationwealsoobservedarelativelystrongweightincreasein



BMldistributionofthe1999-2000NHANESpopulationto2010
[20]. Theseprojectionswerealsovalidatedwithdatafromtwo
longitudinal studies (Nurses’ Health Study and Health
Professional Follow-
UpStudy)makingthisapproachcomparabletoour
analyses.Theexpectedprevalenceofobesityfor2010was35%
and 36% for white men and women, respectively. Zaninotto
et al.
investigateddifferentscenariostoprojecttheprevalenceofadult
obesityinEnglandfrom1993-2004t02012basedonrepeated
cross-sectionalsurveys[9].Basedonthelineartrend,the
prevalenceofobesityamong35—
74yearoldindividualsincreased from15.4-17.8%
(men)orl7.9-22.8%(women)in1993t035.1-36.4% for males
and 30.6-35.9% for females in 2012. In contrast, the

©:

PLoSONE|www.plosone.org

projection based on the best fitting curve allowing to
consider a
slowingdownintheobesitytrendleadtoprevalencesof28.0—
29.8% in men and 25.8—-32.0% in women in this age group.
As in ouranalysis,thenon-
linearmodelingresultedinconsiderably
lowerestimatesthanthelinearpredictionwhichisnotsurprising.
Similar to us Zaninotto et al. investigated alternatives to the
linear model.Wealsodecidedtoinvestigatealinearandnon-
linear
scenariotoprojectthesituationinthenearfuture,fortheyear
2015.Wecouldshowthatdifferencesinlinearandnon-linear
projectionscouldbehugeiftheobservationperiodwasshortand
theprojectionperiodlong.ComparedwithZaninottoetal.,our
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Table2.Age-stratifiedpredictionofobesityprevalence(BMI$30kg/mz2)fortheDiogenescentersa.

Ageat

recruitment(y)

Men
Potsdam

Florence

Cambridge

RS

Doetinchem

Aarhus

Copenhagen

Women
Potsdam

Florence

Cambridge

40-49
50-59

60-65

40-49
50-59

60-65

40-49
50-59

60-65

40-49
50-59

60-65

40-49
50-59

60-65

40-49

50-59

60-65

40-49

50-59

60-65

40-49

50-59

60-65

40-49
50-59

60-65

40-49

Baseline%

2549
2765

1376

916
868

264

1122
2016

1140

1020
1090

770
568

218

4971

1439

10253

3586

3390
3643

1657

1888
3814

997

1788

14.7
14.4

215

9.9
13.0

7.6
9.8

9.8

9.5
11.9

7.3
10.4

9.6

13.7

13.7

125
18.4

26.3

6.3
134

9.7

22.7
23.7

27.8

17.2
18.4

21.2

10.6
12.7

135

15.9
18.5

11.9
13.7

14.7

17.1

17.0

17.5

17.0

fIG1Y
25.0

32.2

13.3
194

20.3

12.4

Absolutedifferen
ce

prediction2015:0besity etweenlinearan
[%] levelingoffmodelin
Yoc

Linear Levelingoff

modelo modelb
35.8 25.9 9.9
38.8 27.4 11.4
36.1 30.0 6.1
28.0 19.9 8.1
24.3 20.1 4.2
26.0 22.6 34
36.1 14.6 215
36.4 16.5 19.9
42.2 18.3 23.9
25.6 18.3 7.3
27.2 20.8 6.4
42.1 16.7 25.4
29.6 16.6 13.0
40.5 19.2 21.3
29.3 19.7 9.6
29.6 19.6 10.0
31.9 20.3 11.6
28.3 19.3 9.0
32.0 22.8 9.2
34.6 27.5 7.1
40.2 34.3 59
26.8 16.4 104
27.8 215 6.3
29.0 22.6 6.4
29.9 15.6 14.3



50-59

60-65

fIRSHdRm- 40-49
50-59

60-65

Doetinchem 40-49
50-59

60-65
Aarhus 40-49
50-59
60-65
Copenhagen 40-49
50-59

60-65

aAgestratificationwasusedalternativelyforadjustmentforbaselinea
A groupof40-49year-o|dpart|C|pantsnotpr sentintheDanishcent

bMof _eIusestwopmnts(basellneandfollow—uP_). . . . .
cDifference was calculated from subtracting the obesity prevalence fOiﬂ 2015 pr%d||cted by the leveling off model from the predicted value for 2015 of the
inear model

doi:10.1371/journal.pone.0027455.t002

@

2800

1333

1359
1210

(€0

824
557

206

5423

1537

11699

4282
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11.9

14.1

12.3

15.4

geinthepredictionmodels(thuson
rs.Agegroupof60-65ywasnotav

16.2

19.6

154
19.9

12.4
22.6

23.3

14.0

14.8

14.5

16.6

45.8

43.3

27.0
30.6

38.2
45.7

59.7

224

20.9

214

241

18.2
22.6

16.6
27.2

30.4

155

15.3

16.1

175

24.4

19.2

8.8
8.0

21.6
185

29.3

5.8

1.6

6.3

3.4

gfolIovy-uptimewastakenastheindependentvariable).
ilableinAmsterdam-Maastricht.
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Table3.Trendsinobesityprevalence(BMI$30kg/mz2)inEPIC-Potsdam.

Baseline(1994—
Measurement(year) 1998)

Obesity[%]

Men(n = 8438)
EPIC-Potsdam 16.6
/-\lpplicationoflinearmod 17.5(16.7-18.3)b
€la
Applicationoflevelingof —
fnegdela 9 16.4(15.6-17.2)
Women(n = 13791)
EPIC-Potsdam 15.8
15.6(15.0-16.2)

15.1(14.5-15.7)

Applicationoflinearmod
ela

#Tﬁ)&ljig?ationoﬂevelingof

FollowUp1
(1997-2001)

Obesity[%]

20.0
19.3(18.5-20.0)
20.2(19.4-20.9)

16.9
17.1(16.5-17.7)
18.0(17.4-18.5)

FollowUp2
(1999-2003)

Obesity[%]

22.1
21.1(20.4-21.9)
22.0(21.2-22.8)

18.4
18.7(18.1-19.3)
19.4(18.8-20.0)

TrendinObesityPrevalenceinEurope

FollowUp3
(2001-2005)

Obesity[%)]

23.0
23.3(22.4-24.1)
23.4(22.5-24.2)

205
20.5(19.9-21.1)
20.4(19.8-21.0)

aProbabilityofbein obesewasmode_ledinde{)endencyoffolIow-uptimeandageatrecruitmentusinglogisticregression.

p95%confidenceintervalsareshowninparen

&%?%%Osamp_Ieswereusedformenandwomen,respecnvely).

1371/journal.pone.0027455.t003

projectionsbasedonthelevelingoffmodelappearedtobe
moderate.However,ourprevalencedatadonotrepresenta
specificregionorcountryandarenotrepresentativeforthetotal

hesesandwerecalculatedbybootstrapping.

EBH@T’ Up 4 (2004—

Obesity[%]

24.6
25.1(24.2-26.0)
24.2(23.3-25.1)

222
22.0(21.3-22.7)
21.0(20.4-21.7)



cannot assume that people gain weight in a linear way

during their
population.
showing

Overall,thenon-linear(levelingoff)approachofprediction
seemstobemorerealistic,whereasthelinearscenarioismore
likelytoresultinanover-estimationof
futureobesityprevalences.
associateddiseaseswillleadtoalevelingoffin
futureweightgainandthus,obesitytrendsmightslowdown.
Moreover, as BMI reaches a high level, the risk for obesity-
related
diseasessuchasdiabetesmellitustype2ormetabolicsyndrome
increasesconsiderably.Thus,severeobesesubjectsareforcedt
o}
controltheirweightbecauseofmedicalreasons.Therefore,one

Itislikelythatage-

wholelife. Thereisalsosomeevidenceintheliteraturebasedon
repeatedsurveydatathatthetrendinobesityprevalence,which
wasincreasing nearlylinearlyinthe pastdecades,isnow



alevelingoff[21,22,23]. Thisfactinturnaddsfurthersupportto participants.Somedifferencesinmethodologiesusedtocollect

thelevelingoffapproachofprediction. o data on body weight might have affected the results.
Besidesinvestigatingdifferentscenariosforfutureprojection  Therefore, we
a furtherstrengthofourstudyisthelargesamplesizecovering  correctedbodyweightforclothingdifferencesandself-reporting
cohortsfromfiveEuropeancountriesandatotalof97,942 usingtheequationsproposedbyHaftenbergeretal[18].
2015
35

obesity (%)

15 A1
T T T T T T T T T
0 2 4 6 8 10 12 14 16 18
mean follow up time (years)

Figure 3. Obesity trends in EPIC-Potsdam (males). =linear model using five observation points. __ =leveling off
mc_)delusm%f[veo servatloannts.

doi:10.1371/journal.pone.0027455.9g003
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2015
35

30 R2 = 0.986

T T T T T T T T T

0 2 4 6 8 10 12 14 16 18
mean follow up time (years)

Figure 4. Obesity trends in EPIC-Potsdam (females). =linear model using five observation points. =leveling
offmodelusingfiveobservationpoints.

doi:10.1371/Journal.pone.0029455.9004

WetookBMlasameasureofobesity,whichcanbediscussed
becauseitdoesnottakebodycomposition,i.e.fatandleanbody
mass,intoaccount.However,severalstudieshaveshownthat
evenwithoutbodyweightchanges,theamountofbodyfat
significantlyincreaseswithage.ThatiswhyaBMI$30kg/m2  is
associated with anexcess of body fat in any case, thus
being an
acceptablemeasureofobesityalsointheelderly.Another
measureoftotalbodyfatiswaistcircumference,whichhasbeen
showntobestronglyrelatedtovisceralfatwithacut-offfor
adultsof102cminmenand88cminwomentoindicate
abdominalobesity.Usingthesecut-offsledtoagreatproportion
ofelderlypersons(60+)havinghighriskvaluesofwaist
circumference[24].However,thesewaistcircumferencecut-off
pointsstillneedtobevalidatedaspredictorsofmorbidityand
mortalityinolderages[25].

Oneweaknessofourstudyisthatonlytwomeasurementsof
anthropometricvalueswereavailableforeachsubjectinthe
DiogenescohortbesidesthecohortfromPotsdam.Therefore,w
e alsocalculatedtrendsuntil2015intheEPIC-Potsdamdataset
wherefivemeasurementsperparticipantwereavailableto
investigatewhichofthetwopredictionmodels(linearvs.non-
linear)givesthebettermodelfit. Furthermore,wecompared
models using five data points with models using two
measurements to validate our projections. The predicted
prevalence estimates for
20150fthesetwodifferentmodelsshowedarelativelygood
agreement(datanotshown).Thus,wecandrawtheconclusion
thatalsotwoobservationpointsmightbesufficientforavalid
futureprojection.

However, the results of this study could also be biased by
several factorssuchasselectionbiasordifferentialloss-to-
follow-upbias.
Thisimpliesthatingeneralthosewhoareobeseorhaveapoor
state of health are less likely to participate in a study for the
whole
periodoftime[26].Hence,ourdatamightunderestimatereal



obesity prevalence trends even though already sizeable

increases in

obesnyprevalencedur|ngI|fecourseacrossalIstudycenterswer
observed.Furthermore,self-

reportlngofBMIcanleadtounder-

estimations. As already

equationstoaddressthisissue.Moreover,thesametrendsin
obesityprevalencewereobservedinthecohortsthathave
measureddataindicatingthatitmightbevalidtorelyon
correctedself-reporteddata.Afurtherlimitationofthestudyis
thatprojectionsarebasedonanumberofassumptions;someof
themweresimplifiedscenariose.g.thatthecurrenttrendwill
continue.Potentialfuturepolicy-,environmental-
andbehavioral changesmaydisproveourpredictions.
Since2015isinthenearfutureandthestudycohortisstillon
follow-up, it is possible to check whether our predictions
had been
validinafewyears.Thiswillbeanexcellentopportunityto

©:

PLoSONE|www.plosone.org

evaluatetheaccuracyofthelinearandthelevelingoffmodelfor
thepredictionoffutureobesityprevalences.Besidesverifyingou
r ownpredictions,furtherresearchisneededtoinvestigatethe
developmentofweightwithincreasingage,especiallyinhighage
groupsusingalongitudinalstudydesign.
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