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Abstract

Background: Although highdensity lipoprotein (HDL) and neHDL cholesterol have
opposite associations with coronary heart disease (QHIWi-country reports of lipid trends
only usetotal cholesterol (TC)Our aim was ta@omparetrendsin total, HDL and nofHDL

cholesterol and totdab-HDL cholesterofatio in Asian and Western countries.

Methods: We pooled458 populatiorbased studiewith 82.1 million participantsn 23 Asian
and Western countrie¥Ve estimatd changsin mean total, HDL and neHDL cholesterol,

and mean totalo-HDL cholesterol ratidy country, sex and age group.

Results: Since~198Q meanTC increased in Asian countries. In Japan and South Korea, TC
rise was due toising HDL cholesterol, which increased lip to0.17mmol/L per decadén
Japanese womem China, it was due tasing nonHDL cholesterolTC declined in Western
countries, except in Polish men. The decWasslargest in Fitand andNorway, ~0.4 mmol/L

per decade. The decline in TC irostWestern countries was the net effect of an increase in
HDL cholesteroland a decline in neRIDL cholesteral with the HDL cholesterolincrease
largestin New Zealand and Switzerland.ean totalto-HDL cholesterol rab declined indJapan,

South Korea and most Western countries, by as much as ~0.7 per decade in Swiss men

(equivalent to ~26% decline in CHIxk per decade)The ratio increased in China.

Conclusions: HDL cholesterol has risen and toetatHDL cholesterolratio has declined in
many Western countries, Japan and South Korea, with only weak correlation to ¢har@es

or nonHDL cholesterol.
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Introduction

Blood cholesterois one of the mosimportant rsk factos for coronary heart disease (CHD)
(1-4). Populatiorievel data on bloodcholesterolare an importaninput for plaming and
evaluaing the impacts of public health interventions and treatnpeagrammes o entire
countries and communities. Comparable data in different coumieshelpto benchmark
succes$n lowering cholesterahcross countriegndto understand reasons behdifferential
trends, both those that were implemented as active interventions and unplannedismogés c

in nutrition and health behaviours.

Multi-countryreporting of lipid trend$ias sofar beenbased on total cholester@IC) (5, 6).
However, high-density lipoprotein (HDL) and neHDL or low-density lipoprotein (LD
cholesterol have opposite associations with corohagrt disease (CHD(L, 2) and can
respond differently to changes in diet and treatment. Curréinése are naomparable cross
country data on lipid fractions, including LDL and HDL cholestewrd totatto-HDL
cholesterol ratio; aly studies in individual countries have reporseath trend$7-27). To fill
this important gapwe use populationbased datéo analyseand compre longtermchanges
in TC, HDL and norHDL cholesterglandtotalto-HDL cholesteroratioin Western and Asian

countries over a period of more than 30 years.

Methods

Primary outcomes

For this analysis we used mean total, HDL and-H&w. cholesterol and mean totad-HDL
cholesterol rati@as primary outcome$he hazardous effects of blood cholesteroCéiD was
first established in the Framingham Study, focusing on(2&). However, physiological

studies (29and subsequent analyses of the Framingham $8@jyoundthatthe fractions of



blood cholesterol carried by different lipoproteins and ratftect CHD riskdifferentially, and

at timesin opposite direction?0oled analyses @bservational epideimlogical studies have
establishedhat CHD risk is associated dirgctivith LDL and nonHDL cholesterol,and
inversely with HDL cholesterdlL, 2). As a resultipid ratiossuch agotalto-HDL cholesterol
ratio, which incorporates information on lipid fractions with opposite associationg ha
emerged as a particularly good predictor of CHD risk in clinical andespalogical
applications(1, 2). Randomised clinical trials hawaso shownthat lowering LDL and nonr
HDL cholesterolowersCHD risk (31-34). In contrast, the results of observational studies on
HDL cholesterol have not been replicatedandomisedrials nor in Mendian randomisation

studies(35-38).

We used notHDL cholesterotather than.DL cholesterobecause most studies in our analysis
had measured TC and HDL cholesterol, from which-H&rL. cholesterol can be calculatby
subtraction. In contrast, LDL cholesterol was directly measuré@inof studies. When LDL
cholesterol is not directly measured, eimationrequires data on triglycerides, which were
availablein only 61% of studiesFurther, the most commty usedestimationmethod i.e.the
Friedewald equatigrcan be inaccurat39). We found that an-HDL and LDL cholesterol
were correlated in studiestivdata on both variables (0:93) (Supplementarfyigure 1) Non

HDL cholesterol predict€HD risk at least as well as LDL choleste(dD, 41) because it
includes cholesterol in LDL, lipoprotein(a), intermedidensity lipoprotein, verow-density
lipoprotein, and lipoprotein remnants, and is thus a simple measure of cholestesat cont

within all atherogenic lipoproteins.

Countries analysed



Our analyss included Asian andWesterncountriesthat had at least five populatimased
studieqor at least three if the studies were nationally representatitfeineasurement d@btal
and HDL cholesterol over a period aif leastl5 yeardrom 1970 onwardswith at least one
data source after 200bwentyonecountries, listed below, met thes@enia.

e Nordic countries: Finland, IcelarahdNorway.

e Eastern entral Europe: Czech Republic, Lithuania, Poland and Slovakia.

e Western centrdturope: Belgium, Germany and Switzerland.

e Southern Europe: France, Italy and Spain.

e High-income EngliskspeakingcountriesAustralia,CanadaNew ZealandUK andUSA.
e East and southea&sia: China, JapaandSouth Korea.

Two additionalcountries, Sweden and dland, had sufficient data on TC but not DL

cholestergland were included in TC analysis only.

Data sources

We usedstudiesthat had measuredholesterolin representative samplex the national
population or ofone or more subnational regioasd communites We used a database on
cardiometabolicrisk factors collated by the Ne@ommunicable Disease Risk Factor
Collaboration (NCBRIisC). NCDRIisC is a worldwide network of health researchers and
practitioners whose aim is to document systematically worldwide trendsaations in NCD

risk factors(42-45). The database was collated through multiple routes for identifying and
accessing data. We accessed publicly available populadieed measurement surveys (e.g.,
Demographic and Health Surveys (DHS), Global Schasked Student Health Surveys
(GSHS), the Hropean Health Interview and Health Examination Surveys (EHIS and EHES)
and those available via the Intemiversity Consortium for Political and Social Research

(ICPSR). We requested, via the World Health Organization (WHO) and itsnetgand



country offices, help with identification and access to populdiesed surveys from ministries

of health and other national health and statistical agencies. Requests were alsa thent
World Heart Federation to its national partners. We made similar reqod¢isésdeauthors of

an earlier pooled analysis of cardiometabolic risk fac{brs4648), and invited them to
reanalyse data from their studies aaoh ]NCD-RisC. Finally, to identify major sources not
accessed through the above routes, we searched and reviewed published studiesds detalil

previously(42-44),and invited all eligible studies to join NCRIisC.

Anonymised individual record data from sources included in NRISIC were reanalgsl by

the Pooled Analysis and Writing Group or by data holders according to a common protocol.
Within each survey, we included participants aged 18 years and older who were not pregnant
We dropped participants with implausildieolesterolevels (defined a3C <1.75 mmol/Lor

TC >20 mmol/L; HDL cholesterol <0.4 mmol/L o5 mmol/L; TC values < HDL valugs
(<0.1% of all subjects). To ensure summaries were prepared according to therstodglp

the Pooled Analysis and Writing Group provided computer code to-RiSD members who
requested assistance. All submitted data were checked by at least two iedépsgrdbers of

the Pooled Analysis and Writing Group. Questions and clarifications were didcwith
NCD-RisC members and resolved before data were incorporated in the dafafabe. we
incorporated all nationally representative data from sources that demnéfied but not
accessed via the above routes, by extracting summary statistics fronngailbeports. Data
were extracted frm published reports only when reported by sex and in age groups no wider
than 20 years. We also used data from a previous giialvalpooling stud{s) when such data

had not been accessed through the routes described.



All NCD-RisC members are asked periodically to review the list of soumesifieir country,

to suggest additional sources not in the database, and to verify that the included ddta meet t
inclusion criteria listed below and are not duplicates. The NCD-RisC datalzas#iisiously
updated through this contact with NeFdsC memlers and all the above routes. For this paper,
we used data from the NCRIsC database fdhe 23 countries included in the analysis, for

years 190 to 2018nd aged0-79years

Data inclusion and exclusion

Data sources were included in tHRED-RisC database if:

. measured data dotal, LDL, HDL cholesteral ortriglycerideswere available;

. study participants were tgmars of ager older;

. data were collected using a probabilistic sampling method with a defined samplin
frame;

. data were fronpopulation samples at the national, sational (i.e., covering one or

more subnational regions, more than three urban communities or more than five rural

communities), or community level.

We excluded all data sources thatluded only hypercholesteremia or dyslipidemia
diagnosis history or medicatiostatus without measurement of aade one of the above
biomarkers We also excluded data sources on population subgroups Widserofile may

differ systematically from the general population, inahgd

. studies that had included or excluded people based on their health status or
cardiovascular risk;

. studies whose participants were only ethnic minorities;



. specific educational, occupational, or socioeconomic subgroups, with the exception
noted bé&w; and

. those recruited through health facilities, with the exception noted below.

We used data whose sampling frame was health insurance schemes in countriesledmsdre at
80% of the population were insured. Finally, we used data collected throngtalgeractice
and primary care systems in higitome and central European countries with universal
insurance, because contact with the primary care systems tends to be asaydmttasthan

response rates for population-based surveys.

We used data sources regardless of fasting status, because the differencesfhstingamd
nonfasting measurements are negligilibe our primary outcome¢49). From the CDC-
NHLBI Lipid Standardization Program in tH®50s, there has been an understanding of the
need for, and systematic efforts to achieve, standardisation of lipid measwenent
difference betweenny standardised method and the CR€ferencemethodshould be less
than 3% forTC and less than 5% for HDL cholesterol (less than be¥ere themid-1990s)

(50). More than three quarters of the studies in our analysis participated in a lipid
standardisation programni8upplementaryable 1land Supplementafyigure2). A summary

of data available by country is shownSupplementaryrable 2 and characteristics of each

study are shown in Supplementdrgblel.

We extracteddata forages40-79years becauseeople aged below 40 years havdéower
cardiovascular riskand because data in older ages were available in fewer suGidis
mortality increases with age whitezard ratio$or the effects of cholesterol on CHD decrease

with age(1, 2). As a resulta larger sharef CHD death@reattributable teelevated cholesterol



in middle-older ages, but the numbef cholesterohttributable deathsontinues to increase
with age(4). We present resulfer 40-3 yearsas the primary analysibecause data ondbke
age groupwere available for all amtries included in the analysiBo investigate the role of
age in our findings, we compared results for age$%@ears to those dB0-7 yearsin

countries with data fahe entire age range 40-79years

Satistical methods

For each study, & calculated meatotal, HDL and norHDL cholesteroland mean totato-
HDL cholesterol ratidby sex andlO-yearage group. Totatto-HDL cholesterol ratio was
calculatedusingindividual records before averaging for each sex and age gkthugmalyses
incorporated appropriate complex survey desiga survegample weights calculating age

sexspecific means.

For eachprimary outcomeand for each country, sex and age groupcalculated average
changeoverthe entire period of data availability by fittimglinear regressiowith the study
specific meanas dependent variakd@dyear as the independent variable. Each data point was
weighted by the inverse of the square of its standard, exwathat larger studidsad more
influence on the estimatethangeWe multiplied the slope of the fitted lifgy tento calculate
averagechange per decadd@/e also used thigited line to estimatéotal, HDL and norHDL
cholesterol andotalto-HDL cholesterol ratiovaluesfor a casistent period 01980to 2015
for all countries. Br countrieswith datastarting before 1980 and ending after 20th%s is
equivalent to using the fitted line to interpoléde 1980and 2015for those with data starting
after 1980 or ending before 2015, values for 1980carli15 were extrapolated using the
fitted line. In a sensitivity analysis, we fitted a nonlare(LOESS) regressiaim examineby

how much our results are influenceduse of linear trend~or each primgy outcome and for
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eachcountry, esults were calculated by -@ar age groupseparately for men and women,
and thenage-standardisethto two age bands, 489 years and 609 years, by taking
weighted averagef agespecific results and usingeights from the WO standard population

Analyses were performad R version 3.4.0 (The R Foundation for Statistical Computing).

Results

Data availability

We used438 populatiorhbased studies, collected from7D&o 2018 in 21 countrieshat met
our inclusion criteria fof C as well as lipidractions An additional 20 studies were used for
analysis of TC in Thailand and Sweddese studiescludedblood lipid measuremestin
82.1 million participants,79 million of whom wereaged40-7 years.The number of data
sources rangeffom 5 in Slovakia to 56 inJapan The averagaime between first and last
studies in a countrywasaroundthree decades. For the primary analysis, we d4g2&dstudies
with data for ages 469 yearsAll these425 studies had data on TC. In the 2duntries
included in the analysis of lipid fraction868 of 405 studieq90.9%) had data on HDL
cholestergland367 (90.66) on totalto-HDL cholesterol ratioDetails of data availability by

country, and characteristics of each studse shown irSupplementaryables 1 and 2.

Total cholesterol

MeanTC declinedn men and women aged 49 yearsn mostWesterncountries, except in
Polish men whose TC was about the same at the beginning and end of analysi$-genied
1). The absence of loagrm changeén Polandwasa result of a risen mean TQuntil thelate
1990s,followed by a declindSupplementary Figure 3n bothsexesthe decline was larger
in Nordic countries and central Euraj@nin Englishspeaking countriesnd southern Europe

TC decline in men ranged frorD.1 mmol/Lperdecade irLithuania,New ZealandndFrance
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to ~0.4 mmol/Lper decadén Norway, Finland, andBelgium In womenthe range was from
<0.1 mmol/Lperdecade irPoland, France, anthly to ~0.4 mmol/Lperdecade irFinland,
Norway andBelgium TC increased in alhreeAsian countries, with th&argest increasa
Chinaand Thailandby ~0.3 mmol/L per decadeDespite this rise, Chese womer{but not
men) still had the lowestestimatedmeanTC of all 23 countriesin 2015 (5.0 mmol/L)
(Supplementar¥igure4). The highesineanTCsin 2015 werethose in LithuaniaandFrench

men andlrhai women all above 5. /mmol/L.

HDL and non-HDL cholesterol

Among thethreeAsian countriesvith data on lipid fractions, the rise in mean TC in Japan and
South Korea was largely duedaincrease ilmean HDL cholesterol, which amodgpanese
and South Koreawomenwas offset partly by a decline in néfDL cholesterol (Figure 2)
The rise in HDL cholesterol ranged frah®4mmol/L per decade in South Korean me®ib7
mmol/L per decade in Japanese women. In contrast, in China, @ @as due to an increase
in nonHDL cholesterol while HDL cholesterol remained unchangesdamen andncreased

slightly in men.

The decline imeanTC in manyWesterncountries washenet effectof adecline in norHDL
cholesterol an@nincrease in HDLcholestero(Figure2). Thekey exceptions werenen and
women inGermany andNorway, and men irCzech Republiand Slovakiawhere both HDL
and norHDL cholesterol declined. Similar to T@peannonHDL cholesterolgenerally
declined more iNordic countries and central Europe than in Engéigakingand southern
European countrieg.he largestise inmeanHDL cholesterobccurredin New Zealandand

Switzerland by 0.10-0.15mmol/L per decadé the two sexes

12



Change irmeanHDL cholesterohndchange in meanon-HDL cholesteroivere not correlated
(r =-0.004for men and0.07for women)(Figure 3) In 2015, the lowest levels aheannon-
HDL cholesterol werghosein Chinaand Belgiumfor men @.7 mmol/L) and in Icelandor
women(3.3mmol/L) (Supplementaryigure5). The highest wer France 4.4mmol/L for

men and 4.0nmol/L for women

Total-to-HDL cholesterol ratio

Meantotatto-HDL cholesterol ratiaeclined in most Western countries, by as much as ~0.7
per decade in Swiss men and ~0.5 per decade in New Zealand and Swiss womed)(Figur
The ratiochanged littlein Slovakian menln Asia, China experienced a rise in meatakto-

HDL cholesterokatio, becausef the abovanentioned nofiavourablechanges in both nen
HDL and HDL cholesterolin contrastdespite the rise in mean Tt®tatto-HDL cholesterol
ratio declined in Japan and South Korea because HDL cholesterelased by a larger

proportion than did TC.

Change in totato-HDL cholesterol ratio was only moderately correlated with change in TC
(correlation coefficient £.52for men and.53for women)(Figure5). Japan and Souorea
were particularly notablen having had a rise in TC but a decline in tdtaHDL cholesterol
ratio, and Norway, Germany and men in Slovakia in having had declining TC viglti&nge
in totatto-HDL cholesterol ratio. In 2015hé lowest ratio was that oddanese womer2 Q)

andJapanese meR.(7) (Supplementaryigure6).

Results for people aged 60-79 years
Results in people agéd-7 yearsveremoderately to stronglgorrelatedwvith those aged 40

59 years Figure6 andSupplementary Figur&). In virtually all countriesmean TChonHDL

13



cholesterolndtotatto-HDL cholesterol ratiaeclined moren theseolder age groupthan in
people agedlO-® years.The decline advantage in older agess particularly evident for
Australia and the UK, where women and men aged%@Qears experienced a decline innon
HDL cholesterol twice as large as those age®%4§earsChange in mean HDL cholesterol
was larger in older ages in some countries andlenia others, indicating that its change may

be due to factors that are at least partly different from those affectingDbrcholesterol.

Discussion

By conducting &omparativeinalysis othangesn TC and lipid fractionsnd ratioswefound
varying rates of decline in TC in &tern countries andrige in Asian countries, deing to an
overall convergencen TC among these nationginderlying this convergence were more
heterogeneousendsin HDL and norHDL cholesterol, with HDL cholesterol rising more
thanhalf the countries in the analysiBhe diverse trends in HDL and n&iDL cholesterol
resulted irsubstantiatrosscountry variation inirends formean totato-HDL cholesterol ratip

with the ratio declining in most countries, but increasing in China.

Our findings onTC trends ardargely consistent with prior mukiand singlecountry reports
Differencesfrom previous studies e.g., insome countries that participated in the MONICA
Project(6), Poland (21and Switzerlan@24) —mostly arisébecause our study covered a longer
period and used larger numberfodata sources-ewer studies have reported trends in lipid
fractions angdto our knowledge, none has done so consistently across cousttides that
have reported trends lipid fractions for a periodonger thanl5 yearq8, 11, 16, 180, 25
27),havefoundchanges in noiiDL cholesterol (oin LDL cholesterofor some stdieg that

were consient with our results
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The observed decline in n#tDL cholesterol in Western countries is likely to have been
mostly due to changes in dietespecially the replacement of saturated with unsaturated fats
and reduction in tranfats (8, 20, 51)Statins havalsobeen widely used in highsk patients
since the 199086, 52) and may haveelped lowepopulation meargspecially in oldeages.

In the majority of countries in our analysiBe decline in noHDL cholesterol started in the
1980s pefore statinsverewidely usedFurther, weobserved a decline in ng#DL cholesterol

in men and women aged 49 yearsamong whonstatin use is relativellow. Nonetheless,
thehigher use oétains inolder ages may at least partly explain the larger deiclinenHDL

observed in those aged 80-yearg26, 53).

Changes in Western countriesntrast with the substantial rise in congtion of animal fats
in China(54),where statin usalsoremains low(55).Focusing on noiDL cholesterol alone,
however, conceals importanhangesn HDL cholesterol and theotatto-HDL cholesterol
ratio. Although HDL cholesterol does not have a single dominardgametic determinant, it
is affected adversely (i.e. is lower) by adiposity, type deties, intake of trarfats and
carbohydrates, especially those with a higycaemicindex, smoking, and the use of some
drugs (e.g.p-blockers, anabolic steroid€)6-63). Conversely, increases in physical activity,
alcohol consumption, total fat intake, amektrogensicrease HDL cholester($6, 57, 5963).

A decrease in carbohydrate intake, and an increase in fat intake, may haveisahtdlihe
increase in HDL cholesterol in Japésv, 65) South Korea62, 66)and Switzerland67),
while declines in carbohydrate intake and smoking may have contributed teetimetiie USA
(26) and some other countries. By contrast, an increase in carbohydrate (Bifaleend a
decline in alcohol consumptiai®8) have been observed in Germany, where we observed a
slight decline in HDL cholesterol. The decline in smoking in most Western caumtag have

also cantributed to the observed increase in HDL cholesterol.
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The strengths of our study include its novel scope of comparing lipid fraeiionss countries,
and usinga large numberof high-quality populatiorbasedstudiesover more than three
decades.Such comprehensive datallowed us to document a significant rise in HDL
cholesterol, which is considered difficult to change, in a number of Western and Asian
countriesas a contributor to the decline in teteHDL cholesterolratio. A multi-country
study, such asurs,is also affected by some limitatior@inical trials of drugs that raiddDL
cholesterol and genetic and epidemiologitidies have shown the complexity of the
relationship betweehlDL cholesterol, HDL particles and cardiovascular atiterdiseases
(35, 37, 38, 69)We used HDL and nehIDL cholesterol because there was significantly more
data available than on LDL cholesterol and becatagalto-HDL cholesterol ratiois
commonly used in clinical practice. We did not analyreads indifferent HDL particles
becausehisinformationis not available in most population-based health suraagsbecause

it is not commonly used to malatinical decisionsWe alsodid notanalyseemerging lipid
markers such as apolipoprotein B and apolipoproteinb®cause they areithercommonly
measured in populatielbased health surveys, nor roely used in clinical practicé&6, 70)
We used average change per decadémated in a linear modethich has the advantage of
being parsimonioysbut trends in some countriemay be nonlinear. When we fitted a
nonlinear LOESS regression (Supplementdgure3), the estimatecaverage decadal change
wassimilar tothe estimates from the linear modemost countriesAImost80%o0f thestudies

in our analysis had used enzymatic methéms measuringTC, which have been well
standardisd sinceat leastthe 1980s. Although mthods to measure HDL cholesterol have
evolved over time- chemical precipitation methods to separate HDL, andre recently
homog@eous assayd1)—more than three quartes§the studies in our analysis participated

in a lipid standardiation progranme (Supplementarffigure2). A rise in HDL cholesterol was
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also seen in countries and over periods where measurement methods did not change.
Nonethelessthe observed changes in HDL cholestenosome countriesvere in the same

order of magnitude to which laboratoriegcuraciescan bestandardisd Although most
studies had measured cholesterok&mum ~11% hadused plasmaAdjusting for plasma
serum differences had little impact on our results and did not change our conclusions
(Supplementaryigure 7), because cholesterol measured in plasma and serum differ by only
about 3%(50).Finally, although all our data were from samples of the general populaifién, 4
came from communitpased studies. In some countries, commubpésed studies came from

the same community in different years; in othetadies werérom different parts of the same
country which led to additional variability in data and uncertainty in the asgdohange Our

key findings on lipid fractions were also seen where the data sources coveretiréheouny

or large parts of itln eleven countries, our analysis was limited to ageS%@earsecause

fewer studies had data in people older than 60 years of age, for wheRDhoohdesterol

may have declinethore due to the use of statins, as indicated bgethdtsin the tencountries

with datacoveringages 4079 years.

While early epidemiologicastudies usedC as amarker ofcardiovascularisk in individuals

and populationg72), our study shows that the populations of Asian and Western countries
have experiencethrge and heterogenous changes in lipid fractions, includidgstantial
increases in HDL cholesterol and substantial falls in-iHDh cholesterol. In the best
performing countries, those in Europed New Zealandotalto-HDL cholesterolratio has
declinedby 1.5-2.3since the 1980s, which is equivalent t4863%6 reduction in the risk of
coronaryheart diseas€l). In Japan and South Korea, tetalHDL cholesterol ratio has
decined, which provides a simple explanation for the appaparadoxof declining CHD

while TC increase@73). A keyimplication of our findings is the need foational surveillance

17



systems that, consistent with modern clinpraictice measureelevantipid fractionsandtheir
determinantsincludingdiet, healthbehaviourssuch as smoking and alcohol use, asd of

statinsto support the design and evaluation of public health programmes.

Despite themprovementshat we have documentgtie populations of all countriemnalysed
herewould benefit from lower nofHDL cholesterolandtotatto-HDL cholesterolratios In
China, which had some of the lowest recorded-HBi. cholesteroland TC levels a few
decades ago, changes in diet and relatively low treatment coverage havariél/tmrable
trends in lipid profiles. Therefore, populatibasedpolicies and targetedinterventions to
improve nutrition and enhance treatment are stiided in all these countrjesxdshould be
designed and evaluated based on their impacts on all nelgtant lipid fractions and on the

corresponding health outcomes.
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Key messages

e Total cholesterolTC) hasincreased in Asian countrieln Japan and South Korea, TC
risewas largely due to an increase in HDL cholesterol; in China, it was cGugstin
non-HDL cholesterol.

e Theobservediecline in TC in most Western countries was the net effect of an ingrease
in HDL cholesterol and a decline in néiBL cholesterol.

e Totalto-HDL cholesterol ratio has declined in many Western countries, Japan and South
Korea, with only weak correlation to changes in TC or non-HDL cholesterol.

e Countries’ comparative performance in reducing the risks assocvated blood

cholesterol is only partially captured by trends in total cholesterol.
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Welfare, Finland); Kaveh Hajifathalian (Cleveland Clinic, USA); James Bem{funiversity

of Kent, UK; Imperial College London, UKJames E Bennetiniperial Collegd_ondon, UK);
Wichai Aekplakorn (Mahidol University, Thailand); Renata Cifkova (Charles/éfgity in
Prague, Czech Republi#homayer Hospital, Czech Repubjidean Dallongeville (Institut
Pasteur de Lille, France); Dirk De Bacquer (Ghent UniversitygiBed); Simona Giampaoli
(Istituto Superiore di Sanita, ltaly); Vilmundur Gudnason (Icelandic Heasbdation,
Iceland); YoungHo Khang (Seoul National University, South Korea); Tiina Laatikainen
(National Institute for Health and Welfare, Finland); Jitiddnn (University of Otago, New
Zealand); Pedro Marquaddal (Lausanne University Hospital, Switzerland); George A
Mensah (National Institutes of Health, USA); Martina MilNurasyid (Helmholtz Zentrum
Munchen, Germany); Toshiharu Ninomiya (Kyushu University, Japan); Janina PitRevic
(Lithuanian University of Health Sciences, Lithuania); Fernando Rodrifttalejo
(Universidad Autonoma de Madrid, Spaidgnnifer Servais (Statistics Canada, Canada);
Stefan Sdderberg (Umea University, Sweden); Bill Stavreski (Heart FoomdAustralia);
Tom Wilsgaard (UiT The Arctic University of Norway, Norway); Tomasdragfewski
(Medical University of Gdansk, Poland); Dong Zhao (Capital Medical UniyeB&ijing An
Zhen Hospital, China); Gretchen A Stevens (Wortlth Organization, Switzerland); Stefan

Savin (World Health Organization, Switzerland); Melanie J Cowan (World tiHeal

22



Organization, Switzerland); Leanne M Riley (World Health Organizatioitz&iand); Majid

Ezzati (Imperial College London, UK)

Country and Regional Data equal contribution; listed alphabetically)

Robert J Adams (The University of Adelaide, Australia)*; Wichai Aekplakormhisiol
University, Thailand)*; Wolfgang Ahrens (Leibniz Institute for Preventioeséarch and
Epidemiology BIPS, Germany)*; Philippe Amouyel (Lille University and Hospital, lEe;
Antoinette Amuzu (London School of Hygiene & Tropical Medicine, UK)*; Sigmuénd
Anderssen (Norwegian School of Sport Sciences, Norway)*; Inger Ariansemnvéljian
Institute of Public Health, Norway)*; Dominique Arveiler (Strasbourg Uniteeshd Hospital,
France)*; Thor Aspelund (University of Iceland, Iceland)*; Juha Auvinen (Usityeof Oulu,
Finland)*; Méaria Avdicova (Regional Authority of Public Health, Banska ByafiSlovakia)*;
Maciej Banach (Medical University of Lodz, Poland)*; Piotr Bandosz (Medicatessity of
Gdansk, Poland)*; José R Banegas (Universidad Autonoma de Madrid, Spain)*; Carlo M
Barbagallo (University of Palermo, Italy)*; Igbal Bata (Dalheu&niversity, Canada)*;
Louise A Baur (University of Sydney, Australia)*; Robert Beaglehola\&rsity of Auckland,
New Zealand)*; James E Bennett (Imperial Colldgendon, UK)*; Gailute Bernotiene
(Lithuanian University of Health Sciences, Lithuania)*; Yufang Bi (ShanghacTong
University School of Medicine, China)Asako Bienek (Public Health Agency of Canada
Canadg*; Cecilia Bjorkelund (University of Gothenburg, Sweden)*; Simona Bo (University
of Turin, ltaly)*; Bernhard O Boehm (Nanyang Technological University, ioagg*;
Marialaura Bnaccio (IRCCS Neuromed, Italy)*; Vanina Bongard (Toulouse University
School of Medicine, France)*; Rossana Borchini (@nsity Hospital of Varese, Italy)*;
Herman Borghs (University Hospital KU Leuven, Belgium)*; Juergen Breckapk

(Bielefeld University, Germany)*; Hermann Brenner (German CanceedRes Center,
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Germany)*; Graziella Bruno (University of Turin, Italy)*Markus A Busch (Robert Koch
Institute, Germany)*; Antonio Cabrera de Leon (Universidad de La Laguna, Spantenzo
Capuano (Cardiologia di Mercato S. Severino, ltaly)*; Felipe F Casanuevdiafa
de Compostel&@niversity, Spain)*; Juai?ablo Casas (Unérsity College London, UK)*;
Carmelo A Caserta (Associazione Calabrese di Epatologia, Italy)*; Laamai ¢Food and
Agriculture Organization of the United Nations, ItalyPPangfang Chen (Capital Institute of
Pediatrics, China)*;Shuohua Chen (Kailuan Gemal Hospital, China)*; Mari®olores
Chirlaque (Murcia Health Council, CIBERESP, IMrixaca, Spain)*;Belong Cho (Seoul
National University College of Medicine, South Korea)*; Yumi Cho (Korea Centers for
Disease Control and Prevention, South Korea)*; Jerzy Chudek (Medical UniverSitgé,
Poland)*; Renata Cifkova (Charles University in Prague, Czech Republic; Thohhasital,
Czech Republic)*; Frank Claessens (Katholieke Universiteit Leuven,iuBelty Janine
Clarke (Statistics Canada, Canagdls Clays (Ghent University, Belgium)*; Cyrus Cooper
(University of Southampton, UK)*; Simona Costanzo (IRCCS Neuroitadgh)*; Dominique
Cottel (Institut Pasteur de Lille, France)*; Chris Cowell (University ydrigy, Australia)*;
Ana B Crujeiras (CIBERBN, Spain)*; Liufu Cui (Kailuan General Hospital, China)*;
Graziella D'Arrigo (National Council of Research, Italy)*; Jean Dejkville (Institut Pasteur
de Lille, France)*; Luc Dauchet.ille University HospitaJ France)*; Guy De Backer (Ghent
University, Belgium)*; Dirk De Bacquer (Ghent University, Belgium)*; GiomadeGaetano
(IRCCS Neuromedtaly)*; Stefaan De Henauw (Ghent University, Belgium)*; Delphiree D
Smedt (Ghent University, Belgium)*; Elaine Dennison (University of SouthampiK)*;
Valérie Deschamps (French Public Health Agency, Franéa)gusto Di Castelnuovo (IRCCS
Istituto Neurologico Mediterraneo Neuromed, B&jyAnnette J Dobson (University of
Queensland, Australia)*; Chiara Donfrancesco (Istituto Superiore di Saal§g;;ltAngela

Doéring (Helmholtz Zentrum Munchen, Germany)*; Wojciech Drygas (The Cardinal
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Wyszynski Institute of Cardiology, Poland)*; Yong Du (Robert Koch Institute, Geyyf;
Elzbieta Dziankowsk&aborszczyk (Medical University of Lodz, Poland)*; Robert Eggertse
(University of Gothenburg, Sweden)*; UIf Ekelund (Norwegian School of SpoenSes,
Norway)*; Roberto Elosua (Institut Hospital del Mar d'Investigacions Mediquesn)Spa
Johan G Eriksson (National Institute for Health and Welfare, Finland)*; Alun Eqaree's
University of Belfast, UK)*; David Faeh (University of Zurich, Switzstl)*; Francisco J
Felix-Redondo (Centro de Salud Villanueva Norte, Spain)*; Daniel Fernd®elggs
(Servicio Extremefio de Salud, Spain)*; Marika Ferrari (Council for Aigjrical Research and
Economics, Italy)*; Jean Ferrieres (Toulouse University School of Mediciae¢c€)*; Joseph
D Finn (University of Manchester, UK)*; ArBofie Forslund (Umeda University, Sweden)*;
Maria Forsner (Dalarna University, Sweden)*; GuillerRrontera (Hospital Universitario Son
Espases, Spain)*; Yuki Fujita (Kindai University, Japan)*; Zbigniew Gaciongdidaé
University of Warsaw, Poland)*; Fabio Galvano (University of Catania,)ftalyngli Gao
(Kailuan General Hospital, China)*; Manolia&iade{a-Hera (CIBER en Epidemiologia y
Salud Publica, Spain)*; Sarah P Garnett (University of Sydney, AustraliearrMichel
Gaspoz (Geneva University Hospitals, Switzerland)*; Magda Gasull (RIB&n
Epidemiologia y Salud Publica, Spain)*; Louise &%ai{Australian Bureau of Statistics,
Australia)*; Simona Giampaoli (Istituto Superiore di Sanita, Italy)*; FracweSianfagna
(University of Insubria, Italy; IRCCS Neuromed, Italy)*; Tiffamy Gill (The University of
Adelaide, Australia)*; Jonathan Giovalli (Lille University Hospital, France)*; David
Goltzman (McGill University, Canada)*; Marcela Gonzalez Gross (UninadsPolitécnica de
Madrid, Spain)*; Frederic Gottrand (Université de Lille 2, France)ts&li Grafflversen
(Norwegian Institute of Falic Health, Norway)*; DuSan Grafnetter (Institute for clinical and
experimental medicine, Czech Republic)*; Ronald D Gregor (Dalhousie Uityy€anada)*;

Tomasz Grodzicki (Jagiellonian University Medical College, Poland)*; ®useGrosso
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(University d Catania, Italy)*;Grabriella GrudenUniversity of Turin, Italy)*; Dongfeng Gu
(National Center of Cardiovascular Diseases, China)*; Pilar Gu@#atilléon (Universidad
Autonoma de Madrid, Spain)*; Elias F Gudmunds@oelandic Heart Association, Iceland)*;
Vilmundur Gudnason (University of Iceland, Iceland)*; Idris Guessous (Genevarkithyve
Hospitals, Switzerland)*; Johanna Gunnlaugsdottir (Icelandic Heart Assogiteland)*;
Felix Gutzwiller (University of Zuch, Switzerland)*; Rebecca Hardy (University College
London, UK)*; Jun Hata (Kyushu University, Japan)*; Teresa Haugsgjerd (Sitiwvenf
Bergen, Norway)*; Alison J Hayes (University of Sydney, Australidigng He (Tulane
University, USA)*; Yuna He (Chmese Centerfor Disease Control and Prevention, China)*;
Sauli Herrala (Oulu University Hospital, Finland)*; llpo Tapani Hihtaniemmipgérial College
London, UK)*; Michael Hobbs (University of Western Australia, Australia)*; mMél M
Hopman (Kingston Hedit Sciences Centre, Canada)*; José Maria Huerta (CIBER en
Epidemiologia y Salud Publica, Spain)*; Inge Huybrechts (Intemnaltidgency for Research
on Cancer, France)*; Licia lacoviello (University of Insubria, ItalyC{IRS Neuromed, Italy)*;
Anna G lannone (Cardiologia di Mercato S. Severino, Italy)*; Nayu IkedaoiNdtinstitute

of Health and Nutrition, Japan)*; Masanori Iwasaki (Niigata Universifyadg; RodJackson
(University of Auckland, New Zealand)*; Konrad Jamrozik (The University ofl&ide,
Australia; deceased)*; Imre Janszky (Norwegian University of Seiearad Technology,
Norway)*; Marjo-Riitta Jarvelin (Imperial College London; University of Oulu, UK)*;
Grazyna Jasienska (Jagiellonian University Medical College, Polandyy Ganningskleart
Foundation, Australia)*; Seurdgeal Jeong (National Health Insurance Service, South Korea)*;
Chao Qiang Jiang (Guangzhou"ospital, Chindt; Michel Joffres (Simon Fraser University,
Canada)*; Jari J Jokelainen (Oulu University Hospital, Finland)*; Jost B Jongse@ht
Karls-University of Heidelberg, Germany)*; Jacékzwiak (University of Opole, Poland)*;

Eero O Kajantie (National Institute for Health and Welfare, Finland)*;iJkashanen
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(University of Eastern Finland, Finland)*; Ulrich KdlUniversity of Minster, Germany)*;
Sirkka KeinédnerKiukaanniemi (Oulu University Hospital, Finland)*; Mathilde Kersting
(Research Institute of Child Nutrition, Germany)*; Yoddg Khang (Seoul National
University, South Korea)*; Ursula Kiecldohlendorfer(Medical University of Innsbruck,
Austria)*; Stefan Kiechl (Medical University of Innsbruck, Austtia)Jeongseon Kim
(Nationd Cancer Center, South Korea)*eonYong Kim (National Health Insurance Service,
South Korea)*; Jurate Klumbiene (Lithuanian University of Health Scigendgdsuania)*;
Michael Knoflach (Medical University of Innsbruck, Austriagtephanie KoRublic Health
Agency of Canada, Canadag|in Kolle (Norwegian School of Sport Sciences, Norway)*;
Raija Korpelainen (University of Oulu, Finland; Oulu Deaconess Institaiendmation,
Finland)*; Seppo Koskinen (National Institute for Health and Welfare, Finland}sugasu
Kouda (Kindai University, Japan)*; Wolfgang Kratzer (University Hosgilimh, Germany)?*;
Susi Kriemler (University of Zirich, Switzerland)*; Steinar Krokstad riiegian university
of science and technology, Norway)*; Urho M Kujala (University of Jyvigskyinland)*;
Pawel Kurjata (The Cardinal Wyszynski Institute of Cardiology, Poland)*; Kanlasmaa
(National Institutdor Health and Welfare, Finland)*; Tiina Laatikainen (National Institute for
Health and Welfare, Finland)*; Tai Hing Lam (University of Hong Kongind)*; Vera
Lanska (Institute for Clinical and Experimental Medicine, Czech Republ&gtyrg Lappas
(Sahlgenska Academy, Sweden)*; Lars E Laugsand (Norwegian Universitgienc& and
Technology, Norway)*;Jeonghee Lee (National Cancer Center, South Korebgtho
Lehtiméki (Tampere University Hospital, Finland)*; Yanping Li (Harvard Ti&@& School of
PublicHealth, USA)*; Christa L Lilly (West Virginia University, USA)*u Lin (University

of Chinese Academy of Sciences, Chindars Lind (Uppsala University, Sweden)*; Lauren
Lissner (Gothenburg University, Sweden)*; Jing Liu (Capital Medical UnityeBeijing An

Zhen Hospital, China)*; Esther Lop&zarcia (Universidad Autonoma de Madrid, Spain)*;
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Roberto Lorbeer (University Medicine Greifswald, Germany)*; Joséehiog Lozano
(Consejeria de Sanidad Junta de Castilla y Ledn, Spain)*; Dalia Luksiéheafiian
University of Health Sciences, Lithuania)*; Annamari Lundgvist (Nationditirie for Health
and Welfare, Finland)*; Robert Lundqvist (Norrbotten County Council, Sweden)*; Rey Ly
(University of Uppsala, Sweden)*; Guansheng Ma (Peking University, Ehifaka Machi
(The Jikei University School of Medicine, Japan)*; Stefania Maggi (Natiorsgd&eh Council,
Italy)*; Dianna J Magliano (Baker Heart and Diabetes Institute, Australlam | Mann
(University of Otago, New Zealand)*; Enzo Manzato (University of Padoaby)t Pedro
MarquesVidal (Lausanne University Hospital, Switzerland)*; Ellisiv B Mathiesen (Uhe T
Arctic University of Norway, Norway)*; Stela McLachlan (University Binburgh, UK)*;
Rachael M McLean (University of Otago, New Zealgn&cott B McLean (Statistics Canada,
Canada)*; Aline Meirhaeghe (Institut National de la Santé et de la Recherchealgd
France)*; Christa Meisinger (Helmholtz Zentrum Minchen, Germany)*; Rathtetcalf
(University of Auckland, New Zealand)3je Mi(Capital Institute of Pediatrics, ChinaJody

C Miller (University of Otago, New Zealand)*; Luis A Moreno (Universidde Zaragoza,
Spain)*; Suzanne Morin (McGill University, Canada)*; Malgorzata Mossakaws
(International Institute of Molecular and Cell Biology, Poland)*; Maria L Mare(University
of Brescia, Italy)*; Martina MulleiNurasyid (Helmholtz Zentrum Muinchen, Germany)*;
Jaakko Mursu (University of Eastern Finland, Finland)*; Harunobu Nakamura (Kobe
University, Japan)*; Jana NamesSna (Regiohaihority of Public Health, Banska Bystrica,
Slovakia)*; Matthias Nauck (University Medicine of Greifswald, Germ&niva Maria
NavarreteMufioz (CIBER en Epidemiologia y Salud Publica, Spain)*; William A Neal (West
Virginia University, USA)*; llona Nenkd@Jagiellonian University Medical College, Poland)*;
Teemu J Niiranen (National Institute for Health and Welfare, Finland)AnGWMing (Shanghai

Jiao Tong University School of Medicine, China)*; Toshiharu Ninomiya (Kyushu University,
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Japan)*; Marianna Noale (National Research Council, Italy)*; Sawada Naim®fal Cancer
Center, Japan)*; Davide Noto (University of Palermo, Italy)*; Terence iD(\imiversity of
Manchester, UK)*; Dermot O'Reilly (Queen's University of Belfa$K)*; Kyungwon Oh
(korea caters for Disease Control and Prevention, South Korea)*; Orn Olafsson (lcelandi
Heart Association, Iceland)*; Fred Michel Paccaud (Institute for social aedemiive
medicine, Canada)*; Andrzej Pajak (Jagiellonian University Medical Gallegland)*; Ligi
Palmieri (Istituto Superiore di Sanita, Italy)*; Francesco Panza (IRC&a Sollievo della
Sofferenza, Italy)*; Winsome R Parnell (University of Otago, New Zebta Markku
Peltonen (National Institute for Health and Welfare, Finland)*; Annetterd®@telmholtz
Zentrum Mianchen, Germany)*; Astrid Petersmann (University Medicine of sSraid,
Germany)*; Janina Petkeviciene (Lithuanian University of Health Scsehduania)*; Iris
Pigeot (Leibniz Institute for Prevention Research and EpidemioloBiPS, Germany)*;
Lorenza Pilotto (Cardiovascular Prevention Centre Udine, Italy)*; AleksaRiwonska (The
Cardinal Wyszynski Institute of Cardiology, Poland)*; Pedro RRubkié (Public Health
Agency of Catalonia, Spain)*; Miquel Porta (Institut Hospitel Mar d'Investigacions
Mediques, Spain)*; Jacqueline F Price (University of Edinburgh, UK)*; Jardena J Pude
(Lausanne University Hospital, Switzerland)*; Soile E Puhakka (Universityubd;@ulu
Deaconess Institute Foundation, Finland)*; Ricardas Radisauskas (Lithuamiaersidy of
Health Sciences, Lithuania)*; Olli Raitakari (University of Turku, Finjn&Rafel Ramos
(Institut Universitari d’Investigacié en Atenciéo Primaria Jordi Gol, Spaiddsep Redon
(University of Valencia, Spain)*; Fernand@igo (Health Center San Agustin, Spain)*;
Fernando Rodrigue&rtalejo (Universidad Autonoma de Madrid, Spain)*; Maria del Cristo
RodriguezPerez (Canarian Health Service, Spain)*; Dora Romaguera (CIBEROBN, Spain)*
Kimmo Ronkainen (University of Eastern Finland, Finland)*; Annika Rosengren (Universit

of Gothenburg, Sweden)*; Joel GR Roy (Statistics Canada, Canada)yBdesrd Ruidavets
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(Toulouse University Hospital, France)*; Marcin Rutkowski (Medical Universi Gdansk,
Poland)*; Benoit Salanave (French Public Health Agency, France)*; Diego SalfdBER

de Epidemiologia y Salud Publica, Spain)*; Veikko Salomaa (National Institukéelth and
Welfare, Finland)*; Jukka T Salonen (University of Helsinki, Finland)*; MassiSalvetti
(University of Brescia, Italy)*; Susana Sans (Catalan Department of Health, Spainko 1L
Saramies (South Karelia Social and Health Care District, Finland)*\JMa Saum (German
Cancer Research Center, Germany)*; Christa SciNage (Robert Koch Institute, Germany)*
Anja Schienkiewitz (Robert Koch Institute, Germany)*; Sabine Schipf (UsityeMedicine

of Greifswald, Germany)*; Carsten O Schmidt (University Medicine of f&seild,
Germany)*; Ben Schottker (German Cancer Research Center, Germany)*nSybkiaért
(University of Oulu, Finland)*; Abhijit Sen (Norwegian University of Science andhiielogy,
Norway)*; Jennifer Servais (Statistics Canada, Carfadepnathan E Shaw (Baker Heart and
Diabetes Institute, Australia)*; Kenji Shibuya (The University of Tmkjapan)*; Dong Wook
Shin (Samsung Medical Center, South KorealRahman Shiri (Finnish Institute of
Occupational Health, Finland)*; Judith Simons (St Vincent's Hospital, Australiapn A
Simons (University of New South Wales, Australia)*; Michael Sjostrom (lifeska Institutet,
Sweden)*; Jolanta SlowikowsHdilczer (Medical University of Lodz, Poland)*; Przemyslaw
Slusarczyk (International Instituté Molecular and Cell Biology, Poland)*; Stefan Séderberg
(Umea University, Sweden)*; Vincenzo Solfrizzi (University of B#gly)*; Emily Sonestedt
(Lund University, Sweden)*; Aicha Soumare (University of Bordeaux, Francejf;Ala
Staessen (Universityf Leuven, Belgium)*Maria G Stathopoulou (INSERM, FranceBill
Stavreski (Heart Foundation, Australia)*; Jostein Stelt@nnessen (Norwegian School of
Sport Sciences, Norway)*; Peter Stehle (Bonn University, Germany)*; JJiitber
(Helmholtz Zentrmm Minchen, Germany; deceased)*; Doris Stockl (Helmholtz Zentrum

Minchen, Germany)*; Jakub Stokwiszewski (National Institute of Public Hbktional
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Institute of Hygiene, Poland)*; Johan Sundstréom (Uppsala University, Sweden)*; Paibul
Suriyawongpaisal (Madol University, Thailand)*; Abdonas Tamosiunas (Lithuanian
University of Health Sciences, Lithuania)*; Eng Joo Tan (University of Sydhestralia)*;
Anne Taylor (The University of Adelaide, Australia)*; Grethe T&lh{versity of Bergen,
Norway)*; Lutgarde Thijs (University of Leuven, Belgium)*; Hanna K Tolonen (National
Institute for Health and Welfare, Finland)*; Roman Topadry (Jagiellonian University
Medical College, Poland)*; Maria José Tormo (Health Service of Murcia, Spaitaties
Torrent (B-SALUT Area de Salut de Menorca, Spain)*; Shoichiro Tsugane (National Cancer
Center, Japan)*; TorfPekka Tuomainen (University of Eastern Finland, Finland)*; Jaakko
Tuomilehto (Dasman Diabetes Institute, Kuwait)*; Christophe Tzourio (Usityerof
Bordeawx, France)*; Hannu MT Uusitalo (University of Tampere Tays Eye Celrteland)*;
Koen Van Herck (Ghent University, BelgiumPjrk Vanderschueren (Katholieke Universiteit
Leuven, Belgium)*; Diego Vanuzzo (Cardiovascular Prevention Centre Udatg)*jtLars
Vatten (Norwegian University of Science and Technology, Norway)*; Tomaga Ve
(Consejeria de Sanidad Junta de Castilla y Ledn, Spain)*; Giovanni Veronesir§liiyioé
Insubria, Italy)*; Jesus Vioque (Universidad Miguel Hernandez, Spain)*; Jyiirkanen
(University of Eastern Finland, Finland)*; Sophie Visvil8gest (INSERM, France)*eter
Vollenweider (Lausanne University Hospital, Switzerland)*; Sari Voutikai(igniversity of
Eastern Finland, Finland)Martine Vrijheid (SGlobal Centre for Reaech in Environmental
Epidemiology, Spaif; Aline Wagner (University of Strasbourg, France)*; Anne Wagner
(National Institute for Health and Welfare, FinlandMing-Dong Wang (Health Canada
Canadd*; Qian Wang (Xinjiang Medical University, China)*; Yaing Wang (Capital
Medical University, China)*; S Goya Wannamethee (University College Lond&n?; U
Wenbin Wei (Capital Medical University, China)*; Peter H Whincup (St Gesrdg#iiversity

of London, UK)*; Andrzej Wiecek (Medical University of Silesia, Poland)*; Johanreiil
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(Medical University of Innsbruck, Austria)*; Peter Willeit (Medical Urisigy of Innsbruck,
Austria)*; Tom Wilsgaard (UiT The Arctic University of Norway, Norwgy Bogdan
Wojtyniak (National Institute of Public HeaHlKational Insitute of Hygiene, Poland)*;
Andrew Wong (University College London, UK)*; Mark Woodward (University of Newt8
Wales, Australia; University of Oxford, UK)*; Aleksander Giwercman Wun(@ University,
Sweden)*; Frederick C Wu (University of Manchester, UK)*; Shouling Wu (Kailuame¢
Hospital, China)*; Haiquan Xu (Institute of Food and Nutrition Development of Mynasdtr
Agriculture, China)*; Liang Xu (Beijing Institute of Ophthalmology, China)*; W&an
(Children's Hospital of Fudan University, ChjfjaXiaoguang Yang (Chinese Center for
Disease Control and Prevention, China)*; Xingwang Ye (University of ChinesgeAgaof
Sciences, China)*;Akihiro Yoshihara (Niigata University, Japan)*; Sabina Zambon
(University of Padova, Italy)*; Tomasz Zdrojewski (Medical University of &#a Poland)*;
Dong Zhao (Capital Medical University Beijing An Zhen Hospital, Chin&yenhua Zhao

(Chinese Center for Disease Control and Prevention, China)*
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Figure 1. Change per decade in mean total cholesterol by sex in people a§@dydars.
Results for each country apply to its period of total cholesterol data aviylé®ilpplementary

Table 2). See Supplementary TaBléor numerical results and 95% confidence intervals.
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Figure 2: Change per decade in mean (A) HDL and (B)-Ri@L cholesterol by sex in people
aged 4059 years. Results for each country apply to its period of HDL andHiincholesterol
data availabiliy (Supplementaryrable 2). SeeSupplementaryrable4 for numerical results

and 95% confidence intervals.
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Figure 3: Change per decade in mean iDL versus HDL cholesterol in people aged 40 to
59 years. Results for each country apply to its period of ldBd. norRHDL cholesterol data
availability (Supplementaryable2). SeeSupplementaryable4 for numerical results and 95%

confidence intervals.

AUS = Australia; BEL = BelgiumCAN = CanadaCHE = Switzerland; CHN = China; CZE

= Czech Republic; DEU = Germany; ESP = Spain; FIN = Finland; FRA = France; GBR =
United Kingdom; ISL = Iceland; ITA = Italy; JPN = Japan; KOR = Southedpl.TU =
Lithuania; NOR = Norway; NZL = New Zealand; POL = Poland; SVK = Sl@adSA =

United States of America.
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Figure4: Change per decade in mean tetaHDL cholesterol ratio by sex in people aged 40
59 years. Results for each country apply to its period of HDL aneHincholesterol data
availability (Supplementaryrable2). SeeSupplementaryable 4 for numerical resulésd 95%

confidence intervals.
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Figure 5: Change per decade in mean total cholesterol (TC) versugaét@lL cholesterol

ratio, in people aged 40 t® years.

AUS = Australia; BEL = BelgiumCAN = Canada; CHE = Switzerland; CHN = China; CZE

= Czech Republic; DEU = Germany; ESP = Spain; FIN = Finland; FRA = France; GBR =
United Kingdom; ISL = Iceland; ITA = Italy; JPN = Japan; KOR = Southedpl.TU =
Lithuania; NOR = Norway; NZL = New Zealand; POL = Poland; SVK = Sl@adSA =

United States of America
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Figure6: Change per decade in mean (A) total cholesterol, (BHI2h cholesterol, (C) HDL

cholesterol and (D) totab-HDL cholesterol ratio in people aged 40-59 versug®@ears.

AUS = Australia; BEL = BelgiumCAN = Canada; DEU = Germany; ESPSpain; GBR =

United Kingdom; ITA = Italy; JPN = Japan; KOR = South KorédA = Thailand;USA =

United States of America.
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