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Abstract

Background: Although high-density lipoprotein (HDL) and non-HDL cholesterol have

opposite associations with coronary heart disease, multi-country reports of lipid trends

only use total cholesterol (TC). Our aim was to compare trends in total, HDL and non-

HDL cholesterol and the total-to-HDL cholesterol ratio in Asian and Western countries.

Methods: We pooled 458 population-based studies with 82.1 million participants in 23

Asian and Western countries. We estimated changes in mean total, HDL and non-HDL

cholesterol and mean total-to-HDL cholesterol ratio by country, sex and age group.

Results: Since �1980, mean TC increased in Asian countries. In Japan and South Korea,

the TC rise was due to rising HDL cholesterol, which increased by up to 0.17 mmol/L per

decade in Japanese women; in China, it was due to rising non-HDL cholesterol. TC de-

clined in Western countries, except in Polish men. The decline was largest in Finland and

Norway, at �0.4 mmol/L per decade. The decline in TC in most Western countries was

the net effect of an increase in HDL cholesterol and a decline in non-HDL cholesterol,

with the HDL cholesterol increase largest in New Zealand and Switzerland. Mean

total-to-HDL cholesterol ratio declined in Japan, South Korea and most Western coun-

tries, by as much as �0.7 per decade in Swiss men (equivalent to �26% decline in coro-

nary heart disease risk per decade). The ratio increased in China.

Conclusions: HDL cholesterol has risen and the total-to-HDL cholesterol ratio has de-

clined in many Western countries, Japan and South Korea, with only a weak correlation

with changes in TC or non-HDL cholesterol.
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Introduction

Blood cholesterol is one of the most important risk factors

for coronary heart disease (CHD).1–4 Population-level data

on blood cholesterol are an important input for planning

and evaluating the impacts of public health interventions

and treatment programmes on entire countries and com-

munities. Comparable data in different countries can help

to benchmark success in lowering cholesterol across coun-

tries and to understand the reasons behind different trends,

both those that were a result of active interventions and

unplanned secular changes in nutrition and health

behaviours.

Multi-country reporting of lipid trends has so far been

based on total cholesterol (TC).5,6 However, high-density

lipoprotein (HDL) and non-HDL or low-density lipopro-

tein (LDL) cholesterol have opposite associations with

CHD1,2 and can respond differently to changes in diet and

treatment. Currently, there are no comparable cross-

country data on lipid fractions, including LDL and HDL

cholesterol, and the total-to-HDL cholesterol ratio; only

studies in individual countries have reported such trends.7–27

To fill this important gap, we used population-based data to

analyse and compare long-term changes in TC, HDL and

non-HDL cholesterol, and the total-to-HDL cholesterol ra-

tio in Western and Asian countries over a period of more

than 30 years.

Methods

Primary outcomes

For this analysis, we used mean total, HDL and non-HDL

cholesterol and mean total-to-HDL cholesterol ratio as pri-

mary outcomes. The hazardous effects of blood cholesterol

on CHD were first established in the Framingham Study,

focusing on TC.28 However, physiological studies29 and

subsequent analyses of the Framingham Study30 found that

the fractions of blood cholesterol carried by different

lipoproteins and lipid ratios affect CHD risk differentially,

and at times in opposite directions. Pooled analyses of ob-

servational epidemiological studies have established that

CHD risk is associated directly with LDL and non-HDL

cholesterol and inversely with HDL cholesterol.1,2 As a re-

sult, lipid ratios such as the total-to-HDL cholesterol ratio,

which incorporates information on lipid fractions with op-

posite associations, have emerged as a particularly good

predictor of CHD risk in clinical and epidemiological

applications.1,2 Randomized clinical trials have also shown

that lowering LDL and non-HDL cholesterol lowers CHD

risk.31–34 In contrast, the results of observational studies

on HDL cholesterol have not been replicated in random-

ized trials or in Mendelian randomization studies.35–38

We used non-HDL cholesterol rather than LDL choles-

terol because most studies in our analysis had measured TC

and HDL cholesterol, from which non-HDL cholesterol

can be calculated by subtraction. In contrast, LDL choles-

terol was directly measured in only 13% of studies. When

LDL cholesterol is not directly measured, its estimation

requires data on triglycerides, which were available in only

61% of studies. Further, the most commonly used estima-

tion method, i.e. the Friedewald equation, can be inaccu-

rate.39 We found that non-HDL and LDL cholesterol were

correlated in studies with data on both variables (r¼ 0.93)

(Supplementary Figure 1, available as Supplementary data

at IJE online). Non-HDL cholesterol predicts CHD risk at

least as well as LDL cholesterol40,41 because it includes cho-

lesterol in LDL, lipoprotein(a), intermediate-density lipo-

protein, very-low-density lipoprotein and lipoprotein

remnants, and is thus a simple measure of cholesterol con-

tent within all atherogenic lipoproteins.

Countries analysed

Our analyses included Asian and Western countries that

had at least five population-based studies (or at least three

if the studies were nationally representative) in the Non-

Communicable Disease Risk Factor Collaboration (NCD-

Key Messages

• Total cholesterol (TC) has increased in Asian countries. In Japan and South Korea, the TC rise was largely due to an

increase in HDL cholesterol; in China, it was due to a rise in non-HDL cholesterol.

• The observed decline in TC in most Western countries was the net effect of an increase in HDL cholesterol and a de-

cline in non-HDL cholesterol.

• The total-to-HDL cholesterol ratio has declined in many Western countries, Japan and South Korea, with only a weak

correlation with changes in TC or non-HDL cholesterol.

• Countries’ comparative performance in reducing the risks associated with blood lipids is only partially captured by

trends in TC.

174 International Journal of Epidemiology, 2020, Vol. 49, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article-abstract/49/1/173/5535677 by Turun Yliopiston Kirjasto user on 09 July 2020

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz099#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz099#supplementary-data


RisC) database, as described below, with measurement of

total and HDL cholesterol over a period of at least 15 years

from 1970 onwards, with at least one data source after

2005. Twenty-one countries, listed below, met these

criteria:

• Nordic countries: Finland, Iceland and Norway.

• Eastern central Europe: Czech Republic, Lithuania,

Poland and Slovakia.

• Western central Europe: Belgium, Germany and

Switzerland.

• Southern Europe: France, Italy and Spain.

• High-income English-speaking countries: Australia,

Canada, New Zealand, UK and USA.

• East and southeast Asia: China, Japan and South Korea.

Two additional countries, Sweden and Thailand, had

sufficient data on TC but not on HDL cholesterol and

were included in TC analysis only.

Data sources

We used studies that had measured cholesterol in represen-

tative samples of the national population or of one or more

subnational regions and communities. We used a database

on cardiometabolic risk factors collated by NCD-RisC.

NCD-RisC is a worldwide network of health researchers

and practitioners whose aim is to document systematically

worldwide trends and variations in NCD risk factors.42–45

The database was collated through multiple routes for iden-

tifying and accessing data. We accessed publicly available

population-based measurement surveys [e.g. Demographic

and Health Surveys (DHS), Global School-based Student

Health Surveys (GSHS), the European Health Interview and

Health Examination Surveys (EHIS and EHES) and those

available via the Inter-university Consortium for Political

and Social Research (ICPSR)]. We requested, via the World

Health Organization (WHO) and its regional and country

offices, help with identification and access to population-

based surveys from ministries of health and other national

health and statistical agencies. Requests were also sent via

the World Heart Federation to its national partners. We

made similar requests to the co-authors of an earlier pooled

analysis of cardiometabolic risk factors5,46–48 and invited

them to reanalyse data from their studies and join NCD-

RisC. Finally, to identify major sources not accessed

through the above routes, we searched and reviewed pub-

lished studies as detailed previously42–44 and invited all eligi-

ble studies to join NCD-RisC.

Anonymized individual record data from sources in-

cluded in NCD-RisC were reanalysed 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 preg-

nant. We dropped participants with implausible choles-

terol levels (defined as TC <1.75 or >20 mmol/L; HDL

cholesterol <0.4 or >5 mmol/L; TC values < HDL values)

(<0.1% of all subjects). To ensure summaries were pre-

pared according to the study protocol, the Pooled Analysis

and Writing Group provided computer code to NCD-RisC

members who requested assistance. All submitted data

were checked by at least two independent members of the

Pooled Analysis and Writing Group. Questions and clarifi-

cations were discussed with NCD-RisC members and re-

solved before data were incorporated into the database.

Finally, we incorporated all nationally representative data

from sources that were identified but not accessed via the

above routes, by extracting summary statistics from pub-

lished reports. Data were extracted from published reports

only when reported by sex and in age groups no wider

than 20 years. We also used data from a previous global

data pooling study5 when such data had not been accessed

through the routes described.

All NCD-RisC members are asked periodically to re-

view the list of sources from their country, to suggest addi-

tional sources not in the database and to verify that the

included data meet the inclusion criteria listed below and

are not duplicates. The NCD-RisC database is continu-

ously updated through this contact with NCD-RisC mem-

bers and all the above routes. For this paper, we used data

from the NCD-RisC database for the 23 countries included

in the analysis, for years 1970–2018 and ages 40–79 years.

Data inclusion and exclusion

Data sources were included in the NCD-RisC lipids data-

base if:

• measured data on total, LDL, HDL cholesterol or trigly-

cerides were available;

• study participants were 10 years of age or older;

• data were collected using a probabilistic sampling

method with a defined sampling frame;

• data were from population samples at the national, sub-

national (i.e. covering one or more subnational regions,

more than three urban communities or more than five ru-

ral communities) or community level.

We excluded all data sources that included only hyper-

cholesterolemia or dyslipidaemia diagnosis history or med-

ication status without measurement of at least one of the

above biomarkers. We also excluded data sources on popu-

lation subgroups whose lipid profile may differ systemati-

cally from the general population, including:

• studies that had included or excluded people based on

their health status or cardiovascular risk;
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• studies whose participants were only ethnic minorities;

• specific educational, occupational or socio-economic

subgroups, with the exception noted below; and

• those recruited through health facilities, with the excep-

tion noted below.

We used data whose sampling frame was health insur-

ance schemes in countries where at least 80% of the popu-

lation were insured. Finally, we used data collected

through general practice and primary care systems in high-

income and central European countries with universal in-

surance because contact with the primary care systems

tends to be as good as, or better than, response rates for

population-based surveys.

We used data sources regardless of fasting status be-

cause the differences between fasting and non-fasting

measurements are negligible for our primary outcomes.49

From the CDC-NHLBI Lipid Standardization Program in

the 1950s, there has been an understanding of the need for,

and systematic efforts to achieve, standardization of lipid

measurements. The difference between any standardized

method and the CDC Reference method should be less

than 3% for TC and less than 5% for HDL cholesterol

(less than 10% before the mid-1990s).50 More than three-

quarters of the studies in our analysis participated in a lipid

standardization programme (Supplementary Table 1 and

Supplementary Figure 2, available as Supplementary data

at IJE online). A summary of data available by country is

shown in Supplementary Table 2, available as

Supplementary data at IJE online, and characteristics of

each study are shown in Supplementary Table 1, available

as Supplementary data at IJE online.

We extracted data for ages 40–79 years because people

aged below 40 years have a lower cardiovascular risk and

because data in older ages were available in fewer surveys.

CHD mortality increases with age whereas hazard ratios

for the effects of cholesterol on CHD decrease with age.1,2

As a result, a larger share of CHD deaths are attributable

to elevated cholesterol in middle-older ages, but the num-

ber of cholesterol-attributable deaths continues to increase

with age.4 We present results for 40–59 years as the pri-

mary analysis because data on these age groups were avail-

able for all countries included in the analysis. To

investigate the role of age in our findings, we compared

results for ages 40–59 years to those of 60–79 years in

countries with data for the entire age range of 40–79 years.

Statistical methods

For each study, we calculated mean total, HDL and non-

HDL cholesterol and mean total-to-HDL cholesterol ratio by

sex and 10-year age groups. The total-to-HDL cholesterol ra-

tio was calculated using individual records before averaging

for each sex and age group. All analyses incorporated appro-

priate complex survey design and survey sample weights in

calculating age- and sex-specific means.

For each primary outcome and for each country, sex

and age group, we calculated average annual change over

the entire period of data availability by fitting a linear re-

gression with the study-specific means as the dependent

variable and year as the independent variable. Each data

point was weighted by the inverse of the square of its stan-

dard error, so that larger studies had more influence on the

estimated change. We multiplied the slope of the fitted line

by 10 to calculate average change per decade. We also

used the fitted line to estimate total, HDL and non-HDL

cholesterol and the total-to-HDL cholesterol ratio values

for a consistent period of 1980–2015 for all countries. For

countries with data starting before 1980 and/or ending af-

ter 2015, this is equivalent to using the fitted line to inter-

polate for 1980 and/or 2015; for those with data starting

after 1980 and/or ending before 2015, values for 1980

and/or 2015 were extrapolated using the fitted line. In a

sensitivity analysis, we fitted a non-linear (LOESS) regres-

sion to examine by how much our results are influenced by

use of linear trend. For each primary outcome and for each

country, results were calculated by 10-year age groups,

separately for men and women, and then age-standardized

into two age bands (40–59 and 60–79 years) by taking a

weighted average of age-specific results using weights from

the WHO standard population. Analyses were performed

in R version 3.4.0 (The R Foundation for Statistical

Computing).

Results

Data availability

We used 438 population-based studies, collected from 1970 to

2018 in 21 countries that met our inclusion criteria for TC as

well as lipid fractions. An additional 20 studies were used for

analysis of TC in two additional countries (Thailand and

Sweden). Together, these studies included blood lipid measure-

ments in 82.1 million participants, 79million of whom were

aged 40–79years. The number of data sources ranged from 5

in Slovakia to 56 in Japan. The average time between the first

and last studies in a country was around three decades. For the

primary analysis, we used 425 studies with data for ages 40–

59years. All these 425 studies had data on TC. In the 21 coun-

tries included in the analysis of lipid fractions, 368 of 405 stud-

ies (90.9%) had data on HDL cholesterol and 367 (90.6%)

on the total-to-HDL cholesterol ratio. Details of data availabil-

ity by country and characteristics of each study are shown in

Supplementary Tables 1 and 2, available as Supplementary

data at IJE online.
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Total cholesterol

Mean TC declined in men and women aged 40–59 years in

most Western countries, except in Polish men, whose TC

was about the same at the beginning and end of the analysis

period (Figure 1). The absence of long-term change in

Poland was a result of a rise in mean TC until the late

1990s, followed by a decline (Supplementary Figure 3,

available as Supplementary data at IJE online). In both

sexes, the decline was larger in Nordic countries and central

Europe than in English-speaking countries and southern

Europe. The TC decline in men ranged from<0.1 mmol/L per

decade in Lithuania, New Zealand and France to

�0.4 mmol/L per decade in Norway, Finland and Belgium.

In women, the range was from <0.1 mmol/L per decade in

Poland, France and Italy to �0.4 mmol/L per decade in

Finland, Norway and Belgium. TC increased in all four

Asian countries, with the largest increase in China and

Thailand, by �0.3 mmol/L per decade. Despite this rise,

Chinese women (but not men) still had the lowest estimated

mean TC of all 23 countries in 2015 (5.0 mmol/L)

(Supplementary Figure 4, available as Supplementary data

at IJE online). The highest mean TCs in 2015 were those in

Lithuanian and French men and Thai women, all above

5.7 mmol/L.

HDL and non-HDL cholesterol

Among the three Asian countries with data on lipid frac-

tions, the rise in mean TC in Japan and South Korea was

largely due to an increase in mean HDL cholesterol, which,

among Japanese and South Korean women, was offset

partly by a decline in non-HDL cholesterol (Figure 2). The

rise in HDL cholesterol ranged from 0.04 mmol/L per de-

cade in South Korean men to 0.17 mmol/L per decade in

Japanese women. In contrast, the TC rise in China was due

to an increase in non-HDL cholesterol whereas HDL cho-

lesterol remained unchanged in women and increased

slightly in men.

The decline in mean TC in many Western countries was

the net effect of a decline in non-HDL cholesterol and an in-

crease in HDL cholesterol (Figure 2). The key exceptions

were men and women in Germany and Norway, and men

in the Czech Republic and Slovakia, where both HDL and

non-HDL cholesterol declined. Similar to TC, mean non-

HDL cholesterol generally declined more in Nordic coun-

tries and central Europe than in English-speaking and

southern European countries. The largest rise in mean HDL

cholesterol occurred in New Zealand and Switzerland, by

0.10–0.15 mmol/L per decade in the two sexes.

The change in mean HDL cholesterol and change in

mean non-HDL cholesterol were not correlated (r¼ –0.004

for men and –0.07 for women) (Figure 3). In 2015, the low-

est levels of mean non-HDL cholesterol were those in China

and Belgium for men (3.7 mmol/L) and in Iceland for

women (3.3 mmol/L) (Supplementary Figure 5, available as

Supplementary data at IJE online). The highest were in

France: 4.4 mmol/L for men and 4.0 mmol/L for women.

Total-to-HDL cholesterol ratio

Mean total-to-HDL cholesterol ratio declined 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

women (Figure 4). The ratio changed little in Slovakian

men. In Asia, China experienced a rise in mean total-to-

HDL cholesterol ratio because of the above-mentioned

non-favourable changes in lipid fractions. In contrast, de-

spite the rise in mean TC, the total-to-HDL cholesterol ra-

tio declined in Japan and South Korea because HDL

cholesterol increased by a larger proportion than did TC.

The change in mean total-to-HDL cholesterol ratio was

only moderately correlated with the change in mean TC

(correlation coefficient¼ 0.52 for men and 0.53 for

women) (Figure 5). Japan and South Korea were particu-

larly notable in having had a rise in TC but a decline in the

total-to-HDL cholesterol ratio, while Norway, Germany

and men in Slovakia had declining TC with little change in

the total-to-HDL cholesterol ratio. In 2015, the lowest ra-

tio was that of Japanese women (2.9) and Japanese men

(3.7) (Supplementary Figure 6, available as Supplementary

data at IJE online).

Results for people aged 60–79 years

Results in people aged 60–79 years were moderately to

strongly correlated with those aged 40–59 years (Figure 6

and Supplementary Figure 3, available as Supplementary

data at IJE online). In virtually all countries, mean TC,

non-HDL cholesterol and total-to-HDL cholesterol ratio

declined more in these older age groups than in people

aged 40–59 years. The decline advantage in older ages was

particularly evident for Australia and the UK, where

women and men aged 60–79 years experienced a decline in

non-HDL cholesterol twice as large as those aged 40–

59 years. The change in mean HDL cholesterol was larger

in older ages in some countries and smaller in others, indi-

cating that its change may be due to factors that are at least

partly different from those affecting non-HDL cholesterol.

Discussion

By conducting a comparative analysis of changes in TC

and lipid fractions and ratios, we found varying rates of
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Figure 1. Change per decade in mean total cholesterol by sex in people aged 40–59 years. Results for each country apply to its period of total choles-

terol data availability (Supplementary Table 2, available as Supplementary data at IJE online). See Supplementary Table 3, available as

Supplementary data at IJE online, for numerical results and 95% confidence intervals.
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Figure 2. Change per decade in mean (A) HDL and (B) non-HDL cholesterol by sex in people aged 40–59 years. Results for each country apply to its pe-

riod of HDL and non-HDL cholesterol data availability (Supplementary Table 2, available as Supplementary data at IJE online). See Supplementary

Table 4, available as Supplementary data at IJE online, for numerical results and 95% confidence intervals.
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decline in TC in Western countries and a rise in Asian coun-

tries, leading to an overall convergence in TC among these

countries. Underlying this convergence were more heteroge-

neous trends in HDL and non-HDL cholesterol, with HDL

cholesterol rising in more than half the countries included

in the analysis. The diverse trends in HDL and non-HDL

cholesterol resulted in substantial cross-country variation in

trends for mean total-to-HDL cholesterol ratio, with the ra-

tio declining in most countries, but increasing in China.

Our findings on TC trends are largely consistent with

prior multi- and single-country reports. Differences from

previous studies—e.g. in some countries that participated

in the MONICA Project,6 Poland21 and Switzerland24—

mostly arise because our study covered a longer period and

used a larger number of data sources. Fewer studies have

reported trends in lipid fractions and, to our knowledge,

none has done so consistently across countries. Studies that

have reported trends in lipid fractions for a period longer

than 15 years8,11,16,18–20,25–27 have found changes in non-

HDL cholesterol (or in LDL cholesterol for some studies)

that were consistent with our results.

The observed decline in non-HDL cholesterol in

Western countries is likely to have been mostly due to

changes in diet—especially the replacement of saturated

with unsaturated fats and reduction in trans-fats.8,20,51

Statins have also been widely used in high-risk patients

since the 1990s26,52 and may have helped lower the popu-

lation mean, especially in older ages. In the majority of

countries in our analysis, the decline in non-HDL choles-

terol started in the 1980s, before statins were widely used.

Further, we observed a decline in non-HDL cholesterol in

men and women aged 40–49 years, among whom statin

use is relatively low. Nonetheless, the higher use of statins

in older ages may at least partly explain the larger decline

in non-HDL cholesterol observed in those aged 60–

79 years.26,53

Dietary changes in Western countries contrast with the

substantial rise in consumption of animal fats in China,54

where statin use remains low.55 Focusing on non-HDL

cholesterol alone, however, conceals important changes in

HDL cholesterol and the total-to-HDL cholesterol ratio.

Although HDL cholesterol does not have a dominant non-

genetic determinant, it is affected adversely (i.e. is lower)

by adiposity, type 2 diabetes, intake of trans-fats and car-

bohydrates, especially those with a high glycaemic index,

smoking and the use of some drugs (e.g. b-blockers, ana-

bolic steroids).56–63 Conversely, increases in physical activ-

ity, alcohol consumption, total fat intake and oestrogens

increase HDL cholesterol.56,57,59–63 A decrease in carbohy-

drate intake and an increase in fat intake may have con-

tributed to the increase in HDL cholesterol in Japan,64,65

South Korea62,66 and Switzerland,67 whereas declines in
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carbohydrate intake and smoking may have contributed to

the rise in the USA26 and some other countries. In contrast,

an increase in carbohydrate intake67 and a decline in alco-

hol consumption68 have been observed in Germany, where

we observed a slight decline in HDL cholesterol. The de-

cline in smoking in most Western countries may have also

contributed to the observed increase in HDL cholesterol.

The strengths of our study include its novel scope of

comparing lipid fractions across countries and using a

large number of high-quality population-based studies

over more than three decades. Such comprehensive data

allowed us to document a significant rise in HDL choles-

terol, which is considered difficult to change, in a number

of Western and Asian countries as a contributor to the de-

cline in the total-to-HDL cholesterol ratio. A multi-

country study, such as ours, is also affected by some limita-

tions. Clinical trials of drugs that raise HDL cholesterol

and genetic and epidemiologic studies have shown the

complexity of the relationship between HDL cholesterol,

HDL particles and cardiovascular and other dis-

eases.35,37,38,69 We used HDL and non-HDL cholesterol

because there were significantly more data available than

on LDL cholesterol and because the total-to-HDL choles-

terol ratio is commonly used in clinical practice. We did

not analyse trends in different HDL particles because this

information is not available in most population-based

health surveys and because it is not commonly used to

make clinical decisions. For the same reason, we also did

not analyse emerging lipid markers such as apolipoprotein

B and apolipoprotein A-I.56,70 We used the average change

per decade, estimated in a linear model, which has the ad-

vantage of being parsimonious, but trends in some coun-

tries may be non-linear. When we fitted a non-linear

LOESS regression (Supplementary Figure 3, available as

Supplementary data at IJE online), the estimated average

decadal change was similar to the estimates from the linear

model in most countries. Almost 80% of the studies in our

analysis had used enzymatic methods for measuring TC,

which have been well standardized since at least the 1980s.

Although methods to measure HDL cholesterol have

evolved over time—chemical precipitation methods to sep-

arate HDL and, more recently, homogeneous assays71—

more than three-quarters of the studies in our analysis par-

ticipated in a lipid standardization programme

(Supplementary Figure 2, available as Supplementary data

at IJE online). A rise in HDL cholesterol was also seen in

countries and over periods where measurement methods

did not change. Nonetheless, the observed changes in HDL

cholesterol in some countries were in the same order of

magnitude to which laboratories’ accuracies can be stan-

dardized. Although most studies had measured cholesterol

in serum, �11% had used plasma. Adjusting for plasma-

serum differences had little impact on our results and did

not change our conclusions (Supplementary Figure 7,
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available as Supplementary data at IJE online) because

cholesterol measured in plasma and serum differ by only

about 3%.50 Finally, although all our data were from sam-

ples of the general population, 40% came from

community-based studies. In some countries, community-

based studies came from the same community in different

years; in others, studies were from different parts of the

same country, which led to additional variability in data

and uncertainty in the estimated change. Our key findings

on lipid fractions were also seen where the data sources

covered the entire country or large parts of it. In 11 coun-

tries, our analysis was limited to ages 40–59 years because

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

for whom non-HDL cholesterol may have declined more

due to the use of statins, as indicated by the results in the

10 countries with data covering ages 40–79 years.
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Whereas early epidemiological studies used TC as a

marker of cardiovascular risk in individuals and popula-

tions,72 our study shows that the populations of Asian

and Western countries have experienced large and hetero-

geneous changes in lipid fractions, including substantial

increases in HDL cholesterol and substantial falls in non-

HDL cholesterol. In the best-performing countries, those

in Europe and New Zealand, the total-to-HDL choles-

terol ratio has declined by 1.5–2.3 since the 1980s, which

is equivalent to a 48–63% reduction in the risk of CHD.1

In Japan and South Korea, the total-to-HDL cholesterol

ratio has declined, which provides a simple explanation

for the apparent paradox of declining CHD while TC in-

creased.73 A key implication of our findings is the

need for national surveillance systems that, consistently

with modern clinical practice, measure relevant lipid

fractions and their determinants, including diet, health

behaviours such as smoking and alcohol use, and use of
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statins to support the design and evaluation of public-

health programmes.

Despite the improvements that we have documented,

the populations of all countries analysed here would bene-

fit from lower non-HDL cholesterol and total-to-HDL

cholesterol ratios. In China, which had some of the lowest

recorded non-HDL cholesterol and TC levels a few decades

ago, changes in diet and relatively low treatment coverage

have led to unfavourable trends in lipid profiles. Therefore,

population-based policies and targeted interventions to im-

prove nutrition and enhance treatment are still needed in

all these countries and should be designed and evaluated

based on their impacts on all health-relevant lipid fractions

and on the corresponding health outcomes.

Supplementary data

Supplementary data are available at IJE online.
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Vilmundur Gudnason (Icelandic Heart Association,
Iceland); Young-Ho Khang (Seoul National
University, South Korea); Tiina Laatikainen (National
Institute for Health and Welfare, Finland); Jim I Mann
(University of Otago, New Zealand); Pedro Marques-
Vidal (Lausanne University Hospital, Switzerland);
George A Mensah (National Institutes of Health,
USA); Martina Müller-Nurasyid (Helmholtz Zentrum
München, Germany); Toshiharu Ninomiya (Kyushu
University, Japan); Janina Petkeviciene (Lithuanian
University of Health Sciences, Lithuania); Fernando
Rodrı́guez-Artalejo (Universidad Autónoma de
Madrid/CIBERESP, Spain); Jennifer Servais (Statistics
Canada, Canada); Stefan Söderberg (Umeå University,
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