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High blood cholesterolis typically considered a feature of wealthy western
countries*%. However, dietary and behavioural determinants of blood cholesterol are
changing rapidly throughout the world® and countries are using lipid-lowering
medications at varying rates. These changes can have distinct effects on the levels of
high-density lipoprotein (HDL) cholesterol and non-HDL cholesterol, which have

different effects on human health**. However, the trends of HDL and non-HDL
cholesterol levels over time have not been previously reported in a global analysis.
Here we pooled 1,127 population-based studies that measured blood lipids in

102.6 million individuals aged 18 years and older to estimate trends from 1980 t0 2018
inmean total, non-HDL and HDL cholesterol levels for 200 countries. Globally, there
was little change in total or non-HDL cholesterol from 1980 to 2018. This was a net
effect of increases inlow- and middle-income countries, especially in east and
southeast Asia, and decreases in high-income western countries, especially those in
northwestern Europe, and in central and eastern Europe. As a result, countries with
the highest level of non-HDL cholesterol—which is a marker of cardiovascular risk—
changed from those in western Europe such as Belgium, Finland, Greenland, Iceland,
Norway, Sweden, Switzerland and Maltain 1980 to those in Asia and the Pacific,

such as Tokelau, Malaysia, The Philippines and Thailand. In 2017, high non-HDL
cholesterol was responsible for an estimated 3.9 million (95% credible interval

3.7 million-4.2 million) worldwide deaths, half of which occurred in east, southeast
and south Asia. The global repositioning of lipid-related risk, with non-optimal
cholesterol shifting from a distinct feature of high-income countries in northwestern
Europe, north America and Australasia to one that affects countries in east and
southeast Asia and Oceania should motivate the use of population-based policies and
personalinterventions to improve nutrition and enhance access to treatment
throughout the world.

Blood cholesterolis one of the mostimportantrisk factors forischaemic
heartdisease (IHD) and ischaemic stroke* ¢. Consistent and comparable
informationon cholesterollevels and trends in different countries can
help to benchmark national performance in addressing non-optimal
cholesterol, investigate the reasons behind differential trends and
identify countries in which interventions are needed the most.

A previous global analysis’ reported trends in total cholesterol
from 1980 to 2008, but did not analyse important lipid fractions—
including HDL and non-HDL cholesterol—that are key to understand-
ing the cardiovascular disease risk associated with non-optimal
cholesterol. Dietary and behavioural determinants of cholesterol
have changed throughout the world in the past decades, including
aworldwide rise in adiposity®®, divergent global trends in alcohol
use', arise in the intake of animal-source foods in middle-income
countries (especially in east Asia)*", and areplacement of saturated
fats and trans fats with unsaturated fats in some high-income coun-
tries>'2, Thereis also considerable variation in how much different

countries have adopted lipid-lowering medications®. These changes
are likely to have influenced cholesterol levels substantially in the
decade since the last estimates were made. Furthermore, HDL and
non-HDL cholesterol, which have opposite associations with cardio-
vascular diseases*, respond differently to diet and treatment, and
may therefore have different geographical patterns and trends over
time™. Information on these major lipid fractions, which were not
included in the previous global estimates, is essential for priority
setting and intervention choice.

Here we pooled1,127 population-based studies that measured blood
lipids in 102.6 million individuals aged 18 years and older (Extended
DataFigs.1,2and Supplementary Table 1) and used a Bayesian hierarchi-
calmodel to estimate trends from 1980 to 2018 in mean total, non-HDL
and HDL cholesterol levels for 200 countries. We also estimated
the number of deaths caused by IHD and ischaemic stroke that were
attributable to high levels of non-HDL cholesterol using information
onits hazards from epidemiological studies.

*A list of participants and their affiliations appears in the online version of the paper.
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Fig.1|Changeinage-standardized meantotal cholesterol between 1980

and 2018 by region forwomenandmen. a, Age-standardized mean total
cholesterolinwomen. b, Age-standardized mean total cholesterolin men.

Trendsintotal cholesterol

In2018, global age-standardized mean total cholesterol was 4.6 mmol ™
(95% credible interval, 4.5-4.7) for women and 4.5 mmol I} (4.3-4.6)
for men. Global age-standardized mean total cholesterol changed
little over these nearly four decades, decreasing by 0.03 mmol I per
decade (-0.02-0.08) in women and 0.05 mmol I per decade (0.00-
0.11)inmen (posterior probability of the observed declines being true
declines=0.90 for women and 0.98 for men) (Fig.1). Regionally, total
cholesterol decreased the most in high-income western regions and
in central and eastern Europe. The decrease was the largest (around
0.3mmol I per decade; posterior probability >0.9999) in northwest-
ern Europe, where mean total cholesterol levels had been the high-
estin1980. The decrease in total cholesterol in high-income western
regions and central and eastern Europe was largely due to a decline
innon-HDL cholesterol (Extended Data Fig. 4), which among women
was offset partly by an increase in mean HDL cholesterol levels. Mean
total cholesterol changed little in most of the other regions, with the
notable exception of east and southeast Asia, where it increased by
more than 0.1mmoll™ per decade in both women and men (posterior
probability 20.95). The increase in east and southeast Asia was largely
due toanincrease in non-HDL cholesterol.

Trendsinnon-HDL and HDL cholesterol

In 2018, global age-standardized mean non-HDL cholesterol was
3.3 mmol I (3.2-3.4) for women and 3.3 mmol 1" (3.3-3.4) for men;
global age-standardized mean HDL cholesterol was 1.3 mmol I (1.2-1.3)
forwomen and 1.1 mmol 1™ (1.1-1.2) for men. Global age-standardized
meannon-HDL cholesterol remained almost unchanged from 1980 to
2018, decreasing by only 0.02 mmol ™ per decade (-0.02-0.06; poste-
rior probability = 0.80) inwomen and 0.01 mmol I per decade (-0.03-
0.06; posterior probability = 0.72) in men. Global age-standardized
mean HDL cholesterol remained unchanged for women and decreased
slightly for men (by 0.02 mmol I per decade, posterior probabil-
ity=0.91).

Regionally, non-HDL cholesterol decreased substantially in
high-income western regions and central and eastern Europe. The
largest decrease occurred in northwestern Europe (>0.3 mmol I
per decade; posterior probability >0.9999) (Fig. 2). By contrast, it
increased in east and southeast Asia, parts of sub-Saharan Africa and
Melanesia. Theincrease was the largest in southeast Asia, increasing by

74 | Nature | Vol 582 | 4 June 2020

>
> >

Thestart ofthe arrow shows the levelin 1980 and the head indicates the levelin

2018.See Extended DataFig. 3 for age-standardized mean HDL cholesterol.

One mmolltisequivalentto38.61mgdI™.

approximately 0.2 mmoll™ per decade (posterior probability >0.9999).
MeanHDL cholesterolincreased in the high-income Asia-Pacificregion,
by as much as 0.1 mmol I per decade in women (posterior probabil-
ity >0.9999) but decreased in Melanesia, Polynesia and Micronesia
(Extended DataFig. 3).

Belgium, Finland, Greenland, Iceland, Norway, Sweden, Switzerland
and Malta had some of the highest non-HDL cholesterol levelsin 1980
(>4.5 mmol I inwomen and >4.7 mmol 1! in men) but experienced
someofthelargestdeclines (Figs. 3, 4). At the extreme, mean non-HDL
cholesterol declined by around 0.45 mmol I per decade or more in
Belgian and Icelandic women and men, changing their ranks from being
inthetop 10 countries interms of non-HDL cholesterolin 1980 to being
ranked in the lower half of the countries in 2018—below countries in
southwestern Europe such as France and Italy. The largest increases
were found in east Asian countries (for example, China) and southeast
Asian countries (for example, Indonesia, Thailand, Malaysia, Cambodia
and Lao PDR). In these countries, age-standardized mean non-HDL
cholesterolincreased by as much as 0.23 mmolI™ per decade. Asaresult
ofthese opposite trends, countries with the highest age-standardized
mean non-HDL cholesterol levelsin 2018 were all outside northwestern
Europe: Tokelau, Malaysia, The Philippines and Thailand, all of which
had mean non-HDL cholesterol around or above 4 mmol I™. China, which
had one of the lowest mean non-HDL cholesterol levels in1980, reached
or surpassed non-HDL cholesterol levels of many high-income western
countries in 2018. Sub-Saharan African countries had the lowest mean
non-HDL cholesterolin 2018, as low as 2.6 mmol I'in some countries,
as they had in1980. Not only did high-income countries benefit from
decreasing non-HDL cholesterol levels, they had higher mean HDL cho-
lesterol thanlow-and middle-income countries (Extended Data Fig. 6).

Deaths attributable to non-optimal cholesterol

In 2017, high non-HDL cholesterol was responsible for an estimated
3.9 million (3.7-4.2 million) worldwide deaths from IHD and ischaemic
stroke (Fig.5), accounting for a third of deaths from these causes. From
1990102017, the number of deaths caused by IHD and ischaemic stroke
that were attributable to high non-HDL cholesterolincreased by around
910,000 globally. This increase was a net result of a large decrease in
western countries, from 950,000 (890,000-990,000) to 480,000
(430,000-530,000), and alarge increase throughout Asia. In particular,
the number of deaths attributable to high non-HDL cholesterol more
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Fig.2|Changeinage-standardized mean non-HDL cholesterol between

1980and 2018 by region forwomenand men. a, Age-standardized mean
non-HDL cholesterolinwomen. b, Age-standardized mean non-HDL

thantripledin east Asia, from 250,000 (230,000-270,000) to 860,000
(770,000-940,000), and more than doubled in southeast Asia, from
110,000 (100,000-120,000) to 310,000 (290,000-330,000). As a
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cholesterolinmen. The start of the arrow shows the level in1980 and the head
indicatesthelevelin2018. See Extended DataFig. 3 for age-standardized mean
HDL cholesterol. One mmol I is equivalent to 38.61mgdI™.

result, by 2017 east, southeast and south Asia accounted for half of
all deaths attributable to high non-HDL cholesterol, compared with
aquarterin1990.
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Fig.3|Age-standardized mean non-HDL cholesterol by countryin 1980 and
2018 forwomenand men. a, Age-standardized mean non-HDL cholesterolin
womenin1980.b, Age-standardized mean non-HDL cholesterolinwomenin
2018.c, Age-standardized mean non-HDL cholesterolin menin1980.
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d, Age-standardized mean non-HDL cholesterolinmenin 2018. See Extended
DataFig. 5 for age-standardized mean total cholesterol and Extended Data
Fig. 6 for age-standardized mean HDL cholesterol. One mmol I is equivalent to
38.61mgdl™.
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Fig.4|Changeinage-standardized mean non-HDL cholesterol per decade
by country forwomenand men. a, Change per decade in age-standardized
mean non-HDL cholesterolinwomen. b, Change per decade in
age-standardized mean non-HDL cholesterol in men. See Extended Data Fig. 7

Implications

Ourresults show that over the past nearly four decades, there has been
amajor global repositioning of lipid-related risk, with non-optimal cho-
lesterol patterns shifting from being a distinct feature of high-income
countriesinnorthwestern Europe, north Americaand Australasiato one
that affects middle-income countries in east and southeast Asia, as well
assome countriesin Oceaniaand central Latin America. This transition
is especially noticeable for non-HDL cholesterol, which had not been
quantified previously inaglobal analysis. This global repositioning has
occurred asaconsequence of opposing trends in high-income western
countriesandin Asia, which has led to some Asian countries having the
highest worldwide non-HDL cholesterol levelsin 2018.

The decrease in non-HDL cholesterol in western countries started
in the 1980s, before statins were widely used™'. This indicates that
changes in diet, especially the replacement of saturated with unsatu-
rated fats>”* and reduction in trans fats'>*”?2, are major contributors
to this decline. Nonetheless, the increased use of statins from the
late 1990s onwards™'¢, may explain up to one half of the decrease in
those countries in which statins are widely used®??*, In contrast to
high-income western countries, the consumption of animal-source
foods, refined carbohydrates and palm oil hasincreased substantially
in east and southeast Asia*>*>?¢, where statin use remains low"?. For
example, the Pearson correlation coefficient between the change in
non-HDL cholesterol and the change in a multi-dimensional score
of animal-source foods and sugar® was 0.69 for women and 0.67 for
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for change per decadein age-standardized mean total cholesterol and
Extended DataFig. 8 for change per decade in age-standardized mean HDL
cholesterol. One mmol I is equivalent to 38.61mgdl™.

men using data from high-income western countries and countriesin
east and southeast Asia, the two regions that experienced the largest
decrease and increase, respectively, in non-HDL cholesterol levels.
Finally, changes in diet, especially a decrease in carbohydrate and an
increase in fat intake?® ', may have contributed to the large increase
in HDL cholesterol observed in the high-income Asia-Pacific region,
where there was little increase in overweight and obesity relative to
other regions®’. By contrast, the large increase in diabetes* and adi-
posity®in Oceania may have contributed to the decrease in HDL cho-
lesterol in this region. The Pearson correlation coefficient between
the change in HDL cholesterol and the change inbody-mass index® was
-0.87 forwomen and -0.69 for men using countries in the high-income
Asia-Pacific region and Oceania, the two regions that had the largest
increase and decrease, respectively, in HDL cholesterol; the Pearson
correlation coefficient for the change in HDL cholesterol and change
indiabetes prevalence*was —0.84 for women and -0.69 for men. In the
same regions, the Pearson correlation coefficient between the change
in non-HDL cholesterol and the change in body-mass index® was 0.77
for women and 0.62 for men; for the change in non-HDL cholesterol
and the changein diabetes prevalence®, the Pearson correlation coef-
ficient was 0.54 for women and 0.40 for men.

Althoughit has previously been documented that the prevalence of
adiposity®’, diabetes*and high blood pressure®is now higherinlow-
and middle-income countries than in high-income countries, higher
cholesterol is commonly considered to be a feature of affluent west-
ern nations2. We show that, when focusing on non-HDL cholesterol,
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Fig.5|Deathsfrom IHD and ischaemicstroke attributable to high non-HDL cholesterol by regionin1990 and 2017 for women and men. a, Deathsin women
attributable to high non-HDL cholesterol. b, Deaths in men attributable to high non-HDL cholesterol.
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middle-income countries have emerged as the new global epicentre
of non-optimal cholesterol as they did for other major cardiovascular
diseaserisk factors, indicating that thereis nosuchathing asawestern
risk factor. At the same time, the populations of high-income countries
would also benefit from further lowering non-HDL cholesterol. There-
fore, population-based policies and personal interventions toimprove
nutrition and enhance treatment are now needed inall countries, espe-
cially as a part of the movement towards universal health coverage.
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