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A B S T R A C T   

Despite a general improvement in global health conditions in the last decades, cardiovascular diseases (CVDs) are 
still the first global cause of death and disability worldwide, with ischemic heart disease (IHD) being responsible 
for half of CVD deaths. Hypercholesterolemia is a major causal risk factor for IHD. Although the availability of 
effective cholesterol-lowering drugs largely increased in the last few years, we are still facing disparities in the 
awareness of dyslipidaemia as a CVD-associated risk factor and therefore in health expenditure among different 
world areas. Although no significant changes have been reported globally in the levels of plasma cholesterol in 
the last three decades, relevant differences among world areas according to their economic status can be 
observed. Only high-income countries have experienced an improvement in plasma lipid profile which translated 
into a substantial decrease in the deaths and disabilities due to IHD, whereas countries in other income groups 
showed no reduction or even an increase. As expected, most of the deaths for IHD attributable to high LDL-C 
occur in people aged 60 years and above, although significant differences can be observed according to in-
come. Altogether these observations suggest the need for measures to reduce the gap in treating hypercholes-
terolemia among income groups, with special attention to women and older people.   

1. Introduction 

Over the past three decades, we have witnessed an overall 
improvement in global health, although significant differences between 
the major regions of the world still exist. Cardiovascular disease (CVD) 
remained the leading cause of death and disability worldwide in 2019 
accounting for more than 18,5 million deaths (Fig. 1A) [1], with 
ischemic heart disease (IHD) accounting for half of global CVD deaths 
(Fig. 1) [1]. Lifestyle changes combined with the rapid ageing of the 
population have contributed to an increase in the number of people who 
are more susceptible to CVD. The availability of novel drugs for the 
treatment of cardiovascular disease has greatly improved survival after 
an acute event [2]. However, while some patients recover fully, others 
remain in a state of partial or total disability, a problem that is even 
more important in the elderly. These issues contribute to increasing the 
economic burden on health systems. Among risk factors unequivocally 
linked to CVD, and particularly to IHD, some can be modified and 
controlled by interventions, including dyslipidaemias, high blood 

pressure, diabetes, obesity, diet, and smoking. 
In this work, we discuss how the profile of subjects with elevated 

cholesterol levels, a causal factor involved in IHD [3], changed world-
wide in the last decades, with a focus on how gender and age differently 
impact the risk of IHD attributable to high plasma LDL-C levels ac-
cording to the economic status of different world areas, based on the 
most recent available epidemiological data. 

2. Data source and definitions 

Data source. We took advantage of publicly available data from two 
global databases:  

1) the Global Burden of Disease (GBD, https://www.healthdata.org/ 
gbd), which provides data on mortality and disability across coun-
tries, sex, age, and years. From this database, we extracted data on 
age-standardized (where applicable) death rates and numbers, 
disability-adjusted life of years (DALYs) rates and numbers, and 
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summary exposure values (SEV) related to high LDL-C from 1990 to 
2019.  

2) the NCD Risk Factor Collaboration (NCD-RisC, https://ncdrisc.org/), 
which provides data on major cardiometabolic risk factors for 200 
countries. From this database, we extracted data on total cholesterol, 
high-density lipoprotein cholesterol (HDL-C), and non-HDL-C 
expressed in mmol/L in men and women from 1980 to 2018. 

Definitions. High LDL-C is defined as the LDL-C concentration that 
exceeds the theoretical minimum risk exposure level, which is 
1.3 mmol/L (50 mg/dL), as determined by a previous study [4]. Sum-
mary exposure value (SEV) is the measure of a population’s exposure to 
a risk factor that takes into account the extent of exposure by risk level 
and the severity of that risk’s contribution to disease burden. SEV is 0% 
when no excess risk for a population exists and 100% when the popu-
lation is at the highest level of risk. A decline in SEV indicates reduced 
exposure to the specified risk factor, whereas an increase in SEV in-
dicates increased exposure. The income level classification of single 
countries (low, lower middle, upper middle, and high) by the World 
Bank is based on the gross national income per capita in United States 
dollars (https://datatopics.worldbank.org/world-development-indica-
tors/the-world-by-income-and-region.html). 

3. Dyslipidaemia as a modifiable CV risk factor 

Among the modifiable risk factors for CVD, dyslipidaemias play a 
fundamental role. Genetic, epidemiologic, and clinical studies have 
established a causal association between elevated levels of LDL-C and an 
increased risk of atherosclerotic CVD (ASCVD) [3,5]. Clinical and ge-
netic studies have shown that reducing LDL-C lowers the risk of CV 
events, independently of the mechanism by which such reduction is 
achieved [3]. Furthermore, the greater the reduction in LDL-C, the 

greater the clinical benefit. The treatment of hypercholesterolemia is 
much easier today than it was a decade ago because, in addition to 
statins, new therapeutic approaches are available that have expanded 
the extent of lipid-lowering that can be achieved [6]. 

It is important to emphasise that lowering LDL-C to very low levels 
does not eliminate cardiovascular risk. All apolipoprotein B (apoB)- 
containing lipoproteins are atherogenic; they include not only LDL 
particles but also remnant particles and lipoprotein(a) (Lp(a)), all of 
which contribute to atherogenesis [3,7] and residual lipid-related car-
diovascular risk beyond LDL-C levels. Indeed, remnant particles, 
deriving from the intravascular metabolism of larger intestinal and he-
patic lipoproteins (i.e. chylomicrons and VLDL, respectively) may be 
retained in the intima, [8–10]. In addition, elevated levels of Lp(a), a 
lipoprotein consisting of an LDL particle covalently bound to apolipo-
protein(a), represent an independent risk factor for ASCVD [11–14]. The 
overall level of these atherogenic lipoproteins can be better captured by 
assessing non-HDL-C levels, which provide a measure of the cholesterol 
levels in all apoB-containing lipoproteins. Of note, non-HDL-C levels 
may provide relevant information on the residual CV risk even in sub-
jects with very low LDL-C [15]. 

While current guidelines for the management of dyslipidaemias 
promote LDL-C levels as the primary goal for all CVD risk categories, 
apoB and non-HDL-C are proposed as secondary goals [16]. However, 
evidence is accumulating suggesting non-HDL-C levels as a key param-
eter for the assessment of CV risk. A large risk-evaluation and modelling 
study using data from 398,846 individuals belonging to 38 cohorts 
showed that, along with a continuous association of non-HDL-C levels 
with cardiovascular disease both in men and women, determining 
non-HDL-C levels can improve the individual long-term risk assessment 
and profile the potential benefit of early lipid-lowering intervention 
[17]. Interestingly, this study suggests that elevated levels of non-HDL-C 
predict long-term CV risk, in particular at a young age (<45 years), both 

Fig. 1. Global leading causes of death in 2019, in both sexes and all ages. (A) Level 2 causes include 21 disease and injury aggregates, such as cardiovascular 
diseases; (B) level 3 includes specific causes such as ischemic heart disease and stroke. Bars represent the number of deaths in million. 
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in men and women, potentially resulting from lifetime exposure to 
increased levels of pro-atherogenic particles [17]. 

4. Global changes in plasma cholesterol levels in the last four 
decades 

Globally, total cholesterol and non-HDL-C mean levels remained 
similar in the last four decades both in men and women (Figs. 2 and 3) 
[18]. However, significant differences among world areas according to 
their economic status can be observed (Fig. 2). High-income countries 
have experienced a reduction in total cholesterol levels both in men and 
women (Fig. 2, panels A and B), largely driven by the significant 
reduction in non-HDL-C (~0.7 mmol/L, ~17% reduction compared 
with 1980 for both men and women) (Fig. 3). Such reductions in 
non-HDL-C, however, were not observed in other income groups 
(Fig. 3). The upper middle-income group showed unchanged levels of 
both total cholesterol and non-HDL-C in both sexes; conversely, lower 
middle- and low-income groups showed increases in non-HDL-C over 4 
decades both in men (+8.2% and 15.3%, respectively) and women 
(+10.1% and 19.2%, respectively) (Fig. 3). Of note, HDL-C levels were 
globally unchanged in men, with even small reductions observed in the 
lower middle- and low-income groups; women showed a global 
0.1 mmol/L increase in HDL-C, driven by increases in the high- and 
upper middle-income groups (Supplementary Figure 1). 

Since the last four decades have been characterized by marked 
changes in the developmental and economic status of many countries as 
well as in the availability of drugs for the control of hypercholester-
olemia, we have analysed trends in lipid parameters stratifying per 
decade and income. The high-income group had a constant reduction in 
total cholesterol and non-HDL-C in the last 4 decades (Fig. 4), especially 
starting from 1990, likely due to an increase in the use of statins. In the 
other groups, different trends were observed. In the low-income and 
lower middle-income groups, the levels of non-HDL-C increased in all 
the decades considered, both in men and women, with a trend that 
slowed down over the years (Fig. 4). The upper middle-income group, 
after a small increase in the period 1980–1990, showed a trend reversal, 
both in men and women (Fig. 4). Trends for HDL-C levels differ between 

men and women; overall, men showed a reduction in HDL-C levels in all 
analysed decades, except in the high-income group (Supplementary 
Figure 2); conversely, women show more favourable trends. 

5. Ischemic heart disease attributable to high LDL-C 

Globally, CVD accounted for more than 18,5 million deaths in 2019 
(32.8% of all deaths), with an age-standardized death rate of 239.9 per 
100,000 people, which is essentially unchanged compared with 1990, 
when a death rate of 225.6 was recorded [1]. This observation un-
derlines the substantial impact of cardiovascular diseases even in an era 
in which the availability of drugs for the treatment of heart disease has 
largely increased compared with 1990. In 2019, IHD was the first cause 
of death globally, accounting for 16.0% of total deaths (compared with 
12.2% in 1990) and was responsible for half of the global deaths for CVD 
[1]. An additional parameter that can provide an estimate of the burden 
of a disease is the disability-adjusted life year (DALY), which is the sum 
of years lost due to premature death and years lived with disability. A 
total of 172 million DALYs due to IHD were estimated globally in 2019, 
with a DALY rate of 2.116 (compared with 2.972 in 1990) [1]. Of note, 
globally IHD was the second leading cause of DALY in 2019 after 
neonatal disorders, whereas it ranked four in 1990 [19]. 

Metabolic risk factors accounted for 88% of deaths by IHD 
(7.526.949 out of 8.542.367) [1]. Among them, exposure to elevated 
levels of LDL-C plays a relevant causal role: ~44% of the global deaths 
by IHD can be attributed to high LDL-C, independently of the income 
group (Fig. 5). It is worth noting that 77% of deaths for IHD attributable 
to high LDL-C are registered in the upper middle- and lower 
middle-income groups (Fig. 5A). Indeed, the lowest death rate for IHD 
attributable to high LDL-C in 2019 was recorded in the high-income 
group (Fig. 5B). Similar findings were observed in DALY numbers and 
rates (Supplementary Figure 3). 

The availability of lipid-lowering drugs in the last decades has sub-
stantially improved the possibility of effectively managing dyslipidae-
mias and further reducing the cardiovascular risk; the armamentarium 
of therapies is currently further enriching with promising additional 
effective drugs [20]. This observation contributes to explaining the 

Fig. 2. Levels of total cholesterol in men and women. Total cholesterol levels from 1980 to 2018 were obtained from https://ncdrisc.org/. Maps represent age- 
standardized estimates of total cholesterol levels in 1980 and 2018 in men (A) and women (B) aged 18 years and older. 
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global reduction in death rates for IHD attributable to high LDL-C 
(− 36.3% compared with 1990) (Fig. 6A). However, a deeper analysis 
of death rate curves over time according to the income groups provides a 
different picture. Overall, in 2019 the lowest mortality for IHD attrib-
utable to high LDL-C was observed in the high-income group and the 
highest in the lower middle-income group (Fig. 6A). This observation 
may be indicative of significantly different access to lipid-lowering 

therapies, as well as substantial disparities in health expenditure 
among different income groups [21]. 

Accordingly, in 2019 the high-income group showed a substantial 
reduction in age-standardized death rate for IHD attributable to high 
LDL-C compared with 1990 (64%) (Fig. 6A); a more modest reduction 
was observed in the upper middle-income group (25.9%), minimal in 
the lower middle (12.7%), or even absent in the low-income group 

Fig. 3. Levels of non-HDL-C in men and women. Non-HDL-C levels from 1980 to 2018 were obtained from https://ncdrisc.org/. Maps represent age-standardized 
estimates of non-HDL-C levels in 1980 and 2018 in men (A) and women (B) aged 18 years and older. Non-HDL-C: non-high-density lipoprotein cholesterol. 

Fig. 4. Percent changes in total cholesterol and non-HDL-C by decade. Percent changes in total cholesterol and non-HDL-C were calculated based on the levels in 
the selected decades in men (A, C) and women (B, D). 

A. Pirillo and G.D. Norata                                                                                                                                                                                                                    



Pharmacological Research 193 (2023) 106814

5

(Fig. 6A). Globally, the reduction in age-standardized death rate for IHD 
attributable to high LDL-C was similar in men and women (35.1% and 
38.1%, respectively) (Fig. 6, panels B and C). When analysed by income 
levels, relevant differences were observed. In the high-income group, 
both men and women showed similar percent reductions (64.4% and 
65.1%, respectively) compared with 1990; in 2019, women from this 
group had the lowest age-standardized death rate (Fig. 4). The upper 
middle-income group showed modest reductions in both sexes, with 
22.3% and 29.4% reductions in men and women, respectively; in the 
lower middle-income group, women showed an 18.8% reduction 
compared with a modest 5.9% reduction in men; no changes were 
observed in the low-income group (Fig. 6B and C). Of note, in 2019 the 
lower middle-income group showed the highest age-standardized death 
rate for IHD attributable to high LDL-C in both men and women; women 
in this income group show the highest age-standardized death rate over 
the whole period of observation (Fig. 6, panels B and C). Of note, men 
show higher death rates than women in all income groups. Similar re-
sults were obtained with age-standardized DALY rates (Supplementary 
Figure 4). 

When analysed according to decades, we observed substantial 
important and comparable reductions in the high-income group in the 
first two decades (Fig. 6D); in the third decade the reduction, although 
present, was considerably reduced; these trends were comparable in 
men and women (Fig. 6, panels E and F). For the other income groups, 
men experienced a reduction in the last decade (2010–2019), whereas 
women from the upper middle- and lower middle-income groups 
showed reductions also in the previous decades (Fig. 6, panels E and F). 

6. The burden of exposure to high LDL-C 

Then, we estimated whether the exposure to high LDL-C has changed 
throughout the decades by evaluating the summary exposure value 
(SEV) for high LDL-C. The global burden of exposure to high LDL-C 
appears to be unchanged in the last three decades; only the high- 
income group showed a reduction in SEV to high LDL-C, which is in 
line with the reduction in the death rate for IHD attributable to this risk 
factor (Fig. 7A). The reduction in SEV was similar in men and women 
from the high-income group (− 26% and − 23%, respectively) (Fig. 7, 
panels B and C). Of note, the high-income group had the highest SEV for 
high LDL-C in 1990 and, despite the reduction, it remains the highest 
compared with all other income groups (Fig. 7A). It is worth noting that 
important differences among high-income country subgroups can be 
observed, with high-income North America showing a substantial SEV 
reduction (− 51%), in contrast with a more modest reduction in Western 
Europe (− 16%) and even an increase in the high-income Asia-Pacific 
region (Fig. 7D). High-income countries have experienced the largest 
reduction in SEV for high LDL-C in the decade 1990–2000 (− 15.6%), 
while in the last decade, the SEV for high LDL-C is almost unchanged 
(− 2.1%) both in men and women (Fig. 7E). 

The other income groups showed overall modest increases in SEV for 
high LDL-C (3–9%) ((Fig. 7, panels A-C). Altogether these data suggest 
that hypercholesterolemia still represents a relevant cardiovascular risk 
factor both in higher-income countries and in lower economies. 

7. Relevance of high-LDL for IHD in an ageing world 

The major non-modifiable risk factor for cardiovascular diseases is 
age: both age-related physiological changes and the burden of lifelong 
exposure to multiple cardiovascular risk factors increase the suscepti-
bility to cardiovascular events. The world population is rapidly ageing, 
and, for the first time in history, most people can expect to live into their 
sixties and beyond (Fig. 8 A). Many high-income countries already have 
a large proportion of the older-age population, with people aged 60 
years and above representing 24% of the whole population (compared 
with 16.9% in 1990) (Fig. 8B), while many low- and middle-income 
countries are still relatively young. The latest projections by the 
United Nations suggest that the population aged 60 and above could 
grow to around 2.1 billion in 2050 and 3.1 billion in 2100 (Fig. 8 A); in 
all income groups, an increase in the proportion of people aged 60 and 
above is expected, although with different trends (Fig. 8B) [22]. 

It is worth noting that, regardless of the world area where they live, 
the first cause of death in older people is CVD; more in detail, IHD is the 
first cause of CVD death in all income groups except low-income coun-
tries, where it is the second cause of death after stroke [19]. In all 
groups, high LDL-C represents the second major risk factor for IHD, after 
high blood pressure [19]. 

Deaths for IHD attributable to high LDL-C occur mostly in people 
aged 60–89 years (62.6%), with a death rate that is about 3 times higher 
than that of the previous age group (Fig. 8C). The global death number 
for IHD attributable to high LDL-C is increased over the last 3 decades 
among people aged 60–89 years, with different trends among income 
levels (Fig. 8A). The high-income group, which experienced a 7.3% in-
crease in the number of people aged 60 + in the last 3 decades, showed a 
decrease in the number of deaths by IHD attributable to high LDL-C, 
with a substantial reduction in the death rate (− 64,8%) (Fig. 8A and 
B). In contrast, the death rates were unchanged in the upper middle and 
lower middle groups, in which significant and persistent increases in the 
number of deaths for IHD attributable to high LDL-C were recorded 
(Fig. 8, panels A and B). Of note, the upper middle-income group 
experienced a 7.5% increase in the population aged 60 + years, with the 
highest absolute increase (165.943.845 in 1990 and 400.259.656 in 
2019) [22]. No substantial changes were observed in the low-income 
group, that, however, in 2019 had a death rate for IHD attributable to 
high LDL-C higher than that observed in the high-income group for this 

Fig. 5. Ischemic heart disease attributable to high LDL-C. Death numbers 
(A) and age-standardized death rates per 100,000 people (B) by ischemic heart 
disease attributable to all risk factors or high LDL-C in 2019 in both sexes, by 
income. 
IHD: ischemic heart disease; RFs: risk factors; LDL-C: low-density lipoprotein 
cholesterol. 
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Fig. 6. Age-standardized death rates by ischemic heart attributable to high LDL-C. (A-C), death rates by IHD attributable to high LDL-C from 1990 to 2019 in 
both sexes (A), men (B), and women (C) by income. (D-F), percent change in age-standardized death rates by IHD attributable to high LDL-C by decade, by income in 
both sexes (D), men (E), and women (F). 
IHD: ischemic heart disease; LDL-C: low-density lipoprotein cholesterol. 

Fig. 7. Summary exposure value to high LDL-C. (A-C), summary exposure value (SEV) from 1990 to 2019 in both sexes (A), men (B), and women (C). A decline in 
SEV indicates reduced exposure to the specified risk factor, whereas an increase in SEV indicates increased exposure. (D), % rate of change in SEV to high LDL-C in 
high-income country subgroups from 1990 to 2019 in both sexes. (E), % rate of change in SEV to high LDL-C by decades in the high-income group in both sexes, men, 
and women. SEV: summary exposure value. 
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age range. Similar trends are obtained when considering DALY numbers 
and rates (Fig. 8, panels C and D); of note, the absolute numbers are very 
high, which raises a relevant issue concerning the aspect of disability in 

older people. 
Globally, women outnumber men at older ages [23]. Thus, we ana-

lysed the death rates for IHD attributable to high LDL-C in men and 

Fig. 8. (A) Population aged 60 years and above; global population estimates, 1950–2022, and projections, 2023–2100. Data were obtained from the United Nations, 
Department of Economic and Social Affairs, Population Division (2022). World Population Prospects 2022, Online Edition [22]. (B) Percentage of population aged 60 
years and above by income groups, estimates 1990–2022 and projections 2023–2100. (C) Global death rate by IHD attributable to high LDL-C in 2019, by age range. 

Fig. 9. Death numbers (A) and death rates per 100,000 people (B) by IHD attributable to high LDL-C in people aged 60–89 years from 1990 to 2019, by income. 
DALY numbers (C) and DALY rates per 100,000 people (D) by IHD attributable to high LDL-C in people aged 60–89 years from 1990 to 2019, by income. IHD: 
ischemic heart disease; LDL-C: low-density lipoprotein cholesterol; DALY: disability-adjusted life year. 
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women aged 60–89 in 1990 and 2019 (Supplementary Figure 5A). 
Overall, trends are similar to those reported in the age-standardized 
analysis, with the number being higher, as expected, both in men and 
women. In the high-income group, the reduction in age-standardized 
death rate was similar in men and women (~65%), while other in-
come groups showed more modest or even no reduction. Interestingly, 
in 2019 women aged 60–89 years from the low-income group showed a 
death rate higher than those from the high-income group. Similar results 
were obtained for DALY rates (Supplementary Figure 5B).. 

8. Discussion 

The most updated available data establish that IHD attributable to 
high LDL-C remains a relevant global cause of death and disability 
despite improvements in the pharmacological options to treat dyslipi-
daemias. The main reason for this is the global increase in life expec-
tancy, which expands the number of subjects aged 60 + years exposed to 
high LDL-C. 

Significant differences exist, however, among different world regions 
according to their income status. In the high-income group, the use of 
cholesterol-lowering drugs over the past 30 years has significantly 
reduced the incidence of CV events attributable to elevated plasma 
cholesterol levels, as also proved by the reduced plasma levels of non- 
HDL-C. These reductions were not observed in other income groups, 
which could depend on several factors. First, health expenditure as a 
percentage of gross domestic product (GDP) is substantially different 
among different income groups, with the high-income group spending 
12.49% of its GDP in 2019 on medical health, a percentage that is 2–3 
times higher than that spent by the other income groups [24]. Of note, 
government priority to health increased in richer countries, and 
declined in poorer; a significant group of lower-income countries face 
severe health financing limits, which slow their progress towards health 
security and universal health coverage [25]. The pattern of health 
spending by disease varies considerably among different income groups, 
with middle-income countries spending a greater share on 
non-communicable diseases than low-income countries (29% and 13%, 
respectively) [25]. Regarding lipid-lowering strategies, a recent study 
reported substantial disparities in the use of statins between high and 
low/middle-income countries [26]. Despite a global increase in statin 
use (+24.7% in 2020 compared with 2015), in 2020 statin utilization 
was seven times higher in high-income countries than in 
low/middle-income countries [26]. In low/middle-income countries 
(which account for 68% of the global population of middle-aged and 
older adults and 55% of CVD deaths worldwide), statin use is still very 
low [26]. The availability of low-cost generic statins in 
low/middle-income countries likely would increase access and adher-
ence to therapy. It is worth noting that during the COVID-19 pandemic, a 
global reduction in the use of statins has been observed, and some 
low/middle-income countries have experienced the most dramatic de-
clines [26]. 

Another relevant issue when considering populations from low/ 
middle-income areas is the lower awareness of the burden of hyper-
cholesterolemia and its clinical consequences. An analysis using a 
pooled dataset of nationally representative, population-based surveys 
including 129,040 individuals from 35 low/middle-income countries 
showed that, among individuals with hypercholesterolemia, less than 1 
out of every 3 had been treated and less than 1 in 5 had achieved 
controlled lipid values [27]. This analysis also showed a high hetero-
geneity across countries, with the Americas, the Eastern Mediterranean, 
and European regions showing a higher level of access to hypercholes-
terolemia care than Africa, Southeast Asia, and the Western Pacific re-
gions [27]. Since the increasing burden of hypercholesterolemia and 
related CVD raises a considerable threat to public health, increasing the 
ability of community health workers to address CVD prevention through 
screening programmes conducted locally (consisting of screening, 
referral to community health clinics, and follow-up) would provide a 

tool for the early identification, treatment, and prevention of CVD also 
in lower-income countries. Projects to apply this protocol are planned in 
poor sub-Saharan African rural and urban communities to mitigate the 
rising burden of non-communicable diseases, including CVD [28]. 

8.1. Is IHD risk attributable to high LDL-C equal in men and women? 

In 2019 CVD deaths in women represented 48% of all CVD deaths, 
with IHD being the most important cause of CVD mortality in women 
worldwide. Despite that, data on the prevalence of risk factors and their 
association with CVD in women are much less than in men, especially in 
low- and middle-income countries. The diagnosis of CVD is often 
delayed, and treatment is less optimal for women compared with men; 
overall, women experience disparities in the distribution of wealth, in-
come, and access to resources, which results in reduced health and 
quality of life, which contributes to a lower health status compared with 
men [29]. The major consequence is the lesser prevention and treatment 
of CVD in women in all age groups. 

Young women exhibit a significantly lower rate of coronary events 
compared with age-matched men; however, menopause and loss of 
oestrogen are associated with relevant unfavourable changes in lipid 
profile and vascular function, resulting in an increased risk of experi-
encing myocardial infarction and stroke [30]. However, although 
globally women exhibit lower rates of death and disability compared 
with men, in the age range 60–89 years the number and rates of deaths 
and DALY are significantly high also in women. 

An analysis of data from the PURE (Prospective Urban Rural 
Epidemiological) study, which enrolled participants from the general 
population from 21 high-income, middle-income, and low-income 
countries and followed them up for approximately 10 years, showed 
that, despite having a more favourable CV risk profile than men (espe-
cially at younger ages), women and men have similar CVD risk factors 
and the magnitude of association with CVD for most risk factors is 
similar, which emphasises the importance of similar approaches for the 
prevention of CVD in both sexes [31]. In agreement with this observa-
tion, a meta-analysis of data from 22 statin trials showed that the re-
ductions in major CV events per 1 mmol/L LDL-C reduction were similar 
in men and women [32]. Considering the substantial burden of CVD 
cardiovascular disease in both developed and developing countries, the 
widespread availability of generic statins may represent an effective tool 
to prevent CVD among women as well as men. 

8.2. Does the increase in the elderly population translate into an increased 
burden of high lifetime LDL-C levels and CVD? 

Age is a major, non-modifiable risk factor for CVD, which takes into 
account the influence of lifetime exposure to a CV risk factor, such as 
elevated levels of LDL-C. Population ageing is a global phenomenon 
affecting all regions in the world. In 2019, one in 11 people in the world 
was aged 65 and over (9%, 703 million people); by 2050, the number of 
older people is projected to be one in six people (16%, 1.5 billion) [23], 
with two-thirds of the population aged 60 years and over be going to 
reside in lower and middle-income countries. Some regions have expe-
rienced the fastest population ageing so far, including Eastern and 
South-Eastern Asia and Latin America and the Caribbean, followed by 
Europe and North America [23]; projections indicate that, by 2050, one 
in every four persons in Europe and Northern America could be aged 65 
years or over [23]. Population ageing is expected to have a great impact 
in large countries such as India and China (currently accounting for 
one-third of the world population), in which the number of individuals 
aged 60 and above was almost triplicated from 1990 (India: 55.699.472 
in 1990 and 137.530.811 in 2019; China: 93.668.505 in 1990 and 
249.933.523 in 2019) [22]; the already-aged countries of Western 
Europe will likely increase their older population at a significantly lower 
extent [22]. These observations suggest that an increase over time in 
age-related pathological conditions such as IHD and stroke will 
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contribute to raising the burden of CVD worldwide. 
We must acknowledge some limitations of this work. First, the GBD 

presents modelled estimates. Thus, when data are not available, the 
results depend on the validity of the out-of-sample modelling. Even if 
data are available, they may not have been obtained using the preferred 
case definition or measurement method. In addition, the large number of 
different data sources with many potential sources of bias, combined 
with missing data for location or years, can affect the analyses. Overall, 
more data sources are available from high-income countries, while 
important information on disease burden is missing or unavailable in 
many countries, especially in low- and middle-income countries, which 
may affect the quality and representativeness of the data. In addition, 
total cholesterol and HDL-C may have been measured using different 
methods, and not all studies may have participated in a lipid stand-
ardisation or quality control programme. 

It should be noted that “high LDL-C” is defined in GBD as the LDL-C 
concentration that exceeds the theoretical minimum risk exposure 
value, which is 1.3 mmol/L (50 mg/dL). However, this threshold, which 
may be difficult to translate to the general population, is derived from 
the observation that individuals with LDL-C levels < 50 mg/dL 
(<1.3 mmol/L) have a much lower risk of major cardiovascular and 
coronary events than individuals with LDL-C levels between 50 and 
70 mg/dL [33], suggesting that this may be a threshold below which the 
risk attributable to LDL-C remains minimal. It is also worth noting that 
the contribution of other atherogenic lipoproteins besides LDL is not 
taken into account, which may influence the results in some areas where 
the prevalence of obesity and diabetes has increased substantially in 
recent decades [34,35]. 

9. Conclusion 

Despite research has made possible the development of a large 
number of drugs that can efficiently control dyslipidaemias [6,36], IHD 
attributable to high levels of plasma cholesterol continues to cause 
mortality and morbidity worldwide. However, while high-income 
countries went through significant improvements, low- and 
middle-income countries have experienced changes in their lifestyle 
which contributed to the increased prevalence of some metabolic risk 
factors playing causal roles in IHD. Overall, the need for non-optimal 
cholesterol level control become a relevant issue for East and South-
east Asia and Pacific island nations [37,38]. Low/middle-income 
countries are now facing an increasing burden of CVD with an exces-
sive lack of awareness and applicable recommendations in 
resource-limited settings. Thus, on the one hand, high-income countries 
must continue to control the burden of hypercholesterolemia, on the 
other hand, lower-income countries need dedicated measures to reduce 
the gaps in targeting hypercholesterolemia as well as in the identifica-
tion and treatment of subjects at increased risk. Worldwide, special 
attention should be paid to women and older people, two often 
neglected categories in the prevention of CVDs. 
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