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Unhealthy levels of blood lipids, which are largely associated with an unhealthy 
diet (particularly saturated fats and trans fat), are a strong cause of atherosclero-
sis and high blood cholesterol level is a main modifiable metabolic risk factor 
of cardiovascular disease (CVD), particularly ischaemic heart disease (IHD). 
Interventions promoting a healthy diet in the whole population can improve 
population levels of blood lipids, while several blood cholesterol-lowering 
medications are highly effective among individuals with a high CVD risk.

Dietary fats provide energy as well as essential fatty acids and fat-soluble 
vitamins. From a health perspective, two major types of fats in food are of par-
ticular relevance: saturated fats and unsaturated fats (monounsaturated or polyun-
saturated). High overall fat intake may be associated with excessive total energy 
intake as there are nine calories in every gram of fat, regardless of the type of 
fat (i.e. over twice the amount of calories per gram of carbohydrate or protein).

BOX 20.1  DIETARY FATS AND CHOLESTEROL 
AND THEIR RELATIONSHIPS 
TO CARDIOVASCULAR RISK

Saturated fats: high concentrations are found in animal products 
such as meat and dairy products and some vegetable oils (e.g. palm oil 
which accounts for a third of all oil consumed globally, and coconut oil). 
Saturated fats are generally detrimental to health in large amounts (e.g. 
>10% of total dietary intake), mainly because they increase the levels of 
blood cholesterol. However, the relationships between levels, types and 
sources of saturated fats on health, and their interaction with broader 
dietary habits, are a complex area of science and public health1 and are 
not described further in this chapter.

Unsaturated fats: foods with a high content include most vegetable oils, 
as well as nuts, seeds and oily fish. Unsaturated fats (monounsaturated or 
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polyunsaturated) are not generally detrimental to cardiovascular health 
(except trans fats).2

Trans fats (also called trans fatty acids): a particular type of unsatu-
rated fats. Natural trans fat is present in low levels (<5%) in the meat 
and dairy products of ruminant animals. However, most dietary trans fat 
intake comes from the industrial processing of unsaturated fat to give 
food a longer shelf life and make the fat more resistant to heating (e.g. 
allowing oil to be used repeatedly for frying). Industrially-produced 
trans fat occurs in substantial proportions (e.g. 5–30%) in fried and 
baked foods (e.g. doughnuts, cakes, pie crusts, biscuits, frozen pizza, 
cookies, crackers) and margarines. Trans fat is a major cause of athero-
sclerosis, with a 23% higher risk of IHD for each 2% increase in calories 
from trans fat.

Cholesterol: a lipid essential to building healthy cells and a precursor of 
several hormones and steroids. Dietary intake of saturated fats increases 
the de novo production of cholesterol by the body (particularly in the 
liver) and increases blood cholesterol levels. Dietary intake of cholesterol 
(e.g. from eggs) has a relatively small role in blood cholesterol levels and 
CVD risk.3 High blood cholesterol is the main cause of atherosclerosis 
and CVD.4

Triglycerides: Most of the fats we eat are in the form of triglycerides 
(TG). They are carried in the blood and used to provide and store energy. 
TG is also formed in the body from excess calories, alcohol and sugar. 
High blood TG levels are often a sign of other conditions that increase 
the risk of IHD,5 including obesity and metabolic syndrome — a cluster 
of conditions that includes too much fat around the waist, high blood 
pressure, high blood TG, low blood HDL-cholesterol, and high blood 
glucose.

Blood lipids and their relationships to cardiovascular risk

Cholesterol is not water-soluble and is therefore transported in the blood 
‘attached’ to large water-soluble lipoproteins. Around ~80% of all cholesterol 
in the blood is ‘attached’ to low-density lipoproteins (LDL): this is the ‘LDL-
cholesterol’ (LDL-C). High blood LDL-C is strongly associated with athero-
sclerosis and a higher risk of CVD, and it is therefore called ‘bad cholesterol’. 
Trials of interventions with statins showed that a reduction of 1 mmol/L (38.7 
mg/dL) in LDL-C – in line with an average effect of a low-dose statin treat-
ment- reduces the risk of IHD by 33%.6 The blood level of ‘total cholesterol’ 
(TC) is a good proxy of LDL-C since ~60-80% of all cholesterol in the blood 
is attached to LDL.
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A substantial proportion of cholesterol in the blood (e.g. ~10–30%) cir-
culates in high-density lipoproteins (HDL), which act to remove cholesterol 
from arterial walls. A high blood level of HDL-C is associated with a lower 
CVD risk and is therefore called ‘good cholesterol’. However, trials of medica-
tions that increase blood levels of HDL-C have shown no significant reduction 
in CVD.7

Factors associated with unhealthy blood lipid levels  
(dyslipidaemia)

In addition to an unhealthy diet, abnormal levels of blood lipids (particularly 
increased levels of TG and decreased levels of HDL-C) are associated with 
obesity, tobacco use, physical inactivity, diabetes, hypothyroidism and chronic 
kidney disease. Familial hypercholesterolemia is a genetic condition that affects 
~0.3% of the population and which is strongly associated with a premature 
heart attack.8

Disease burden (LDL-C and trans fat)

Approximately 4.4 million (7.8%) of all deaths worldwide were estimated to 
be attributable to elevated LDL-C in 2019, an increase from 3.0 million (6.4%) 
in 1990 (Table 20.1). These proportions decreased between 1990 and 2019 
in high-income countries (HICs) and upper-middle-income countries (MICs) 
but increased in lower MICs and low-income countries (LICs), partly because 

Table 20.1  Mortality attributable to high blood LDL-cholesterol and diet high in trans fat 
(IHME)

 Global HICs Upper MICs Lower MICs LICs

 1990 2019 1990 2019 1990 2019 1990 2019 1990 2019

Metabolic risk: high 
LDL-C

 Proportion of all 
deaths (%)

6.4 7.8 14.0 8.0 6.9 9.6 3.9 7.2 1.3 2.7

 Age-standardized 
mortality (per 
100,000)

89 56 95 34 86 63 85 73 50 49

Diet high in trans 
fat

 Proportion of all 
deaths (%)

1.0 1.1 2.2 1.3 0.9 1.1 0.75 1.27 0.2 0.3

 Age-standardized 
mortality (per 
100,000)

13.5 8.2 14.5 5.6 10.8 7.3 15.2 12.6 7.4 6.2
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of aging populations. However, the age-adjusted mortality rates (per 100,000 
population) attributable to high LDL-C decreased in all regions between 1990 
and 2019, and the decrease was much larger in HICs (a threefold decrease) than 
in low- and middle-income countries (only a ~20-30% decrease). This partly 
reflects a larger decrease in dietary intake of saturated fat (e.g. shift from whole 
to skimmed milk, or from meat to poultry) and better prevention and control 
of health outcomes (e.g. IHD) in HICs than in LICs. Correspondingly, the 
prevalence of high LDL-C (or that of high total cholesterol), often in the range 
of 10-30% among adults in HICs, has decreased in many, but not all, coun-
tries.9 Approximately 85% of deaths related to increased LDL-C were caused 
by IHD and 15% by stroke (IHME).

High dietary trans fat accounted for approximately 645,000 deaths (1.1%) 
worldwide in 2019 (IHME). The age-adjusted mortality rates attributable to 
trans fats decreased in all regions between 1990 and 2019 and were lowest in 
2019 in HICs, where policies to ban or limit industrially-produced trans fat 
have been increasingly widely implemented10 and prevention and control of 
CVD developed. Virtually all of these deaths are due to IHD (IHME).

Interventions at the population level

Interventions around diet, physical activity, obesity, tobacco and alcohol are 
described in other chapters. WHO effective and recommended interventions 
that reduce unhealthy diet and can reduce LDL-C and TG blood levels include 
the following:

• Eliminate industrial trans fat through the development of legislation to ban 
their use in the food chain.

• Reduce sugar consumption through effective taxation on sugar-sweetened 
beverages.

• Implement policies such as subsidies to increase the intake of fruits and 
vegetables.

• Replace trans fat and saturated fat with unsaturated fats through reformula-
tion, labelling, fiscal policies or agricultural policies.

• Limit portion and package size to reduce energy intake and the risk of 
being overweight or obese.

• Implement nutrition labelling to reduce total energy intake, sugars, sodium 
and fats, including displaying proportions of total fat and saturated fat, 
preferably with interpretive information (e.g. traffic light or equivalent 
systems).

• Implement nutrition education and counselling in different settings (e.g. 
schools, workplaces, hospitals) to increase the intake of fruits and vegeta-
bles as part of a healthy diet.

• Implement mass media campaigns on healthy diets, including social mar-
keting to reduce the intake of total fat, saturated fats, sugars and salt, and 
promote the intake and fruits and vegetables.
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The WHO REPLACE package provides a strategic approach to support coun-
tries in reducing trans fat in manufactured food, with the goal of global elimi-
nation by 2023.11 The package includes six actions of action to:

• REview dietary sources of industrially-produced trans fat and the land-
scape for required policy change;

• Promote the replacement of industrially-produced trans fat with healthier 
fats and oils;

• Legislate or enact regulatory actions to eliminate industrially-produced 
trans fat;

• Assess and monitor trans fat content in the food supply and the changes in 
trans fat consumption in the population;

• Create awareness of the negative health impact of trans fat among policy-
makers, producers, suppliers and the public; and

• Enforce compliance with policies and regulations.

Interventions at the individual level

Screening. Recommendations vary on who should be screened for high blood 
cholesterol and how often. The US Preventive Services Task Force for exam-
ple recommends screening for all people aged 40 to 75 years.12 Most guidelines 
recommend that screening is offered to individuals at high risk of CVD (e.g. 
those with diabetes or with a family history of CVD or high blood cholesterol, 
including familial hypercholesterolaemia).

Assessing blood lipids. LDL-C is the main marker of interest for CVD risk 
and can be measured either directly or calculated with the Friedewald formula 
as = TC minus HDL-C minus TG/2.2 (in mmol/l). Ideally, a complete ‘lipid 
panel’ (TC, LDL-C, HDL-C and TG) should be assessed to guide personal-
ized management of patients with dyslipidaemias. Measurement of TC alone 
is a useful proxy measure of LDL-C where a complete lipid profile cannot be 
done. Most CVD risk score calculators require information on at least one 
blood cholesterol marker, e.g. total cholesterol, LDL-cholesterol or LDL-C/
HDL-C ratio). Table 20.2 displays blood lipid level categories commonly con-
sidered by leading cardiology societies.

Counselling

All individuals who have abnormal blood lipid levels should be advised to 
adopt a healthy diet, engage in regular physical activity, abstain from using 
tobacco and maintain a normal weight. Further details are provided in chapters 
on these risk factors.

Assessing CVD risk

It is important to determine an individual’s total (absolute) CVD risk (using 
CVD risk score calculators) in order to identify individuals who will benefit 
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most from cholesterol-lowering treatment (i.e. those for whom the absolute 
CVD risk would decrease by a large amount). National guidelines need to take 
into account resource availability when making recommendations for pharma-
cologic therapy.

Pharmacological treatment

Treatment to reduce LDL-C (or TC) should be offered to individuals of all 
ages who have a high CVD risk, including individuals with very high LDL-C 
levels or who have had a CVD event, and most individuals with diabetes. 
Chapter 7 on CVD provides more details. Cholesterol-lowering medications 
are highly effective in reducing blood TC, LDL-C levels and cardiovascu-
lar mortality.13 Statins (HMG-CoA reductase inhibitors) can safely reduce 
LDL-C by up to 50–60% and are the first-line medication to treat elevated 
TC/LDL-C blood levels. Generic statins can be fairly inexpensive (e.g. <0.1 
US$ per day). Other lipid-lowering drugs include fibrates and bile acid seques-
trants (e.g. cholestyramine, questran), but they are less effective than statins and 
have more side effects than statins. Lipid-lowering medications are generally 
safe, but myalgia can occur in 1–5 % of those taking statins.14 When blood 
levels of TC/LDL-C cannot be sufficiently lowered with a statin alone at 
maximum dosage, it is possible, where resources allow, to use, in addition 
to a statin, another cholesterol-lowering drug, such as cholesterol absorption 
inhibitors (e.g. ezetimibe) or weekly/monthly injectable monoclonal antibody 
inhibitors of the proprotein convertase subtilisin/kexin 9 (PCSK9 inhibi-
tors, e.g. evolocumab, alirocumab), which are highly effective but expensive. 

Table 20.2  CVD risk categories associated with abnormal blood lipid levels in mmol/l (mg/
dl in parentheses)

CVD risk category TC LDL-C HDL-C TG

Desirable/optimal <5.2  
(<200)

<2.6  
(100)

High >1.6  
(60)

<1.7  
(150)

Near or above optimal 2.6–3.3  
(100–129)

Borderline high 5.2–6.2  
(200–239)

3.3–4.1  
(130–159)

1.7–5.7 
(150–499)

High >6.2  
(240)

4.1–4.9  
(60–190)

5.7–11.4 
(500–999)

Very high >7.5  
(290)

>4.9  
(190)

Low <1.0  
(40)

>11.4  
(1000)

Grundy SM et al. 2019 Guideline on the management of blood cholesterol: a report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. 
Circulation 2019;139:e1082–143.
Visseren FLJ et al. 2021 ESC guidelines on cardiovascular disease prevention in clinical practice. Eur 
Heart J 2021;42:3227–37.
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New cholesterol-lowering medications continue to be developed, including 
therapies that can be taken less frequently (e.g. monthly) and could increase 
compliance.15

Although this chapter does not address the management of high blood TG, 
hypertriglyceridaemia is often sensitive to diet (e.g. a diet restricted in sugar 
and alcohol) and responds fairly well to some medications (including statins 
and fibrates). Guidelines on the treatment of blood lipids provide more detail 
on this.

The aim of blood lipid treatment should be to reduce LDL-C by >30% 
in patients at intermediate CVD risk and by >50% in patients at high or very 
high CVD risk, depending on available resources. In secondary prevention, an 
increasing number of guidelines, e.g. the American Heart Association and the 
European Society of Cardiology, recommend a very low LDL-C target (e.g. 
1.8 mmol/l [<70 mg/dl]), which often requires the use of several cholesterol-
lowering medications (again, depending on available resources).

Adherence and response to treatment should be evaluated at 1–3 month 
intervals after starting cholesterol-lowering therapy. Once acceptable levels of 
LDL-C (or TC) are achieved, monitoring can be reduced to 6–12 monthly 
intervals. Many studies show large treatment gaps in all countries, with many 
patients not getting the treatment they require because it is not available, not 
included in local guidelines, not affordable or not prioritized, and because too 
often long-term adherence to treatment is suboptimal (e.g. as low as <40%).16,17 
There is an increasing interest in combining lipid-lowering and blood-pres-
sure-lowering medications (and aspirin in secondary prevention) in the form of 
a one polypill regimen daily, which can simplify treatment, improve adherence 
and reduce CVD risk at least as well as usual care.18

Monitoring

Indicators from the WHO Global Monitoring Framework directly related to 
blood lipids include:

Biological risk 
factors.

Age-standardized prevalence of raised TC among persons aged 
18+ years (TC ≥5.0 mmol/l or 190 mg/dl); and mean TC 
concentration.

National health 
response.

Proportion of eligible persons (age 40+ with a ten-year CVD risk 
≥30%, including those with existing CVD) receiving drug therapy 
and counselling (including glycaemic control) to prevent heart 
attacks and strokes.

National health 
response.

Availability and affordability of quality, safe and efficacious essential 
NCD medicines, including generics, and basic technologies in 
both public and private facilities.

Additional 
indicators.

Adoption of national policies that limit saturated fatty acids and 
virtually eliminate trans fats in the food supply.



156 Roger Darioli et al. 

Surveys on the quality of health care are useful to enhance the adherence of 
health professionals to guideline recommendations and benchmarking of care 
providers.19
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