Chapter 2: Markers of Cardiovascular Disease

The Hyperlipidaemias and Blood Lipids
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Background

Lipids are a diverse group of natural chemicals, which include fats (such as triacylglycerol (TAG))
and sterols (such as cholesterol). They have many important physiological functions including
membrane synthesis and maintenance of energy storage, absorption of fat-soluble vitamins, and
cell signalling. They are also strongly linked with the development and consequences of
cardiovascular disease (CVD) - elevated levels of certain lipid fractions are associated with stroke,
peripheral vascular disease and heart attack (Lewington et al., 2007).

Lipoproteins

Within the circulation, lipids such as cholesterol, triacylglycerol (TAG) and phospholipids are
associated with proteins (apolipoproteins) which facilitate their transport and metabolism. These
lipid-containing particles are defined as lipoproteins. There are a number of different lipoproteins
which differ in size, composition and function and include chylomicrons, very low density
lipoprotein (VLDL), intermediate density lipoprotein (IDL), low density lipoprotein (LDL), and high
density lipoprotein (HDL). The liver and intestine are the primary sites of lipoprotein synthesis with
VLDL being synthesised by the liver and chylomicrons by the intestine and precursor HDL
particles synthesised in both liver and intestine. The mature forms of LDL, IDL and HDL particles
are not secreted directly from either the liver or intestine, but are produced by metabolic processes
within the circulation. There are a large number of apolipoproteins including: apolipoprotein B
which is associated with chylomicrons, VLDL, IDL and LDL particles; apolipoprotein A-1 which is
primarily associated with HDL particles and lipoprotein (a) which is bound to apolipoprotein B on
LDL-like particles.

LDL particles are the principal carriers of cholesterol and contain cholesterol esters within their
core. Elevated concentrations of these lipoproteins, and total cholesterol, have been associated
with increased risk of cardiovascular disease. HDL particles principally carry cholesterol esters
from the tissues back to the liver. This process is defined as reverse cholesterol transport with
high circulating HDL cholesterol concentrations associated with reduced cardiovascular risk.
Chylomicrons and VLDL are the largest lipoprotein particles and are the major transporters of TAG
(which contains a glycerol backbone and three associated fatty acids). IDL contain appreciable
amounts of both TAG and cholesterol esters. Due to the influence of TAG-rich lipoprotein on
remodelling of other lipoproteins such as LDL and HDL, elevated TAG is also considered as an
independent risk factor for cardiovascular disease. Free or non-esterified fatty acids (NEFA) are
transported in the circulation associated with plasma proteins.
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Pathophysiology

The underlying pathology of cardiovascular disease is a combination of atherosclerosis and
thrombosis. Atherosclerosis is a condition in which the arterial lining is thickened in places by
raised plaques as a result of excessive accumulation of modified lipids, and of the proliferation and
migration of smooth muscle cells from deeper layers of the arterial wall (Libby et al.,
2011;Badimon et al., 2011). Typically these plaques develop at the point of minor injury in the
arterial wall, initiating a cascade of chemotactic and cytokine responses, which increase the
internalisation of LDL particles. The LDL particles integrate into the extracellular matrix and
become oxidised. This is associated with an inflammatory response which increases macrophage
infiltration and precipitates vascular remodelling. At a later stage, the plaque becomes sclerosed
and calcified. Formation of an atherosclerotic plaque can partially occlude one or more of the
arteries, mainly the coronary and cerebral arteries. However it is the rupture of this structure and
its consequences that are linked to the clinically apparent endpoints of stroke, heart attack and
acute limb ischaemia.

As such, there is a strong association between elevated levels of LDLc, apolipoprotein B and less
so lipoprotein (a) and cardiovascular disease (Lewington et al., 2007) and a reciprocal relationship
between HDL and apolipoprotein A-1 concentrations and cardiovascular disease (Gordon and
Rifkind, 1989). Elevated TAG concentrations are also linked with cardiovascular disease (Miller et
al., 2011;Goldberg et al., 2011).

High circulating TAG concentrations are often associated with elevated small dense LDL and low
HDL cholesterol concentrations due to remodelling of lipoproteins within the circulation through a
process called neutral lipid exchange. For this reason some suggest that the HDL: TAG and
LDL:TAG ratios are better predictors of cardiovascular outcomes than TAG concentrations alone
(Ballantyne and Hoogeveen, 2003). Various other lipoprotein ratios are thought to reflect CVD risk.
These include the ratio of TC:HDL cholesterol, LDL:HDL and non-HDL:HDL. Reductions in these
ratios indicate a beneficial effect in terms of CVD risk. For example, Rader et al. demonstrated
that a 1% decrease in the TC:HDL cholesterol ratio was associated with a 1.3% reduction in CVD
risk (Rader et al., 2003). A desirable ratio of TC:HDL cholesterol is thought to be 4.5 or less.

According to the National Cholesterol Education Program, for men a low HDL cholesterol is
defined as a level less than 1.03mmol/L, and for women it is low when it is below 1.3mmol/L
(Expert Panel on Detection, 2001;Mosca et al., 2004). A normal TAG level is defined as less than
1.7 mmol/L (Miller et al., 2011).

There is both a genetic (primary) and environmental (secondary) component to hyperlipidaemia.
The genetic causes of hyperlipidaemia typically are due to mutations that result in abnormal
clearance of lipids. Secondary causes of hyperlipidaemia are more common and include a
sedentary lifestyle, diabetes and the consumption of saturated fat, trans (polyunsaturated) fat and
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cholesterol. Diabetes is particularly important and can be characterised by elevated TAG, low
HDLc and high LDLc.

Modification of the lipid profile both for primary prevention and secondary prevention of
cardiovascular disease offers the potential for significant reductions in risk of death and
cardiovascular disease (LaRosa et al., 1999;Thavendiranathan et al., 2006). Whilst dietary
modification of hyperlipidaemia is important to lower overall cardiovascular risk at a population
level and appears to be associated with an improved lipid profile (Huang et al., 2011;Jenkins et al.,
2003;Stone et al., 2005), typically pharmacological therapies are used, particularly if dietary
measures fail to reach the recommended targets (National Institute for Health and Clinical
Excellence, 2011;Shepherd, 2001).

Previous studies in COMA reports

The two tables below list studies included in previously published reports from the Committee of
Medical Aspects of Food Policy (Committee on Medical Aspects of Food Policy, 1989;Committee
on Medical Aspects of Food Policy, 1994;Committee on Medical Aspects of Food Policy, 1991)
that concerned the relationship between dietary carbohydrates and hyperlipidaemias and blood
lipids. Studies were initially scanned by title and abstract for relevance. Those deemed non-
relevant were omitted and those of relevance were passed through the inclusion/exclusion criteria
used in the current review.

Papers from COMA reports that did not meet inclusion criteria

The papers, published before 1990, noted in the table below would not have been eligible for
inclusion in this review for the reasons listed.
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Table 2.39 Previous studies in COMA reports*: excluded studies

Authors, Year

Intervention description

Exclusion code that

Intervention Lo
would be applied in

duration/ follow up

Exclusion detail

(Burr et al., 1989)

(Crapo and Kolterman,
1984)

(Cybulska and Naruszewicz,
1982)

(Edington et al., 1989)

(Grande et al., 1965)

(Grundy, 1986)

(Huttunen et al., 1976)

(Lewis et al., 1981)

(Lock et al., 1980)

(Lopez et al., 1966)

(Macdonald, 1967)

(Mann and Truswell, 1972)

(Mann et al., 1974)

(McGandy et al., 1967a) /
(McGandy et al., 1967b)

(Mensink and Katan, 1987)

1) Fat advice
2) Fish advice
3) Fibre advice

1) Sucrose diet
2) Fructose diet

1) Usual diet + fructose
2) No sugar diet

1) Low-fat, high-fibre diet ( + consumption
of 9 eggs per week)
2) Low-fat, high-fibre diet

1) Sucrose diet

2) Bean diet

3) Sucrose diet + pectin

4) Bean diet + pectin

5) Bread and potato diet

6) Sucrose diet + cellulose

7) Bread and potato diet + cellulose
8) Sucrose and soybean protein diet
1) High saturated fat diet

2) High monounsaturated fat diet
3) Low fat diet

1) Usual diet + sucrose
2) Usual diet + xylitol
3) Usual diet + fructose

1) Western diet

2) Fat-modified diet

3) Fat-modified diet + fruit, vegetable and
cereal fibre

4) Diet providing 40% energy from fat; P/S
ratio 1.0; + supplemented with fibre

1) Usual diet + sucrose

2) Usual diet + dried glucose syrup

Not applicable

1) Sucrose-cream diet

2) Sucrose-sunflower oil diet
3) Glucose-cream diet

4) Glucose-sunflower oil diet
1) Basal diet

2) Basal + starch diet

3) Basal + sucrose diet

1) Basal diet
2) Basal diet + sucrose replaced by starch
3) Basal diet + starch removed

Not applicable

1) Carbohydrate-rich diet
2) Olive-oil rich diet

this review
2 years 6
2 weeks 2
28 days 2
3 months 2
7 days 2
4 weeks 6
2 years 2
5 weeks 2
2 years 2
Not applicable 1
5 days 2
14 days 6
14 days 2
Not applicable 1
36 days 2

Subjects did not fit the
definition of ‘healthy’ —all
were diagnosed with acute
myocardial infarction.
Subjects were not randomly
allocated to groups

Subjects were not randomly
allocated to groups

Subjects were not randomly
allocated to groups.

Subjects were not randomly
allocated to groups.

Subjects did not fit the
definition of ‘healthy’ — total
cholesterol averaged
6.5mmol/L at baseline.
Subjects were not randomly
allocated to groups.

Subjects were not randomly
allocated to groups.

Subjects were not randomly
allocated to groups.

The publication was a
review/ not original
research.

Subjects were not randomly
allocated to groups.

Subjects did not fit the
definition of ‘healthy’ —all
had been admitted to
hospital with non-metabolic
conditions such as cerebral
vascular accident and nerve
palsy.

Subjects were not randomly
allocated to groups.

The publication was a
review/ not original
research.

Subjects were not randomly
allocated to groups.
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. Exclusion code that
Intervention

Authors, Year Intervention description . would be applied in Exclusion detail
duration/ follow up . .
this review
(Peterson et al., 1986) 1) Control diet 6 weeks 6 Subjects did not fit the
2) Sucrose diet definition of ‘healthy’ —all
had diabetes.
(Reiser et al., 1979) 1) Sucrose diet 6 weeks 2 Subjects were not randomly
2) Starch diet allocated to groups.
(Renaud et al., 1986) Not applicable Not applicable 2 The study was not a
randomised trial or
cohort/prospective study —
it was a cross-sectional
survey.
(Rifkind et al., 1966) 1) Sugar-restricted diet 10 weeks 2 Subjects were not randomly
allocated to groups.
(Rosenthal et al., 1985) 1) High-complex-carbohydrate, high-fibre, 26 days 2 The study did not have a
low-fat, low-cholesterol diet ‘control’ group and all
subjects received the same
intervention.
(Thornton et al., 1983) 1) Usual diet + refined carbohydrate foods 6 weeks 6 Subjects did not fit the
2) Usual diet + wholegrain foods definition of ‘healthy’ —all
had radiolucent gall stones.
(Vinik and Jenkins, 1988) Not applicable Not applicable 1 The publication was a
review/ not original
research.
(Weisweiler et al., 1985) 1) Reference diet 6 weeks 2 The three intervention diets
2) Polyunsaturated diet were not randomly
3) Low fat, polyunsaturated diet delivered.
(Werner et al., 1984) 1) Usual diet + sucrose 6 weeks 6 Subjects did not fit the
2) Usual diet + saccharine definition of ‘healthy’ —all
had radiolucent gall stones.
(Yudkin et al., 1980) 1) High sugar diet 3 weeks 2 Subjects were not randomly

allocated to groups.

Papers from COMA reports that met inclusion criteria

The following three papers published before 1990 would have been eligible for inclusion in this
review.

Table 2.40 Previous randomised controlled trials (RCT) in COMA reports*: included studies

Authors, Subject Trial Design

. . Characteristics of Intervention Intervention Total number Intervention description
Study inclusion L (washout . .
Name criteria participants - duration Style of participants
(Mann et Generally Office workers Parallel Group 22 weeks Substitution 51 1) Low sugar diet — foods
al., 1970) healthy containing sucrose were cut
100% Male out and replaced with
substitutes to maintain
Age: 35-53 weight.

2) Reduced starch diet —
starchy foods were halved
and replaced with substitutes
to maintain weight.

3) Usual diet.
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Authors, Subject . Trial Design . . . L
Study inclusion Characteristics of e Intervention Intervention Total number Intervention description
tici t durati Styl f tici t
Name criteria participants duration) uration yle of participants
(Reiser et Generally us Crossover 6 weeks All food provided 24 1) Diet containing 5% of total
al., 1981) healthy calories as sucrose
50% Male 2) Diet containing 18% of
Exaggerated total calories as sucrose
insulin Age: (38.6) males 3) Diet containing 33% of
response to (35.1) females total calories as sucrose
glucose load

Mann et al. (Mann et al., 1970) assessed the effect of a low sugar diet compared with both a
reduced starch diet and a control diet on serum lipids and weight loss in men. Serum cholesterol
and serum triacylglycerol were measured at two, six, 10-18, 22 weeks as well as one month
following the intervention. Subjects in the low sugar diet group experienced a statistically
significant reduction in triacylglycerol (statistical significance level not reported) from baseline,
whilst the other two groups did not. Furthermore the authors highlight that such a reduction in
triacylglycerol in the low sugar diet group may in part be attributed to concurrent weight loss and
therefore not necessarily due to the dietary intervention alone (Mann et al., 1970). Serum
cholesterol did not statistically significantly differ amongst groups during the study.

Along similar lines, Reiser et al. (Reiser et al., 1981) tested the effects of dietary sucrose on blood
lipids in a sample of carbohydrate-sensitive subjects (n=24). Triacylglycerol, total, HDL and LDL
cholesterol and TC:HDL cholesterol ratio were measured before and once a week during the
intervention periods. The authors reported a statistically significant increase in triacylglycerol as
the level of sucrose increased, although this was only apparent in males and not females. Total
cholesterol, LDL cholesterol and HDL cholesterol also statistically significantly increased as the
sucrose content of the diet increased (Reiser et al., 1981). The ratio of TC:HDL cholesterol, on the
other hand, decreased when males were fed the 33% sucrose diet compared with the two
remaining diets. No change in the ratio was observed in females.

Table 2.41 Previous cohort study in COMA reports*: included study

Length of

Authors, ) L Recruitment of . Initial cohort Losses to
Population characteristics L follow-up Dietary assessment methods .
Study Name participants size follow-up (%)
(years)

(Morris et Middle-aged men Community cohort 20 years Diet was assessed via 7-day 337 10

al., 1977) Mean age: 30-67 weighed dietary surveys
%Male: 100 administered twice. No
Country: UK details concerning validation
Ethnicity: Not stated of the dietary assessment

method were reported.

One cohort study of healthy middle aged men investigated intakes of total carbohydrate, sugar
and dietary fibre (from fruit, vegetables, potatoes, pulses, wholegrains and cereal foods) and total
cholesterol. No association between total cholesterol and the nutrients of interest were observed.

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food
Policy, 1994;Committee on Medical Aspects of Food Policy, 1991)
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Summary of the evidence base

This review includes the following outcomes: incident hyperlipidaemias, total cholesterol, HDL
cholesterol, LDL cholesterol, triacylglycerol (sometimes referred to as triglycerides within papers,
however within this review the term triacylglycerol (TAG) has been used), non-esterified fatty
acids, total cholesterol:HDL ratio (TC:HDL), LDL:HDL cholesterol ratio, TAG:HDL ratio,
apolipoproteins A1 and B and lipoprotein (a).

Cohort studies

A description of the cohorts that provided data concerning dietary carbohydrates and blood lipids
is provided in table 2.42.

Overall, nine papers reported data on seven cohort studies. Of these, four recruited adults as
participants (de Castro et al., 2006;Schroeder et al., 2007;0xlund and Heitmann, 2006;Iribarren et
al., 1997;Ludwig et al., 1999;Archer et al., 1998;Dhingra et al., 2007) and the remaining three
either used children aged 9-10 years (Boreham et al., 1999) or adolescents aged 12-15 years at
baseline (Twisk et al., 1997;Albertson et al., 2009).

Studies were conducted in The Netherlands (1), Denmark (1) and Northern Ireland (1), although
the majority were carried out in the USA (6). All cohorts, bar one, were mixed gender. The
exception was the National Heart, Lung, and Blood Institute Growth and Health Study (Albertson
et al., 2009), which studied only females.

Dietary assessment was, on the whole, achieved through food frequency questionnaires (FFQ);
although dietary histories (Twisk et al., 1997;0xlund and Heitmann, 2006), food diaries (Schroeder
et al., 2007;Albertson et al., 2009) and a dietary recall (Boreham et al., 1999) were also employed
in some cohorts.

Length of follow-up ranged from a minimum of 4 years to a maximum of 14 years in the
Amsterdam Growth and Health Study (Twisk et al., 1997). Using the longest length of follow-up in
multiple papers, the average follow-up duration was 8 years.

Initial cohort sizes ranged from 91 participants in the Middle-aged Runners Study (Schroeder et
al., 2007) to 8,997 participants in The Framingham Heart Study (Dhingra et al., 2007).

With observational studies, especially in the field of diet and nutrition, there is substantial potential
for biases caused by incomplete adjustment for confounding, measurement error in the exposure
estimate, and other biases in participant selection or data collection. Please interpret observational
data with caution: the bias could be large in size, and act in either direction, either towards or away
from the null.

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN
or the advice/policy of Public Health England and Health Departments.
13



Table 2.42 Characteristics of cohort studies (studies with grey shading are on children or adolescents)

Cohort Name  Authors/ Population characteristics Recruitment of Dietary assessment Length of Initial cohort size Losses to follow-up
Reference participants methods follow up (%)
(years)
Amsterdam (Twisk et al., 1997)  Adolescents/ young adults  Community cohort  Diet was assessed once 14 233 Not reported
Growth and Mean age: 13 (12-15) using a dietary history.
Health Study % Male: 46 This method was
Country: The Netherlands reported as validated.
Ethnicity: Not reported
Japanese- (de Castro et al., First and second Community cohory  Diet assessed with 7 647 19.7%
Brazilian 2006) generation Japanese validated FFQs
Diabetes Brazilains
Study Group Mean age 57 (40-79)
% Male: 48
Country: Brazil
Ethnicity: Japanese
Middle-aged (Schroeder et al., Chronically endurance- Community cohort  Diet was assessed 10 91 Not reported
Runners Study 2007) trained runners using 3-day food diary
Mean age: 51 records administered
%Male: 62 once.
Country: USA
Ethnicity: Not stated
MONICA (Oxlund and Mean age: 45 (30-60) Population-based  Diet was assessed 6 3608 Not reported
Heitmann, 2006) %Male: 48.9 cohort using a dietary history
Country: Denmark interview,

Ethnicity: Primarily White

administered once by a
registered dietician.
Average daily intake
was based on intakes
during the previous
month. This study was
not reported to be
validated.
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Cohort Name  Authors/ Population characteristics Recruitment of Dietary assessment Length of Initial cohort size Losses to follow-up
Reference participants methods follow up (%)
(years)
National (Albertson et al., 10-year longitudinal study Community cohort  Diet was assessed from 10 2379 Not reported
Heart, Lung, 2009) of girls aged 9-10 at a 3-day food diary (2
and Blood baseline from locations in weekdays and 1
Institute Berkeley, Cincinnati and weekend day)
Growth and Washington areas. administered 8 times
Health Study Mean age: 9-10 and it was reported to
%Male: 0 be validated.
Country: USA
Ethnicity: Multi-Ethnic
The CARDIA (Iribarren et al., Young Black and White Community cohort  Diet was assessed from 7 5115 19
Study 1997) Adults (4 sites: Alabama,  a 700-item FFQ for
Mean age: 18-30 lllinois, Minnesota, intake over the
%Male: 45.9 California) previous month and it
Country: USA was reported to be
Ethnicity:Multi-ethnic validated.
(Ludwig et al., As above As above 10 5115 Not reported
1999)
(Archer etal., 1998) As above 7 5115 Not reported
As above
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