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Plasma lipids in a London population and their
relation to other risk factors for coronary heart disease
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SUMMARY Fasting plasma total cholesterol and triglyceride concentrations and high-density lipoprotein
(HDL)-cholesterol concentrations have been measured in a random sample of 502 men and 503 women
London local government employees, aged 16 to 64 years. In subjects aged 35 to 54 years, the frequency
of 'hypercholesterolaemia', defined by one recently recommended criterion of plasma cholesterol .7-1
mmol/l, was 28-0 per cent in the men and 30 4 per cent in the women. The frequency of 'hypertriglycerid-
aemia' (plasma triglyceride >2-0 mmol/l) in the same age group was 24 8 per cent for the men and
6-0 per cent for the women.

In the whole sample of 1005, there was no case of the WHO Type III lipoprotein abnormality and
oniy one example of the WHO Type V abnormality. The method of spline function analysis showed
unimodality in the two-dimensional cholesterol/triglyceride frequency distribution for both men and
women. Using multiple regression analysis, total cholesterol was independently, positively related to
log1o-triglyceride, HDL-cholesterol, and age. Log1o-triglyceride was related positively to total cholesterol,
body mass index, systolic blood pressure, uric acid, and fasting blood sugar in both sexes.
Mean HDL-cholesterol concentrations were significantly higher in women compared with men only

in the 45 to 64 age range. By multiple regression analysis, HDL-cholesterol was independently positively
related to total cholesterol and negatively related to loglo-triglyceride in both sexes, and positively
related to age in women.

Several long-term prospective studies (Kannel
et al., 1971; Wilhelmsen et al., 1973; Reid et al.,
1976) have conmirmed the role of hypercholesterol-
aemia, hypertension, and cigarette smoking as
independent factors predicting the increased likeli-
hood of coronary heart disease. Other variables
such as total triglyceride (Carlson and Bottiger,
1972), overweight (Kannel et al., 1967), blood
glucose (Fuller et al., 1975), and uric acid (Stamler
et al., 1972) may be related to the incidence of
coronary heart disease, as may low levels of high-
density lipoprotein (Gordon et al., 1977).
The strong statistical relation of hyperlipidaemia

to atherosclerotic heart disease, the primary cause
of premature death in Westem societies (Royal
College of Physicians, 1976), and the hope of
developing measures for its control, have been a
major motivation in the recent expansion of research
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into plasma lipoprotein structure, composition, and
metabolism (Lewis, 1976). The quantitative study
by ultracentrifugation of the plasma lipoproteins
in large population groups is, however, both
expensive and time consuming. In the present
incomplete state of knowledge, the prevalence of
hyperlipidaemia in the community, its relation
with coronary heart disease and the specifications
for the screening for and the treatment of hyper-
lipidaemia are probably most simply defined in
terms of the plasma concentrations of total
cholesterol, total triglyceride, and HDL-cholesterol
(Fredrickson, 1975; Gordon et al., 1977).
The present study describes the distribution of
these lipid variables in a large group of London
Local Government workers and their relations with
other possible risk factors for coronary heart
disease.

Subjects and methods

A random sample of 1005 subjects, stratified by age
and sex, was drawn from employees of the Greater
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London Council and the Inner London Education
Authority working in central London. The study
was extended over the period February 1971 to
May 1972 to investigate and allow for possible
seasonal variations in the plasma lipid concentra-
tions (Fuller et al., 1974). Known diabetics and
pregnant women were excluded from the study.

Subjects attended a survey centre between 9.00
and 10.30 am on the morning after being requested
to fast for at least 12 hours. Standing height and
weight were measured in indoor clothing and with-
out shoes. Each individual had previously com-
pleted a general health questionnaire, including the
WHO Cardiovascular questionnaire (Rose and
Blackburn, 1968) and a dietary questionnaire,
which were checked at interview. Blood pressure
was measured with the subject in the sitting
position using a standard sphygmomanometer, the
diastolic pressure being taken as the point of
muffling (phase 4). A capillary blood sample was
taken from an ear lobe for the estimation of fasting
whole blood sugar concentration by an automated
microferricyanide reduction method (Technicon
Method N-9a). All other estimations were carried
out on a venous blood sample. The plasma chol-
esterol concentration was estimated by the Auto
Analyser Method N-24a and plasma triglyceride
concentration by a semiautomated fluorimetric
method (Cramp and Robertson, 1968) using a
Trilaurin Standard. The HDL-cholesterol con-
centration was obtained after precipitation of very-
low-density lipoprotein (VLDL) and low-density
lipoprotein (LDL) by dextran sulphate and calcium
chloride (Burstein and Samaille, 1958).

Lipoprotein electrophoresis was performed on
agarose gel (Noble, 1968) in all subjects and specific
screening for 'floating-beta lipoprotein' was carried
out, using preparative ultracentrifugation and
subsequent electrophoresis, in a randomly selected
subsample of 292 subjects.
Serum uric acid was estimated by the method of

Lofland and Crouse (1965) and the following
biochemical estimations were also carried out on
serum samples: urea, creatinine, bilirubin, alkaline
phosphatase, aspartate aminotransferase, albumin,
globulin, calcium, iron, and protein-bound iodine.
Haematological indices and the ABO and Rhesus
blood groups were also determined. For all subjects,
the body mass index (BMI), a measure of adiposity,
was defined as weight/(height)2.

Results

The final co-operating study group of 502 men and
503 women represented 90 per cent of the original
random sample. 95-8 per cent of the study group

were of European origin. On biochemical screening,
3 subjects had abnormal levels of protein-bound
iodine (1 low and 2 high), 3 subjects had high
fasting blood sugars, 2 subjects had a high urea, and
2 subjects had abnormal liver function tests. These
10 individuals have been included in the analyses
which follow.
Out of the whole group, 31-7 per cent of the men

and 30 4 per cent of the women were current
cigarette smokers. Of women in the age range
16 to 34, 36-0 per cent were taking an oral contra-
ceptive.

TOTAL LIPIDS AND HDL-CHOLESTEROL
Plasma total cholesterol concentrations were
approximately normally distributed in both men and
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Fig. 2 Equal probability contours on the cholesterol/log1l
triglyceride probability distribution for men (n = 502)
by spline function analysis (cholesterol and logl0
triglyceride in standard deviation units).

women and the mean levels by 10-year age groups
are shown in Fig. la. In both sexes mean cholesterol
increased with age up to the 45 to 54 year age-
group. Above this age mean cholesterol increased
for women, but decreased for men. The distribution
of plasma total triglyceride concentration was
slightly skewed to the right in both men and women
and could be rendered approximately normal by
log transformation.
Mean triglyceride levels for men were significantly

higher than those for women in all age groups
except the lowest (Fig. lb). The mean HDL-
cholesterol concentration rose with age in women,
but for the men changed little with age (Fig. lc).

ABNORMAL LIPOPROTEIN TYPES

In the whole population of 1005 individuals, no
examples of 'broad-beta' bands were detected on
agarose gel lipoprotein electrophoresis. In one
obese subject, fasting chylomicronaemia with an
increased pre-beta band on electrophoresis was
detected (WHO Type V abnormality).

In Fig. 2, the plasma cholesterol concentrations
are plotted against log-triglyceride concentrations
for the men only (n = 502) to form a two-dimen-
sional probability distribution. Contours of equal
probability in this distribution are plotted using the
method of spline function analysis, a data smoothing
technique (Boneva et al., 1971). This method did
not indicate any sub-clusters of individuals in the
cholesterol/triglyceride probability distribution.
Similar results were obtained for the women.

ASSOCIATED FACTORS
In Table 1 are shown the simple correlation co-

efficients, for men and women separately, between
the following variables: total cholesterol, logio-
triglyceride, HDL-cholesterol, age, BMI, systolic
blood pressure, fasting blood sugar, and uric acid.
These same variables have been used in a

forward stepwise multiple regression analysis
(Dixon, 1970) with total cholesterol, logio-tri-
glyceride, and HDL-cholesterol as the dependent
variables (Table 2). In both sexes, total cholesterol
was significantly and independently positively
related to logio-triglyceride, HDL-cholesterol, and
age. When used as the dependent variable, logio-
triglyceride was positively related to total cholesterol,
BMI, systolic blood pressure, uric acid, and fasting
blood sugar in both sexes, but negatively related
to age in women and negatively related to HDL-
cholesterol in men. HDL-cholesterol was sig-
nificantly, independently and positively related to
total cholesterol, but negatively related to logio-
triglyceride in both sexes and was positively related
to age in women.

Discussion

TOTAL CHOLESTEROL AND TRIGLYCERIDE
In considering the role of the plasma lipids as risk
factors for coronary heart disease, particularly in the
context of possible therapeutic intervention, defini-
tions of their 'normal' or 'desirable' ranges must

Table 1 Correlation matrix (includes only subjects with complete information)

449 women Total Logio HDL BMI Age Systolic BP Uric acid Fasting
456 m emecholesterol triglyceride cholesterol blood sugar

Total cholesterol *26 0 49$ 0-12 0 47? 0-30? 0.08 0-17*
Log,. triglyceride 053? 05 0-25? 0.17* 0 30? 0-24t 0-20tHDL cholesterol 0 34$ 0-08 0 05 0-30$ 0-13* 0-03 0.11
BM1 0 30? 0 39 0 0-36$ 0-25$ 0-31? 0-14*
Age 0 40? 0 30+ 0-06 033? 0522 0.18* 023+
Systolic BP 0-17* 030$ 004 0-26? 0-26 0-23? 022t
Uric acid 0-08 0-24$ 003 0-29? 003 018t 0-12
Fasting blood sugar 0-23? 0-33$ 0 07 0 33? 0-19t 0-19t 0-17

Men
*P < 0 05, tP < 0-01, $P < 0-001.
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Table 2 Multiple regression analysis: Dependent
variables: total cholesterol, log1o triglyceride, HDL
cholesterol (mmolll)

Dependent Independent t values
variable variable

Men Women
(n = 456) (n = 449)

Total Log,.-triglyceride 116T 5 it
cholesterol HDL-cholesterol 8-0 9 9+

Age 6-7+ 8-2+
Log1o- Total cholesterol 111i 4-6+
triglyceride HDL-cholesterol - 2-6* -1-7

BMI 3-4T 3-6+
Systolic BP 3-7+ 4-21
Uric acid 2-9t 2-9t
Fasting blood sugar 3-61 2-4*
Age 0 3 - 28t

HDL- Total cholesterol 7 9+ 9 9+
cholesterol Log,0-triglyceride - 2-6t - 2-2*

Age -1-4 2-1*

*P < 005, tP < 001, +P < 0001.

take into account the well-recognised variation
with age and sex of both cholesterol and triglyceride
(Schilling et al., 1969; Wood et al., 1972; Gibson
and Whorton, 1973) and the variation introduced
by differences in laboratory methods between
studies (Whitehead et al., 1973; Castelli et al.,
1977a).
In this population group, the rise in the mean

total cholesterol with age, followed by a decline
for men in the age group 55 to 64 years (Fig. la)
agrees well with the findings of several other studies,
as reviewed by Carlson and Lindstedt (1969).
Compared with another London based study of
factory workers (Lewis et al., 1974), in which the
same laboratory methods for total lipid determina-
tions were used, the women had higher cholesterol
levels at all ages and the men had higher mean
cholesterols above the age of 40 years. The mean

cholesterol levels in our men were also somewhat
higher than those found in a study of healthy men
in the Glasgow conurbation (Lorimer et al., 1974),
but were in general lower than those found in the
Stockholm Prospective Study (Carlson and Lind-
stedt, 1969). The cholesterol levels in women
resembled those found in Swedish studies (Carlson
and Lindstedt, 1969; Bengtsson et al., 1974).

In middle-aged men, mean triglyceride levels
increased with age group (Fig. lb) and then reached
a plateau, whereas in women there was a less
pronounced rise with age group. Triglyceride levels
in both sexes were much higher than in the London
factory workers (Lewis et al., 1974), but were

similar to levels found in Scandinavian studies
{Carlson and Lindstedt, 1969; Bengtsson et al.,
1974; Thelle et al., 1976).
Plasma total lipid concentrations are dependent

on the concentrations and compositions of the
plasma lipoproteins. The presently accepted classi-
fication of the hyperlipoproteinaemias is that of
Fredrickson et al. (1967), subsequently modified
by a WHO Committee (Beaumont et al., 1970),
and is based upon the pattem after qualitative
separation of lipoproteins by paper or agarose
electrophoresis. In some classifications, cutting
points for lipoprotein concentrations have been
derived as centiles of their distributions in the
population (Lewis et al., 1974). However, such
cutting points are always arbitrary since the majority
of population studies (Castelli et al., 1977a) demon-
strate unimodal, albeit skewed, distributions of
lipids and lipoproteins.

In this study, the 90th centile points in the
distribution of total cholesterol in men were
6-7 mmol/l for the age group 16 to 34 years and
8-0 mmol/l for the age group 35 to 54 years. Corre-
sponding levels for women were 7-5 mmol/l and
8-2 mmol/l, respectively. The triglyceride 90th
centile points were, for the men, 1-8 mmol/l in
the 16 to 34 year age group and 2-6 mmol/l in the
35 to 54 year age group; corresponding values for
the women were lower, 1-7 mmol/l and 1V7 mmol/l,
respectively. These centile points are generally
higher than those derived from total lipid distri-
butions in the London factory workers (Lewis
et al., 1974).

In the present study, the unimodality of the
distributions of both total cholesterol and triglycer-
ide is confirmed by the method of spline function
analysis (Fig. 2). The probability contours in the
cholesterol/triglyceride frequency distribution do
not indicate any heterogeneity in the data, as might
be expected if there were any significant clustering
of individuals into groups with the common WHO
lipoprotein abnormalities (Beaumont et al., 1970),
viz. subjects with raised cholesterol alone (Type
IIa), raised triglyceride alone (Type IV), or
increases in both (Type IIb). The disadvantages of
defining abnormal lipoprotein types by arbitrary
cut-off points have been discussed in detail by
Olsson and Carlson (1975), a major factor being
that the relative frequencies of the lipoprotein
abnormalities are highly dependent on relatively
small changes in the cut-off values. This applies
particularly to the WHO Type IIb abnormality
(Carlson, 1976).
The current classification of the hyperlipo-

proteinaemias is not an aetiological one and cor-
relates poorly with the results of genetic studies
(Hazzard et al., 1973). Clarification of the meta-
bolic interrelations of the lipoproteins and the role
of the apoproteins (Eisenberg, 1976) will no doubt
eventually lead to a more findamental classification.
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Table 3 Frequency of CHD risk factor combinations
for age group 35 to 54 years

Risk factors Men Women
(n = 214) (n = 217)

Cholesterol > 7-1 mmol/l 28-0% 30 4%
Triglyceride > 2-0 mmol/l 24 8% 6 0%t
Cholesterol > 7-8 mmol/l 14-0%/ 15-2%
Triglyceride > 2-3 mmol/l 15-0% 2 8%t
Both lipids above lower limits 10-7% 2 3%t
Both lipids above upper limits 4-7% 0 5%*
Cigarette smoker 28-0% 32-7%
Diastolic BP > 100 mmHg 7-9% 3-7%
Cholesterol > 7-1 mmol/l and 7-0%, 10-6%

cigarette smoker
Cholesterol > 7-1 mmol/l and 3-3% 1-8%

diastolic BP > 100 mmHg
Diastolic BP -> 100 mmHg and 2-3% 1-4%

cigarette smoker
Cholesterol > 7-1 mm:l/l and 0.9% 0 5%

diastolic BP > 100 mmHg and
cigarette smoker

Men/Women significant difference. *P < 0-01, tP < 0-001.

system which can then be applied in population
studies.

In Table 3 are shown the proportions of men and
women aged 35 to 54 who would be considered
hyperlipidaemic by some recently recommended
criteria (Royal College of Physicians, 1976). The
frequency of 'hypercholesterolaemia' in men doubles
from 14'0 to 28-0 per cent, as the cutting point for
cholesterol is reduced from 7T8 to 7-1 mmol/l.
In women, the corresponding change in rates is
very similar from 15-2 to 30 4 per cent. A change
in triglyceride criterion from 2-3 to 2-0
mmol/l produces an increase in 'hypertri-
glyceridaemia' from 15-0 to 24-8 per cent in men,
and an increase from 2-8 to 6-0 per cent in women.
Of the men, 4*7 per cent and of the women, 05 per
cent had lipid concentrations both ofwhich exceeded
the higher cutting points and 10-7 and 2-3 per cent,
respectively, exceeded both lower points. Based on
the variation in the frequency of coronary heart
disease among different populations and the
associated levels of total cholesterol concentration,
an upper limit of 6-2 mmol/l (240 mg/dl) for
'desirable' or 'optimal' cholesterol levels has been
recommended (Wright, 1976). Using this criterion,
some 62-1 per cent of the men and 64-5 per cent of
the women in this study aged 35 to 54 would be
considered to have 'undesirable' cholesterol levels.

ASSOCIATIONS WITH OTHER 'RISK FACTORS'
The significance of given concentrations of plasma
lipids in the prediction of coronary heart disease
and so the setting of 'cutting points' is complicated
by the probable interaction with the other major
risk factors for coronary heart disease, hypertension,
and cigarette smoking (Rose, 1976). The proportions
of men and women aged 35 to 54 with plasma

cholesterol exceeding 7 1 or 7 8 mmol/l, diastolic
blood pressure greater than 100 mmHg, and who
were current cigarette smokers are shown in Table
3, together with the frequencies of various com-
binations of these characteristics.

Furthermore, the plasma lipids correlate sig-
nificantly with several other factors which may well
play some part in the genesis and development of
coronary heart disease. Several of the relations
shown in the correlation matrix in Table 1 are
distinctly interdependent and a more satisfactory
representation of the independent relation between
these variables is obtained by multiple regression
analysis (Table 2) in which total cholesterol,
logio-triglyceride, and HDL-cholesterol are taken
in turn as the dependent variable.
The significant positive correlation between total

cholesterol and logio-triglyceride concentrations,
independent of age, confirms the findings in other
studies (Carlson and Lindstedt, 1969). In some
populations, positive correlations have also been
shown between cholesterol and blood pressure
(Bulpitt et al., 1976), and Carlson and Lindstedt
(1969) have reviewed the relation between
cholesterol and measures of obesity. However, many
studies have not considered the possible confound-
ing positive relation of triglyceride with both blood
pressure and obesity; when such allowance was
made in this study by multiple regression analysis
(Table 2), no independent correlation of cholesterol
with blood pressure or BMI was demonstrable.
The independent correlation of logio-triglyceride
with blood pressure, BMI, blood sugar, and uric
acid is also shown in Table 2. These multiple
relations may, in part, explain the uncertainty about
the role of the plasma triglyceride as an independent
risk factor for coronary heart disease (Carlson and
Bottiger, 1972; Wilhelmsen et al., 1973; Gordon
et al., 1977).

HIGH-DENSITY LIPOPROTEIN
Interest in the association between low plasma
concentrations of HDL and the prevalence of
coronary heart disease has been recently revived
(Miller and Miller, 1975). Glomset (1968) has
proposed that HDL is involved in the removal of
cholesterol from peripheral tissues and its transport
to the liver. The removal of cholesterol from human
skin fibroblasts has been shown to be enhanced by
HDL (Stein and Stein, 1976) and the uptake of
LDL by porcine arterial smooth-muscle cells is
decreased by HDL (Carew et al., 1976). Several
studies have shown a relation between low plasma
HDL levels and prevalence of coronary heart disease
(Albers et al., 1976; Rhoads et al., 1976; Castelli
et al., 1977b) and in the Framingham Study,
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HDL-cholesterol is a potent predictive factor for
coronary heart disease incidence in men and women
over the age of 50 years, statistically independent
of total cholesterol, triglyceride, and other estab-
lished risk factors (Gordon et al., 1977).

In this study, HDL-cholesterol was measured by
a precipitation method and these methods have
been shown to give results correlating well with
those obtained with preparative ultracentrifugation
(Ononogbu and Lewis, 1976). The levels of HDL-
cholesterol (Fig. 1c) were similar in men, and
slightly lower in women, compared with those from
other studies using precipitation techniques (Castelli
et al., 1977a), but tended to be lower in both sexes
than the values obtained in studies using preparative
ultracentrifugation (Lewis et al., 1974; Carlson
and Ericsson, 1975).

Several studies (Carlson and Ericsson, 1975;
Albers et al., 1976) have shown increased HDL-
cholesterol levels in premenopausal women who
enjoy relative immunity from coronary heart
disease. However, in our study, only women in the
age range 45 to 64 years had significantly increased
HDL-cholesterol levels ( P < 0.01) compared with
the men.

Using multiple regression analysis (Table 2),
a significant inverse relation between HDL-
cholesterol and triglyceride was found in men and
women, confirming the findings of other studies
(Albers et al., 1976; Carlson, 1976; Castelli et al.,
1977a). There was also a positive independent
relation between HDL-cholesterol and total chol-
esterol in both sexes. In other studies, the associa-
tion between HDL-cholesterol and either total or

LDL-cholesterol has varied between positive, nega-
tive, or non-significant (Albers et al., 1976;
Carlson, 1976; Rhoads et al., 1976; Gordon et al.,
1977).
In a study of 52 Jamaican middle-aged men

(Miller et al., 1976), multiple regression analysis
showed a significant inverse relation between
HDL-cholesterol on the one hand and LDL-
cholesterol, total triglyceride, and diastolic blood
pressure on the other. However, this population was

heterogeneous, consisting of two groups of 27
urban and 25 rural workers whose mean weight,
plasma lipids, and blood glucose were significantly
different. In the present study, HDL-cholesterol
was not found to be significantly related to blood
pressure, BMI, fasting blood sugar, or uric acid
(Table 2).
The importance of HDL as an independent

predictive factor for coronary heart disease is
rapidly becoming apparent and its incorporation
in the coronary heart disease 'risk profile' is being
recommended (Gordon et al., 1977). The distribu-

tions ofHDL concentrations in various populations,
its associations with other 'risk factors' for coronary
heart disease, and the effect on HDL of various
therapeutic measures, are, therefore, important
questions in the study of the pathogenesis, treat-
ment, and prevention of atherosclerotic heart
disease.
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