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Lipid screening: Is it enough to measure total cholesterol
concentration? 1

H A WiNeil, DMant, LWones, BAMorgan, J Jbann

Abstract
Objectives-To determine whether measurement

of total cholesterol concentration is sufficient to
identify most patients at lipoprotein mediated risk of
coronary heart disease without measurement of
triglyceride and high density lipoprotein (HDL)
cholesterol concentrations.
Design-Cross sectional screening programme.
Setting-Six general practices in Oxfordshire.
Patients-1901 Men and 2068 women aged 25-59.
Main outcome measure-Cardiovascular risk as

assessed by fasting venous plasma concentrations of
total cholesterol, triglyceride, andHDL cholesterol.
Results-2931 Patients (74% of those screened)

had a total cholesterol concentration of <6-5 mmol/l.
If the triglyceride concentration had not been
measured in these patients isolated hypertrigly-
ceridaemia (:2-3mmol/l) would have remained
undetected in 185. Among these 185 patients,
however, 123 were overweight or obese and only 18
(0-6% of those screened) had an increased risk
associated with both a raised triglyceride concentra-
tion (>2-3 mmol/l) and a low HDL cholesterol
concentration (<0-9 mmol/l). Conversely, in the 790
patients with predominant hypercholesterolaemia
(cholesterol concentration -6-5 mmol/l and tri-
glyceride concentration <2-3 mmol/l) measurement
of HDL cholesterol concentration showed that 348
(9% of those screened) had only a moderately
increased risk with a ratio oftotal to HDL cholesterol
of <4-5 and 104 had a low risk with a ratio of <3-5.

Conclusions-Fasting triglyceride and HDL
cholesterol concentrations identify few patients at
increased risk of coronary heart disease if the total
cholesterol concentration is less than 6-5 mmol/l.
HDL cholesterol and triglyceride concentrations
should, however, be measured in patients with a
total cholesterol concentration exceeding this value.
Total cholesterol concentration alone may over-
estimate risk in a considerable number of these
patients, and measurement of HDL cholesterol
concentration allows a more precise estimate of risk.
Measurement of the triglyceride concentration is
required to characterise the lipoprotein abnormality.
A patient should not be started on a drug that lowers
lipid concentrations without having had a full
lipoprotein assessment including measurement of
HDL cholesterol concentration.

Introduction
Hypercholesterolaemia is a major and modifiable

risk factor for coronary heart disease. Both dietary and

drug treatment can reduce morbidity and mortality
from cardiovascular disease,'4 and several policy
statements have provided practical guidelines for
the management ofhyperlipidaemias. The most widely
adopted guidelines in the United Kingdom are those of
the European Atherosclerosis Study Group' and the
British Hyperlipidaemia Association.6 Although these
take account of high density lipoprotein (HDL) choles-
terol and triglyceride concentrations in making
recommendations for treatment, they do not specific-
ally recommend any measurement other than that of
total cholesterol concentration for screening.

Various protocols are used in practice; some are
restricted to random measurement of cholesterol
concentration, others include measurement of fasting
triglyceride concentrations, and some also include
measurement of HDL cholesterol concentrations.
These differences reflect the limitations of the available
data. The evidence for hypertriglyceridaemia as an
independent risk factor for coronary heart disease is
much less well established than that for hypercholes-
terolaemia,78 but the Framingham study suggests that
the risk of coronary heart disease is increased in people
with normal cholesterol concentrations, high trigly-
ceride concentrations, and low HDL cholesterol
concentrations.9 It is therefore important to know how
many patients at high risk might be missed ifmeasure-
ments ofHDL cholesterol and triglyceride concentra-
tions were restricted to patients with a total cholesterol
concentration exceeding a predetermined value. A
concentration of 6 2 mmol/I is used in the United
States,'0 and 6-5 mmol/l has been suggested in the
United Kingdom." As prospective studies have shown
an inverse relation between plasma concentrations of
HDL cholesterol and the incidence of coronary heart
disease3 123 it is also important to know what proportion
of patients with raised total cholesterol concentrations
can be shown by measurement of the HDL cholesterol
concentration to be at little or no excess risk of
coronary heart disease.
Our aim was to determine the extent of the mis-

classification of the risk of coronary heart disease
associated with a lipid screening protocol that measures
only total cholesterol concentration.

Patients and methods
Six general practices in Oxfordshire participated in

the study, which was part of a larger survey of the
distribution of plasma lipid concentrations and
prevalence of other risk factors for cardiovascular
disease.'4 Altogether 1912 men and 2094 women aged
25-59 were recruited either opportunistically when
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visiting a surgery or by random selection from age-sex
registers of practices. The results of measurement of
lipoprotein concentrations were incomplete for 37
patients, who were excluded from the analysis.

Height and weight were measured, and the body
mass index (weight (kg)/height (m)2) was calculated
(except in five patients with missing results). A fasting
venous blood specimen was taken without prolonged
stasis after patients had been sitting for five minutes;
disodium edetate (2 7 mmol/1) was used as an anti-
coagulant. Plasma concentrations of cholesterol,
triglyceride, HDL cholesterol, very low density
lipoprotein (VLDL) cholesterol, and glucose were
measured, and the low density lipoprotein (LDL)
cholesterol concentration was calculated by sub-
traction.

Cholesterol and triglyceride concentrations
were analysed enzymatically by an automated proce-
dure with standard enzyme kits (cholesterol kit
236691, cholesterol oxidase/peroxidase-aminophena-
zone; triglyceride kit 701904, glycerol phosphate
oxidase/peroxidase-aminophenazone; Boehringer,
Germany) HDL cholesterol concentration was
measured by differential precipitation with heparin

TABLE I-Relation between total cholesterol and triglyceride concentrations in 3969 patients

Triglyceride (mmol/l)

Cholesterol (mmol/l) No ofpatients <2-3 2-3- 5.7- 10

<5-2 1148 1117 30 1
5 2- 1783 1629 146 8
6-5- 860 680 173 5 2

>7-8 178 110 61 4 3

Total 3969 3536 410 18 5

TABLE II-Relation between triglyceride and HDL cholesterol concentrations in 2931 patients with total
cholesterol concentration less than 6-5 mmoll

HDL cholesterol (mmol/l)

Triglyceride (mmol/l) No of patients <0-9 0-9 1 -0- 1-3- >2 0

<1-7 2457 34 35 435 1632 321
1-7- 289 15 10 101 147 16
2-3- 176 17 16 72 67 4

>5-6 9 1 2 4 2

TABLE III-Relation between total cholesterol and HDL cholesterol concentrations in 1586 men and 1950
women with triglyceride concentration less than 2-3 mmol/l

HDL cholesterol (mmol/l)

Noof patients <0-9 0-9- 1-3- >2-0
Total cholesterol
(mmolIl) Men Women Men Women Men Women Men Women Men Women

<6-5 1213 1533 33 16 379 202 731 1048 70 267
6-5- 327 353 11 2 90 41 201 225 25 85

>7-8 46 64 1 7 12 30 40 8 12

TABLE iv-Relation between total cholesterol concentration and ratio of total to HDL cholesterol
concentrations in 1586 men and 1950 women with triglyceride concentration less than 2-3 mmol/l

Total: HDL cholesterol

<3-5 3-5- 4-5- 5 5- 36-5
Total cholesterol
(mmolIA) Men Women Men Women Men Women Men Women Men Women

<6 5 401 972 476 415 241 107 66 27 29 12
6-5- 22 77 86 136 116 90 63 29 40 21

>7-8 2 3 7 15 10 21 14 11 13 14

TABLE v-Relation between total cholesterol and LDL cholesterol concentrations in 1586 men and 1950
women with triglyceride concentration less than 2-3 mmol/l

LDL cholesterol (mmolUl)

<35 3-5- 4-0- 4-5- >5-0
Total cholesterol
(mmol/l) Men Women Men Women Men Women Men Women Men Women

<6-5 644 1047 323 320 207 144 37 21 2 1
6-5- 2 1 7 27 68 104 127 121 123 100

>7-8 2 46 62

and 92 mM manganese chloride,'5 and sodium
dodecylsulphate was used to precipitate VLDL (the
quality control data for the lipid measurements have
been reported previously'4). Plasma glucose concen-
trations were measured by the glucose oxidase method.
The limits at which action should be taken recom-

mended by the European Atherosclerosis Study Group
were used to categorise total cholesterol and triglyceride
concentrations and to define the lower limit of HDL
cholesterol concentration (0 9 mmol/1) and the upper
limit of LDL cholesterol concentration (4 Ommol/1)
for risk assessment.5 The optimal ratio of total to HDL
cholesterol concentration for preventing coronary heart
disease was defined as 3 5 with an upper limit of 4- 5.16
Predominant hypercholesterolaemia was defined as a
total cholesterol concentration of >st6-5 mmol/l and a
triglyceride concentration of<2 3 mmol/l, and isolated
hypertriglyceridaemia was defined as a triglyceride
concentration of Be2.3 mmol/l and a cholesterol
concentration of <6-5mmol/l. A simplified classifi-
cation was used to categorise subjects with a body mass
index of 25-29 as overweight and those with a body
mass index :e30 as obese.'7 A fasting glucose concen-
tration of >7-8,mmol/l1 was used as the diagnostic'
criterion for inadequately controlled or possible
undiagnosed diabetes mellitus. ' The association
between different categories of total cholesterol and
triglycerides with HDL cholesterol, LDL cholesterol,
the ratio of total to HDL cholesterol, glucose, and
body mass index was analysed by cross tabulation with
the statistical package SPSSX. ' The approximate 95%
confidence intervals were calculated for estimates of
prevalence20 where appropriate, and when the numbers
were less than 20 confidence intervals were obtained by
assuming a Poisson distribution.2' The X2 test or
Fisher's exact test was used to test for differences
between groups. A two tailed level of significance of
p<0 05 was considered to be significant.

Results
The mean total cholesterol concentration by age and

sex has been reported. '4 Table I shows the relation
between total cholesterol and triglyceride concentra-
tions. It shows that by restricting measurement of
triglyceride concentration to patients with a total
cholesterol concentration of ¢t6.5 mmol/l isolated
hypertriglyceridaemia of e2 3 mmol/I would remain
undetected in 185 patients in the screened population
(4 7%, 95% confidence interval 4 0% to 5-4%), 176
of whom had a triglyceride concentration of 2-3-
5 6mmol/l. The body mass index was calculated
for 180 of these patients with isolated hypertrigly-
ceridaemia (results were missing for five patients); 83
were overweight (body mass index 25-29) and 40 were
obese (body mass index >30). A fasting glucose
concentration 7 -8 mmol/I was found in four (0 9%)
patients with isolated hypertriglyceridaemia compared
with seven (0-2%) with a triglyceride concentration of
<2-3 mmol/l (p=0 003, Fisher's exact test).
Table II shows the effect of excluding measurement

of triglyceride and HDL cholesterol concentrations
from the screening protocol. A raised triglyceride
(¢2-3mmol/l) and a low HDL cholesterol (<0 9
mmol/l) concentration was found in only 18 patients
(0-6% of the screened population, 95% confidence
interval 0 4% to 1 0%) with a total cholesterol concen-
tration <6-5 mmol/l. Among the 1038 patients with a
total cholesterol concentration 2s6 5 mmol/l (data not
shown) 12 (1%) had a raised triglyceride concentration
(3-2-3 mmol/l) and a low HDL cholesterol concentra-
tion (<0 9 mmol/1).

Tables III-V show how by measuring HDL
cholesterol concentration and calculating both LDL
cholesterol and the ratio of total to HDL cholesterol
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concentrations it is possible to identify patients at
lower cardiovascular risk than would be suggested by
the total cholesterol concentration alone. 16 22 The tables
are restricted to the 1586 men and 1950 women with
triglyceride concentrations <2-3mmol/l. Table III
shows that women had higher HDL cholesterol
concentrations than men and that, of the 790 patients
with predominant hypercholesterolaemia (total
cholesterol concentration -6-5 mmol/l), 130 (16%,
95% confidence interval 14% to 19%) had an HDL
cholesterol concentration r2-0 mmol/l (23% women v
9% men; difference 14%, 9% to 19%). Table IV shows
that, of the 790 patients with predominant hyper-
cholesterolaemia, 348 (44%, 41% to 47%) had a ratio of
total to HDL cholesterol <4-5 and 104 (13%, 11% to
16%) had a ratio of<3 5. Table V shows that 209 of the
patients with predominant hypercholesterolaemia
(26%, 23% to 30%) had an LDL cholesterol concen-
tration <45 mmol/I and 37 (5%, 3% to 6%) had a
concentration <40 mmol/l; 108 patients had a
total cholesterol concentration >7 8 mnol/1 and an
LDL cholesterol concentration >5 0 mmol/l (table V),
of whom 25 had a ratio of total to HDL cholesterol
<4 5 and four a ratio <3-5.

Discussion
Our results have several implications for lipid

screening. Restricting screening to the measurement of
total cholesterol concentration probably does not result
in a serious underestimate of the risk of coronary heart
disease in the population. Although isolated hyper-
triglyceridaemia would go undetected in nearly 5% of
the population, none ofthese patients in our population
had concentrations sufficiently raised to be associated
with an increased risk of pancreatitis. Most affected
patients had mild hypertriglyceridaemia and drug
treatment would not be indicated as the evidence that
hypertriglyceridaemia is an independent risk factor for
coronary heart disease remains inconclusive.7823
Hypertriglyceridaemia is often secondary to obesity,
alcohol abuse, impaired glucose tolerance, or diabetes,
and we found that about two thirds of patients with
isolated hypertriglyceridaemia were either overweight
or obese. Although measurement of triglyceride
concentrations may be required as part of the manage-
ment of underlying conditions such as diabetes,
treatment for these conditions is usually required
irrespective of lipid abnormalities.

Fasting triglyceride concentrations can most usefully
be measured selectively in patients with raised total
cholesterol concentrations. Because of the wide
variability in lipid concentrations from day to day
in individual people24 the diagnosis of hypercholes-
terolaemia should be based on at least two separate
measurements, and a repeat measurement to confirm
the diagnosis can conveniently include measurement of
fasting triglyceride concentrations. Among patients
with total cholesterol concentrations -6 55mmol/l in
our study about a quarter had triglyceride concentra-
tions exceeding 2 3 mmol/l. In these patients measure-
ment of the triglyceride concentration is needed to
identify the lipoprotein abnormality present -in
particular, remnant and familial combined hyper-
lipidaemia, which are strongly associated with coronary
heart disease-and to determine the treatment.
A screening protocol that excludes measurement of

triglycerides and HDL cholesterol concentrations
cannot, of course, identify people with normal
cholesterol, high triglyceride, and lowHDL cholesterol
concentrations. The Framingham study suggests that
this particular lipoprotein profile is associated with an
increased risk of coronary heart disease. Affected
patients are usually overweight, often have raised
serum uric acid concentrations, and have about a

twofold excess risk of developing diabetes.9 They
might also be expected to be insulin resistant, hyper-
insulaemic, and often hypertensive as well as glucose
intolerant2526; these multiple metabolic abnormalities
have been variously termed syndrome X or Reaven's
syndrome.27 Using the same diagnostic criteria as were
used in the Framingham study (HDL cholesterol
concentration < 1 0 mmol/l and triglyceride concentra-
tion - 1-7 mmol/l), we found that the prevalence of this
condition among patients with a total cholesterol
concentration <6-5 mmol/ was only 2% (61/2931),
which suggests that lipid screening should be restricted
initially to measurement of total cholesterol concen-
tration.

Prospective studies have shown an inverse relation,
which is stronger in women than men,28 between
plasma concentrations of HDL cholesterol and the
incidence ofcoronary heart disease.3 '° " It is important,
therefore, to identify which patients have raised total
and HDL cholesterol concentrations and are at little or
no excess risk of coronary heart disease. As expected,
our results confirmed that HDL cholesterol concen-
trations were significantly higher in women. Almost a
quarter of women with normal triglyceride and raised
total cholesterol concentrations of 6 5-7 8 mmol/l had
a ratio of total to HDL cholesterol or an LDL
cholesterol concentration that is not associated with an
excess risk ofcoronary heart disease. Current guidelines
recommend that treatment with drugs that lower lipid
concentrations should be considered for patients with
predominant hypercholesterolaemia with a total
cholesterol concentration of more than 7 8 mmol/l.56
We found that about 5% of such patients had a ratio of
total to HDL cholesterol that may not be sufficiently
raised to justify prescribing potentitally lifelong drug
treatment in the absence of other risk factors.
The guidelines for lipid screening derived from our

study are consistent with existing recommendations
for the management of hyperlipidaemia in adults56 and
are applicable to populations of a similar age identified
opportunistically or by random screening in general
practice but not to patients with conditions such
as diabetes that are associated with dyslipidaemias.
Screening should initially be restricted to measurement
of non-fasting total cholesterol concentration. If the
total cholesterol concentration is -6 5 mmol/l the
fasting triglyceride concentration should be measured
to characterise the lipoprotein abnormality present
and to determine treatment. Measurement of HDL
cholesterol concentration in patients with a raised total
cholesterol concentration is important because high
concentrations allow those at little excess risk of
coronary heart disease to be identified whereas reduced
concentrations, often in association with hypertrigly-
ceridaemia, provide a more precise measure of risk.
A patient should not be started on a drug that lowers
lipid concentrations without having had a full lipo-
protein assessment including measurement of HDL
cholesterol concentration.
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Atenolol in essential hypertension during pregnancy

Lucy Butters, Susan Kennedy, Peter C Rubin

Abstract
Objective-To determine the effect of atenolol on

the outcome of pregnancy in women with essential
hypertension.
Design-Prospective, randomised, double blind,

placebo controlied study.
Setting-Hospital clinic.
Patients-33 Women with mild essential hyper-

tension (systolic blood pressure 140-170 mm Hg or
diastolic pressure 90-110 mm Hg on two occasions at
least 24 hours apart) consecutively referred to two
obstetric medical clinics. Fourpatients in the placebo
group were withdrawn from the study: control of
blood pressure was inadequate in two, one developed
breathlessness, and one changed her mind about
participating. The mean gestation in the 29 remaining
women on entry to the study was 15-9 weeks.
Main outcome measures-Blood pressure and

birth weight.
Intervention-14 Women received placebo. 15

Women received atenolol 50 mg daily initially,
increasing until either the blood pressure was
<140/90 mm Hg or a dose of 200 [ig daily was
reached.
Results-The mean blood pressure on entry was

148/86mm Hg in the group given atenolol and 144/86
mm Hg in the group given placebo. During treatment
the mean diastolic pressure was significantly reduced
by atenolol compared with placebo (to 74 v 81 mm
Hg; difference in means (95% confidence interval)
7-0 (2.9 to 10-0) mm Hg) but the effect on systolic
pressure was marginal (132 v 136 mm Hg; 4-0 (-1-4
to 8.6) mm Hg). Babies in the atenolol group had a
significantly lower birth weight than those in the
placebo group (2620 g v 3530 g; 910 (440 to 1380) g).

Conclusion-Atenolol given from the end of the
first trimester in patients with mild hypertension is
associated with intrauterine growth retardation.
When taken in conjunction with the results of a
previous study in which methyldopa was given these
findings indicate that benefit is unlikely to result from
treating mild essential hypertension in pregnancy.

Introduction
The value of antihypertensive drugs in managing

mild to moderate essential hypertension during

pregnancy is unclear. A study by Redman et al in the
1970s found that the outcome of pregnancy was better
in a group who received methyldopa than in a group
who did not receive any treatment.' It was difficult,
however, to ascribe the better outcome to the reduction
in blood pressure, and Redman et al concluded that
perhaps an unidentified pharmacological effect of
methyldopa was responsible.

Extrapolating from this hypothesis, we argued that
if it was a reduction in blood pressure that was
responsible for the better outcome then a different
antihypertensive agent would have the same beneficial
effect. We showed that atenolol given to women who
develop hypertension in the third trimester success-
fully lowers blood pressure and usefully prolongs
pregnancy, with a consequent reduction in perinatal
morbidity.2 In the present study we assessed the
value of atenolol in women whose pregnancies were
complicated by essential hypertension.

Patients and methods
The randomised, placebo controlled, double blind

study was approved by the research and ethical
committee of Greater Glasgow Health Board Northern
District. Thirty three women who were consecutively
referred to the obstetric medical clinics at Stobhill
General Hospital and the Queen Mother's Hospital for
management of essential hypertension were studied.
The criteria for entry to the study were either a systolic
blood pressure between 140 and 170 mm Hg or a
diastolic blood pressure (Korotkoff phase V) between
90 and 110 mm Hg on two occasions separated by at
least 24 hours. Recruitment took place at between 12
and 24 weeks' gestation. Women were excluded from
the study if they had any of the usual contraindications
to use of a 3 blocker.

For those women who received active treatment the
starting dose of atenolol was 50 mg daily and the
number of tablets was increased at each visit until
either the blood pressure was <140/90 mm Hg or a
dose of 200 mg daily was reached. The patients were
seen at intervals of four weeks until they were 28 weeks
pregnant, then every two weeks until they were 36
weeks pregnant, and then weekly until delivery.
Babies were assessed at birth and at 12 months of age.

Data were analysed by t test. In the case of blood
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