Serum apolipoproteins AI and B and lipoproteins in
middle aged men with and without previous
myocardial infarction
P N DURRINGTON, L HUNT, M ISHOLA, J KANE, W P STEPHENS
From the University of Manchester Department of Medicine and Medical Computational Group, Manchester
Royal Infirmary, and Department of Chemical Pathology, University Hospital of South Manchester,
Manchester

The serum high density lipoprotein (HDL) subfractions, HDL2 and HDL3, and
apolipoprotein AI and B (apo AI and B) were evaluated as potential indicators of the risk
of ischaemic heart disease in men aged < 60 years who had previously had a myocardial infarction
and in controls with a similar socioeconomic background who had no history of myocardial
ischaemia. Discriminant analysis confirmed that the combination of serum cholesterol, triglycerides, and total HDL cholesterol distinguished poorly between patients and controls. The best
single discriminating variable was apo B. Stepwise discriminant analysis showed that this discrimination could be improved to a small extent by combining apo B with apo Al and parental
history, but nothing was gained by measurement of serum cholesterol triglycerides, very low
density lipoprotein cholesterol, low density lipoprotein cholesterol, HDL cholesterol, HDL2 or
HDL3 cholesterol. Significantly more patients than controls with type IV hyperlipoproteinaemia
had raised concentrations of serum apolipoprotein B, but the frequency of raised apolipoprotein
B concentrations was no greater in patients with type IV hyperlipoproteinaemia than in those
with normal serum lipids.
The value of apo B as an indicator of cardiovascular risk should be assessed in prospective
studies.
SUMMARY
serum

Serum cholesterol has been widely accepted as a risk
factor for ischaemic heart disease. The median
serum cholesterol concentration for different populations correlates closely with the prevalence of
ischaemic heart disease.' Apart from the exceptional
patient with monogenic familial hypercholesterolaemia,2 3 however, serum cholesterol
does not discriminate well between individuals in
whom ischaemic heart disease develops at an early
age and those in whom it does not. In the Framingham study and in all subsequent similar population studies there was a considerable overlap
between the distribution of the serumn cholesterol
concentration of men in whom ischaemic heart disease developed and of those in whom it did not.4 5 It
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has been calculated that more than three quarters of
men in whom ischaemic heart disease develops cannot be identified by their serum cholesterol concentration and that of those whose serum cholesterol
exceeds 300 mg/dl (7 7 mmolil) less than one tenth
will die prematurely of ischaemic heart disease.6
Serum triglycerides do not discriminate better than
total serum cholesterol,7 and serum low density
lipoprotein (LDL) cholesterol and serum high density lipoprotein (HDL) cholesterol provide only
marginally better discrimination.8
This lack of ability accurately to distinguish individuals at risk poses great difficulties in planning a
strategy for the prevention of ischaemic heart disease. Ideally, preventive measures should be
directed at individuals most likely to benefit rather
than whole nations910 or large numbers of people
selected by arbitrary use of imprecise discriminants
such as serum cholesterol."
Recently, new risk factors for ischaemic heart dis-
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their serum contained floating, lipoprotein.2'
Patients and controls were compared by Student's
t test for variables with a gaussian distribution
(Kolmogorov-Smirnov test)22 after log transformation, if necessary, as in the case of serum triglycerides and of serum very low density lipoprotein
(VLDL) cholesterol. Variables such as alcohol
intake which could not be made gaussian by log
transformation were compared by the Mannage.
Whitney U test.22 Variables which could appropriately be regarded as raised or normal or all or none
Patients and methods
were in some cases compared in the two populations
by the x2 test. Stepwise discriminant analysis was
PATIENTS AND CONTROLS
Male patients aged < 60 years were sought from the performed according to the Statistical Package for
records of the coronary care unit of the Manchester the Social Sciences.23
Royal Infirmary. The hospital notes of such men
were examined and surviving men with definite evi- LABORATORY METHODS
dence of acute myocardial infarction'9 more than six Lipid concentrations in whole serum and isolated
months previously, who were not receiving treat- lipoproteins were determined enzymatically, cholesment with ,B adrenoreceptor blocking drugs or thi- terol by means of a reagent supplied by Diamed A G
azide diuretics, were invited to participate in the (Murten, Switzerland), and triglycerides by the
study, which had the approval of the hospital ethics GPO-PAP method (Boehringer Mannheim). Very
committee. Of the men asked to take part, 79% of low density lipoproteins were isolated by tube slicthose still living did so. They were studied (SD) a ing (Spinco Tube Slicer, Beckman Instruments Palo
mean of 18 8 (8 6) months after their myocardial Alto, Ca, USA) as the supernatant after
infarction. Obese patients had generally been ultracentrifugation24 of 5 ml of plasma overlayered
advised to lose weight after their myocardial with saline (density 1 006 g/ml) at 100 000 x g for 24
infarction, but no other dietary advice had been h (Superspeed 65 ultracentrifuge with 18 x 6-5 ml
given. The average decrease in body weight between rotor, MSE Ltd, Crawley, Sussex). HDL and
that reported before myocardial infarction and that HDL3 were isolated as the infranatant from 3 ml and
determined in this investigation was only 1 2 kg.
2 ml of plasma converted to densities of 1-063 and
The controls were volunteers from two local fac- 1 125 g/ml respectively24 after ultracentrifugation
tories. They had no personal history of ischaemic for 48 hours. HDL was also isolated from serum by
heart disease, peripheral arterial disease, or cerebro- precipitation of other lipoproteins with sodium
vascular disease as assessed during an interview by phosphotungstate and magnesium chloride.25 The
one of us (PND) using the Rose questionnaire20 and concentration of cholesterol in HDL2 was detersupplementary questions. Both patients and con- mined by subtraction of HDL3 cholesterol detertrols were excluded from the study if they were mined by ultracentrifugation (HDL3UC) from total
known to have any chronic medical condition such high density lipoprotein cholesterol determined
as diabetes mellitus or to be on any drug or dietary both by ultracentrifugation (HDLuc) and by
treatment known to affect serum lipids. We used a phosphotungstate precipitation (HDLPT). Total
standard questionnaire to obtain information about HDL, HDL2, and HDL3 cholesterol concentrations
smoking habits, alcohol intake, family history of were also measured by a precipitation method
myocardial infarction before the age of 60 in the involving heparin and manganese chloride and dexfather or before the age of 70 in the mother, tran sulphate26 with modification of the cholesterol
occupation (before heart attack in case of patients), reagent by the addition of edetic acid.27 In the statisand exercise. Patients were also asked about changes tical analysis results obtained by this method proved
in weight, smoking, and occupation since their heart to be inferior in the identification of men with preattack. Height, weight, and blood pressure after vious myocardial infarction and are not, therefore,
lying for 5 min were measured in all men and a blood presented here. The concentration of low density
sample was taken between 9.00 and 11.00 am. Both lipoprotein (LDL) cholesterol was determined (a)
patients and controls had fasted from 10.00 pm the by subtraction of the sum of HDLuc cholesterol and
VLDL cholesterol from total serum cholesterol and
previous night.
At the completion of the study 130 men (48 (b) by calculation from total serum triglycerides and
patients and 82 controls) had been examined. One cholesterol and HDLuc cholesterol or (c) HDLPT
patient and one control were later excluded because cholesterol.28 Serum apo B and apo AI were deter-
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ease have been proposed as being potentially more
discriminating. These include the HDL2 and HDL3
subfractions of serum HDL,'2 13 apolipoprotein AI
(apo AI) (the major apolipoprotein of HDL),14 15
and apolipoprotein B (apo B) (the major apolipoprotein of LDL). 14 16 -18 We have compared the
value of these discriminants in identifying men
known to have ischaemic heart disease at an early
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Figure Frequency distribution of the scores in controls and
with previous myocardial infarction obtained by
discriminant analysis using as variables (a) conventional risk
factors (total serum cholesterol, serum triglycerides, serum
HDLpT cholesterol, and parental history), (b)
apolipoprotein B alone, and (c) variables selected by stepwise
discriminant analysis (table 3) (apolipoprotein B,
apolipoprotein AI, and parental history).
men

Although the mean serum concentrations of cholesterol, LDL cholesterol, and triglycerides were
higher in the men with previous myocardial
infarction these differences were not statistically
significant. Serum apolipoprotein B concentrations
were, however, clearly higher in the patients than in
the controls (table 2). Serum VLDL cholesterol
concentration was also significantly raised in
patients. All serum LDL cholesterol methods gave
very similar results. For patients and controls combined (n = 130, mean (SD)) serum LDL cholesterol
was 4 46 (1 33) mmol/l by subtraction of HDLuc
and VLDL cholesterol from total serum cholesterol.
By the Friedewald calculation28 serum LDL cholesterol was 4 42 (1-36) mmol/l when HDLuc was used
and it was 4-42 (1-37) mmol/l when HDLPT was
used. Unless otherwise stated the former entirely
ultracentrifugation method of determining LDL
cholesterol with direct measurement of HDL and
VLDL cholesterol is reported.
On average serum HDL cholesterol concentrations were higher in the controls, with the
difference achieving statistical significance when the
phosphotungstate method was used. Serum apo Al
was also significantly lower in men with previous
myocardial infarction. The difference in serum
HDL cholesterol between patients and controls
appeared to be largely due to variations in the concentration of cholesterol in the HDL2 subfraction.
DISCRIMINANT ANALYSIS

mined by immunoelectrophoresis29 30 with antisera
supplied by Immuno Ltd (Dunton Green, Kent).
Results
CHARACTERISTICS OF PATIENTS AND
CONTROLS

Patients and controls differed little in their age and
body mass (table 1). They were closely matched for
their socioeconomic background as judged by the
Registrar General's coding (controls were 19% class
I, 24% II, 28% III, 12% IV, and 17% V and
patients were 17% I, 27% II, 27% III, 12% IV, and
17% V). Both groups were also similar with respect
to systolic and diastolic blood pressures, the proportion who were cigarette smokers, who were teetotal, and who regularly exercised. More alcohol was
drunk by the control group, but this did not achieve
statistical significance. A significantly higher proportion of patients with previous myocardial
infarction than of controls reported that one or both
parents had suffered a premature heart attack.

Discriminating variables
Stepwise discriminant analyses were performed to
determine which variables were most important in
differentiating between men with previous myoTable 1 Characteristics (mean (SD)) of the 47 men with
a previous myocardial infarction and 81 disease free controls
at the time of study
Previous myocardial
Control*

infarction

52 (7)
50 (7)
Age (yr)
77 (10)
76 (8)
Body weight (kg)
1-74 (0-07)
1-74 (0 06)
Height (m)
25-3 (3 0)
25-6 (2 8)
Quetelet's index
130
133 (19)
(18)
Systolic BP (mm Hg)
78 (10)
82 (12)
Diastolic BP (mm Hg)
69 (0-653)t
98 (0-810)t
Alcohol intake (g/wk)
13
12
Teetotal (%)
26
28
Cigarette smokers (Go)
23
Considerable exercise (%) 25
11
Parental history (%)
321
*Control values from Winacour PH, Durrington PN, Ishola M,
Anderson DC. Lipoprotein abnormalities in insulin-dependent
diabetes mellitus. Lancet 1986;i: 1 176-8.
tMedian (range). tx2 = 6 29; p = 0-01. BP, blood pressure.
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Table2 Concentrations (mean (SD) orgeometricmean (+I SD,-I SD)) of serumlipids,lipoproteins,and
apolipoproteins AI and B in 47 men with previous myocardial infarction and 81 controls
Variable

Control

Previous myocardial
infarction

Total serum cholesterol (mmol/l)
Serum LDL cholesterol (mmol/l)
Serum apolipoprotein B (mg/dl)
Serum triglycerides (mmol/l)
Serum VLDL cholesterol (mmol/l)
Serum HDLuc cholesterol (mmol/l)
Serum HDLPr cholesterol (mmol/l)
Serum HDL2Uc cholesterol (mmol/l)
Serum HDL2PT cholesterol (mmol/l)
Serum HDL3uc cholesterol (mmol/l)
Serum apolipoprotein Al (mg/dl)

6-34 (1-14)
4 31 (1-21)
137 (29)
1-30(+0 90, - 053)
0-44 (+0-39, - 0-21)
1-36 (0 32)
1-36 (0-33)
0 73 (0 32)
0 73 (0-35)
0-63 (0 20)
108 (15)

6-51 (1-59)
4-53 (1-54)
177 (30)***
1-44 (+ 118, -0-65)
0-62 (+0-59, -030)**
1-24 (0-37)
1-20 (0 33)*
0-67 (0-33)
0-63 (0.35)
0-57 (0 24)
97 (17)***

*p < 0-02; **p < 0 005; ***p < 0-001.
UC, ultracentrifugation; PT, phosphotungstate.

cardial infarction and those without. These variables
used to compute scores for the likelihood of
individuals belonging to the patient or control
groups. Various combinations of variables were
assessed4, the fullest of which included parental history, total serum cholesterol, log serum triglycerides, log VLDL cholesterol, LDL cholesterol
by subtraction of HDLuc and VLDLuc from
total serum cholesterol, LDL cholesterol by the
Friedewald formula, HDLuc and HDLpr, HDL2uc
cholesterol and HDL2pT cholesterol, HDL3uc cholesterol, serum apo AI, and serum apo B.
In every analysis serum apo B was always the most
discriminating variable (as judged by discriminant
function coefficients) and had to be included first to
provide the best model (see table 3). This was true
irrespective of the serum cholesterol concentration.
Other variables that significantly improved discrimination were serum apo AI concentration and the
presence of a parental history of premature heart
attack. The inclusion of other lipoprotein or lipid
concentrations did not improve the discrimination
provided by apolipoprotein B, apolipoprotein AI,
and parental history. Only in men with serum cholesterol < 6-4 mmol/l (250 mg/dl) was serum
HDLuc cholesterol more discriminating than apo
Al. In this group of men the difference in HDLuc
cholesterol concentrations between controls and

patients achieved statistical significance.

were

DISCRIMINATING ABILITY OF VARIABLES

When serum apolipoproteins B and AI and parental

history were used 81% of controls and 81% of myocardial infarction patients were correctly identified
by a discriminant score midway between the mean
discriminant scores for the two populations (equal
prior probability). The importance of apo B in this
model was well demonstrated because when apo B
was used as the sole discriminating variable 73% of
controls and 83% of men with previous myocardial
infarction were correctly identified. On the other
hand, discriminant scores computed by the best
model provided by conventional risk factors (serum
cholesterol, log serum triglycerides, serum HDLPT
cholesterol, and parental history) correctly identified
only 65% of controls and 56% of the patients. The
figure shows the frequency distribution of the discriminant scores provided by these different groups
of variables.
LACK OF INFLUENCE OF PARENTAL HISTORY
ON THE CONCENTRATION OF SERUM
APOLIPOPROTEINS Al OR B
In the present study parental history of premature
myocardial infarction was not associated with lower
serum apo AI concentrations or higher serum apo B

Table 3 Results of a stepwise discriminant analysis which included as variables parental history, total serum cholesterol, log
serum triglycerides, log VLDL cholesterol, LDL cholesterol, HDLuc and HDLrr cholesterol, HDL2uc and HDL2pT
cholesterol, HDL3Uc cholesterol, and apolipoproteins AI and B
Variables contributing significantly*

Order of inclusion

All patients and controkst

Serun cholesterol < 6-4 mmol/lt

Serun cholesterol > 6*4 mmol/l§

1
2
3

Apolipoprotein B (0 89)
Apolipoprotein Al (0 35)

Apolipoprotein B (0 95)
HDLuc cholesterol (0-49)

Apolipoprotein B (0-91)
Apolipoprotein Al (0-61)

Parental history (0-32)
The most discriminating order of inclusion and the variables contributing to the discrimination at *p < 0 05 are shown. Numerals in
parentheses are the standardised canonical discriminant function coefficients. Complete data available in n = 120t, n = 58,4 and n = 62.§
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Table 4 Concentrations of serum apolipoproteins AI and B (mean (SD)) in men with previous myocardial infarctions and
their controls with and without a history ofpremature myocardial infarction in either or both parents (mother aged < 70
years; father aged < 60 years)

Serum apolipoprotein Al (mg/dl):
Control
Previous myocardial infarction
Serum apolipoprotein B (mg/dl):
Control
Previous myocardial infarction

Parental history

None

110 (16) (n = 9)
96 (12) (n = 13)

107 (15) (n = 70)
99 (19) (n = 28)

135 (24) (n = 9)
180 (38) (n = 13)

137 (30) (n = 72)
179 (23) (n = 28)

concentrations in either men with previous myocardial infarction or their controls (table 4).

added suspicion that it has something to do with atherogenesis, have all transformed apo B into one of
the central mysteries of lipoprotein physiology."'"
FREQUENCY OF RAISED SERUM
Despite the wealth of experimental evidence that
APOLIPOPROTEIN B IN PATIENTS AND
might support such a view there have been remarkCONTROLS WITH TYPE IV
ably few attempts to provide epidemiological eviHYPERLIPOPROTEINAEMIA
dence for it. Perhaps this is because much attention
Thirteen patients and 17 controls had type IV has been focused on HDL cholesterol in recent
hyperlipoproteinaemia (serum cholesterol <7-7 years32 and because of the disappointing results with
mmol/l and serum triglycerides > 1-8 mmol/l) (table LDL cholesterol as a risk factor.3-5 There is, how5). A significantly greater proportion of the patients ever, considerable individual variation in the serum
had raised concentrations of serum apo B (>155 concentration of LDL apo B that is independent of
mg/dl, the concentration midway between the that of LDL cholesterol.16 17 In a study of similar
means of men with previous myocardial infarction design to the present one Avogaro and coworkers
and of controls) than did controls with type IV found that the ratio of apo AI to apo B appeared to
hyperlipoproteinaemia. Serum concentrations of discriminate between men with ischaemic heart disapo B > 155 mg/dl were found in 30% of controls ease and controls better than serum cholesterol, triwith "normal" serum lipids (cholesterol <7 7 and glycerides, and HDL cholesterol.17 They did not
triglycerides < 1 8 mmol/l) and 29% of controls determine HDL subfraction concentrations, which
with type IV hyperlipoproteinaemia. There was no some studies have suggested may be more discrimisignificant difference between the frequency of nating, and did not use discriminant analysis to test
raised serum apo B concentration in patients with their conclusions. Later Sniderman et al in a study
''normal" serum lipids concentrations and those of patients with and without important coronary
atheroma suggested that apo B might be a valuable
with type IV hyperlipoproteinaemia.
risk factor,'8 but this was in comparison with serum
cholesterol, triglycerides, and LDL cholesterol;
Discussion
HDL, HDL subfractions, and apo AI were not comIn 1974 Fredrickson, commenting about apo B, said pared, and again the conclusion was not tested by
that "its resistance to characterisation, its seeming discriminant analysis. The present study although
essentiality for glyceride transport, and perhaps the small is therefore of great importance because apo B
measured by a simple electrophoretic technique
contributed more to the identification of men with
ischaemic heart disease than all these other risk facTable 5 Percentage ofpatients and controls with raised
tors.
Furthermore, apo B, apo AI, and a knowledge
serum apolipoprotein B concentrations with normal lipid
of parental history provided a discriminant score
concentrations or type IV hyperlipoproteinaemia
that could not be improved upon by addition of
Serum apolipoprotein HDL subfractions or any of the other lipoproteins
B > 155 g/dl
or lipids measured. The rate of detection provided
by conventional lipid screening tests (serum cholesNormal lipids:
Previous myocardial infarction (n = 25) 92°0
terol, triglycerides, and HDL cholesterol) was poor
30°0f**
Controls(n = 53)
by comparison, indicating that a screening policy for
Type IV hyperlipoproteinaemia:
individuals at risk of premature ischaemic heart disPrevious myocardial infarction (n = 13) 77°0
Controls (n = 17)
29°o f*
ease is likely to be unsound unless apo B is included.
Sniderman et al reported an increase in serum apo
X2test = *p = 0-026; **p < 0-0005.
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with normal serum lipids when those with and those
without ischaemic heart disease were analysed separately would also explain why serum triglycerides
are such a poor risk factor. The suggestion from our
earlier work that increased serum apo B might be
more common in type IV hyperlipoproteinaemia"6
probably arose because some patients with type IV
had been discovered because of ischaemic heart disease that was absent in the controls, and also because
the hypertriglyceridaemia was more extreme than in
the present investigation.
The method that we used in this study measured
total serum apo B concentration.'6 29 Another
method that uses radial immunodiffusion may more
closely reflect serum LDL apo B concentration. 18 It
is, however, unlikely that this would be a major
advantage since VLDL, the other serum lipoprotein
containing apo B in the fasting state, makes only a
small contribution to the total apo B in serum even
at VLDL concentrations exceeding any in the
present study.16
The present study suggests that apo B may identify men at risk of premature heart attacks better
than currently available risk factors. A finer
definition of high risk patients would not only allow
the more economic use of health resources, but
would also allow patients to be given more definite
advice and would enable drugs to be used when their
benefit could more clearly be seen to outweight their
possible ill effects. In developing a rational approach
to the prevention of ischaemic heart disease the further evaluation of apo B as a predictive factor in prospective studies will be important if preventive measures are to be aimed at the individual rather than
the whole population.
We thank Dr H M MacAdoo and Sisters P Bates and
H Bottomley at Colgate/Palmolive and British
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