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High apolipoprotein B, low apolipoprotein A-l, and improvement in
the prediction of fatal myocardial infarction (AMORIS study): a

prospective study

Goran Walldius, Ingmar Jungner, Ingar Holme, Are H Aastveit, Werner Kolar, Eugen Steiner

Summary

Background Apolipoprotein B (apoB) and apolipoprotein Al
(apoA-l) are thought to be better predictors of acute myocardial
infarction than total cholesterol and LDL-cholesterol. We
investigated whether apoB and apoA-l are predictors of risk of
fatal myocardial infarction. We also aimed to establish whether
apoB and apoA-l add further information about risk of fatal
myocardial infarction to that obtained with total cholesterol,
triglycerides, and LDL-cholesterol.

Methods We recruited 175 553 individuals mainly from
screening programmes. We measured concentrations of apoB,
apoA-l, total cholesterol, and triglycerides, and calculated
apoB/apoA-l ratio and concentrations of LDL-cholesterol and
HDL-cholesterol. The relation between death from acute
myocardial infarction and initial values for apoB, apoA-l, and
the other lipids was examined.

Findings Mean follow-up was 66-8 months (SD 41-3) for
98 722 men and 64-4 months (41-4) for 76 831 women. 864
men and 359 women had fatal myocardial infarction. In
univariate analyses adjusted for age and in multivariate
analyses adjusted for age, total cholesterol, and triglycerides,
the values for apoB and apoB/apoA-l ratio were strongly and
positively related to increased risk of fatal myocardial infarction
in men and in women. ApoA-l was noted to be protective. In
multivariate analysis, apoB was a stronger predictor of risk
than LDL-cholesterol in both sexes.

Interpretation Although LDL-cholesterol and HDL-cholesterol
are known risk factors, we suggest that apoB, apoB/apoA,
and apoA-l should also be regarded as highly predictive in
evaluation of cardiac risk. Although increased throughout the
range of values of LDL-cholesterol, apoB and apoA-l might be
of greatest value in diagnosis and treatment in men and
women who have common lipid abnormalities, but have normal
or low concentrations of LDL-cholesterol.
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Introduction

Hypercholesterolaemia, high concentrations of LDL-
cholesterol in particular, is generally accepted as one of the
strongest risk factors for atherosclerotic cardiovascular
disease and mortality, at least in individuals under 70 years
of age.! Hypertriglyceridaemia, although generally
associated with low HDIL-cholesterol, is recognised as an
independent risk factor for atherosclerosis.” Results of
several studies have suggested that apolipoprotein B (apoB)
in atherogenic particles—mainly LDL,*” but also VLDL,
intermediate density lipoprotein, and lipoprotein (a)*—
and apolipoprotein A-I (apoA-I) in anti-atherogenic
particles, such as HDL types,*® could improve the
prediction of risk of coronary artery disease.

Early prospective studies with apolipoproteins yielded
mixed results, because methods, procedures, and
population-based reference values were not standardised.’
WHO-International Federation of Clinical Chemistry
(IFCC) has standardised reference materials for
measurement of concentrations of apoB and
apoA-L'"*'" and population results have subsequently been
reported.””"” The prospective Quebec Cardiovascular
Study'® showed the importance of apoB in estimation of
coronary risk; similar results have also been published.**
Large prospective studies of men and women with
standardised techniques are awaited.>'*'

One of us (IJ) has developed automated methods for
measurement of apoB and apoA-I, and we have used these
methods to screen large populations to improve
information about dyslipoproteinaemias. In 1985, we
started the AMORIS (Apolipoprotein-related MOrtality
RISK) study.” The aim of AMORIS is to assess the
predictive power of apoB, apoA-I, and the apoB/apoA-I
ratio in a large population in which no individual is
excluded because of any clinical signs or symptoms of
atherosclerotic or any other disease or because of current
treatment.

Our objective was therefore to investigate which
marker—apoB, apoA-I, or the apoB/apoA-I ratio—had the
strongest relation with death from acute myocardial
infarction and from sudden death in a certain individual.
Furthermore, we looked at whether apoB and apoA-I add
predictive information to conventional risk factor analyses
of total cholesterol and triglycerides, and whether apoB is
equal to or better than LLDL-cholesterol for prediction of
cardiac risk.

Participants and methods
Study population
The AMORIS database includes data obtained from
175 553 Swedish men and women with a mean age of 47-1
years (SD 13-1) and 49-7 years (15-0), respectively. No
personal data were included. The original AMORIS
population investigated in 1985-89 has been described
elsewhere.”* In the present study, we also included data
from individuals recruited in 1990-96.

Individuals came mainly from the greater Stockholm
area, but some were from other areas of Sweden. They were
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either healthy and were referred for clinical laboratory
testing as part of a health checkup, or were outpatients
referred for laboratory testing. No individuals were
inpatients at the time their blood samples were analysed.

The AMORIS database does not contain any
information about risk factors such as smoking,
hypertension, or diabetes, nor does it contain data for
diseases or current treatment. Thus, no individuals were
excluded from the database for any possible manifestation
of atherosclerotic or any other disease, or because of
treatment.

Procedures

Individuals were generally examined after fasting: about
two-thirds had fasted overnight and the remainder had had
a light morning meal or their nutritional status was
unknown. We calculated LDIL-cholesterol and HDIL-
cholesterol values for 95 857 men and 76 214 women who
had triglyceride concentrations below 4-5 mmol/L.

All deaths—including causes of death on death
certificates  (necropsy or clinical assessment)—were
reported by the doctor responsible for the individual and
were registered by the Central Bureau of Statistics in
Sweden. If someone died suddenly, the diagnosis of acute
myocardial infarction was assumed. We used WHO codes
for diagnosis of acute myocardial infarction and sudden
death: before 1987, codes were 410.00-412.99 and
795.00-795.99, respectively; from 1987, codes were
410.00—412.99 and 795.00-798.20, respectively. Only the
primary cause of death was used as the diagnostic criterion.
Thus, if a patient dies from a cancer listed as the primary
cause of death, but he or she also has had a recent/previous
myocardial infarction listed on the death certificate, this
patient is not registered as a case in this AMORIS study.

Between 1985 and 1996, we obtained blood samples and
analysed them consecutively. We measured concentrations
of total cholesterol and triglycerides by enzymatic
techniques, and apoB and apoA-I by immunoturbidimetry.
These methods were fully automated and have been
described in detail.'* All measurements were done with
fresh serum, and reagents were always from the same
manufacturer. Validation of apolipoprotein data obtained
in all years, which were analysed by the same technique,
was done in 1997 in collaboration with the Northwest Lipid
Research Laboratories, University of Washington, Seattle,
WA, USA. Correction factors of 1-:059 for apoB and
y=0-989x +0-101 for apoA-I were used to ensure that
values fulfilled WHO-IFCC international criteria.”” The
total coefficient of variation was below 3% for total
cholesterol and below 5% for the other variables. An
extensive quality control scheme was used throughout the
study. For measurement of apolipoproteins, daily samples
from fresh or frozen pools of human sera were used as
controls from the beginning of the study. The accuracy of
total cholesterol and triglyceride values was checked against
standards from the National Institute of Standards and
Technology, Gaithersburg, MD, USA, or against analyses
done at lipid reference laboratories certified by the US
Centers for Disease Control and Prevention. Participants
had their first complete profile of apoB, apoA-I, total
cholesterol, and triglycerides done simultaneously, and the
apoB/apoA-I ratio, LDL-cholesterol, and HDIL.-cholesterol,
were calculated. All analyses were done at CALAB
laboratories, Stockholm, Sweden.

Concentration of LDL-cholesterol was calculated by a
newly developed formula (panel, A) that was based on
concentrations of total cholesterol, triglycerides, and apoA-
I in 4448 individuals recruited outside the present
AMORIS population;?' concentration of HDI-cholesterol

was derived from formula A (panel, B). Concentrations of
HDL-cholesterol were also measured by an automated
precipitation method (Boehringer Mannheim GmbH,
Mannheim, Germany) in all individuals with triglycerides
below 4-5 mmol/L.. Concentration of LDIL-cholesterol was
calculated according to the method of Friedewald and
colleagues,? excluding individuals with triglycerides greater
than 4-5 mmol/L.. Four different populations—in which
concentrations of lipids, apolipoproteins, and HDL-
cholesterol were measured and LDL-cholesterol was
calculated according to the Friedewald formula—were used
to validate the newly developed formula, as follows: a
subset of the AMORIS population (n=3861); individuals
investigated after recruitment for AMORIS was completed
(5430); a health check-up subset (512); and individuals
having health screening (5761). In these four different
populations, the correlation between concentration of
LDL-cholesterol obtained by the formula based on total
cholesterol, triglycerides, and apoA-I, and LDL-cholesterol
calculated by Friedewald, was between r=0-97 and r=0-99.
The newly derived formula did not systematically
overestimate or underestimate low or high LDL-cholesterol
concenhas trations (Bland-Altman plots). Therefore, the
LDL-cholesterol concentrations calculated in our study
population are valid. Furthermore, the level of correlation
between apoB and LLDL-cholesterol in our study and the
analysed subsets (r=0-77-0-86) is of the same dimension
recorded by the Friedewald formula in recent studies.>'>'

The ethics review board of the Karolinska Institute
approved the study, and permits were obtained from
Swedish Data Inspection to correlate laboratory results with
the Swedish Death Register.

Statistical analysis

Univariate and multivariate analyses were done in relation
to nutritional status. Since analyses always show the same
main findings and directions for risk progression, all our
results are shown for pooled constituents.

Analyses specific for age and sex were done with
descriptive and model-based techniques. We divided lipids
and apolipoproteins into quartiles. Relative risks between
each of the three higher quartiles versus those in the lowest
quartile were calculated and expressed as a risk ratio. Cox’s
proportional hazard regression was used to estimate age-
adjusted relations between lipid and lipoprotein risk factors
and fatal myocardial infarction. Relative risks were
calculated with one SD change for each variable, thus
making them comparable across all risk variables. Relative
risks were estimated with 95% Cls.

We investigated apolipoproteins as potential predictors of
risk, over and above total cholesterol, triglycerides, and
LDL-cholesterol, with continuous measurements in Cox’s
model for all variables, including age, to use the most
information possible. Apolipoproteins were divided into
quartiles to show their predictive power independent of
lipids and age. The Cox model then contained 15 dummy

Formulae used for calculation of LDL-cholesterol
and HDL-cholesterol

A
LDL-C=0-48+0-99TC-0-23TG-1-58apoA-|
B

HDL-C=TC-0-45TG-LDL-C

LDL-C=LDL-cholesterol; TC=total cholesterol; TG=triglycerides;
apoA-I=apolipoprotein A-l; HDL-C=HDL-cholesterol.
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variables and one comparison cell to account for all 16
combinations of apolipoprotein quartiles over and above
total cholesterol, triglycerides, and age. We tested the
robustness of the findings for age cohorts by splitting
groups into ages below and above 60, 65, and 70 years. The
findings were similar for all variables, with stronger
relations between lipids and apolipoproteins in the younger
than in the older cohorts, irrespective of age divisions.
However, our findings are shown for individuals younger
than 70 years and aged 70 and older, since this age cutoff is
usually used in clinical guidelines.

We used different regression and stepwise regression
models.  Receiver-operating  characteristics  (ROC)
analyses—including description of the curves and areas
under the curves—showed the sensitivity and specificity for
different cutoff values of apoB versus LDIL-cholesterol.
Bland-Altman plots validated the calculation of LDL-
cholesterol concentration based on measurements of total
cholesterol, triglycerides, and apoA-I, compared with the
concentration of LDL-cholesterol calculated with the
Friedewald formula.

Because of co-linearity between total cholesterol, LDL-
cholesterol, and apoB, these variables could not be entered
into one model simultaneously. Therefore, apoA-I was
used to calculate LDIL-cholesterol, and was thus used
indirectly to calculate HDL-cholesterol; we therefore could
not directly compare apoA-I and HDL-cholesterol with
multivariate techniques to see which of these variables best
predicted cardiac risk. Similarly, stepwise regression models
did not include LDL-cholesterol and HDL-cholesterol at
the same time as apoB and apoA-I, because apoA-I was
used to calculate LDIL-cholesterol and hence also HDL-
cholesterol.

Results

Follow-up of men and women was for a mean of 66-8
months (SD 41-3) and 64-4 months (41-4), respectively.
Table 1 shows concentrations of lipids and apolipoproteins
in the whole study population by age decade and sex. The

mean concentration of total cholesterol in men and women
was closely similar at just under 6-0 mmol/L.. The mean
concentration of triglycerides differed slightly between men
and women. The highest value for both lipids was seen in
men aged between 50 and 69 years and in women aged
over 60. ApoB values were also related to age, whereas
those for apoA-I varied less with age. ApoB/apoA-I ratio
was higher in men than in women, for all age groups. In
people with triglycerides below 4-5 mmol/LL the mean
concentrations of LLDI.-~cholesterol and HDL-cholesterol
changed in relation to age in a similar way to those for apoB
and apoA-I, respectively (table 1). There was no difference
in any lipid, lipoprotein, or apolipoprotein variable between
individuals recruited to the study in 1985-89 and those
who entered in 1990-96 (data not shown). The values of
lipid, lipoprotein, and apolipoprotein for individuals who
had fasted were compared with those who had not fasted,
and they ranged between —6% and +10%, with the lowest
value for apoB and the highest value for triglycerides in
both sexes in the non-fasting state.

In total, 3915 men and 2461 women died, with more
men than women dying from acute myocardial infarction
(table 1). The total number of coronary deaths in men and
women with concentrations of triglycerides below
4-5 mmol/L, in whom concentrations of LDL-cholesterol
and HDL-cholesterol were calculated, was 819 and 341,
respectively. Men had a 2-5-fold increase in fatal acute
myocardial infarction compared with women, with the
largest ratio between the sexes in individuals aged 40-59
years. Mean age of individuals who died after acute
myocardial infarction was 62-9 years (SD 10-6) in men and
713 (9-6) in women. Death rates for acute myocardial
infarction started to rise in men aged 30-39 years, but
increased rapidly from age 50 (table 1). The rate tripled in
the next decade, and reached nearly 70 per 1000
observation years by age 80. The death rate in women aged
50-59 years was under a quarter that of men, but rose
strikingly in the next three decades. Acute myocardial
infarction death rates in individuals in the fasted and fed

Age group (years)

All <20 20-29 30-39 40-49 50-59 60-69 70-79 =80
Men
Total number of individuals 98 722 926 8928 17 570 29772 24 797 11 737 4252 740
Age (years) 47-1(13:1) 17-1(2-5) 25-4(2:7) 35:1(2:9) 44-7(2:9) 54-1(2:9) 63-4(2:7) 73:6 (2:7) 82:9 (4-
TC (mmol/L) 5-90 (1-20) 4-22(0-91) 4-86(1-04) 5-62(1-15) 6:07 (1-14) 6-20 (1-12) 6-15(1-11) 5-98(1:13) 5-63 (1- 11)
TG (mmol/L) 1-64 (1-27) 1-01(0-75) 1.21(0-93) 1:55(1-26) 1-75(1-36) 1:76 (1-32) 1:67 (1-16) 1-64 (1-08) 1-42 (0-93)
ApoB (g/L) 1-31 (0-36) 0-91 (0-24) 1:03(0-30) 1:23 (0-35) 1-36 (0-36) 1-:39 (0-35) 1:38 (0-34) 1-31(0-34) 1-20 (0-33)
ApoA-l (g/L) 1-36 (0-21) 1-24(0-19) 1-32(0-19) 1-35(0-20) 1-37 (0-21) 1-38 (0-22) 1-38 (0-22) 1:36 (0-22) 1-36 (0-23)
ApoB/apoA-I 0-99 (0-32) 0:75(0-23) 0-80(0-28) 0-94 (0-32) 1:02 (0-32) 1:03 (0-31) 1-02(0-30) 0-99 (0-32) 0-91 (0-28)
Number of individuals with TG 95 857 918 8825 17 067 28 724 23975 11 448 4169 731
<4-5 mmol/L

LDL-C* (mmol/L)
HDL-Ct (mmol/L)

3.79 (1.07) 2-47 (0-79) 2:93 (0-93) 3:56 (1-03) 3-92 (1.03) 4-04 (1.01) 4-01(1-00) 3-87 (1-00) 3-59 (0-96)
141 (0-40) 1-31(0-32) 1-40 (0-35) 1-39 (0-38) 1-40 (0-40) 1-41 (0-41) 1-43(0-42) 1.40 (0-41) 1-42 (0-42)

Number of AMI deathsi 864 0 2 9 77 230 307 188 51

Proportions (X1000) 8-8 . 0-2 0-5 2:6 9-3 26-2 442 68-9

Women

Total number of individuals 76 831 998 7136 10 957 19 277 18 581 11 785 6265 1832
Age (years) 49-7 (15-0) 169 (2:4) 25-1(2:8) 351(2:9) 44-7(2:9) 542 (2:9) 63-8(2:8) 73-9 (2-8) 83-2(4-0)
TC (mmol/L) 5-92 (1-27) 4-60 (0-90) 4-87 (0-94) 5-20 (1-00) 5:66 (1-08) 6-34 (1-18) 6-67 (1-19) 6-61 (1-22) 6-35 (1-22)
TG (mmol/L) 1-23 (0-86) 0-98 (0-56) 0-94 (0-54) 0-98 (0-65) 111 (0-78) 1-34 (0-95) 1-49 (0-94) 1-56 (0-93) 1-50 (0-91)
ApoB (g/L) 1-21 (0-36) 0-94 (0-23) 0-95(0-25) 1-03 (0-28) 1:14 (0-32) 1-31 (0-36) 1:41(0-37) 1-38(0-37) 1-30 (0-35)
ApoA-l (g/L) 1-51 (0-24) 1-37 (0-22) 1:47 (0-23) 1:47 (0-23) 1:49 (0-23) 1:54 (0-24) 1:55(0-25) 1-54 (0-24) 1-53 (0-25)
ApoB/apoA-| 0-82 (0-29) 0:70(0-19) 0:66 (0-21) 0-72 (0-24) 0:79 (0-27) 0-87 (0-29) 0-94 (0-30) 0-92 (0-30) 0-87 (0-27)

Number of individuals with TG 76 214 995 7125 10 924 19 161 18 388 11 635 6181 1805

<4-5 mmol/L

LDL-C* (mmol/L)
HDL-Ct (mmol/L)

Number of AMI deathsi 359 0 0 0

Proportions (X1000) 4.7

3.67 (1-15) 2:63(0-79) 2-76 (0-85) 3-08 (0-92) 3-46 (1-01) 4-01(1-09) 4-29 (1-11) 4-24 (1-12) 4-02 (1-09)
170 (0-42) 152 (0-35) 1-69 (0-37) 1-68 (0-39) 1-70 (0-40) 1.73 (0-43) 1.72 (0-45) 1.69 (0-44) 168 (0-44)

9 34 94 141 81
0-5 1-8 8-0 225 44-2

TC=total cholesterol; TG=triglycerides; Apo=apolipoprotein; LDL-C=LDL-cholesterol; HDL-C=HDL-cholesterol; AMI=acute myocardial infarction. Data are mean (SD)
unless otherwise indicated. *Calculation of LDL-C done with formula based on TC, TG, apoA-l. $HDL-C calculated with Friedewald formula. fIncludes sudden deaths.

Table 1: Participants’ characteristics
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state were much the same, as were the relative risk data
(data not shown).

Risk ratios adjusted for fasting and log transformed for
age (Cox’s model) were then divided into quartiles of
triglycerides, total cholesterol, apoB, apoA-I, apoB/apoA-I,
LDIL-cholesterol, and HDIL-cholesterol for men and
women (figure 1, univariate analyses). The risk ratio
between individuals in the highest versus lowest quartile for
total cholesterol increased more in men than in women, but
the reverse was true for triglycerides, with women having a
greater increase in risk than men. Risk ratio for apoB
increased to about 2-7 in both men and women, and in
individuals younger than 70 years it rose to about 3.6. For
apoA-I the risk ratio was greatly reduced in all individuals.
Risk ratio for LDIL-cholesterol increased almost three-fold
for men and just under two-fold for women, whereas that
for HDL-cholesterol fell to below 0-4 for both men and
women. Most changes in risk were significant, and were
explained mainly by those in the third and fourth quartiles
of the population. The greatest increase in risk was seen for
apoB/apoA-I; the risk increased by just under four-fold for
men and three-fold for women. In individuals aged less
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than 70 years, the corresponding values for apoB/apoA-I
were about 4-0 for men and 4-8 for women (data not
shown).

In general, the changes in risk were most noticeable in
age groups below 70 years (data not shown). However,
even after age 70, apoB, apoA-I, and apoB/apoA-I retained
significant predictive power by contrast with total
cholesterol and triglycerides. The predictive power of LDL-
cholesterol and HDL-cholesterol was also weaker in
individuals aged above 70 years than in those below 70
years. All risk ratios were closely similar irrespective of
nutritional status. Table 2 shows risk ratios for apoB,
apoA-I, and apoB/apoA-I used in the same model as total
cholesterol and triglycerides in multivariate analysis after
adjustment for age. Total cholesterol and triglycerides had
significant predictive information when they were included
in the model. When apoB was included in the model, it
became the strongest determinant of risk for men and
women. ApoA-I retained its strong predictive power when
included with total cholesterol and triglycerides in men and
women. The values for apoB and apoA-I—ie, the
apoB/apoA-I ratio—was strongly significant in both sexes
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Figure 1: Relative risk ratios adjusted for fasting and log transformed for age for men and women
Values are for people with triglycerides <4-5 mmol/L by quartiles (mean values shown). Vertical bars=95% Cls. *p<0-05; +p<0-01; £p<0-001; §p<0-0001.

THE LANCET ¢ Vol 358 « December 15, 2001

2029



ARTICLES

Men
Risk ratio (95% CI) p

Women
Risk ratio (95% CI) p

Model 1

TC 1-26 (1-18-1-35) <0-0001 1:17 (1-06-1-30) 0-0016
TG 1-10 (1-06-1-15) <0-0001 1:16 (1-13-1-19) <0-0001
Model 2

TC 0-97 (0-87-1:08) 0-555 0-93 (0-77-1-13) 0:474
TG 1-06 (1-01-1-12) 0-033 1-11 (1-07-1-16) <0-0001
ApoB 1-43 (1-28-1-60) <0-0001 1-34 (1-10-1-62) 0-0033
Model 3

TC 1-35(1:27-1:43) <0-0001 1:19 (1:08-1-32) 0-0005
TG 1-03 (0-98-1-08) 0-201 1:20 (1-16-1-24) <0-0001
ApoA-| 0-67 (0-62-0-71) <0-0001 0-74 (0:67-0-81) <0-0001
Model 4

TC 1-14 (1-07-1-21) <0-0001 0-95 (0-84-1-07) 0-390
TG 1-02 (0-98-1-07) 0-353 1-15(1-11-1-18) <0-0001
ApoB/apoA-l 1-23 (1:18-1:27) <0-0001 1-38 (1:25-1-52) <0-0001

TC=total cholesterol; TG=triglycerides; Apo=apolipoprotein.

Table 2: Age-adjusted risk ratios (one SD change) in different
model specifications

when added to total cholesterol and triglycerides for those
younger than 70 years and aged 70 and older (figure 2). A
stepwise increase in risk ratio was seen, to 4-1 for men
below 70 years of age who had highest concentrations of
apoB and lowest concentrations of apoA-I, compared with
men who had highest apoA-I and lowest apoB
concentrations (risk ratio 1-0). For men aged 70 or older,

Men <70 years
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w

Risk ratio

N

1-12
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1-42 1.65

ApoA (g/L)
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Risk ratio
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the risk ratio increased to 3-2 for those with highest apoB
and lowest apoA-I concentrations. For women, the
findings showed a closely similar pattern to that for men in
both age cohorts. Thus, increasing apoB and decreasing
apoA-I concentrations contribute to an increased risk
ratio, irrespective of concentrations of total cholesterol and
triglycerides. In different stepwise regression models,
apoB, apoA-I, or both, or the ratio apoB/apoA-I, were
confirmed as stronger predictors of risk than total
cholesterol or triglycerides, with adjustment for age (data
not shown).

When apoB was included in a model with LDL-
cholesterol, apoB had much higher risk ratios than LDL-
cholesterol in both sexes (table 3). The data were strongest
for those younger than age 70 in both sexes, but the
findings for apoB remained significant in the oldest cohorts
(data not shown).

When the data were analysed by ROC techniques, we
showed that apoB had higher sensitivity and specificity
than LDL-cholesterol as a predicting variable in men and
women, irrespective of whether the data were adjusted for
age or not (data not shown). Furthermore, ROC curves
and areas under the curves were analysed separately for
men and women who had LLDIL-cholesterol values below
the median for the population (men, 3-73 mmol/L;
women, 3-55 mmol/L). In both sexes, the areas under the
curves for apoB were higher than for LDL-cholesterol
(p<0-0001), showing higher sensitivity and specificity for

Men =70 years

1-12
1-30
1-42 1.66

ApoA (g/L)

1-24
1'43 1_57

1-83
ApoA-l (g/L)

Figure 2: Relative risk ratios of fatal myocardial infarction by quartiles of apolipoprotein B (ApoB) and apolipoprotein A-1 (ApoA-I)

in men and women aged less than 70 years and 70 years or older

Adjusted for age, total cholesterol, and triglycerides by the Cox model. The lowest reference cell was used for those with the lowest ApoB and the

highest ApoA-I quartile.
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Men Women

Risk ratio (95% CI) p Risk ratio (95% Cl) p

Model 1

LDL-C 1-40 (1-33-1:48)
Model 2

LDL-C 1-14 (1-01-1-28) 0-032
ApoB 1-33 (1-17-1-51)  <0-0001

<0-0001  1-24 (1-12-1-37) <0-0001

0-85 (0-69-1-05)  0-139
1-53 (1-25-1-88) <0-0001

Table 3: Age-adjusted risk ratios (one SD change) in models
with LDL-cholesterol (LDL-C) with and without apolipoprotein B
(ApoB)

apoB (figure 3). Closely similar findings were obtained if
the data were split by the median value of apoB.

A test of interaction between LDL-cholesterol and apoB
was done with a Cox’s model, with apoB, LDIL-
cholesterol, apoBXLDL-cholesterol, and age as predictors.
The interaction term for men was highly significant
(p=0-0005, data not shown), showing that both apoB and
LDL-cholesterol add information about risk for fatal acute

1-0

Men (n=263)

) 0- T T T T T ]
=
=
)
3
»n 1-04
0-8
0-6
0-4-
0-2+ " Area
LDL-C 0-60
ApoB 0-69
p<0-0001
O_
I T T T T 1
0 0-2 0-4 0-6 0-8 1-0
Specificity

Figure 3: Receiver-operating characteristics curves for LDL-
cholesterol (LDL-C) and apolipoprotein B (ApoB) in men and
women with LDL-C values below the median for the population

myocardial infarction. The nature of the interaction is such
that apoB is a better predictor of risk than LDIL-cholesterol
at low LDL-cholesterol or apoB concentrations.

Discussion

Our results accord with and extend the well known effect
of total cholesterol, triglycerides, and LLDI.-cholesterol on
risk of acute myocardial infarction. We also showed the
well known anti-atherogenic effects of HDL-cholesterol.

Our main finding was that apoB, apoA-I, and the ratio of
apoB/apoA-I are important risk factors for fatal myocardial
infarction. This result considerably extends previous work
suggesting that apolipoproteins play a significant part as
risk factors.”®*2° Furthermore, after adjustment for age,
total cholesterol, and triglycerides, the values for apoB and
apoA-I add power to predict fatal myocardial infarction.
The results are valid not only for men and women aged
under 70 years but also for those 70 or older. Although
total cholesterol loses its predictive power in people 70
years and older, apoB, apoA-I, and apoB/apoA-I remain
important risk predictors in old people.

Another of our major aims was to assess whether apoB
and apoA-I were as good as or better than LDI-cholesterol
in prediction of fatal myocardial infarction. In AMORIS,
LDI ~cholesterol was calculated by a formula including
total cholesterol, triglycerides, and apoA-I and was
validated against LDL-cholesterol calculated by the
Friedewald formula. In four different datasets, three of
them external to AMORIS, consisting of more than 15 000
people, the correlation coefficients between LDL-
cholesterol—obtained by the currently used formula based
on total cholesterol, triglycerides, and apoA-I—and
calculated LDL-cholesterol, according to Friedewald, were
very high (r=0-97-0-99). The new method did not
systematically overestimate or underestimate low or high
LDIL-cholesterol values (Bland-Altman plots). Therefore,
we argue that the LDIL-cholesterol calculated for the
AMORIS population is as valid as when the Friedewald
formula is used—ie, in individuals with triglycerides below
4-5 mmol/L. Furthermore, the level of correlation between
apoB and calculated LDIL-cholesterol in the AMORIS
population (men, r=0-85; women, r=0-86) and the
analysed subsets (r=0-77-0-86 for both sexes) is of the
same magnitude as that with the Friedewald formula used
in other studies.>'>'*

ApoB and apoA-I have been proposed** and debated’
as risk factors for coronary heart disease. Although findings
of some studies have not shown that apoB is a better risk
predictor than LDL-cholesterol,’ others have indicated
that it is.>> Our results show that increasing concentrations
of apoB and LDIL-cholesterol are related to a greater risk of
fatal myocardial infarction, whereas HDL-cholesterol and
apoA-I are both negatively related to risk. The numerically
steepest increase in risk was obtained for the ratio
apoB/apoA-I, which increased about 3-8-fold in men,
when the risk for those in the highest quartiles was
compared with those in the lowest quartiles.

By use of different multivariate analyses, apoB proved to
be more highly significant than LDL-cholesterol, and
added predictive power to that of LLDIL-cholesterol for
prediction of risk of fatal myocardial infarction. An
explanation as to why apoB is a stronger predictor than
LDL-cholesterol might be that there are methodological
errors in calculation of LDL-cholesterol in our study.
However, any errors should be minor since there was a
high correlation between LLDL-cholesterol concentrations
obtained by our formula and those derived by the
Friedewald formula. The errors of these formulae are
based on measurement of the three variables, each of

THE LANCET ¢ Vol 358 « December 15, 2001

2031



ARTICLES

which carries an error. This compound error is an inherent
drawback to such studies, including those in which the
Friedewald formula is used.

However, there is one other physiological and
pathophysiological reason why apoB is a stronger predictor
of risk than LDL-cholesterol in our study: apoB is present
not only in LDL but also in VLDL,” intermediate density
lipoprotein, and lipoprotein (a)."* Therefore, the sum of all
apoB concentrations in all atherogenic particles might be a
better risk marker than total cholesterol*>*?" and LDI-
cholesterol only.” 2

Another major finding of our study, which supports the
importance of apoB in prediction of risk of fatal myocardial
infarction, is that, in individuals with concentrations of
LDL-cholesterol below the median, apoB was a better
predictor of risk than LDIL-cholesterol (ROC analysis).
Thus, in about half the population with normal to low
concentrations of LDL-cholesterol, apoB can be used to
indicate risk of fatal myocardial infarction. This finding is
of great clinical significance, and underscores that LDL-
cholesterol, or some of its components, might not indicate
increased risk of fatal myocardial infarction. Thus, the risk
is higher in individuals who have increased numbers of
small dense LDL particles® and a high concentration of
apoB (which often occurs in VLLDL),” than in those with
high concentrations of LDI-cholesterol and low apoB.*
Therefore, apoB, apoA-I, or apoB/apoA-I might be able to
predict more individuals at risk of fatal myocardial
infarction, irrespective of whether their atherogenic
particles are in LDL. Additionally, these indices might be
predictive in those with insulin resistance or diabetes, in
whom atherogenicity is mainly seen in those with
abnormal VLDL, intermediate density lipoprotein, small
dense LDL, and HDL particles.” Similarly, many patients
with non-fatal myocardial infarction have almost normal
lipids and lipoproteins, but could have abnormal apoB and
apoA-I patterns, suggesting high risk of fatal myocardial
infarction.

We believe that our findings are robust because of the
large number of individuals studied and the number of
fatal cases registered, and because apolipoproteins were
measured in mostly healthy people and then linked to
future risk of fatal myocardial infarction. Although there is
little knowledge about clinical characteristics, presence of
risk factors, or confounding effects of possible ongoing
treatments, our results have been generated from a very
broad, consecutively referred population, in which no
individual was excluded for any reason. Therefore, the
conclusions may be comprehensive and truly
representative of a very large population. This study
population from Sweden has somewhat higher total
cholesterol and apoB concentrations than other
international populations, such as the Framingham and
the NHANES III populations, whereas the mean
concentration of triglycerides is about the same."”

An additional strength of AMORIS is that the laboratory
analyses were always done with fresh serum samples.
Furthermore, the same methods, reagents, and calibration
technique were used, so that data could be recalculated
and compared with WHO-IFCC reference apolipoprotein
materials."”

Possible bias in the referral of individuals was probably
small. However, there might have been a tendency to refer
more individuals with high lipids, since doctors know that
CALAB also measures apoB and apoA-I to assist in
diagnosis of lipid abnormalities. Compared with a closely
similar population also investigated by CALAB
(n=395 283), but without the inclusion of apoB and apoA-I
determinations, the AMORIS population had total

cholesterol concentrations about 0-2-0-3 mmol/LL and
triglyceride concentrations 0-1-0-2 mmol/L. higher than
the CALAB population. Compared with four other
populations investigated with standardised apolipoprotein
measurements, the AMORIS population had almost
identical concentrations of apoA-I, but higher total
cholesterol and higher apoB concentrations.'>"”

We believe that the ratio of apoB/apoA-I, as has been
shown,”® should be regarded as a strong indicator of risk,
since it accurately—by direct measurements of apoB and
apoA-I—shows the ratio of the number of apoB
atherogenic particles over the number of apoA-I anti-
atherogenic particles. Thus, particle numbers and their
ratio might be a more important factor than the amount of
lipids carried per particle. This ratio seems to be the
strongest risk predictor of fatal myocardial infarction in
both sexes and over the whole age range in the AMORIS
study. Therefore, apoB and apoA-I should be regarded as
valuable risk markers in updates of guidelines, beyond the
newly published NCEP ATPIII guidelines,®* for diagnosis
and treatment for coronary heart disease risk related to
abnormal lipid metabolism. ApoB and apoA-I have also
proved to be stronger markers of treatment effect than
LDI-cholesterol in clinical trials in which statins***'?* or
gemfibrozil* were used.

The Friedewald formula lacks a high level of precision
and accuracy, and new homogeneous HDI-cholesterol
and LDL-cholesterol methods have not yet been
standardised or proven to be sufficiently precise and
accurate to replace the Friedewald calculation.” Thus,
there are methodological advantages with apolipoprotein
measurements, suggesting that they are suitable as routine
tests.**** The measurements are internationally stan-
dardised, easily automated, accurate, and precise, neither
difficult nor expensive to do, and can be used for all
lipoprotein abnormalities. Fasting samples are not
necessary.

We realise that LDL-cholesterol and HDL-cholesterol
are the recommended lipid variables in international
guidelines for treatment, on the basis of evidence obtained
over many years from epidemiological and trial data.
However, new information shows the importance of apoB
and apoA-I as risk predictors, which may be of great value
for an individual. Therefore, we suggest that prediction of
future cardiac death could be improved by measurement
of apoB, apoA-I, and the apoB/apoA-I ratio. These
measurements could show which individuals are at the
highest or lowest risk of fatal myocardial infarction at all
lipid concentrations, and could therefore be useful in
clinical practice in assessment of risk and decisions about
lipid-lowering treatment. ApoB and apoA-I could be of
greatest value for diagnosis and treatment in individuals
who have common lipid abnormalities, but have normal or
low LDL cholesterol concentrations. We hope that new
guidelines will consider the value of apoB and apoA-I in
future clinical practice.
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