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Abstract

 

Elevated HDL-cholesterol (C) and apo AI are associated

with decreased coronary artery disease (CAD) risk. We de-

termined distributions of two MspI polymorphisms of the

apo AI gene, associated in other studies with increased

HDL-C, among 644 patients aged 

 

#

 

 65 years in relation to

circulating lipids and CAD severity assessed angiographi-

cally. The rare allele distributions at both sites were in

Hardy-Weinberg equilibrium in these patients but the base

changes were not associated with HDL-C and apo AI levels.

However, patients homozygous for the 

 

2

 

75 bp substitution

were more likely to have one or more significantly diseased

vessels (

 

.

 

 50% luminal obstruction)(OR: 4.75, 95%CI: 1.10–

20.46) as also were patients with the rare 

 

1

 

83 bp alleles

(OR: 2.56, 95%CI: 1.13–5.81). While there was an additive

effect of the two polymorphisms to have severe CAD (OR:

6.33, 95%CI: 1.33–30.02), the polymorphism at 

 

1

 

83 bp re-

mained significant in predicting CAD severity after adjust-

ing for other variables in a logistic regression analysis (OR:

2.95, 95%CI: 1.26–6.90), which was also strongly associated

with the positive family CAD history (

 

P

 

 

 

5

 

 0.009). We con-

clude that patients with these base changes in this Austra-

lian coronary population do not have increased HDL-C and

apo AI levels but do have more severe CAD. (

 

J. Clin. Invest.

 

1996. 98:372–377.) Key words: apolioproteins 
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 coronary

disease 

 

•

 

 

 

angiography 

 

•

 

 Apo AI DNA polymorphism 

 

•

 

 car-
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Introduction

 

Many epidemiological studies have shown that elevated levels
of high-density-lipoprotein cholesterol (HDL-C) and its prin-
cipal carrier protein apolipoprotein (apo) AI are associated
with reduced occurrence and severity of coronary artery dis-
ease (CAD)(1–6). Apo AI is mainly associated with HDL par-
ticles but circulating free apo AI is also present in low concen-
tration (7, 8). The protective effect of HDL or apo AI is
thought to be mediated mainly through the promotion of cho-

lesterol efflux from peripheral cells. However, recent studies
indicate that both HDL and apo AI may have antioxidant,
anti-thrombotic and anti-inflammatory properties which could
have important anti-atherogenic effects as reviewed by Forte
and McCall (3).

Both environmental and genetic factors influence HDL-C
and apo AI levels. Among the environmental variables, ciga-
rette smoking, dietary fat content, body mass index (BMI) and
exercise are the most important (9, 10). Genetic studies have
identified polymorphisms and mutations in the apo AI gene
and in other genes which are associated with either increased
or decreased HDL-C and apo AI levels (1, 5, 11, 12). Among
healthy subjects, increased transcription of the apo AI gene
and higher circulating levels of apo AI and HDL-C associated
with a G

 

→

 

A substitution at 

 

2

 

75 bp have been documented in
several studies (12-17) although not confirmed in two (18, 19).
The association between the base substitution at 

 

2

 

75 bp and
HDL-C levels are also reported to be influenced by gender
(12, 13) and smoking (12, 20). More recently, we have shown
that C

 

→

 

T and/or G

 

→

 

A transitions at 

 

1

 

83 bp and/or 

 

1

 

84 bp
of the apo AI gene are also associated with increased HDL-C
levels (21, 22). Whilst the frequency in a healthy population of
the 

 

1

 

83 bp substitution was less common (rare allele fre-
quency: 0.041) than that at 

 

2

 

75 bp (rare allele frequency:
0.221), the base substitution at 

 

1

 

83 bp was associated with a
much greater elevation in circulating HDL-C level (22). Both
base substitutions result in loss of MspI restriction sites so that
both polymorphic markers can be detected with a single PCR
and a single MspI digestion (22).

Since these base changes are associated with increased
HDL-C levels, it is logical to suppose that individuals with the
base change(s) are likely to have a reduced risk of developing
CAD. We explored this hypothesis in the present study by
investigating the relationship between these polymorphisms
in the apo AI gene and the occurrence and severity of CAD
in Australian Caucasian patients assessed by coronary angiog-
raphy.

 

Methods

 

The patients.

 

We studied Caucasian patients aged 65 years or less,
both men and women, consecutively referred to the Eastern Heart
Clinic at Prince Henry Hospital for coronary angiography over a 20-m
period in 1994 and 1995. We excluded only patients shown to have
significant left main disease (

 

.

 

 50% luminal obstruction) because it
was difficult to categorize this small proportion of the total (5%)
within the classification system we used (see below). A written con-
sent was obtained from every patient after a full explanation of the
study which was approved by the Ethics Committee of the University
of New South Wales.

A 4-ml venous blood sample was drawn into an EDTA sample
tube from patients before the angiogram after at least a 6-h fast. The
blood sample was centrifuged within two hours and plasma and cellu-
lar components stored separately at 

 

2

 

70

 

8

 

C in aliquot until analysis.

 

Determination of polymorphisms in the apo AI gene.

 

DNA was
extracted from these frozen whole blood samples by the salting out
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method (23). The following primers were used to amplify a 433-bp
fragment 5

 

9

 

-end of the apo AI gene (14):
P1: 5

 

9

 

-AGGGACAGAGCTGATCCTTGAACTCTTAAG-3’
P2: 5

 

9

 

-TTAGGGGACACCTAGCCCTCAGGAAGAGCA-3’.
The PCR was performed in a volume of 25 

 

m

 

l containing 

 

z

 

 100 ng
genomic DNA. The amount of [Mg

 

2

 

1

 

], dNTP (Promega, Madison,
WI) and 

 

Taq

 

 polymerase (Advanced Biotechnology, Surrey, UK)
used in each reaction were 1.5 mM, 25 

 

m

 

M, and 1 unit, respectively.
The thermal cycles (OmniGene Temperature Cycler, Hybaid Ltd,
Middlesex, UK) started with 95

 

8

 

C for 5 min and were followed by 35
cycles of 94

 

8

 

C for 1 min, 55

 

8

 

C for 1 min and 72

 

8

 

C for 2 min. A total
volume of 10 

 

m

 

l containing 20 units of MspI (Boehringer Mannheim,
Germany) diluted in manufacturer recommended buffer was added
directly to the PCR product and incubated at 37

 

8

 

C overnight. The di-
gested products were visualized on 8% polyacrylamide gel with silver
staining.

There are three MspI restriction sites within the region amplified
by the PCR and these are located at 

 

2

 

75, 

 

1

 

37, and 

 

1

 

83 bp. Both the
G to A substitution at 

 

2

 

75 bp and the C to T and/or G to A substitu-
tions at 

 

1

 

83 bp sites result in the loss of the sites which are detected
simultaneously by a single MspI digestion after the single PCR. The
genotypes for the base change at 

 

2

 

75 bp were previously referred to
as GG, GA and AA (14) in accordance with usual practice. In order
to avoid possible confusion with the base change at 

 

1

 

83 bp we have
used different symbols for the polymorphism at 

 

2

 

75 bp with the pre-
vious ones enclosed in brackets. The putative genotypes at 

 

2

 

75 bp
are therefore M1

 

1

 

/

 

1

 

 (GG) for the presence of the MspI site in both
alleles, M1

 

2

 

/

 

2

 

 (AA) for the absence of the site in both alleles, and
M1

 

1

 

/

 

2

 

 (GA) for a heterozygote. The putative genotypes at 

 

1

 

83 bp
are M2

 

1

 

/

 

1

 

, M2

 

1

 

/

 

2

 

, and M2

 

2

 

/

 

2

 

 in which “

 

1

 

” indicates the pres-
ence and “

 

2

 

” the absence of the 

 

Msp

 

 restriction site.

 

Biochemical analysis.

 

Total cholesterol, HDL-C and triglyceride
levels were measured in the patients by the hospital’s clinical chemis-
try department using standard enzymatic methods. The LDL-choles-
terol levels were calculated using the Friedewald formula. Levels of
apo AI, apo B, Lp(a) were measured using ELISA methods devel-
oped in our laboratory (24–26).

 

Documentaton of CAD severity.

 

The severity of coronary artery
disease was determined by the number of significantly stenosed coro-
nary arteries as follows. The angiograms were assessed by two cardi-
ologists before the availability of genotyping results. Each angiogram
was classified as revealing either no coronary lesion with 

 

.

 

 50% lu-
minal stenosis or as having one, two, or three major epicardial coro-
nary arteries with 

 

.

 

 50% luminal obstructions. Those without signifi-
cantly diseased vessels were further subgrouped into those with
angiographically normal coronary arteries and those with lesions of
50% or less luminal stenosis. We also used the Green Lane coronary
scoring system which provides a numerical value for lesion severity
and takes account of the amount of myocardium supplied by an af-
fected vessel; the maximal score is 15.

 

Documentation of other medical conditions.

 

The relevant history
was obtained for each patient using a questionnaire with standardized
choices of answers to be ticked during the interview. We recorded the
presence or absence (yes/no) of a history of myocardial infarction, hy-
pertension requiring treatment, diabetes, and angina pectoris. The
presence or absence of CAD among first degree relatives (parents
and siblings) and the age of first onset were recorded for a quantita-
tive assessment of family history of premature CAD. We recorded
the presence and severity of angina according to whether each patient
was experiencing no angina, stable angina, or unstable angina before
and during the current hospitalization. All those classified as having
unstable angina had an increase in pain frequency as well as rest pain.
The life-time smoking dose in pack years was recorded as described
previously (27), and patients were also divided into non-smokers, cur-
rent smokers and ex-smokers.

 

Statistical analysis.

 

We determined whether or not the distribu-
tions of genotypes were in Hardy-Weinberg equilibrium by 

 

x

 

2

 

 analy-
sis as described by Emery (28). The frequencies of the alleles and

genotypes among different subgroups were compared by 

 

x

 

2

 

 test. A lo-
gistic regression analysis was also used to evaluate genotypic effects
on CAD severity while other independent variables were controlled
and the odds ratios (OR) were calculated.

 

Results

 

Genetic characteristics of the patients.

 

The demographic infor-
mation for the 644 patients is shown in Table I. As expected,
men tended to have more unfavorable lipoprotein variables
and smoking habits relevant to CAD risk.

Genotype distributions at both sites were in Hardy-Wein-
berg equilibrium and there was a strong linkage disequilibrium
between the two polymorphisms (

 

x

 

2

 

 

 

5

 

 74.45, df 

 

5

 

 2, 

 

P

 

 

 

5

 

0.000001). There were 25 patients with M1

 

2

 

/

 

2

 

 (AA) geno-
types. For the M2 genotype there were 47 heterozygotes and
only 2 M2

 

2

 

/

 

2

 

 homozygotes and these were grouped together
in the subsequent statistical analysis. The rare allele frequen-
cies at 

 

2

 

75 and 

 

1

 

83 bp of the apo AI gene were not statisti-
cally different between males (“M1-”: 0.195, “M2-”: 0.037) and
females (“M1-”: 0.161, “M2-”: 0.043).

 

apo AI polymorphisms and lipoprotein variables in the pa-

tient population.

 

Using ANOVA we compared the relation-
ships between apo AI polymorphisms and levels of lipopro-
teins, apolipoproteins and other relevant variables. There were
no consistent associations between the apo AI polymorphisms
and any of the lipoproteins, or apolipoproteins, or the BMI or
waist/hip ratio. In particular, the “M1-” (A) and “M2-” alleles
were not associated with increased HDL-C and apo AI levels
as would have been expected. Since there are many confound-
ing factors affecting relationships with lipid metabolism in this
CAD population, including lipid lowering and other drug us-
age, increased BMI, cigarette smoking, and genetic factors rel-
evant to coronary disease, we further analyzed the relationship
between the polymorphisms and levels of apo AI and HDL-C
among patients who were non-smokers, not receiving lipid
lowering drugs and did not have significantly diseased vessels.
There were no consistent relationships with HDL-C or apo AI
levels in this small number of patients (

 

n

 

 

 

5

 

 74) among whom

 

Table I. Demographic Characteristics of Patients in the Study 
(Mean

 

6

 

SEM)

 

Males Females

 

N

 

467 177

Age (yr) 55.7

 

6

 

0.3 57.0

 

6

 

0.5*

BMI (kg/m

 

2

 

) 28.2

 

6

 

0.2 28.1

 

6

 

0.4

TC (mmol/liter) 5.42

 

6

 

0.04 5.55

 

6

 

0.08

Triglyceride (mmol/liter) 2.10

 

6

 

0.05 1.71

 

6

 

0.07***

HDL-C (mmol/liter) 1.00

 

6

 

0.01 1.29

 

6

 

0.03***

LDL-C (mmol/liter) 3.43

 

6

 

0.04 3.45

 

6

 

0.08

TC/HDL-C 5.25

 

6

 

0.08 4.59

 

6

 

0.11***

Apo AI (grams/liter) 0.94

 

6

 

0.01 1.12

 

6

 

0.03***

Apo B (grams/liter) 1.01

 

6

 

0.02 0.97

 

6

 

0.02

Log

 

e

 

Lp(a) (mg/liter) 4.96

 

6

 

0.07 5.15

 

6

 

0.11

Coronary scores 5.68

 

6

 

0.19 3.26

 

6

 

0.33***

Smoking dose (packyrs) 27.5

 

6

 

1.4 14.3

 

6

 

1.8***

*

 

P

 

 

 

,

 

 0.05, ***

 

P

 

 

 

,

 

 0.001 by Student 

 

t

 

 test. Values are presented as mean

 

6

 

SEM.
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there were 4 with the 

 

1

 

83 bp rare allele, 21 M11/2 heterozy-
gotes and 1 M12/2 homozygote.

CAD severity and apo AI polymorphisms. Among the pa-
tients we assessed for possible CAD there were 58 of the 467
men and 71 of the 177 women who were found to have angio-
graphically normal coronary arteries. In male patients, the rare
allele frequency of the MspI1 polymorphism (“M1-”) tended
to be higher (x2 5 5.76, df 5 2, P 5 0.056) among those with
angiographically diseased arteries (0.195) than in those with
normal arteries (0.181). However, the difference was highly
significant in the male patients for the rare allele of the MspI2
polymorphism (“M2-”) in those with (0.042) than those with-
out (0.00) diseased arteries (x2 5 9.41, df 5 1, P 5 0.002). But
the findings were not the same in the female patients in whom
there were no differences in the rare allele frequencies for
both polymorphisms between those with and without diseased
arteries.

To evaluate a possible association between the apo AI
polymorphisms and the severity of CAD, patients were sub-
grouped into those with 0, 1, 2, and 3 significantly diseased
(. 50% luminal obstruction) coronary arteries. By a simple x2

test we found that the apo AI MspI1 polymorphism tended to
associate the number of significantly diseased vessels either in-
dividually (Table II) or when patients with 1 or more signifi-
cantly diseased vessels were combined as a single group. The
frequency of M12/2 (AA) homozygotes and the rare allele
“M1-” frequency increased linearly with the number of signifi-
cantly diseased vessels (Table II). The odds ratios (95% CI)
for M12/2 (AA) homozygotes to have 3, 2, and 1 significantly
diseased vessels compared with those with M11/1 (GG) geno-
types were respectively 5.9 (1.25–27.9), 5.0 (1.02–24.8), and
3.52 (0.71–17.3). This was also true for M12/2 (AA) patients
with 1 or more significantly diseased vessels (OR: 4.75, 95%
CI: 1.10–20.46). The same relationships were also observed

among the 467 male patients when they were analyzed sepa-
rately. However this was not found for the smaller number
(n 5 177) of female patients (Table II). It should be noted that
none of the 92 male patients without significantly diseased ves-
sels was a M12/2 homozygote by 8 (42.1%) of the 19 M12/2
homozygotes had triple vessel disease (Table II).

A similar relationship was also observed for that between
the number of significantly diseased vessels and the MspI2
polymorphism (Table III). There was an increased likelihood
for patients with the “M2-” allele to have severe CAD. The
“M2-” allele frequencies increased with the increase in the
number of significantly diseased vessels (Table III). The odds
ratios (95% CI) for these patients to have 3, 2, and 1 signifi-
cantly diseased vessels were respectively 3.46 (1.4–8.53), 1.95
(0.72–5.27) and 2.15 (0.84–5.43). This association was also sta-
tistically significant when patients with 1 or more significantly
diseased vessels were combined as a single group. The odds ra-
tio for “M2-” patients to have 1 or more significantly diseased
vessels was 2.56 (95% CI: 1.13–5.81). However, as observed
for the MspI1 polymorphism this relationship was only signifi-
cant among male patients (x2 5 10.29, df 5 3, P 5 0.016). The
odds ratio for M21/2 male patients to have triple vessel dis-
ease was 6.67 (95% CI: 1.49–29.7). Although there was a simi-
lar trend among the females it was not statistically significant
(Table III).

In a logistic regression analysis, the MspI2 polymorphism
remained an independent predictor for patients having one or
more significantly diseased vessels (P 5 0.008) when sex, hy-
pertension, diabetes, MspI1 polymorphism, age, BMI, life-
time smoking dose, levels of total cholesterol, HDL-C, triglyc-
eride, LDL-C, apo AI, apo B, and Lp(a) were entered into the
model as independent variables. The odds ratio for M21/2
having 1 or more significantly diseased vessels was 2.95 (95%
CI: 1.26–6.90) after adjusting for these independent predictors.

Table II. The Apo AI Polymorphism at 275 bp and the Number of Significantly Diseased Vessels (. 50% Luminal Obstruction)

Number of significantly diseased vessels (. 50% luminal obstruction)

0 1 2 3 Total

Males

M11/1 62 (67.4%) 98 (70.5%) 68 (60.7%) 77 (62.1%) 305

M11/2 30 (32.6%) 35 (25.2%) 39 (34.8%) 39 (31.5%) 143

M12/2 0 (0%) 6 (4.3%) 5 (4.5%) 8 (6.5%) 19

“M1-” allele 0.163 0.169 0.219 0.223 0.195

Females

M11/1 63 (70.0%) 26 (68.4%) 19 (73.1%) 18 (78.3%) 126

M11/2 25 (27.8%) 11 (28.9%) 5 (19.2%) 4 (17.4%) 45

M12/2 2 (2.2%) 1 (2.6%) 2 (7.7%) 1 (4.3%) 6

“M1-” allele 0.162 0.171 0.173 0.13 0.161

Total

M11/1 125 (68.7%) 124 (70.1%) 87 (63.0%) 95 (64.5%) 431

M11/2 55 (30.2%) 46 (26.0%) 44 (31.9%) 43 (29.7%) 188

M12/2 2 (1.1%) 7 (4.0%) 7 (5.1%) 9 (6.1%) 25

“M1-” allele 0.162 0.170 0.210 0.208 0.186

The observed numbers of cases and the column precentages (in brackets) are presented. There was a trend for an association between the polymor-

phism at 275 bp and the number of significantly diseased vessels in males. Comparing all individual groups, the Pearson x2 for male, female and total

patients were respectively 12.40 (df 5 6, P 5 0.053), 3.53 (df 5 6, P 5 0.74), 9.04 (df 5 6, P 5 0.172). The Mantel-Haenszel test for linear association

is x2 5 3.6 (df 5 1, P 5 0.057) for males; x2 5 1.23 (df 5 1, P 5 0.267) for females; and x2 5 3.36 (df 5 1, P 5 0.067) for the total. The results for the

combined analysis are statistically significant (P , 0.01)—see text.
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The MspI1 polymorphism however was not independently as-
sociated with CAD severity.

Although in this logistic model there was no interaction be-
tween MspI1 and MspI2 polymorphisms in relation to CAD
severity, there was an additive effect for patients having triple
vessel disease (Table IV). When compared to patients with
wild type alleles at both sites (genotypes: M11/1 and M21/1)
the odds ratios (95%CI) for triple vessel disease patients with
rare alleles for both sites (genotypes: M11/2 or M12/2 and
M21/2), those with rare alleles only at 184 bp (genotypes:
M11/1 and M21/2) and those with rare alleles only at 275
bp (genotypes: M11/2 or M12/2 and M21/1) were respec-
tively 6.33 (1.33–30.02), 2.53 (0.82–7.82) and 1.12 (0.69–1.82).
A similar trend was also observed for the risk of having one or
more significantly diseased vessels.

Positive family history of premature CAD and apo AI poly-

morphisms. Although there was no difference in the fre-
quency of M12/2 (AA) genotypes among patients who had 0
(3.8%), 1 (3.3%), and 2 (3.7%) first degree relatives with a his-
tory of premature CAD—defined as onset aged # 65 years—
patients who had three or more first degree relatives with pre-
mature CAD history tended to have a higher frequency of
M12/2 (AA) homozygotes (8.2%). This was reflected in the
“M1-” allele frequencies (0.173, 0.198, 0.153, and 0.267 respec-
tively for 0, 1, 2, and 3 or more first degree relatives with
CAD). The association was statistically significant only for
male patients. The odds ratios for male M12/2 (AA) ho-
mozygotes to have three or more first degree relatives with
CAD histories compared to these without a positive family
history was 5.52 (95%CI: 1.48–20.57). The frequencies of the
“M1-” alleles were 0.184, 0.204, 0.144, and 0.358 respectively
for male patients having 0, 1, 2, and 3 or more first degree rela-
tives with CAD history (x2 5 15.34, df 5 6, P 5 0.018). This re-
lationship was not found in the female patients. There was no
M12/2 (AA) homozygote among the 22 female patients who
had 3 or more first degree relatives with a premature CAD his-
tory.

The MspI2 polymorphism also showed a strong association
with a positive family CAD history (x2 5 15.22, df 5 5, P 5
0.009). Patients with “M2-” alleles had the highest chance of
having three or more first degree relatives with a positive
CAD history (OR: 4.94, 95%CI: 2.07–11.80). This relationship
remained significant in both men (OR: 4.15, 95%CI: 1.33–
13.00) and women (OR: 4.87, 95%CI: 1.18–20.15).

Medical conditions and apo AI polymorphisms. Whilst we
found no relationship between the MspI1 polymorphism and
the severity of angina as graded by no angina, stable angina
and an unstable angina, the MspI2 polymorphism showed a
significant association with the presence of unstable angina.
The odds ratio for patients of “M2-” allele to have unstable an-
gina was 2.31 (95% CI:1.02–5.26) compared to those with no
angina. The relationship was just statistically significant for
male patients (OR: 2.79, 95%CI: 1.1–7.8) but not for the fe-
male patients (OR: 1.39, 95% CI:0.35–5.48).

Apo AI polymorphisms at both sites were not associated
with a past history of myocardial infarction, of hypertension
requiring treatment or of diabetes, age, or BMI.

Discussion

Our findings are precisely the opposite of those we had pre-
dicted and it is therefore of critical importance to consider the
level of confidence that we can place on the accuracy of our re-
sults. First there can be no doubt that the genotype distribu-
tions at both sites are in strong linkage disequilibrium, and also
that they are in Hardy-Weinberg equilibrium indicating that
they are normally distributed in this coronary population.
Whereas one might have supposed that the allele frequencies
would be lower in the coronary population if these genotypes
conferred a degree of protection, i.e. associated with an ele-
vated HDL-C, the allele frequencies were not statistically dif-
ferent from the frequencies we have found in a healthy popu-
lation (22). That the genotypes were not associated with
elevated HDL-C and apo AI is perhaps not surprising consid-

Table III. The Apo AI Polymorphism at 183 bp and the Number of Significantly Diseased Vessels (. 50% Luminal Obstruction)

Number of significantly diseased vessels (. 50% luminal obstruction)

0 1 2 3 Total

Males

M21/1 90 (97.8%) 129 (92.8%) 106 (94.6%) 108 (87.1%) 433

M21/2 2 (2.2%) 10 (7.2%) 6 (5.4%) 16 (12.9%) 34

“M2-” allele 0.011 0.036 0.027 0.065 0.037

Females

M21/1 85 (94.4%) 34 (89.5%) 22 (84.6%) 21 (91.3%) 162

M21/2 5 (5.6%) 4 (10.5%) 4 (15.4%) 2 (8.7%) 15

“M2-” allele 0.039 0.053 0.077 0.044 0.043

Total

M21/1 175 (96.2%) 163 (92.1%) 128 (92.8%) 129 (87.8%) 595

M21/2 7 (3.8%) 14 (7.9%) 10 (7.2%) 18 (12.2%) 49

“M2-” allele 0.025 0.040 0.036 0.061 0.038

The observed numbers of cases and the column percentages (in brackets) are presented. There was a significant association between the polymor-

phism at 183 bp and the number of significantly diseased vessels in males. Comparing all individual groups, the Pearson x2 for males, females and all

patients were respectively 10.29, (df 5 3, P 5 0.016), 2.79 (df 5 3, P 5 0.424), 8.40 (df 5 3, P 5 0.038). The Mantel-Haenszel test for a linear associa-

tion is x2 5 7.35 (df 5 1, P 5 0.007) for males; x2 5 1.27 (df 5 1, P 5 0.259) for females; and x2 5 7.06 (df 5 1, P 5 0.008) for all patients. The results

for the combined analysis are statistically significant (P , 0.01) —see text.
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ering the multifactorial aetiology of CAD and many environ-
mental influences tending to lower HDL and apo AI in a coro-
nary population (1-6). But the very significant, and unexpected,
association between both genotypes and CAD severity was the
principal finding of the study.

These were strong associations when comparisons were
made between those patients who had no or mild coronary dis-
ease demonstrated at angiography and those individually with
one, two, or three significantly stenosed coronary arteries; it
was also apparent when all patients with significant disease
(. 50% luminal obstruction) were analyzed as a single group.
It is relevant too that the significant associations were confined
in both cases to the male patients although there were similar
trends in the smaller number of females in the series. In the lo-
gistic regression analysis the MspI2 polymorphism emerged as
having the stronger association independent of all the other
variables we included in the model. However, there was an ad-
ditive effect in that having both genotypes increased the likeli-
hood of having more severe CAD. There is therefore an inter-
nal consistency in the findings. This is amplified by the
associations found between the alleles of both genotypes and a
strongly positive family history of premature coronary disease.
It was relevant too that this relationship was only found in the
male patients for the MspI1 polymorphism but in both male
and female patients for the MspI2 polymorphism consistent
with it being the more powerful predictor. This was also re-
flected in the association between unstable angina and the
MspI2 polymorphism.

Our study, of course, provides no information about mech-
anisms and at this stage they must remain a matter for conjec-
ture. But the mechanisms must relate to functional changes as-
sociated with the polymorphisms and with the implication that
these changes have different effects in health and disease.
Both base changes are at regulatory hot spots (29–32). The
base change at 275 bp (MspI1 polymorphism) is known to be
associated with altered apo AI transcription (16,33,34) and it is
possible that the base change at 183 bp (MspI2 polymor-

phism) also alters either transcription or translation although
this has not yet been established (22). One could postulate that
their association is with altered apo AI gene expression such
that there is altered susceptibility to the effects of environmen-
tal influences. This then could be an example of genetically de-
termined predisposition to environmentally induce cardiovas-
cular risk. However, it will require an appropriate experimental
model capable of detecting the effects of different environ-
mental influences to determine whether or not these polymor-
phisms are responsible for functional changes or are simply
markers for them.

In conclusion, base changes at 275 and 183 bp of the apo
AI gene are not associated with increased HDL-C and apo AI
levels in this representative group of Australian Caucasian
CAD patients. Patients with the base changes are far more
likely to have severe CAD, and the presence of base changes
at both sites is associated with additional risk. Since the MspI1
and MspI2 polymorphisms were in strong linkage disequilib-
rium and can be determined in a single PCR, it would be of
value to analyze their haplotypes for CAD risk assessment in
patients. Whilst mechanisms remain to be determined our
findings demonstrate that genotype-phenotype relationships
observed in a healthy population may not be readily applicable
to a diseased population.
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