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Abstract

Background. Most recently, evidence has been presented that the NADH/NADPH oxidase p22 phox C,,,T, but not the A, G
gene polymorphism is associated with a reduced risk of coronary artery disease (CAD). Methods and results. We analysed the
relationships of both p22 phox gene polymorphisms to CAD in 2205 male Caucasians whose coronary anatomy was defined by
means of coronary angiography. In the total population and in high and low risk groups the relative frequencies of the C,,,T
alleles were essentially the same in patients without or with CAD and in individuals without or with myocardial infarction. In
contrast, the G allele of the Ag,,G polymorphism was significantly more frequent in subjects without CAD than in patients with
CAD (0Odds ratio (OR) 0.74 (0.57 — 0.98); P =0.038 in multiple logistic regression (MLR)). Correspondingly, the AA genotype
of Ag G was preferentially found in patients with CAD. These associations did not disappear when the analyses were corrected
for multiple comparisons for other gene polymorphisms (ACE I/D gene variation, angiotensinogen T,,,M and M,;sT gene
polymorphisms, AT, receptor gene variation, phox C,,, T gene polymorphism, paraoxonase PON54 and PON191 gene variations)
(2p=0.01 in MLR for the presence of CAD; 2p = 0.039 in multiple regression for the extent of CAD). The association of the
Ag40G gene variation with the presence and extent of CAD was not only identified in the total sample, but was even stronger in
various high risk subpopulations of younger individuals (e.g. with hypertension with or without increased apolipoprotein B
plasma levels). Conclusions. Our observations allow the assumption that the p22 phox A, G gene polymorphism is independently
associated with the presence and extent of coronary artery disease. © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Free radicals are highly reactive species characterised
by the presence of unpaired electrons [1]. Although free
radicals may perform beneficial functions, e.g. superox-
ide anion in the phagocytic action, in most cases free
radicals are unwanted by-products of normal aerobic
cellular mechanisms, with the potential to damage vari-
ous intracellular components on which normal cell
function depend [1]. This oxidative stress has been
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implicated in the pathogenesis of several human disor-
ders such as coronary heart disease (CHD) [2].

The production of superoxide anions by the NADH/
NADPH oxidase system has been demonstrated also in
nonphagocytic cells like vascular smooth muscle cells
[3] and endothelial cells [4]. One electron transfer ele-
ment of the NADPH oxidase is the heme-binding
protein p22 phox [5,6]. In a Japanese population of 402
participants evidence has been presented by Inoue et al.
[6] that the T allele of the p22 phox C,,,T gene poly-
morphism, but neither the A allele nor the G allele of
the p22 phox AT gene variation was associated with
a reduced or an increased risk of coronary artery
disease. Therefore, we were interested to analyse the
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relationships of the p22 phox C,,,T and Ag,G gene
polymorphisms with CHD in a large population of
2205 male Caucasians whose coronary anatomies were
defined by means of coronary angiography.

2. Methods
2.1. Study sample

The study sample, described in detail elsewhere [7],
comprised 2205 consecutive male Caucasians who un-
derwent coronary angiography for diagnostic pur-
poses. About 80% of the participants underwent
coronary angiography on account of coronary heart
disease as verified illness or presumptive diagnosis.
The remaining part of the group consisted almost
completely of patients who underwent coronary an-
giography for clarification of restricted left ventricular
function. In 90% of these patients coronary artery
disease was proven as reason for this dysfunction.
Only in 10% of this subpopulation (= 2% of the total
sample), restricted left ventricular function was caused
by dilated cardiomyopathy or longstanding arterial
hypertension. All patients who agreed to participate in
the study were evaluated with a detailed questionnaire
which provided information about coronary risk fac-
tors such as smoking, diabetes mellitus and hyperten-
sion.

2.2. Detection of coronary artery disease and
myocardial infarction

Coronary artery disease. Coronary angiography was
performed by the Judkins method. Coronary vessels
with at least 50% stenosis were defined as diseased.
By means of coronary angiography, the study popula-
tion was divided into subjects without any angio-
graphically detectable coronary artery disease or with
coronary arterial stenosis less than 50% (no vessel
disease) and individuals with single, double or triple
vessel disecase. The severity of coronary heart disease
was also estimated by calculating the Gensini score
[8]; this score is designated ‘CHD score’ in subsequent
text.

Myocardial infarction. Acute myocardial infarction
was diagnosed according to criteria established by the
World Health Organisation, where 4% of subjects
with a CHD score =0, 16.8% of patients without ves-
sel disease, 47.1% of individuals with single vessel dis-
ease, 50.3% of patients with double vessel disease and
59.9% of patients with triple vessel disease had suf-
fered an MI before recruitment in the study. From
the 1031 MI patients, 854 study participants had suf-
fered one MI, 156 individuals two MI’s and 21 pa-
tients three MTI’s.

2.3. Definition of variables, measurements of substrates,
and detection of gene polymorphisms

Triglycerides, total cholesterol, apolipoprotein B (apo
B), apolipoprotein Al (apo A-I), lipoprotein (a) (Lp(a))
and fibrinogen were measured by conventional methods
of clinical chemistry [9]. Cholesterol (> 200 mg/dl),
triglycerides ( > 150 mg/dl), Lp(a) (> 30 mg/dl), arte-
rial hypertension and diabetes mellitus were defined as
binary variables and not divided into subcategories.
Cigarette consumption was given as pack years (1 pack
year, e.g. 20 cigarettes per day for 1 year). Genotypes of
NADH/NADPH oxidase p22 phox C,,,T and Ag,,G
gene polymorphisms [6], angiotensin I-converting en-
zyme insertion/deletion (I/D) gene variation [10,11],
angiotensinogen T,,,M gene polymorphism [12], an-
giotensinogen M235T gene variation [13], AT, receptor
gene variation [14], and paraoxonase PON54 [15] and
PON191 [16] were determined as described. Since in a
Caucasian population the allele frequencies of both p22
phox gene polymorphisms have not been published
before, we determined the C,,,T and A, G genotypes
in 137 healthy blood donors.

2.4. Definition of low and high risk subpopulations

Low and high risk groups of the coronary risk fac-
tors hypertension and diabetes were defined by the
absence or presence of these diseases and cholesterol,
triglycerides, and Lp(a) according to their cut-off points
as defined in 2.3. With respect to continuous variables
of coronary risk factors other than cholesterol, triglyce-
rides and Lp(a) (e.g. apo A-I, apo B), subpopulations
were defined according to the 10th, 25th, 50th, 75th and
90th percentiles of these parameters. Thus, low and
high risk groups were chosen a priori; subgroup analy-
ses were not performed post-hoc.

2.5. Statistical analysis

Statistical analyses were performed using the SPSS
for Windows 95 software (Version 7.52). The distribu-
tion of continuous variables were analysed by the Kol-
mogorov-Smirnov Goodness of Fit Test. For the
comparison of established risk factors between phox
Ag0G and C,,, T genotypes, the relation of both gene
polymorphisms to continuous variables (age, apo A-I,
apo B, fibrinogen, body mass index, packed years) were
tested by Kruskal-Wallis 1-Way Anova. The relations
of the gene polymorphisms to the binary variables
(diabetes, hypertension, cholesterol, triglycerides,
Lp(a)) were checked by y?2 analysis. Established risk
factors of CAD and MI were identified by multiple
regression analysis (MR) (extent of CAD, CHD score)
or multiple logistic regression (MLR) (absence/presence
of CAD or MI). The y>2-test was used to test for
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deviation of genotype distributions from Hardy-Wein-
berg equilibrium. The relations of the gene polymor-
phisms with the extent of CAD was determined by
MR with adjustment for other coronary risk factors.
The relations of the gene polymorphism to MI was
determined by MLR also with adjustment for other
coronary risk factors. A two-sided probability value
of less than 0.05 was considered to indicate statistical
significance.

3. Results

3.1. Distributions of p22 phox C,,,T and A G
genotypes within the study sample and between
coronary risk factors

In controls (blood donors, patients without CAD
and MI), the genotype distributions of both NADH/
NADPH p22 phox gene variations were compatible
with Hardy-Weinberg expectations. With respect to
the C,,,T gene variation, the allele frequencies were
0.68 (0.62-0.74) in blood donors and 0.66 (0.63-0.69)
in patients without CAD and MI for the C allele and
0.32 (0.26-0.38) in blood donors and 0.34 (0.31-0.37)
for persons without CAD and MI for the T allele.
With respect to the A4,G gene variation, the allele
frequencies were 0.48 (0.41-0.54) in blood donors
and 0.47 (0.44-0.50) in patients without CAD and
MI for the A allele and 0.52 (0.46-0.58) in blood
donors and 0.53 (0.50-0.57) for persons without
CAD and MI for the G allele. In the total sample of
2205 participants, both p22 phox gene polymorphisms
were in linkage disequilibrium (P < 0.0001), since the
C,4, T CC genotype was preferentially found in a sub-
group of AqG GG homozygotes and the C,,,T TT
genotype in a subpopulation of Ay G AA ho-
mozygotes (Table 1). Established risk factors of CHD
were not significantly different between the genotypes
of the p22 phox C,,, T and AG gene variations
(not shown).

Table 1

3.2. Relation of established risk factors and of p22
phox C,,,T and Ag,G gene variations to coronary
artery disease and myocardial infarction

Coronary risk factors. Apo B, Lp(a), diabetes mel-
litus, hypertension, smoking habit and age could be
demonstrated as risk factors for CAD, and apo A-I
and high apo A-I/apo B ratios as protective factors
against CAD (Table 2). Apo B, smoking habit,
fibrinogen plasma levels and age were identified as
risk factors of MI, and apo A-I and high apo A-I/
apo B ratios as protective factors against MI (Table
2).

NADH/NADPH oxidase p22 phox C,,,T gene
polymorphism. In the total population, the relative
frequency of the C and T alleles of the C,,,T gene
variation were essentially the same in patients without
or with single, double or triple vessel disease (not
shown). Similar observations were made when sub-
jects without CAD were compared with the subpopu-
lation of all patients with CAD (not shown). In
addition, the mean CHD scores of C,,,T genotypes
did not differ either in the total population or in
various low and high risk groups (for definition of
low and high risk groups, see Section 2.4; data not
shown). For example, subgroups of younger individu-
als (<62 years, mean age of population) with or
without restriction to other coronary risk factors had
similar CHD scores as participants of the total popu-
lation (not shown). Finally, no differences in C and T
allele frequencies were observed between subjects
without and patients with nonfatal MI either in the
total sample (Table 1) or in low or high risk subpop-
ulations (not shown).

NADH/NADPH oxidase p22 phox AgG gene
polymorphism. In the total population, the relative
frequencies of the A and G alleles of the Aq,,G gene
polymorphism significantly differed between the sub-
group of individuals without and the subpopulation
of patients with single, double or triple vessel disease
(Tables 3 and 4; multiple logistic regression (MLR),

Distributions between NADH/NADPH oxidase p22 phox C,,,T and Ag,G genotypes®

P22 phox Ag G AA

P22 phox A G AG

P22 phox Aq G GG Total

p22 phox C,,,T CC 149 (15.3%)
p22 phox C,,,T CT 267 (27.9%)
p22 phox C,,,T TT 129 (47.4%)
Total 545 (24.7%)

473 (48.4%)
514 (53.7%)
109 (40.1%)

1096 (49.7%)

355 (36.3%)
175 (18.3%)
34 (12.5%)

564 (25.6%)

977 (100%)
956 (100%)
272 (100%)

2205 (100%)

2 The distribution between both genotypes was checked by Chi square analysis. Both polymorphisms were in linkage disequilibrium (P <0.0001),
since the C,,, T CC genotype was preferentially found in a subgroup of Ay, G GG homozygotes and the C,,,T TT genotype in a subpopulation

of AgsoG AA homozygotes.



318 A. Gardemann et al. / Atherosclerosis 145 (1999) 315-323

Table 2

Risk factors of coronary artery disease and myocardial infarction in controls and cases®

+Coronary artery disease

+Myocardial infarction

Mean value of total sample

Risk factor —CAD +CAD 2p —MI +MI 2p

Age (years) 58.5+10.5 62.7+9.3 0.00001 61.4+99 62.24+9.5 0.006 61.8 +9.7
BMI (kg/m~—?) 269+35 269+33 0.344 269 +34 269+33 0.836 269+34
Smoking habit (pack years) 19.0 +£23 23.0 +26 0.025 199+ 24 24.4 426 0.001 22.0 +25
% Diabetes 11 20 0.006 17 19 0.664 18

% Hypertension 54 65 0.00001 63 62 0.831 62

Chol (>200 mg/dl=2) (%) 53 58 0.837 58 56 0.193 57

Trigl (>mg/d1=2) (%) 35 4 0.253 39 41 0.986 40

Apo A-I (g/l) 1.47 +0.31 1.41/0.29 0.00001  1.45+0.29 1.40+£0.29 0.0001 1.434+0.29
Apo B (g/l) 1.21+0.33 1.30+0.35 0.00001 1.26 +0.34 1.29+0.36 0.0028 1.27 +0.35
Apo A-I/Apo B ratio 1.30+£0.47 1.16+0.44 0.00001  1.22 +0.41 1.16+0.5  0.0001 1.1940.45
Lp(a) (>30 mg/l) (%) 24 33 0.0002 30 33 0.522 31
Fibrinogen 337+1.65 3.5+1.05 0.443 3.40 +1.31 3.57+1.07 0.032 3474121

# Values are means + S.D. or a percentage of a group. The relations of the coronary risk factors to the presence of CAD and to myocardial
infarction were analysed by multiple logistic regression. n.s., not significant. Abbreviations: Apo A-I, apolipoprotein AI; Apo B, apolipoprotein

B; Lp(a), lipoprotein (a); Chol, cholesterol; Trig, triglycerides.

2p =0.038). In addition, an association of the Ag,G
gene variation was observed not only with the presence
but also with the extent of CAD (multiple regression
(MR), P =0.045; Tables 3 and 4). We place particular
emphasis on the fact that these associations did not
disappear when the analyses were corrected for multiple
comparisons for two or more gene polymorphisms. For
example, we found in the total study sample an associ-
ation of the Ag(G gene polymorphism with the pres-
ence of CAD with adjustment to coronary risk factors
and various gene polymorphisms which have been pos-
tulated to be associated with coronary vascular disease
(ACE I/D gene variation, angiotensinogen T,,,M and
M,;sT gene polymorphisms, AT, receptor gene varia-
tion, paraoxonase PON54 and PON191 gene variation,
phox C,,,T gene polymorphism) (2p in MLR =0.01).
In addition, an association of the Ag,,G gene polymor-
phism with the extent of CAD was also significant
under the above-mentioned conditions (2p in MR =
0.039). In general, the association was characterised by
a higher relative frequency of G allele carriers in con-
trols and of AA homozygotes in CAD patients. These
observations were also made when a previous MI was
introduced as additional risk factor in multiple regres-
sion analyses (not shown). Since the biological function
of the AgG gene polymorphism is unknown, the ob-
tained results can be interpreted in twofold manner:
(1) The prevalence of the G allele (AG + GG geno-
types) was significantly more frequent in control sub-
jects than in patients with CAD (Odds ratio (OR) 0.75,
0.58-0.99; P =0.038). These ‘protective’ effects of the
G allele were more pronounced when the study sample
was restricted to high risk populations of younger
patients (Table 4). For example, in hypertensive,
younger patients ( < 62 years, mean age of population),

an OR of 0.43 (0.27-0.72) was calculated (P =0.001).
After additional restriction to patients with high apo B
plasma levels ( > 1.48 g/I; 75th percentile of study sam-
ple; reference range for apo B in males: 0.6—1.4 g/I) an
OR of 0.27 (0.09-0.85) was calculated (P =0.047,
Table 4). A low OR of 0.1 (0.03-0.36) was detected in
hypertensive, younger subjects without treatment with
acetylsalicylic acid (P = 0.0005). Similar observations
were made in a subgroup of younger, hypertensive
individuals without treatment with [ blockers (not
shown). Diabetes did not alter the link between the G
allele and CAD (not shown).

(2) The prevalence of AA homozygotes was signifi-
cantly more frequent in CAD patients than in controls
(OR 1.32, 1.01-1.73; P=0.038) (Table 4). In various
high risk populations of younger individuals, a strong
association of the AA genotype with CAD was ob-
served (Table 4). For example, in a subpopulation of
younger, hypertensive individuals with high apo B lev-
els (> 1.48 g/l; 75th percentile of study sample) an OR
of 3.69 (1.17-11.6) was calculated (P = 0.047; Table 4).
A high OR of 10.21 (2.8—-37) was detected in younger,
hypertensive individuals without treatment with acetyl-
salicylic acid (P =0.0005). The absence or presence of
diabetes did not influence the association of the AA
genotype with CAD (not shown).

An association of the p22 phox A, G gene variation
with the extent of CAD was also observed when the
CHD scores of the Ay G A/G genotypes were com-
pared with each other (Figs. 1 and 2). Whereas in the
total population (not shown) and in younger individu-
als (Fig. 1) essentially the same CHD scores were
measured, younger, hypertensive patients with GG
genotype had lower CHD scores than AA ho-
mozygotes; AG heterozygotes had intermediate values



Table 3

Distribution of the NADH/NADPH oxidase p22 phox C,,,T and A4, G genotypes in subjects without any or single-, double-, or triple-vessel
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disease and individuals with or without myocardial infarction®

C,,,T genotypes

C,,,T alleles

Ag40G genotypes

Ag40G alleles

Age (years) n = CC CT TT C (95% CI) T (95% CI) AA AG GG A (95% CI) G (95% CI)
+CAD

NVD  585+10.6 499 226 208 65 0.66 (0.63-0.69) 0.34 (0.31-0.37) 107 251 141 0.47 (0.44-0.50)  0.53 (0.50-0.57)
SVD 612497 448 205 184 59  0.66 (0.63-0.69) 0.34 (0.31-0.37) 112 228 108 0.50 (0.47-0.54)  0.50 (0.46-0.53)
DVD  62.7+9.8 478 220 204 54  0.67 (0.64-0.70) 0.33 (0.30-0.36) 121 239 118 0.50 (0.47-0.54)  0.50 (0.47-0.53)
TVD  63.7+86 780 326 360 94  0.65 (0.63-0.67) 0.35(0.33-0.38) 205 378 197 0.51 (0.48-0.53)  0.49 (0.47-0.52)
+ MI

No MI 614499 1174 530 499 145 0.66 (0.64-0.68) 0.34 (0.32-0.36) 291 597 286 0.50 (0.48-0.52)  0.50 (0.48-0.52)
>1 MI 62.2/9.5 1031 447 457 127 0.66 (0.63-0.68) 0.34 (0.32-0.37) 254 499 278 0.49 (0.47-0.51) 0.51 (0.49-0.53)

@ Coronary angiography was performed by the Judkins method. Vessels were defined as diseased if at least 50% stenosis were demonstrated.
Acute myocardial infarction were diagnosed according to criteria by the World Health Organisation. Abbreviations: NVD, no vessel disease
(persons without any detectable stenosis of coronary arteries (CHD score/0) or patients with less than 50% stenosis of coronary arteries); SVD,
single vessel disease; DVD, double vessel disease; TVD, triple vessel disease. Age is given as mean + S.D.

(Fig. 1) (P =0.03). Further restriction to subjects with
high apo B plasma levels (> 1.48 g/l; 75th percentile
of study sample) yielded stronger differences in CHD
scores (P=0.018) (Fig. 1). A restriction to even
higher apo B levels (>1.71 g/l; 90th percentile of
study sample) further enhanced the differences in
CHD scores between younger, hypertensive Ay, G
genotypes (P =0.004) (Fig. 1). Pronounced differences
in CHD scores were also observed in younger, hyper-
tensive patients without treatment with acetylsalicylic
acid (P =0.007) and/or B blockers (P =0.015) (Fig.
2). In contrast, in older patients (62 years, mean age
of population) no associations with the presence or
extent of CAD were observed (not shown).

No association of the Aq,G gene variation with
the risk of nonfatal MI was observed either in the
total sample (Table 1) or in low or high risk subpop-
ulations (not shown).

4. Discussion
4.1. Comparison to the study of Inoue et al.

Recently in a Japanese population [6], Inoue et al.
presented evidence that the C,,,T, but not the Ag,,G
gene polymorphism of p22 phox is a novel genetic
marker which might have a protective effect on coro-
nary risk. It was the aim of the present investigation
to analyse the relationships of both gene polymor-
phisms with CHD. The present results clearly demon-
strate that our observations are in pronounced
contrast to the results of Inoue et al. This conclusion
applies predominantly to two aspects of both studies:
(a) The present study revealed remarkable differences
with respect to the allele frequencies of the Japanese
study [6]. In the present investigation the T allele fre-

quencies of the C,,,T gene variation were consider-
ably higher (0.34) than in the Japanese study (0.13 in
controls and 0.08 in cases) [6]. In addition, the Ag,,G
G allele frequency of the present investigation was
lower (0.49-0.53) than in the sample of Inoue et al.
[6] (0.59-0.61); (b) Not only with respect to the allele
frequencies, the analyses of the present investigation
contrast remarkably to those of the Japanese study
[6] which presented evidence that the C,,,T gene vari-
ation, but not the AqG gene polymorphism, is a
novel genetic marker; T allele having a protective ef-
fect on coronary risk. Although these divergent obser-
vations may be caused also by differences in genetic
background, other reasons may be responsible for the
conflicting results of both investigation. The differ-
ences in the designs of the studies are probably the
most important factor.

(1) Choice of participants. The study population of
Inoue et al. [6] comprised both females and males,
whereas the present investigation was restricted to
male individuals.

(2) Size of the study sample. The sample size of the
study of Inoue et al. [6] is rather small (n=402)
thereby increasing the possibility of finding associa-
tions due to sampling variation and chance alone. It
should be stressed that the main message of this
study is based on the comparison of 53 C,,,T T allele
carriers of the control group with 28 CAD patients
who had at least one T allele [6].

(3) Choice of statistical tests. Inoue et al. [6] applied
only univariate analyses; with these procedures (Stu-
dent’s t—test, Fisher’s exact test) smoking habit, hyperc-
holesterolaecmia, diabetes mellitus and hypertension
were defined as risk factors of coronary artery disease.
We applied multivariate analyses (Section 2.5) and
identified Apo B, Lp(a), diabetes mellitus, hypertension,
smoking habit and age as risk factors for CAD, and



Table 4

Estimates of relative risk of CAD in patients with p22 phox Aq,G AG+ GG genotypes compared to AA homozygotes and in AA homozygotes compared to G allele carriers®

Inclusion criteria —CAD +CAD OR OR 2p 2p
AA vs. AG, GG  AG, GG vs. AA  Presence of Extent of CAD
n AA AG GG AA AG GG CAD

Total sample 2205 107 (123.3) 251 (248.0) 141 (127.6) 438 (421.7) 845 (848.0) 423 (436.4) 1.32 (1.01-1.73) 0.75 (0.58-0.99) 0.038 0.045

Age <62 years 1040 60 (76.0) 153 (146.2) 91 (81.8) 200 (184.0) 347 (353.8) 189 (198.2)  1.55 (1.09-2.21) 0.64 (0.45-0.92) 0.015 0.042

Age <62 years+ 248 8 (13.7) 23 (25.9) 23 (14.4) 55 (49.3) 96 (93.1) 43 (51.6) 2.25 (1.08-4.75) 0.44 (0.21-0.94) 0.041 0.047
Apo B/1.48 g/l

Age <62 years+ 620 29 (42.3) 85 (74.9) 44 (40.8) 137 (123.7) 209 (219.1) 116 (119.2)  2.29 (1.40-3.76) 0.43 (0.27-0.72) 0.001 0.008
Hypertension

Age <62 years+ 142 3(7.9) 16 (14.6) 12 (8.5) 33 (28.1) 51 (52.4) 27 (30.5) 3.69 (1.17-11.6) 0.27 (0.09-0.85) 0.047 0.035
Hypertension +
Apo B>1.48 g/l

Age <62 years+ 139 3 (13.5) 36 (28.1) 16 (13.5) 31 (20.5) 35 (42.9) 18 (20.5) 10.21 (2.8-37) 0.10 (0.03-0.36) 0.0005 0.001

Hypertension +
No ASS

# Coronary angiography was performed by the Judkins method. The presence of the G allele was compared between individuals without CAD (n = 499) and patients with CAD (n = 1706). For
each OR (with 95% CI) we calculated two-tailed P-values by multiple logistic regression with adjustment for coronary risk factors. The extent of CAD was checked by multiple regression analysis
also with adjustment for coronary risk factors. Expected genotype numbers are given in parentheses. Abbreviations: Apo A-I, apolipoprotein Al; Apo B, apolipoprotein B; ASS, acetylsalicylic

acid.
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Fig. 1. Comparison of mean coronary heart disease scores between subjects with different NADH/NADPH p22 phox A,,G genotypes in younger
individuals. Coronary angiography was performed by the Judkins method. The coronary heart disease (CHD) score was calculated as defined by
Gensini [8]. “Younger individuals’ were younger than 62 years (mean age of population). Values are means + S.E.M. The mean CHD scores of
the different subpopulations were compared by multiple regression analysis with adjustment to coronary risk factors. Numbers of participants are

given in parentheses.

apo A-I and high apo A-I/apo B ratios as protective
factors against CAD (Table 2). In this context it is
worth consideration that—compared to our univariate
analyses (data not shown)—we did not observe a dilu-
tion, but a similar value or even a slight increase in the
association of the A604G AA genotype with CAD in
multiple regression analyses with adjustment for estab-
lished coronary risk factors. Reasons for this observa-
tion remain to be identified.

(4) Choice of control groups. Another important dif-
ference between both studies consists in the choice of
the control groups: Inoue et al. recruited CAD patients
from the Kobe University Hospital; controls were se-
lected from the inpatients of the hospital who had no
documented coronary heart disease or peripheral
atherosclerosis. No information was presented by Inoue
et al. [6] whether detailed questionnaires and or diag-
nostic procedures were used to exclude coronary heart
disease in control subjects. In our study, a separate
control sample of subjects without symptoms of heart
disease was not established. Therefore, we stress that in
the present investigation the genotype distribution was
analysed of patients who underwent coronary angiogra-
phy on account of coronary heart disease as verified
illness or presumptive diagnosis and for clarification of
restricted left ventricular function (Section 2.1). Never-
theless, all the evidence of former investigations [17-20]
points to the fact that our study sample is suitable for
the investigation of new candidate genes as risk factors
or disease markers for the presence and the extent of
coronary artery disease. However, due to the lack of an

additional control group, it might not be valid to
compare patients with and without myocardial infarc-
tion but undergoing coronary angiography. Three ob-
servations argue against this hypothesis: (a) The
frequencies of the A and G alleles of the Ay, G gene
polymorphism and of the C and T alleles of the C,,,T
gene variation within a subgroup of patients without
CAD and MI were similar to the allele frequencies of
the C,,,T and A4,,G gene variations in a population of
healthy blood donors (data not shown). Although not
only CHD patients, but also healthy blood donors are
not representative for the general population, the con-
formity of the allele frequencies between blood donors
and CHD patients may justify the assumptions that
these allele frequencies are similar to those in the
general population in Western Europe, and that the
differences in allele frequencies between the study of
Inoue et al. [6] and our investigation may reflect differ-
ences in genetic background. These assumptions are
supported by the following observations: In other in-
vestigations of our study sample in which an associa-
tion of another gene polymorphism with the risk of MI
was identified, we detected that the allele frequencies of
patients without MI or of subjects without CAD and
MI were similar to Western European control groups
[17,21,22] [Cgy, T gene polymorphism of the platelet
glycoprotein Ia (GPIa), unpublished observation].
Therefore, it is fair to suggest that in the present
sample, the MI analyses for both gene variations were
not distorted by unrepresentative genotype distribu-
tions; (b) Established risk factors of myocardial infarc-
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tion like age, apo B, fibrinogen levels and cigarette
consumption and protective factors against MI like
apo A-I and high apo A-I/apo B ratios could be
identified in the present study sample by multivariate
analysis (Section 2.5). When the group of patients
without myocardial infarction was restricted to indi-
viduals without CAD not only the above-mentioned
risk factors, but also diabetes mellitus and hyperten-
sion, were identified as risk factors of MI (data not
shown). When this subgroup was compared to MI
patients, we also did not detect an association of one
of the p22 phox gene variations with the risk of MI
(data not shown). These observation also apply to the
comparison between MI individuals without any signs
of coronary artery disease (CHD score =0) and MI
patients; (c) In the present study sample, associations
of gene variations could be detected not only with the
presence or extent of CAD [17-20], but also with the
risk of MI [17,21,22]. Most recently, we were able to
identify a strong association between the T allele of
the Cg; T gene polymorphism of the platelet adhesion
molecule GPla and the risk of MI among individuals
younger than the mean age of 62 years [unpublished
observation]. The relative risk of MI increased for
T807 carriers with decreasing age; the highest relative
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Fig. 2. Comparison of mean coronary heart disease scores between
subjects with different NADH/NADPH p22 phox AgG genotypes
in younger individuals with hypertension who were not treated with 8
blockers or acetylsalicylic acid. Coronary angiography was performed
by the Judkins method. The coronary heart disease (CHD) score was
calculated as defined by Gensini [8]. “Younger individuals’ were
younger than 62 years (mean age of population). Values are means +
S.E.M. The mean CHD scores of the different subpopulations were
compared by multiple regression analysis with adjustment to coro-
nary risk factors. Numbers of participants are given in parenthe-
ses.Table for reviewer’s information. Comparison of variables
between p22 phox C,,,T and Ag,,G genotypes.

risk was detected within the youngest 10% of the
study sample [unpublished observation]. The above-
mentioned arguments (a—c) support our hypothesis
that comparisons within our study group would lead
to accurate predictions of new genetic risk factors or
disease markers not only of CAD, but also of my-
ocardial infarction. With respect to the present inves-
tigation, it remains unclear why the Aq,G gene
variation was associated with CAD but not with MI.
The MI patients of our study sample were long-time
survivors of MI (mean delay between MI and coro-
nary angiography 3.8 years). This bias of selection
and the fact that the underlying mechanisms of
atherosclerosis and of acute myocardial infarction ex-
hibit in part pronounced differences [23-26], may
partially explain why we observed an association of
Ag0G with CAD but not with nonfatal MI. Since the
mechanisms of involvement of the Ay, G gene poly-
morphism in the development of atherosclerosis and
myocardial infarction are completely unknown, fur-
ther studies are needed to clarify this point.

4.2. Putative mechanism(s) for the association(s) of the
phox gene variations with coronary heart disease

The heme-binding protein p22 phox contains two
histidine residues at amino acid positions 72 and 94,
respectively, which are the potential heme-binding
sites. Since the C,,, T variation causes a substitution
of histidine-72 by tyrosine, Inoue et al. [6] speculated
that this base substitution may be the functional ex-
planation for the association of this gene polymor-
phism with coronary risk. Although we can only
speculate about the causal role of the Ag,G gene
polymorphism, it is possible, that this gene variation,
located in the 3" untranslated region, may modify the
mRNA processing and stability. Therefore, it is con-
ceivable that the A to G transition may influence
alterations in p22 phox protein biosynthesis. Alterna-
tively, it is—of course—possible that the A4, G gene
polymorphism simply acts as neutral marker. Further
studies are clearly needed to clarify the relations of
the p22 phox gene polymorphisms to CVD and to
identify the functional roles of these gene variations.
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