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Impact of ACE and ApoE polymorphisms on myocardial
perfusion: correlation with myocardial single photon
emission computed tomographic imaging

Panagiotis Georgoulias1, Greta Wozniak1, Maria Samara2,3, Ioanna Chiotoglou2,3, Angelos Kontos1,
Chara Tzavara1, Varvara Valotassiou1, Marianthi Georgitsi4, Vassiliki Aleporou-Marinou3, George P Patrinos4,5

and Panagoula Kollia3

Coronary artery disease is associated with multiple genetic and environmental risk factors. In this study, we evaluated the

correlation of angiotensin l-converting enzyme (ACE) (I/D) and ApoE gene polymorphisms (E2, E3, E4 and g.-219G/T) with

myocardial perfusion. We examined 410 patients using exercise–rest myocardial perfusion single photon emission computed

tomography (SPECT), in which the summed stress score (SSS), summed rest score (SRS) and summed difference score (SDS)

indexes were calculated. Homozygotes for the ACE D allele had greater mean values of SSS (Po0.001) and SDS (Po0.001).

In addition, E3 homozygotes, E4 heterozygotes and E4 homozygotes had significantly higher values of SSS and SDS compared

with E3 heterozygotes (Po0.001); E4 homozygotes had significantly higher values of SSS and SDS compared with E3

homozygotes. Furthermore, for the g.-219G4T polymorphic site at the promoter region of ApoE gene, the mean values of SSS

and SDS were significantly higher for T heterozygotes/homozygotes than for GG homozygotes. Adjusting for all demographic and

clinical data using multiple linear regression analysis it was found that ACE D and both ApoE genotypes were independent

predictors with a cumulative contribution for the prediction of SSS and SDS. Furthermore, logistic regression analysis revealed

that all three genotypes had an independent predictive ability for abnormal SSS (SSS42). These data provide the first evidence

of an association and significant cumulative contribution of the aforementioned genotypes in myocardial perfusion with E4 allele

having the strongest association followed by ACE D and ApoE g.-219T alleles.
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INTRODUCTION

Coronary artery disease (CAD) and its severe complications are
leading causes of disability and death in the developed world.1 CAD
is a chronic disease caused by multiple genetic and environmental risk
factors, such as cigarette smoking, stress and a sedentary lifestyle.2,3

Specific genetic causes for CAD have been identified in members of
families affected by monogenetic forms of hypercholesterolemia, such
as familial hypercholesterolemia.4 However, in the general population,
the multifactorial etiology of CAD is not fully understood.5 The
cumulative effects of both genetic and environmental factors have
been the focus of recent attention.6 However, the major challenge
confronting researchers is to identify the predominant genetic factor
and determine how the environmental factor modulates the

expression of candidate genes associated with risk for atherosclerosis
and CAD.
Several studies have shown an association between CAD and

polymorphisms in genes related to the control of blood pressure
and lipid metabolism, like angiotensin l-converting enzyme (ACE)
and apolipoprotein E (ApoE). Angiotensin II, a very potent vasocon-
strictor, is generated by the angiotensin I-converting enzyme (ACE).
ACE expression is associated with a deletion (D)/insertion (I) poly-
morphism in intron 16 of the ACE gene. The D allele was recognized
as being associated with high ACE activity in the plasma, increased
blood pressure and myocardial infarction risk. There is compelling
evidence of an association between variation in the ApoE gene, and
risk and severity of coronary artery disease (CAD) and Alzheimer’s
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disease. The E2/E3/E4 polymorphism in the coding region of the gene
has been studied extensively, with the E4 allele consistently found to be
associated with increased risk of these diseases. The E2, E3 and E4
alleles, respectively, encode the apoE2, apoE3 and apoE4 isoforms that
differ in amino-acid sequence at residues 112 and 158, with the E2
isoform having a cysteine at both sites, the E3 isoform having a
cysteine and an arginine, respectively, and the E4 isoform possessing
an arginine at both residues. However, these results have not been
consistent6 and they have never been associated with myocardial
perfusion scintigraphy, the only widely available method of assessing
myocardial perfusion directly. Myocardial single photon emission
tomography (SPECT) is a well established method for the realistic
approach of myocardial perfusion. The diagnostic and prognostic
value of this method has already been extensively reported previously.7

On the basis of these considerations, we designed a study, specifically
aiming to evaluate the effect of ACE (I/D) and the E2/E3/E4 poly-
morphism in the coding region of the ApoE gene as well as the
functional polymorphism (g.-219G4T) in the promoter of the ApoE
gene on myocardial perfusion by focusing on the correlation with
myocardial SPECT imaging in a large number of Greek patients. ApoE
has a key role in lipoprotein metabolism working as a receptor ligand
for the uptake of lipoproteins from circulation, which has been
proposed as a risk factor for cardiovascular events.8 The apoE-
encoding gene (ApoE) has a common Hhal polymorphism located
in exon 4 that results in three alleles: e2, e3 and e4. Moreover, several
polymorphisms in the promoter of the gene have also been identified,
and it has been shown that the g.-219G4T polymorphism exerts an
allele-specific effect on ApoE expression such that the T allelic
promoter has a lower transcriptional activity than the G allelic
promoter.9 Previous studies have shown an association of ApoE gene
polymorphisms with variation serum concentrations, hypertension
and risk of myocardial infarction.10,11 Our results show the first
evidence of an association of ACE and ApoE polymorphisms with
myocardial perfusion and suggest that the proposed effect of the
abovementioned polymorphisms may have important influence on
early patient risk stratification.

MATERIALS AND METHODS

Study subjects
The study cohort consisted of 410 patients (271 men and 139 women) mostly

from Central Greece, ranging in age from 40 to 87 years (mean age 61.4±10.3

years). In total, 904 patients were referred between March 2005 and February

2007 for a symptom-limited exercise testing combined with a SPECT myo-

cardial perfusion imaging, to evaluate known or suspected CAD and stratify

patient risk (Table 1). Fifty one of these patients (13%) had previously

determined CAD, according to a previous angiography (13 had single-vessel

disease, 22 had two-vessel disease and 16 had three-vessel disease).

In our study, we excluded patients younger than 40 years, pregnant women

and patients whose myocardial perfusion imaging might have been affected by

factors other than myocardial ischemia. We, therefore, excluded patients with

left bundle branch block, cardiomyopathy and those patients with an implanted

pacemaker. We also excluded patients with a previous cardiac surgery (bypass

grafting or angioplasty), those with contraindication to or inability to perform

treadmill testing, or to achieve a satisfactory exercise level because of an

exocardiac condition and patients taking digoxin (due to it’s prolonged effect).

Moreover, we excluded patients with a history or other evidence of myocardial

infraction, as they comprise an inhomogeneous group whose myocardial

perfusion study is affected not only by myocardial ischemia but also by necrosis

related to both episode severity and applied therapy. However, 502 patients

were excluded from the study because they did not meet the inclusion criteria,

whereas 32 patients refused to participate in the study.

Medications (b-blockers, calcium channel antagonists and nitrates) that

could possibly influence patient performance on exercise testing and the related

variables were temporarily withdrawn (for approximately five half-lives), as

described previously.12,13

Before testing, all patients gave informed consent for their complete

participation according to the Hospital Ethical Committee, which approved

this study, and the ethical standards laid down in the 1964 Declaration of

Helsinki, and a brief structured interview from which we obtained data on

symptoms, medications, previous cardiac events, coronary risk factors and

cardiac or non-cardiac diagnoses.

Hypertension was defined as a condition with systolic blood pressure of

140mmHg or greater at rest and/or a diastolic blood pressure of 90mmHg or

greater at rest, or treatment with antihypertensive medicines. Diagnoses of

diabetes mellitus and lipid disorders were derived from the interviews with the

patients and the use of corresponding medications. Obesity was considered as a

condition with body mass index (BMI calculated as weight in kilograms

divided by height in meters squared) value of 30.0 or greater.

Genetic analysis
Genomic DNA was extracted from peripheral blood leukocytes using the

salting-out method.14 ACE I/D polymorphism genotyping was carried out by

polymerase chain reaction (PCR), as previously described.15 Each DD genotype

was confirmed through a second PCR with primers specific for the insertion

sequence.16 The ApoE gene polymorphism (E2/E3/E4) was detected by PCR

with primer sequences derived from the procedure used by Hixson and

Vernier.17 Moreover, these substitutions in the ACE and ApoE genes were

analyzed, according to the CVD StripAssay (ViennaLab, Vienna, Austria). For

the g.-219 G/T polymorphic site, a DNA fragment, containing this site, was

amplified using PCR primers 5¢-AGAATGGAGGAGGGTGCCTG-3¢ (FW) and

5¢-ACTCAAGGATCCCAGACTTG-3¢ (RV), followed by digestion with the

BstNI restriction enzyme and gel electrophoresis.

Exercise testing
After discontinuing cardioactive medication, a 12-h fasting and avoiding

smoking or engaging in heavy physical activity for, at least, 3 h before the

examination, the patients underwent a symptom-limited treadmill exercise

testing (Bruce protocol), as described previously.13 Data on symptoms and

Table 1 Demographic and clinical characteristics of the study cohort

Total (N¼410) N (%)

Sex (men) 271 (66.1)

Age (years), mean (s.d.) 61.4±10.3

Smoking 109 (26.6)

Obesity 152 (37.1)

Hypertension 244 (59.5)

Lipid disorder 178 (43.4)

Diabetes 109 (26.6)

Use of b-blockers 66 (16.1)

Use of calcium-channel antagonists 53 (12.9)

Use of nitrates 35 (8.5)

Abnormal ST-segment response 82 (20.0)

Maximal heart-rate, mean (s.d.) 136.8±31.1

Maximal systolic blood pressure, mean (s.d.) 178.3±27.4

Double product (�100), mean (s.d.) 247.6±75.1

Metabolic Equivalents, mean (s.d.) 10.3±3

Angina during exercise testing 27 (6.6)

LHR, mean (s.d.) 0.98 (0.07)

TID index, mean (s.d.) 0.46 (0.04)

Abnormal TID index 88(21.5)

Myocardial perfusion SSS, mean (s.d.) 5.3±4.9

Myocardial perfusion SRS, mean (s.d.) 0.7±1.3

Myocardial perfusion SDS, mean (s.d.) 4.6±4.2

Abbreviations: SDS, summed difference score; SRS, summed rest score; SSS, summed stress
score, TID, transient ischemic dilation.

ACE, ApoE gene polymorphisms and myocardial perfusion
P Georgoulias et al

596

Journal of Human Genetics



estimated workload in metabolic equivalents—METs (using standard tables)

were obtained.18

SPECT myocardial perfusion imaging
Myocardial perfusion studies were carried out using thallium-201 (Tl-201) or

technetium-99m (Tc-99m) tetrofosmin (Myoview, Amersham Health, Arlington

Heights, IL, USA).7,12,13 Acquisition and processing protocols used in our

department of Nuclear Medicine for Tl-201 and Tc-99m-tetrofosmin SPECT

studies have been described in detail elsewhere, according to EANM/ESC

procedural guidelines.12,13 In the unprocessed anterior projection image of

Tl-201 studies, acquired as part of the initial imaging process, the lung/heart

ratio (LHR) of Tl-201 activity was measured, as described in a previous report,

and values o0.55 were considered to be normal.19

We carried out polar and three-dimensional mapping in all studies (with

Tl-201 or Tc-99m tetrofosmin) and calculated the transient ischemic dilation

(TID) index (Sopha medical Vision software), which is determined as an index

of the pathologic dilation of the left ventricle at stress, as compared with rest

(normal values o1.2). Both the LHR and TID indexes are considered to be

indexes of severe myocardial ischemia.12 For SPECT interpretation, the

myocardium of the left ventricle was divided into 17 segments, according to

previous reports.20,21 Two independent experienced observers blindly evaluated

the reconstructed images, the polar maps and the three-dimensional images of

both stress and rest studies by scoring the radiotracer uptake in each of the 17

regions, using a 5-point scoring system (0: normal uptake; 1: mildly reduced

uptake; 2: moderately reduced uptake; 3: severely reduced uptake and 4: no

uptake).20,21

In 12 studies (5.8%) in which discordance between the two observers was

detected (difference42 in SSS and/or SRS values), the view of a third observer

was requested and the disagreement was resolved by consensus.13,19,20 Ischemia

was considered in every region of the myocardium with an uptake higher than

0 at stress imaging and a reduction of the score by, at least, one unit at rest.

Finally, the ‘summed stress score’ (SSS) and ‘summed rest score’ (SRS) were

obtained by adding the scores of the regions in stress and rest studies.

Subsequently, a ‘summed difference score’ (SDS) was estimated by subtracting

the SRS from the SSS to assess defect reversibility.13,19–21

Studies with an SSS value equal oro2 were considered normal, an SSS value

of 3–8 was considered mildly abnormal, a score of 9–13 moderately abnormal

and an SSS413 was considered severely abnormal.22

Statistical analysis
Continuous variables are presented as mean±s.d. Student’s t-test was used for

the comparison of proportions and of the mean values of SSS and SDS between

two groups, respectively. Analysis of variance (ANOVA) was used for the

comparison of SSS and SDS values between three genotypes groups. Bonferroni

correction was carried out to control for multiple testing.

To explore the independent association of genotypes with SPECT variables,

TID index and LHR after adjusting for age, sex, smoking, the presence of chest

pain, diabetes, hypertension, obesity, lipid disorder, the use or non-use of

cardioactive medications (b-blockers, calcium channel antagonists and

nitrates), exercise duration, maximal systolic blood pressure, maximal heart-

rate, METs, double product, angina and abnormal ST response during exercise

testing, linear regression models were carried out. Regression coefficients with

their s.e. and coefficients of determination of the models (adjusted R2) are

presented from the results of the linear regression analysis. Multiple logistic

regression analysis was also carried out to evaluate the independent association

of genotypes with SSS42. Adjusted odds ratios with 95% confidence intervals

were computed from the results of logistic regression analyses. For all regression

analyses two models were carried out. The first model (model 1) contained

genotypes as categorical variables and comparisons between different categories

were made. The second model (model 2) contained genotypes as continuous

variables to explore the existence of a gene dose effect on the outcomes

(genotypes were ranked as follows: ACE D: I/I¼1, I/D¼2 and D/D¼3; ApoE:

E2/E2¼1, E2/E3¼2, E3/E3¼3, E2/E4¼4, E3/E4¼5, E4/E4¼6 and ApoE g.-219:

GG¼1, GT¼2, TT¼3). All reported P-values are two-tailed. Statistical

significance was set at Po0.05 and analyses were conducted using SPSS

statistical software (version 13.0).

RESULTS

The study population consisted of 410 patients (mean age 61.4±10.3
years, range 40–87). The demographic and clinical characteristics of
the study group are shown in Table 1.
Three hundred and eight patients (75%) underwent myocardial

SPECT imaging using Tl-201 and 102 patients (25%), especially obese
patients or women with large breasts, were studied using Tc-99m
tetrofosmin, to minimize the effect of soft-tissue attenuation artefacts.
Two hundred and seventy-seven (67.6%) out of the 410 patients

had an abnormal myocardial perfusion SPECT (SSS42). Specifically,
179 patients (43.7%) had a mildly abnormal SPECT study (SSS: 3–8),
53 patients (12.9%) had a moderately abnormal study (SSS: 9–13) and
45 patients (11%) had a severely abnormal study (SSS413). In
addition, 88 patients (21.5%) had an abnormal TID index, whereas
55 patients (17.9%) out of the 308 who were examined using Tl-201
had an abnormal LHR value.
The allele frequencies were D¼0.59, I¼0.41 for ACE polymorphism,

e2¼0.17, e3¼0.73, e4¼0.10 and g.-219G¼0.55, g.-219T¼0.45 for the
coding region and the promoter of ApoÅ gene polymorphisms,
respectively. The ACE I/D genotype distribution was 37.6, 43.9 and
18.5% for D/D, I/D and I/I, respectively. The overall distributions of
ApoE genotypes E2/E2, E2/E3, E3/E3, E2/E4, E3/E4, E4/E4 in our
individuals were 0.5, 26.1, 54.4, 6.6, 12, 0.5%, respectively. The E4
allele was present in 78 (19.1%) patients. Regarding the ApoE g.-219
G/T genotype, distribution was 27.8, 53.4 and 18.8% for g.-219G/G,
g.-219G/T and g.-219T/T, respectively. Table 2 presents the number of
patients with the aforementioned genotypes according to SSS values.
Homozygotes but not heterozygotes for the ACE D had greater

mean values of SSS compared with homozygotes for the ACE I allele
(8.4±6.2 vs 3.5±4.1, Po0.001 and 3.4±3.2 vs 3.5±4.1, P40.999,
Figure 1) and SDS (7.4±5.8 vs 2.9±3.4, Po0.001 and 3.0±2.8 vs
2.9±3.4, P40.999). The mean values of SSS were 2.6±2.4, 5.2±4.5,
9.5±7.2 for E3 heterozygotes (E3/E2), E3 homozygotes and E4
heterozygotes (E4/E2, E4/E3)/homozygotes (E4/E4), respectively

Table 2 Distribution of the different genotypes of ACE (I/D) and ApoE

polymorphic sites (E2/E3/E4, g.-219G/T) in the entire study group

and according to SSS values

Total SSSp2 SSS 3–8 SSS 9–13 SSS413

N¼410 N¼132 N¼187 N¼55 N¼36

ACE I/D

I/I 76 46 18 12 0

I/D 180 70 99 3 8

D/D 154 16 70 40 28

Apo E

E2/E2 2 2 0 0 0

E2/E3 107 61 46 0 0

E3/E3 223 61 107 38 17

E2/E4 27 3 14 2 8

E3/E4 49 5 20 15 9

E4/E4 2 0 0 0 2

ApoE g.-219G/T

G/G 114 60 42 9 3

G/T 219 64 113 30 12

T/T 77 8 32 16 21

Abbreviations: ACE, angiotensin l-converting enzyme; SSS, summed stress score.
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(Figure 2a). The mean values of SDS were 2.2±2.1, 4.4±3.7, 8.9±7.1
for E3/E2 heterozygotes, E3 homozygotes and E4 heterozygotes (E4/
E2, E4/E3)/homozygotes (E4/E4), respectively. E3 homozygotes and
E4 homozygotes or heterozygotes (E4/E2, E4/E3) had significant
greater values of SSS and SDS compared with E3/E2 heterozygotes
(ANOVA, Po0.001 after Bonferroni correction for all comparisons).
In addition, E4 homozygotes had significantly greater values of SSS
and SDS compared with E3 homozygotes (ANOVA, Po0.001 after
Bonferroni correction for all comparisons). Regarding ApoE g.-219G/
T genotypes, the mean values of SSS were 3.0±3.5, 5.0±3.8, 9.9±7.7
for homozygotes for the g.-219G allele, heterozygotes and homozy-
gotes for the g.-219Tallele, respectively (Po0.001 for all comparisons)
(Figure 2b). The mean values of SDS were 2.5±2.9, 4.3±3.5, 8.7±7.3
for homozygotes for the g.-219G allele, heterozygotes and
homozygotes for the g.-219T allele, respectively (Po0.001 for all
comparisons).

To examine the independent predictive ability of genotypes on SSS
and SDS multiple linear regression models were used. Adjusting the
analysis for age, sex, smoking, the presence of chest pain, diabetes,
hypertension, obesity, lipid disorder, the use or non-use of cardioac-
tive medications (b-blockers, calcium channel antagonists and
nitrates), exercise duration, maximal systolic blood pressure, maximal
heart-rate, METs, double product, angina and abnormal ST response
during exercise testing, the three genotypes were significantly asso-
ciated with SSS and SDS. Results from multiple analyses are presented
in Table 3.
ACE D, ApoE and ApoE g.-219 genotypes were found to be

independent predictors of SSS and SDS. E3 homozygotes and E4
homozygotes or heterozygotes (E4/E2, E4/E3) had significant greater
values of SSS compared with E3/E2 heterozygotes, with E4 allele
revealing the strongest association (standardized regression coefficient
is 0.48 for SSS and 0.52 for SDS). An increase in adjusted R2 was
found when genotypes were simultaneously added to the regression
model revealing the significant cumulative contribution of the afore-
mentioned genotypes for the prediction of SSS and SDS. The results
were similar, when ACE D, ApoE and ApoE g.-219 genotypes were
treated as continuous variables in the model to explore any gene dose
effect on SSS and SDS (Table 3). Ranking the ACE D, Apo E and ApoE
g.-219 genotypes as follows: ACE D: I/I¼1, I/D¼2 and D/D¼3; ApoE:
E2/E2¼1, E2/E3¼2, E3/E3¼3, E2/E4¼4, E3/E4¼5, E4/E4¼6 and
ApoE g.-219G/G¼1, g.-219G/T¼2, g.-219T/T¼3, it was found an
additive effect with SSS and SDS. Apo E had the strongest association,
as defined from the standardized regression coefficients, followed by
ACE D and ApoE g.-219 genotypes.
The association of TID index and LHR with the ACE D, Apo E and

ApoE g.-219 genotypes was also explored (Table 4) using multiple
regression analysis. All genotypes were found to be independent
predictors of TID index and LHR. Similar to SPECT variables, Apo
E had the strongest association following by ACE D and ApoE g.-219
genotypes. The genotypes had an addictive contribution in the
prognosis of TID index and LHR as defined from the adjusted R2.
Ranking the ACE D, Apo E and ApoE g.-219 genotypes by their
relative risk an addictive effect on TID index and LHR was found
(model 2 in Table 4).

Figure 1 Mean values and 95% confidence intervals of summed stress score

(SSS) according to the presence of the angiotensin I-converting enzyme

(ACE) D allele.

Figure 2 Mean values and 95% confidence intervals of summed stress score (SSS) according to the presence of the ApoE E3 and E4 alleles (a) and the

ApoE g.-219G/T alleles (b).
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The independent predictive ability of ACE D, Apo E and ApoE
g.-219 genotypes on abnormal SSS was investigated using logistic
regression analysis adjusted for all demographic and clinical data
(Table 5). All genotypes were found to be independent predictors for
SSS42. ACE D homozygotes were 17.92 times more likely to have
abnormal SSS. E3 homozygotes and E4 homozygotes or heterozygotes
(E4/E3, E4/E2) had 8.26 and 35.80 times greater likelihood for
abnormal SSS, respectively, compared with E3/E2 heterozygotes.
Furthermore, g.-219T heterozygotes and homozygotes had 2.17 and

5.81 times greater likelihood for abnormal SSS, respectively, compared
with g.-219G homozygotes. Furthermore, an increase in the rank
categories of genotypes (according to their relative risk) was found to
be associated with an increase in the odds of having abnormal SSS
(model 2 in Table 5).

DISCUSSION

Cardiovascular disease is one of the leading causes of mortality in the
world.23 CAD has a multifactor etiology resulting from the interaction

Table 3 Multiple linear regression models: regression coefficients (b) and s.e. values for SPECT variables

SSS SDS

ba s.e. bb P R2 adjusted ba s.e. bb P R2 adjusted

Model 1c

ACE D homozygotes 5.41 0.55 0.44 o0.001 0.27 4.98 0.51 0.44 o0.001 0.16

Apo E 0.51 0.44

E3 heterozygotes, reference

E3 homozygotes 3.06 0.62 0.26 o0.001 2.71 0.58 0.25 o0.001

E4/E2, E4/E3, E4/E4 9.05 0.83 0.62 o0.001 8.61 0.77 0.64 o0.001

Apo E g.-219G/T 0.59 0.51

g.-219GG, reference

g.-219GT 1.40 0.70 0.12 0.012 1.50 0.66 0.14 0.025

g.-219TT 7.03 0.91 0.49 o0.001 6.72 0.86 0.49 o0.001

Model 2c

ACE 2.98 0.29 0.40 o0.001 0.22 2.76 0.26 0.41 o0.001 0.11

Apo E 3.53 0.31 0.45 o0.001 0.45 3.41 0.29 0.47 o0.001 0.35

Apo E g.-219G/T 1.69 0.32 0.21 o0.001 0.49 1.49 0.30 0.21 o0.001 0.41

Abbreviations: ACE, angiotensin l-converting enzyme; SDS, summed difference score; SPECT, single photon emission computed tomography; SSS, summed stress score.
aAdjusted for age, sex, smoking, the presence of chest pain, diabetes, hypertension, obesity, lipid disorder, the use or non-use of cardioactive medications (b-blockers, calcium channel antagonists,
nitrates), exercise duration, maximal systolic blood pressure, maximal heart-rate, metabolic equivalents (METs), double product, angina and abnormal ST response during exercise testing.
bStandardized regression coefficient.
cIn model 1, genotypes were treated as categorical variables and in model 2 genotypes were treated as continuous variables (ACE D: I/I¼1, I/D¼2 and D/D¼3; APO E: E2/E2¼1, E2/E3¼2,
E3/E3¼3, E2/E4¼4, E3/E4¼5, E4/E4¼6 and ApoE g.-219GG¼1, g.-219GT¼2, g.-219TT¼3).

Table 4 Multiple linear regression models: regression coefficients (b) and s.e. values for TID index and LHR

TID index LHR

ba s.e. bb P R2 adjusted ba s.e. bb P R2 adjusted

Model 1c

ACE D homozygotes 0.05 0.01 0.33 o0.001 0.17 0.03 0.004 0.31 o0.001 0.19

Apo E 0.42 0.45

E3 heterozygotes, reference

E3 homozygotes 0.04 0.01 0.26 0.002 0.02 0.004 0.25 o0.001

E4/E2, E4/E3, E4/E4 0.12 0.02 0.70 o0.001 0.08 0.01 0.71 o0.001

Apo E g.-219G/T 0.48 0.50

g.-219GG, reference

g.-219GT 0.01 0.01 0.05 0.305 0.01 0.004 0.09 0.039

g.-219TT 0.04 0.01 0.19 0.001 0.01 0.01 0.12 0.021

Model 2c

ACE 0.03 0.004 0.29 o0.001 0.10 0.02 0.002 0.32 o0.001 0.11

Apo E 0.06 0.01 0.51 o0.001 0.36 0.03 0.002 0.56 o0.001 0.40

Apo E g.-219G/T 0.01 0.01 0.10 0.026 0.38 0.01 0.002 0.09 0.036 0.43

Abbreviations: ACE, angiotensin l-converting enzyme; LHR, lung/heart ratio; TID, transient ischemic dilation.
aAdjusted for age, sex, smoking, the presence of chest pain, diabetes, hypertension, obesity, lipid disorder, the use or non-use of cardioactive medications (b-blockers, calcium channel antagonists,
nitrates), exercise duration, maximal systolic blood pressure, maximal heart-rate, metabolic equivalents (METs), double product, angina and abnormal ST response during exercise testing.
bStandardized regression coefficient.
cIn model 1, genotypes were treated as categorical variables and in model 2 genotypes were treated as continuous variables (ACE D: I/I¼1, I/D¼2 and D/D¼3; APO E: E2/E2¼1, E2/E3¼2,
E3/E3¼3, E2/E4¼4, E3/E4¼5, E4/E4¼6 and ApoE g.-219GG¼1, g.-219GT¼2, g.-219TT¼3).
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of genetic predisposition and environmental risk factors. Myocardial
perfusion scintigraphy is the only widely available method of assessing
myocardial perfusion directly, and a large body of reports supports its
evidence in the diagnosis of myocardial ischemia and necrosis.
Although the anatomical extent of CAD is shown by coronary
angiography, myocardial perfusion SPECT imaging provides informa-
tion on important features, such as endothelial function, small vessel
function and collateralization, in addition to the hemodynamic
significance of epicardial stenosis. This is the main reason for the
strong power of myocardial SPECT in predicting coronary events,
whereas the method is of proved independent and incremental
prognostic value even after clinical assessment, exercise electrocardio-
graphy and coronary angiography.1,7,24

In this study, we investigated the influence of ACE and ApoE
polymorphisms on myocardial perfusion by evaluating the corre-
sponding SPECT variables, SSS, SDS, TID and LHR. No previous
reports have investigated the role of genetic factors on myocardial
perfusion and association with SPECT studies. Our results show a
significant correlation among the ACE I/D genotype and the afore-
mentioned myocardial SPECT variables. The ACE D allele had an
increased prevalence in heterozygosity or homozygosity in our study
group with abnormal myocardial perfusion SPECT (SSS42). More
specifically, the majority of patients with a moderate to abnormal
SPECT study (SSSX9) were homozygous for D allele, whereas the
distribution of I/I and I/D was equal.
ACE has an important function in blood pressure regulation, in the

progression of atherosclerosis and its clinical manifestations which
may affect the myocardial perfusion and the risk of developing
coronary disease.25 In previous studies, ACE I/D polymorphism was
associated with an increased risk for cardiovascular disease in geneti-

cally homogenous populations,26 although other studies have failed to
detect associations between ACE polymorphism and CAD or myo-
cardial infraction.27,28 The D allele was recognized as being associated
with high ACE activity in plasma, increased blood pressure and
increased risk of plaque rupture in many different populations.29,30

Our results are consistent with these findings according to which the
presence of ACE D/D genotype may modify the myocardial perfusion
promoting an increase of cardiovascular events. These findings show
the importance of studying ACE polymorphism in correlation to
myocardial perfusion values.
Numerous studies in different populations have shown that ApoE

polymorphisms are a major determinant of individual susceptibility to
CAD,31,32 although there are other studies in which the allelic and/or
genotypic impact of ApoE polymorphism has been shown to have
variable significance in terms of predicting the risk of vascular
events.33–36 In our study, almost all patients carrying the e4 allele
had an abnormal myocardial perfusion SPECT (SSS42). The subjects
with ApoE E3/E3 and E3/E4 genotypes were prevalent (86.8%) among
those with moderately and severely abnormal SPECT study (SSSX9).
In addition, the genotype E4/E4 was present only in those with
severely abnormal SPECT study in contrast to its absence from the
individuals with moderate abnormal SPECT values. The distribution
of e3 allele was similar between those with normal and abnormal
SSS value, whereas e2 and e4 allelic frequencies were higher in those
with SSS valuep2 and X9 (Po0.001), respectively. ApoE has a key
role in lipoprotein metabolism working as a receptor ligand
for the uptake of lipoproteins from circulation, which has been
proposed as a risk factor for cardiovascular events.8 The ApoE gene
has a common Hhal polymorphism located in exon 4 that results in
three alleles: e2, e3 and e4. Previous studies have shown an association
of ApoE gene polymorphisms with variation serum concentrations,
hypertension and risk of myocardial infarction.10,11 It has been shown
that individuals with the e2 allele had lower risk of myocardial
infarction and higher in e4 carriers, with a decrease of e4 allele
frequency across the countries from Northern to Southern Europe,
which follows the gradient of coronary heart disease mortality
rates.11,37 These results are consistent with the findings from this
study in which the e4 allele and its genotypes have priority
among patients with moderate and severe abnormal myocardial
perfusion.
Further studies on the promoter region of the ApoE gene have

reported three polymorphisms (g.-219G/T, g.-427C/T and g.-491A/
T).9,38 Of these three promoter polymorphisms, the g.-219G/T has the
strongest effect on ApoE gene expression as shown by in vitro reporter
assays and measurements of ApoEmRNA levels in ex vivo brain tissues
from patients with Alzheimer’s disease.39 Our results showed that the
presence of g.-219T allele in heterozygosity or homozygosity was
significantly associated with higher SSS values; although the presence
of g.-219T allele contributed to a lesser extent compared with the
patients with moderate and severe abnormal myocardial perfusion,
it could be proposed as a genetic factor contributing to
cardiovascular risk.
Epidemiologic studies have established that multiple risk factors

increase the probability of cardiovascular events because cardiovascu-
lar risk factors tend to be additive in influencing morbidity and
mortality rates. There is still an open question for the quantitative
estimation of the independent contribution of genetic factors opposed
to environmental factors on cardiovascular risk.
In this study, we showed the association of specific polymorphisms

(ACE and ApoE) with characteristics of the exercise SPECT myocar-
dial perfusion imaging, a well-established technique for the diagnosis

Table 5 Results of multiple logistic regression analysis for the

prediction of SSS42 from the ACE and Apo E genotypes

SSS42

OR(95% CI)a P-value

Model 1b

ACE D homozygotes 17.92 (7.95–40.38) o0.001

Apo E

E3 heterozygotes, reference

E3 homozygotes 8.26 (4.10–16.64) o0.001

E4/E2, E4/E3, E4/E4 35.80 (13.07–98.09) o0.001

Apo E g.-219G/T

g.-219GG, reference

g.-219GT 2.17 (1.29–3.65) 0.004

g.-219TT 5.81 (2.41–14.01) o0.001

Model 2b

ACE 9.86 (5.58–17.41) o0.001

Apo E 7.42 (4.35–12.65) o0.001

Apo E g.-219G/T 1.76 (1.06–2.91) 0.028

Abbreviations: ACE, angiotensin l-converting enzyme; CI, confidence interval; OR, odds ratio;
SSS, summed stress score.
aAdjusted for age, sex, smoking, the presence of chest pain, diabetes, hypertension, obesity,
lipid disorder, the use or non-use of cardioactive medications (b-blockers, calcium channel
antagonists, nitrates), exercise duration, maximal systolic blood pressure, maximal heart-rate,
metabolic equivalents (METs), double product, angina and abnormal ST response during
exercise testing.
bIn model 1, genotypes were treated as categorical variables and in model 2 genotypes were
treated as continuous variables (ACE D: I/I¼1, I/D¼2 and D/D¼3; APO E: E2/E2¼1, E2/E3¼2,
E3/E3¼3, E2/E4¼4, E3/E4¼5, E4/E4¼6 and ApoE g.-219GG¼1, g.-219GT¼2, g.-219TT¼3).
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of CAD (identifying myocardial ischemia and necrosis) and patients’
risk stratification. Myocardial perfusion SPECT imaging is considered
as an autonomous valuable method for patients’ prognosis, with an
incremental prognostic value even above coronary angiography. Thus,
we have not used myocardial SPECT as a substitute of coronary
angiography, but as an independent functional investigation of myo-
cardial perfusion, focusing on an ‘ischemic’ than an ‘anatomical’
approach to coronary atherosclerosis, regardless the pathogeneses of
perfusion alteration (stenoses of the main coronary arteries, micro-
vessels’ disease and endothelial dysfunction). In recent years it has
become evident that the detection of ischemia, and its extent and
severity makes an important contribution to prognosis, independent
of the status of the coronary anatomy.40 In addition, the calculation of
SSS, SRS and SDS parameters, comprises the only widely accepted
quantitative method for the myocardial SPECT interpretation and an
objective evaluation of myocardial perfusion, with a reported diag-
nostic and prognostic value.12 SSS reflects the severity of a perfusion
defect at stress, which is related to ischemia severity (in patients
without myocardial necrosis), whereas SDS is a marker of defect
reversibility which could reflect the improvement of myocardial
perfusion at rest.
Our study has some potential limitations. First, few patients were

subjected to coronary angiography, and therefore the direct correlation
of the genotypes with the presence and severity of CAD was not
possible. In addition, we have not included data of patients’ long-
itudinal follow up, as this was beyond the aim of our study, although
our study shows that genetic profile is significantly associated with
other well-established exercise testing and primarily myocardial scan-
ning prognostic parameters. Finally, we have not included a separate
control population in our study, for ethical reasons, as it is not
accepted to perform a myocardial SPECT examination without a
clinical indication. However, we have considered as reference group
the subgroup of the included population with normal myocardial
perfusion imaging.
In essence, our study underlines the remarkable influence of ACE

and ApoE gene polymorphisms on myocardial perfusion. The inde-
pendent predictive ability of the genotypes under investigation with
the SPECT outcome as derived from multiple analyses could even-
tually be a useful implication for future research with experimental
designs. The analysis of the genotype can improve the quality of
medical care through identification of the predisposition to disease
and through preventive intervention, mainly risk factors’ modulation,
in patients with premature manifestation of the disease.
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