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The ischemic etiology of heart failure is an independent prognostic factor associated with worse long-term
outcome. Recent evidence indicates a role for genetic susceptibility to ischemic heart failure. The authors sys-
tematically reviewed all known case-control studies that investigated the association between genetic variants and
ischemic heart failure. Twenty-two articles, which examined 24 gene polymorphisms, were identified. In 22 poly-
morphisms, the variant form had a functional effect. Twenty-two polymorphisms were variants of genes involved in
the maladaptive neurohormonal activation. Seven polymorphisms (ACE I/D, AGT M235T, ADRA2C Del322-325,
ADRB2 Arg16Gly, ADRB2 GIn27Glu, EDN1 Lys198Asn, VEGF G-405C) showed a significant association in in-
dividual studies. Five polymorphisms (ACE I/D, ADRB1 Arg389Gly, ADRB2 Arg16Gly, ADRB2 GIn27Glu, TNF
G308A) were examined by more than one study, and meta-analyses were performed. The meta-analyses showed
no significant sign of heterogeneity. In all settings, there was no significant association, except for polymorphism
ADRB2 Arg16Gly under a recessive model (fixed-effects odds ratio = 1.32, 95% confidence interval: 1.05, 1.65).
Taking into account that ischemic heart failure is a complex disease with multifactorial etiology, a minor contributing
pathogenetic role of the investigated gene polymorphisms cannot be totally excluded. Case-control studies that
investigate gene-gene and gene-environment interactions might further elucidate the genetics of ischemic heart
failure.

epidemiology; heart failure, congestive; meta-analysis; myocardial ischemia; polymorphism, genetic; variation
(genetics)

Abbreviations: Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; IHF, ischemic heart failure; SNP, single nucleotide

polymorphism.

Editor’s note: This paper is also available on the website
of the Human Genome Epidemiology Network (http://
www.cdc.gov/genomics/hugenet/).

Heart failure is a complex clinical syndrome that can re-
sult from any structural or functional cardiac disorder that
impairs the ability of the ventricle to fill with or eject blood

(1). Heart failure is a relatively common disorder, and the
diagnosis is clinical (2). Patients with heart failure are clas-
sified broadly into two groups on the basis of the etiology of
the left ventricular dysfunction: patients with ischemic (40—
74 percent) and nonischemic (26-35 percent) heart disease
(3-5). Ischemic etiology has been shown to be indepen-
dently associated with worse long-term outcome in heart
failure patients in a variety of studies (6, 7). Clinically,
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patients are classified as having heart failure of ischemic
etiology on the basis of a history of myocardial infarction
or on objective evidence of coronary artery disease such as
angiography or functional testing, although a more stan-
dardized definition for ischemic heart failure (IHF) has been
proposed for use in research (8).

Although significant progress has been made in eluci-
dating the genetics of coronary artery disease/myocardial
infarction with a large number of family-based (whole-
genome scans) and association studies (9-11), the evidence
for a genetic basis of IHF susceptibility is limited (12).
Nevertheless, a genetic basis could be indicated by the eth-
nic diversity in disease prevalence (13), the interindividual
variability in IHF susceptibility (14, 15), the familial clus-
tering of heart failure (16), and the experimental data from
animal models (17, 18).

The genetic association studies of IHF under the ““‘candi-
date gene”’ approach have produced inconclusive or incon-
sistent results so far. To address this issue, we reviewed the
literature for genetic studies investigating the association
of genetic variation with the risk of developing clinically
evident IHF.

MATERIALS AND METHODS
Selection of studies

Literature for this review was systematically identified
by searching PubMed (National Library of Medicine,
Bethesda, Maryland) for all English-language articles pub-
lished up to November 2006 related to IHF and genetic poly-
morphisms. As search criteria, we used combinations of the
following terms: “‘ischemic heart failure,” “IHF,” “ischemic
cardiomyopathy,” “heart failure,” ‘“‘cardiac failure,” “car-
diomyopathy,” ‘““polymorphism,” “gene variant,” ‘“‘genetic
variant,” “‘susceptibility,” and ‘“‘genetic association study.”
Bibliographies in articles provided further references.

Our review included genetic association studies fulfilling
the following inclusion criteria: 1) providing cases with
clinically diagnosed IHF and controls free of heart failure,
2) providing information on genotype frequency or risk es-
timates, 3) using validated molecular methods for genotyp-
ing, and 4) including subjects who were human. Studies
investigating progression, severity, phenotype modification,
response to treatment, or survival were excluded from our
study. Case reports, editorials, and review articles were also
excluded. Finally, family-based studies were excluded be-
cause of different design settings (19).

Data extraction

From each study, the following information was ex-
tracted: first author, journal, year of publication, ethnicity
of the study population, demographics, definition of cases
and controls, matching, blinded genotyping, validity of the
genotyping method, and number of cases and controls for
each genotype. The frequencies of the alleles and the geno-
typic distributions were extracted or calculated for both the
cases and the controls. The two investigators independently

extracted data, discussed all disagreements, and reached
consensus on all items.

Data synthesis

In this review, the associations are indicated as odds ratios
with the corresponding 95 percent confidence intervals.
When more than one genetic association study investigated
the same polymorphism, a meta-analysis of published re-
sults was carried out. The meta-analysis examined the over-
all association of the allele contrast and the recessive and
dominant models for the allele of interest. For a polymor-
phism with two alleles (A and a), the allele contrast is de-
fined as *a vs. *A, the recessive model for allele a is defined
as aa vs. Aa + AA, and the dominant model is defined as
aa + Aa vs. AA (20, 21). In the meta-analysis, then, pooled
odds ratios were estimated based on the individual odds
ratios produced by the individual studies. Heterogeneity be-
tween studies was tested by using the Q statistic, a weighted
sum of squares of the deviations of individual study odds
ratio estimates from the overall (pooled) estimate (22, 23). If
p < 0.10, then heterogeneity was considered statistically
significant. Heterogeneity was quantified with the /> metric,
which is independent of the number of studies in the meta-
analysis. I” takes values between 0 percent and 100 percent,
with higher values denoting a greater degree of heterogene-
ity (19, 24).

The pooled odds ratio was estimated by using fixed-
effects (Mantel-Haenszel) and random-effects (DerSimonian
and Laird) models (25). Random-effects modeling assumes a
genuine diversity in the results of various studies, and it
incorporates into the calculations a between-study variance.
Hence, when there is heterogeneity between studies, the
pooled odds ratio is preferably estimated by using the
random-effects model (26). Studies with controls not in
Hardy-Weinberg equilibrium (HWE; p > 0.05) (27) were
subjected to a sensitivity analysis (26, 28). Analyses were
performed by using Meta-Analyst (Joseph Lau, Tufts-New
England Medical Center, Boston, Massachusetts), StatsDirect
(Microsoft Corporation, Redmond, Washington), and CVF90
with the IMSL library (26, 29, 30).

RESULTS

The literature review identified 693 titles in PubMed that
met the search criteria. The abstracts of these articles were
independently read by the two investigators to assess their
appropriateness for this review. The results were compared,
and disagreements were resolved by consensus. Sixty-four
articles remained after abstract selection. The full articles
for the remaining studies were evaluated for compliance
with the inclusion criteria. Data from 22 articles describing
37 studies that investigated the association between poly-
morphisms and ITHF met the inclusion criteria (31-52), and
they were included in our review. The diagnosis criteria
were similar in the reviewed studies, although not standard-
ized ((8), table 1). Overall, 17 candidate genes and 24 poly-
morphisms were found to have been investigated in
association with THF (table 2).
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Table 1 shows the study characteristics and the results of
association between the different polymorphisms and the
risk of IHF for each individual study. Table 2 shows gene
polymorphism characteristics. Table 3 shows the meta-
analysis results. In summary, seven genetic polymorphisms
(angiotensin-converting enzyme insertion/deletion (ACE I/D),
angiotensinogen (AGT) M235T, o2C subtype-adrenergic
receptor (ADRA2C) Del322-325, [P2-adrenergic receptor
(ADRB2) Argl6Gly, ADRB2 Gin27Glu, endothelin-1
(EDNI) Lys198Asn, and vascular endothelial growth factor
(VEGF) G-405C) showed significant association (31, 36, 37,
40, 41, 46). The genotype distribution in controls was not in
HWE in three studies (37, 39, 40), whereas, in 10 studies
(31, 38, 43, 48-50), information was not provided. The
genotyping personnel were reported to be blinded to pheno-
type in four studies (33, 36, 52), and the reliability of the
genotyping procedure was controlled in nine studies (33, 35,
36, 41, 45, 47).

A meta-analysis was performed for polymorphisms ACE
I/D (31-35), PBl-adrenergic receptor (ADRBI) Arg389Gly
(37, 39), ADRB2 Argl6Gly (39, 40), ADRB2 GIn27Glu
(39, 40), and tumor necrosis factor-o. (TNF) G-308A (42,
44). Overall, only one polymorphism, ADRB2 Argl6Gly,
was found to have a significant association with IHF in
the meta-analysis. The results from the remaining studies
were very consistent, with only the ACE I/D polymorphism,
when examined under the recessive model, showing signif-
icant heterogeneity. The results from each individual meta-
analysis are described below. We now analyze and further
discuss the findings for each gene polymorphism in turn.

Candidate genes and biologic mechanisms

The high allele frequency of the studied genes (table 2)
suggests low genotype relative risk. Such genes may contrib-
ute to the development of heart failure only in conjunction
with exogenous and endogenous exposures (53). Suscepti-
bly genes can be identified by studying the biochemical or
physiological pathways postulated to be involved in heart
failure pathophysiology.

IHF begins with an initial myocardial insult, for example,
myocardial infarction, which sets into motion a destructive
cycle in which the remaining normal myocardium under-
goes changes in cell metabolism and morphology, leading to
hypertrophy and fibrosis (54). Alternatively, chronic, low-
grade myocardial ischemia may also result in such changes
(55). These cellular changes gradually alter the ultrastructural
properties of the ventricle through a process called remodel-
ing. Although remodeling initially occurs as an adaptive
response to improve cardiac performance, over time, the
response becomes counterproductive and maladaptive (54).
A key mediator of this process is the neurohormonal acti-
vation, including regulators such as the renin-angiotensin-
aldosterone system, the sympathetic nervous system, growth
factors, and inflammatory molecules. Considering the
fundamental role of neurohormonal factors in the patho-
physiology and progression of cardiac dysfunction and re-
modeling, variants of neurohormonal genes are logical
candidate genes in heart failure (12).

The genes identified by the literature search can be clas-
sified in five main categories: renin-angiotensin-aldosterone
system, sympathetic nervous system, genes encoding
growth factors or endothelial proteins, inflammatory genes,
and miscellaneous genes.

For 22 of the studied polymorphisms, functional implica-
tions are reported in the literature (table 2). In two cases, the
polymorphisms were not functional (endothelin A receptor
(EDNRA) C69T, VEGF C-590T), but even nonfunctional
polymorphisms are likely to be in linkage disequilibrium
with causative alleles (56). The reference single nucleotide
polymorphism (SNP) identification numbers (rs numbers)
from the Database of Single Nucleotide Polymorphisms
(57), the chromosomal gene position, the nucleotide base
change, the average heterozygosity, and the amino acid sub-
stitution for each polymorphism are shown on table 2.

Renin-angiotensin-aldosterone system

The role of the renin-angiotensin-aldosterone system in
heart failure is well known (58). Angiotensin-converting
enzyme catalyzes the production of angiotensin II and the
degradation of bradykinin. A functional intronic I/D poly-
morphism of the ACE gene has been studied for several
cardiovascular-renal outcomes (59-61). Five case-control
studies to date have addressed whether the variant form of
the ACE gene alters the risk of IHF. Raynolds et al. (31)
reported the only, to date, positive association. Two small-
scale studies were conducted among Chinese subjects, but
no increased risk of IHF under any model was found (32,
35). However, in Chinese, the frequency of the DD ACE
genotype is lower than in other populations; thus, any neg-
ative conclusion could be due to low statistical power (62).
One study in Turks (33) and one in Whites (34) also failed to
show a significant genetic effect.

Overall, the meta-analysis of the five published studies
(31-35) for the recessive model showed high heterogeneity
(»=0.09; =05 1), which is attributable mainly to Whites
(p = 0.01; > = 0.85) since there is no significant sign of
heterogeneity (p > 0.10; I* = 0) for East Asians. Then,
overall and for Whites, the random-effects odds ratios were
0.95 (95 percent confidence interval (CI): 0.60, 1.52) and
1.16 (95 percent CI: 0.40, 3.37), respectively; for East
Asians, the fixed-effects odds ratio was 0.67 (95 percent
CI: 0.30, 1.50). The allele contrast and the dominant model
consisted of four studies (32-35) because one study of
Whites (31) did not provide enough data. For these models,
the analysis showed no significant sign of heterogeneity over-
all, and the associations were not significant. In a sensitivity
analysis (exclusion of the study with no information on
HWE) (31), the pattern of results was not altered (table 3).

Angiotensinogen is the precursor of the hormone angio-
tensin II. Two functional SNPs of the AGT gene, a nonsy-
nonymous SNP designated as M235T (63) and a promoter
SNP symbolized as G-6A (64, 65), have been investigated in
a heart failure cohort of 158 White cases (60 percent ische-
mic) and 200 controls (36). The results were significant for
only M235T because the estimated odds ratio under the
allele contrast model in the entire heart failure group was
1.35 (95 percent CI: 1.1, 1.6).



TABLE 1.

Studies of genetic polymorphisms and ischemic heart failure

First

Cases: no. (no. of
males/no. of females,

Controls: no. (no. of

males, no. of females,

Genotype

Study area, ) mean age in years Gene i . . o
author, year S mean age in years I ) distribution: Association Comparison OR§ 95% Cl§ HWES§
(reference no.) ethnicity (standard deviation)), (sta?c:]e}rd d§V'at'°n.))’ (polymorphism): mtmt/mtwt/wtwt§
diagnosis criteria* matching, diagnosis
criteriat
Raynolds, United States, n =102 (96/6, 53.7 n =79 (50/29, ACE (I/D) Cases: N/A§; Yes DD vs. DIl 2.01 1.1,37 No
1993 (31) Whites (0.8)), criteria: 1 33 (1.8)), no, controls: N/A DD/DI vs. Il N/A N/A
criteria: | DD vs. DI NA  NA
*Dvs. */ N/A N/A
Sanderson, Hong Kong, n =53 (39/14, 64 n =183 (106/77, ACE (I/D) Cases: 6/21/26; No DD vs. DI 0.83 04,19 Yes
1996 (32) Chinese (12)), criteria: 1 40 (12)), no, controls: 24/88/71 DD/DI vs. |l 0.67 04,12
criteriac 1 DD vs. DI 102 04,25
*Dvs. */ 0.76 0.5,1.2
Akbulut, Turkey, Turks n =84 (68/16,59.5 n = 125 (105/20, ACE (I/D) Cases: 28/41/15; No DD vs. DI/l 0.95 0.5,1.7 Yes
2003 (33) (10.4)), criteria: 2 57.2 (10.9)), controls: 43/59/23 DD/DI vs. Il 1.04 0.5, 2.1
no, criteria: iii DD vs. DI 094 05,17
*Dvs. */ 0.99 07,15
Covolo, Italy, Whites n =107 (nr§), n =230 (115/115, ACE (I/ID) Cases: 31/57/19; No DD vs. DI/l 0.68 04,12 Yes
2003 (34) criteria: 3 62.4 (7.8)), age controls: 86/105/39 DD/DI vs. Il 0.95 05,17
matohed. DD vs. DI 0.66 0.4, 1.1
*Dvs. */ 0.83 0.6, 1.1
Huang, China, Chinese n =26 (nr), n =102 (nr), no, ACE (I/ID) Cases: 2/14/10; No DD vs. DIl 0.40 0.1,1.9  Yes
2004 (35) criteria: 1 criteria: i controls: 17/48/37 DD/Di vs. Il 091 04 22
DD vs. DI 1.05 04,29
*Dvs. */ 0.79 04,15
Goldbergova, Czech Republic, n§ = 158 (nr), n = 200 (nr, 54 AGT (M235T) Cases: 37/83/38; Yes TT/MT vs. MM 1.33 0.8, 2.1 Yes
2003 (36) Whites criteria: 4 (nr)), no, controls: 37/100/63 *Tvs. *M 135 1.1,1.6
criteria: i AGT (G-6A) Cases: 37/53/68; No AAAGvVs. GG 076 05,12  Yes
controls: 38/89/73 *Avs. *G 0.96 0.8, 1.1
Small, United States, ng = 81 (nr), n =105 (nr), no, ADRA2C Cases: 6/5/70; Yes DelDel vs. 3.94 0.5,31.1 No
2002 (37) Whites criteria: 4 criteria: ii (Del322-325) controls: 2/4/99 wiwt/witDel
*Del vs. *wt 297 20,44
United States, ng = 78 (nr), n = 84 (nr), no, Cases: 41/14/23; Yes DelDel vs. 565 2.7,11.9 Yes
Blacks criteria: 4 criteria: i controls: 14/41/29 wtwt/wtDel
*Del vs. *wt 229 19,27
United States, ng = 81 (nr), n = 105 (nr), no, ADRB1 Cases: 43/34/4; No ArgArg vs. 0.80 0.4,1.7 Yes
Whites criteria: 4 criteria: ii (Arg389Gly) controls: 63/34/8 GlyGly/GlyArg
*Arg vs. *Gly 0.89 0.7,11
United States, n§ = 78 (nr), n = 84 (nr), no, Cases: 23/36/19; No ArgArg vs. 0.90 04,18 Yes
Blacks criteria: 4 criteria: ii controls: 23/48/13 GlyGly/GlyArg
*Arg vs. *Gly 0.87 0.7,1A1
Metra, Italy, Whites n =126 (nr), n = 230 (nr), no, ADRA2C Cases: N/A; No DelDel vs. 1.0 04,25 N/A
2006 (38) criteria: 4 criteria: ii (Del322-325) controls: N/A wiwt/witDel
*Del vs. *wt N/A N/A
ADRB1 Cases: N/A; No ArgArg vs. 08 05,12 N/A
(Arg389Gly) controls: N/A GlyGly/GlyArg
*Arg vs. *Gly N/A N/A
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Covolo, Italy, Whites
2004 (39)

Leineweber, Germany, Whites
2006 (40)

Colombo, Italy, Whites
2006 (41)

Holweg, The Netherlands,
2005 (47) Whites

van der Meer, The Netherlands

2005 (46) and United
Kingdom, mixed
Kubota, United States,
1998 (44) mixed

n =130 (nr),
criteria: 4

nq = 520,
(380/140, 59
(11)), criteria: 4

ng =122 (nr),
criteria: 2

n=167
(156/11, 51.1
(7.6)), criteria:4
n =417 (nr),
criteria: 2

nq =124 (nr),
criteria: 4

n = 230 (nr), no,
criteria: ii

n = 328
(216/112, 31 (11)),
no, criteria: ii

n =216 (nr),
age matched,
criteria: iv

n = 169 (nr), no,
criteria: v

n = 187(nr), age
and sex matched,
criteria: ii

n =139 (nr), age
matched,
criteria: ii

ADRB1
(Arg389Gly)

ADRB2
(Arg16Gly)

ADRB2
(GIn27Glu)

ADRB2
(Arg16Gly)

ADRB2
(GIn27Glu)

ADRB2
(Thr164lle)

EDN1
(Lys198Asn)

EDNRA
(C69T)

HMOX1
(GT)n

VEGF
(G-405C)

VEGF
(C-460T)
TNF (G-308A)

LTA (G-252A)

Cases: 60/55/11;
controls:
122/90/18

Cases: 49/56/21;
controls:
81/115/34

Cases: 16/52/58;
controls:
31/79/120

Cases: 216/215/89;
controls:
108/170/50

Cases: 108/224/188;
controls:
51/162/115

Cases: 0/10/510;
controls: 0/7/321

Cases: 16/46/60;
controls: 7/72/114

Cases: 8/49/65;
controls: 15/87/114

Cases: 63/79/25;
controls: 64/85/20

Cases: 55/189/173;
controls: 24/75/88

Cases: 98/212/103;
controls: 53/89/45

Cases: 8/57/164;
controls: 3/38/98

Cases: 103/102/24;
controls: 65/58/16

No

No

No

Yes

Yes

No

Yes

No

No

Yes

No

No

No

ArgArg vs.
GlyGly/GlyArg
*Arg vs. *Gly
ArgGly vs. GlyGly
ArgArg vs. GlyGly
GlyGly/GlyArg vs.
ArgArg
*Gly vs. *Arg
GlyGly vs. ArgGly
GlyGly vs. ArgArg

GluGIu/GInGlu vs.
GInGin

*Glu vs. *GIn
GluGlu vs. GInGlu
GluGlu vs. GInGIn
GlyGly/GlyArg vs.
ArgArg

*Gly vs. *Arg
GlyGly vs. ArgGly
GlyGly vs. ArgArg

GluGlu/GInGlu vs.
GInGIn

*Glu vs. *Gin
GluGlu vs. GInGlu
GluGlu vs. GInGin
Thrlle vs. ThrThr
*lle vs. *Thr
AsnAsn vs. LysLys

AsnAsn vs.
LysLys/Lys Asn

*Asn vs. *Lys
CCvs. TT/CT

*Cvs. *T
LL/LS§ vs. SSY
[ vs, *S

CC/CGvs. GG
*Cvs. *G

TT/CTvs. CC
*Tvs, *C
AA/AG vs. GG
AAvs. AG/GG
*Avs, *G
AA/AG vs. GG
*Avs., *G

0.8

0.86
1.3
1.0
0.87

1.17
1.24
0.98
1.28

1.13
0.78
1.1

1.36

2.35
1.58
1.12
0.95

1.09
1.53
1.29
0.89
0.90
4.34
4.01

1.64
0.94

0.98
0.76
0.93

1.25
1.32

0.87
1.13
0.95
1.64
1.00
1.1
0.98

05,12

0.6, 1.2
0.8, 2.1
04,23
0.5, 1.6

0.8, 1.6
0.8, 2.0
0.5, 1.9
0.8, 1.9

0.8, 1.6
0.4,1.6
05,25
0.9, 2.0

1.3, 4.1
1.2, 21
07,17
0.7,1.3

0.6, 1.9
1.0,23
09,19
0.3, 24
07,12
1.7, 111
1.6, 10.1

11,24
04,23

0.7,1.4
04,14
0.7,1.3

09,18
1.0,1.7

0.6, 1.3
09,14
0.6, 1.5
0.4,6.3
0.7,1.5
0.6,22
0.7,1.4

Yes

Yes

No

Yes

No

N/A

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Table continues
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TABLE 1.

Continued

Cases: no. (no. of

Controls: no. (no. of
males, no. of females,

First Study ar males/no. of females, mean in . Gen Genotype
author, year uth3r/1iaitea’ mean age in years ( tenad %gz viyteian:;) (pol mer Ei m)# distribution: Association Comparison OR 95% CI HWE
(reference no.) ethnicity (standard deviation)), stancard deviation)), polymorphis mtmt/mtwt/w vt§
diagnosis criteria* matchmg, qlagn05|s
g criteriat
Densem, United Kingdom, n = 106 (nr), n =212 (nr), no, TNF (G-308A) Cases: N/A; No AA/AGvs. GG N/A N/A N/A
2002 (43) Whites criteria: 4 criteria: i controls: N/A *Avs. *G 0.95 05,1.9
Alikasifoglu, Turkey, Turks nq = 63 (nr), n = 93 (60/33, 56.2 TNF (G-238A) Cases: 2/15/46; No AA/AGvs. GG 0.86 04,18 Yes
2003 (42) criteria: 1 (9.1)), sex and controls: 3/22/68 A vs. *G 1.00 05.1.9
age matched, ’
criteria: i TNF (G-308A) Cases: 3/16/44; No AA/AGvs. GG 124 06,25 Yes
controls: 4/20/69 AAvs. AG/GG 099 0.2, 4.6
*Avs. *G 119 06,22
Holweg, The Netherlands, n= 144 n = 94 (49/45, TGFB1 Cases: 14/70/60; No ProPro/LeuPro 091 05,15  Yes
2001 (45) Whites (>95%) (135/9, 50.8 36.7 (10.3)), (Leu10Pro) controls: 14/43/37 vs. LeuLeu
(7.7)), criteria:4 no, criteria: ii *Provs. *Leu 0.85 0.6, 1.2
TGFB1 (Arg25Pro) Cases: 3/18/123; No ProPro/ArgPro  0.89 0.4,1.8  Yes
controls: 0/15/79 vs. ArgArg
*Provs. *Arg  1.04 0.5, 2.1
Bijlsma, The Netherlands, n = 35 (nr), n =29, (nr), no, IL10 (G-1082A) Cases: N/A; No *Avs. *G 1.54 0.8, 3.1 N/A
2001 (48) Whites criteria: 4 criteria: vi controls: N/A
IL10(C-592A) Cases: N/A; No *Cvs. *A 1.16 0.6, 2.1 N/A
controls: N/A
Bijlsma, The Netherlands, n = 35 (nr), n = 36, (nr), no, IL4 (C-590T) Cases: N/A; No *Tvs. *C 0.64 03,13 N/A
2002 (49) Whites criteria: 4 criteria: vi controls: N/A
Kruger, Germany, n =51 n =100, (nr), age CD14 (C-260T) Cases: 7/25/19; No TT/CTvs.CC 079 04,16 Yes
2005 (51) Whites (nr, 62 (3)), and sex matched, controls: #* *
criteria: 5 criteria: i 28/40/32 Tvs.*C 0.66 04,12
Kolek, United States, n = 605 (nr), n = 605 (nr), AMPD (C34T) Cases: N/A; No TT/CTvs. CC 0.87 04,18 N/A
2005 (50) mixed criteria: 5 no, criteria: iii controls: N/A
n = 605 (nr), n = 433 (nr), no, Cases: N/A; No TT/CTvs. CC 094 05,19 NA
criteria: 5 criteria: iv controls: N/A
Nakatani, Japan, Japanese n = 70 (nr), n = 2,389 (nr), SLC6A4 (I/D) Cases: 47/22/1; No DD/DI vs. Il 3.08 04,224 Yes
2005 (52) criteria: 6 no, criteria: vii controls: *Dvs. */ 123 0.8,1.9

1,633/754/102
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* Diagnosis criteria for ischemic heart failure: 1) history of myocardial infarction or severe coronary artery disease on arteriogram, left ventricular ejection fraction (LVEF) <40% and left ventricular enlargement on
echocardiogram; 2) New York Heart Association class [I-1V functional capacity, LVEF <40%, coronary stenosis >50% for at least one vessel on arteriogram; 3) LVEF <40%, structured questionnaire for the definition
of the heart failure cause; 4) nonspecified ischemic etiology definition; 5) New York Heart Association class II-lll functional capacity, LVEF <35%, coronary stenosis >0% for at least one vessel on arteriogram; and
6) new-onset ischemic heart failure cases in a cohort of myocardial infarction survivors (Osaka Acute Coronary Insufficiency Study).

1 Diagnosis criteria for controls: i) actual or prospective heart donors with normal donor-screening echocardiograms and normal coronary arteriograms; i) healthy subjects, randomly selected, without evidence of
heart disease; iii) patients with stable angina pectoris with angiographic evidence of coronary stenosis >50% for at least one vessel, LVEF >40%; iv) hospitalized patients with normal arteriogram and LVEF >50%;
v) cardiac donors with no transplant coronary artery disease; vi) cardiac donors without transplant rejection; and vii) myocardial infarction survivors who did not develop postmyocardial infarction heart failure in a
12-month follow-up period.

} Defined in the Materials and Methods section of the text.

§ mt, mutant type; wt, wild type; OR, odds ratio; ClI, confidence interval; HWE, Hardy-Weinberg equilibrium; N/A, not available; nr, not reported; L, long allele (>27 repeats); S, short allele (<27 repeats).

9 Heart failure population including all etiologies, but ischemic etiology is the leading cause and the authors state that there is no difference in genotype distribution between the heart failure etiologies.




TABLE 2. Genetic polymorphisms investigated in relation to ischemic heart failure risk

Average
dbSNP* rs no. Genet Chroon;ﬁisozmal Base change# heterozygosity =~ Amino acid change§ Detection method Functional effect (reference no.)
P (standard error)
rs4646994 ACE 17923 Intron 16: 287 base 0.460 (0.136) None PCRY fragment size Increased plasma ACE levels (59, 60)
pair insertion/deletion
rs699 AGT 1942-43 Exon 2: C704T 0.469 (0.121) Met235Thr RFLPsY: creates Aspl site Increased AGT levels (63)
rs5051 AGT 1942-43 Promoter: G-6A 0.304 (0.244) None RFLPs: creates BstNI site Affected promoter activity (64, 65)
rs2234888 ADRA2C 4p16.1 Exon 1: in-frame N/Aq Positions 322-325:  RFLPs: loss of a Ncil site Substantial loss of agonist-mediated
12-nucleotide deletion Gly-Ala- receptor function-enhanced
(GGGGCGGGGCCAG) Gly-Pro presynaptic release of
deletion in norepinephrine (68)
nucleotide 964
rs1801253 ADRB1  10924-926 Exon 1: G1165C 0.427 (0.177) Arg389Gly RFLPs: creates Bcgl site Threefold higher maximal isoproterenol-
stimulated levels of adenylate
cyclase activities (69)
rs1042713 ADRB2  5q31-g32 Exon 1: A46G 0.488 (0.078) Arg16Gly RFLPs: creates BsrD I site Controversial data regarding down-
regulation, desensitization (72, 73)
rs1042714 ADRB2  5q31-g32 Exon 1: C79G 0.368 (0.221) GIn27Glu RFLPs: creates Fnu4H | site Resistance to down-regulation (71)
rs1800888 ADRB2  5g31-g32 Exon 1: C740T 0.007 (0.059) Thr134lle SSOPY Signaling defects (75)
rs5370 EDN1 6p24.1 Exon 5: G61T 0.346 (0.231) Lys198Asn RFLPs: creates Cac8 I site  Higher plasma levels of endothelin
(77, 78)
rs5333 EDNRA  4qg31.23 Exon 6: C69T 0.464 (0.129) None (synonymous) SSOP No functional studies available
rs361525 TNF 6p21.3 Promoter: G-238A 0.127 (0.218) None RFLPs: creates BamH| site  Greater transcription rate (89)
rs1800629 TNF 6p21.3 Promoter: G-308A 0.161 (0.233) None RFLPs: loss of Ncol site Greater transcription rate, higher
constitutive and inducible levels (90)
rs4986978 LTA 6p21.3 Intron 1: G252A 0.010 (0.069) None RFLPs: loss of Ncol site High tumor necrosis factor-o
production (91)
rs1982073 TGFB1 19913 Exon 1: T869C 0.397 (0.202) Leu10Pro SSOP High TGF B production in vitro (94)
rs1800471 TGFB1 19g13 Exon 1: G915C 0.112 (0.209) Arg25Pro SSOP High TGF B production in vitro (95)
rs2010963 VEGF 6p21.3 Promoter: G-405C 0.460 (0.136) None RFLPs: loss of BsmFl site Lower VEGF production (85, 86)
rs833061 VEGF 6p21.3 Promoter: C-460T 0.214 (0.247) None RFLPs: loss of BsrUI site Unlikely (85, 86)
rs3074372 HMOX1 22q12 Promoter: (GT), N/A None PCR fragment size No. of repeats is inversely related to
repeats the activity (82)
rs1800896 IL-10 1931-g32 Promoter: G-1082A 0.417 (0.186) None SSOP Low IL-10 production (99)
rs1800872 IL-10 1931-g32 Promoter: C-592A 0.467 (0.124) None SSOP Low IL-10 production (98)
rs2243250 IL-4 5qg31.1 Promoter: C-590T 0.500 (0.012) None SSOP Increases promoter strength (97)
rs17602729 AMPD 1p13-p21 Exon 2: C34T 0.069 (0.172) GIn12 - nonsense RFLPs: creates Nspl site Severely truncated protein that
(termination) loses its catalytic activity (103)
rs5744455 CD14 5q31 Promoter: C-260T 0.315 (0.241) None SSOP Enhanced transcriptional activity (101)
rs4795541 SLC6A4 17q11.2-q12  Promoter: 44 base pair N/A None PCR fragment size Reduced transcriptional activity (106)

insertion/deletion

* dbSNP, Database of Single Nucleotide Polymorphisms. Bethesda, Maryland: National Center for Biotechnology Information, National Library of Medicine. (dbSNP Build ID: 126).
Available at the following website: http://www.ncbi.nlm.nih.gov/SNP/.

1 Defined in the Materials and Methods section of the text.

1 Base change symbolized as locus: wild-type allele, nucleotide position, mutant allele. The nucleotide substitution for promoter polymorphism is symbolized as number of nucleotides
before the transcription initiation site.

§ Amino acid substitution for nonsynonymous polymorphisms symbolized as wild-type amino acid (three-letter coding), amino acid position, mutant amino acid (three-letter coding).

9 PCR, polymerase chain reaction; RFLPs, restriction fragment length polymorphisms; N/A, not available; SSOP, sequence specific oligonucleotide probing.
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Sympathetic nervous system

The pathophysiological relevance of a- and B-adrenergic
receptors (-AR and B-AR, respectively) and the benefit of
antiadrenergic strategies in heart failure have been thoroughly
studied (66, 67). Two case-control studies (37, 38) have in-
vestigated an in-frame deletion (symbolized Del322-325)
(68) in the gene coding ADRA2C for susceptibility to IHF.
Under the recessive model, a positive association was found
by Small et al. (37) for Black subjects only, because the re-
spective odds ratio was 5.65 (95 percent CI: 2.67, 11.95).

A nonsynonymous functional SNP of the f1-AR gene
(ADRBI), symbolized Arg389Gly (69), has been genotyped
by three case-control studies (37-39). All of them report
lack of association of the Arg389Gly polymorphism with
IHF, although two (38, 39) possibly used a completely over-
lapping set of White cases. The meta-analysis of two studies
(37, 39) showed no significant sign of heterogeneity (p >
0.10), and the allele contrast, the recessive model, and the
dominant model produced no significant results (table 3).

Three nonsynonymous functional SNPs of the $2-AR gene
(ADRB?2), designated Argl6Gly, Gin27Glu, and Thri34lle
(66, 70-75), have been investigated for a potential role in
IHF risk (39, 40). Covolo et al. (39) studied the possible as-
sociation of the Glyl6Arg and GIn27Glu polymorphisms
with IHF, but no significant effect was observed. Leineweber
et al. (40) genotyped the three aforementioned SNPs
in a heart failure cohort consisting of 80 percent IHF cases.
A positive association for *Gly under the allele contrast and
a marginal association of Glu homozygotes versus hetero-
zygotes were found. The meta-analysis for the Argl6Gly
polymorphism showed no significant sign of heterogeneity
(p > 0.10; P < 12) and that the recessive model reaches
marginal significance with a fixed-effects odds ratio equal to
1.32 (95 percent CI: 1.05, 1.65) (table 3). The meta-analysis
for the GIn27Glu polymorphism showed no significant sign
of heterogeneity (p > 0.10; P < 7), and the allele contrast,
the recessive model, and the dominant model produced no
significant results (table 3).

Growth factors and endothelial proteins

A multitude of data suggests that the endothelin system is
intricately involved in the pathophysiology of heart failure
(76). A functional nonsynonymous SNP (Lys/98Asn) of the
EDNI gene (77, 78), and a nonfunctional synonymous SNP
(€C69T) (79) of the endothelin A receptor gene (EDNRA),
have been genotyped by Colombo et al. (41) in 122 White
heart failure (79 percent ischemic) cases and 216 controls.
In comparison with that for Lys homozygotes, the odds ratio
for heart failure associated with the AsnAsn genotype was
4.34 (95 percent CI: 1.7, 11.1).

Heme oxygenase-1 is a rate-limiting enzyme in heme
degradation, leading to the generation of by-products that
exert potent antiproliferative and antiinflammatory effects
(80, 81). A functional promoter dinucleotide repeat poly-
morphism [(GT)n] (82) of the heme oxygenase-1 gene
(HMOXI) was investigated in relation to IHF (47). No as-
sociation was found for the long (>27 repeats) or the short
(£27 repeats) version of this polymorphism.

Vascular endothelial growth factor plays a key role in
angiogenesis and endothelial integrity and seems to be in-
volved in the microvasculature abnormalities in heart failure
(83, 84). Two functional promoter SNPs (G-405C and C-
460T) (85, 86) of the VEGF gene have been examined by
van der Meer et al. (46) in 417 IHF patients enrolled in the
Metoprolol CR/XL Randomized Intervention Trial in Heart
Failure study (5) and in 187 healthy controls. Only a mar-
ginal association for the —405C allele was obvious under
the allele contrast.

Inflammatory genes

Evidence is accumulating that inflammation plays an im-
portant role in the development of left ventricular remodel-
ing (87, 88).

The gene for proinflammatory cytokine tumor necrosis
factor-a (TNF) is arranged in tandem with the tumor necro-
sis factor-f or lymphotoxin alpha (LTA) gene. Three genetic
association studies of Whites (42-44) have shown lack of
association of IHF with two functional promoter SNPs
(G-238A and G-308A) (89, 90) of the TNF gene and a func-
tional intronic SNP (G252A) (91) of the LTA gene. Accord-
ingly, the meta-analysis of two published studies of the TNF
G308A polymorphism (42, 44) showed no significant sign of
heterogeneity (p > 0.10; I* = 0), and the allele contrast, the
recessive, and the dominant model produced no significant
results (table 3).

Transforming growth factor-beta (TGFf) is a multifunc-
tional cytokine involved in the production and degradation
of the extracellular matrix, important during the healing
process after myocardial infarction and the transition from
stable hypertrophy to heart failure (92, 93). Investigation of
two functional nonsynonymous SNPs (LeulOPro and
Arg25Pro) (94, 95) of the TGFBI gene in 144 heart trans-
plant recipients with IHF and 94 healthy controls has shown
no significant results (45).

Interleukin 4 (IL-4) and interleukin 10 (IL-10) are antiin-
flammatory cytokines that inhibit the synthesis of proinflam-
matory cytokines (96). Three published studies by the same
group of investigators in the Netherlands examined whether
genetic variability in the IL-4 and IL-10 genes affects individ-
ual susceptibility to IHF (48, 49). One promoter SNP (C-590T)
for IL-4 (97) and two promoter SNPs (G-1082A and C-592A)
for IL-10 (98, 99) were examined, but no positive association
was reported. Cluster of differentiation (CD) surface mole-
cules mediate cell activation and signaling (100). The func-
tional promoter SNP (C-260T) of the CDI4 gene (101) was
genotyped by Kruger et al. (51) in 51 IHF cases and 100
healthy controls, but no increased risk of IHF was found.

Miscellaneous genes

Kolek et al. (50) hypothesized that carriers of the C34T
nonsense mutation of the adenosine monophosphate deam-
inase gene (AMPDI) might have a relative advantage, since
this mutation results in a beneficial increase in the cardio-
protective molecule adenosine (102-104). They genotyped
605 THF patients in the Beta-Blocker Evaluation of Sur-
vival Trial compared with two control groups from the
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Intermountain Heart Collaborative Study Registry. No pro-
tective effect of the C347 mutation was detected for carriers
when compared with both the first and the second control
groups.

The serotonin transporter is considered one of the deter-
minants of depressive symptoms, which is an independent
predictor of increased morbidity and mortality in patients
with acute myocardial infarction (105). Nakatani et al. (52)
published a cohort study from the Osaka Acute Coronary
Insufficiency Study group, in which they investigated the
influence of a functional /D polymorphism of the serotonin
transporter gene (SLC6A4) (106). The D allele did not con-
fer an increased risk of developing new-onset heart failure in
myocardial infarction survivors within 1 year of follow-up.

Interactions

As with other complex traits, development of IHF is
likely determined by several genes that act collectively,
and allelic variants at different genes may have either addi-
tive or contrasting effects (epistasis) (56, 107). Additionally,
there are several possible interactions between genetic poly-
morphisms and effect modifiers such as age, gender, treat-
ment, hypertension, or other environmental factors (108).

Gene-gene interactions. Four studies (37-39, 41) inves-
tigated possible gene-gene interactions. Small et al. (37) exam-
ined the possible interaction of the ADRA2C, Del322-325,
and ADRB1 Arg389Gly polymorphisms. In Black subjects,
homozygosity for *Del322-325 and *Arg was associated
with a substantially increased risk of heart failure, and the
estimated odds ratio was 10.11 (95 percent CI: 2.11, 48.53).
A possible biologic explanation for this synergistic effect is
that the combination of receptor variance results in increased
synaptic norepinephrine release and in enhanced receptor
function at the cardiomyocyte (37). The lack of association
of this combined genotype in Whites was reported by two
studies (37, 38). Covolo et al. (39) investigated the possibility
of an interaction between the ADRBI and ADRB2 poly-
morphisms, that is, whether homozygosity for ADRBI*Arg
combined with the ADRB2 *Gly*GIn haplotype confers an
increased risk. Despite their negative findings, these should
be carefully interpreted because the per-stratum sample size
and the associated statistical power are reduced when the
number of examined genes is increased (109).

Colombo et al. (41) investigated the potential synergistic
effect between the genes of the endothelin system signal
transduction pathway. A two-locus analysis indicated that
homozygosity for EDNI AsnAsn and EDNRA TT was asso-
ciated with a substantially increased risk of heart failure
because the odds ratio was 8.6 (95 percent CI: 1.5, 48.1).

Gene-environment interactions. The conflicting results
among studies investigating genetic polymorphisms and
the risk of IHF may be due to the lack of information on
the possible interactions with environmental factors. Akbulut
et al. (33) used coronary artery disease patients without
heart failure as controls, but there was a significant differ-
ence in the positive history of myocardial infarction be-
tween the cases and the controls (p < 0.05). Because the
ACE DD genotype was not associated with an increased risk
of myocardial infarction (p = 0.6), the DD genotype was not

overrepresented in cases because of the positive history of
myocardial infarction. The presence of hypertension could
promote the progression of heart failure. However, Small
et al. (37) demonstrated that the distribution of the risk-
associated dual genotype (*Del322-325 and *Arg) was not
different between hypertensive and normotensive heart fail-
ure cases (chi-square = 0.34, p = 0.95). Goldbergova et al.
(36) detected an increased risk of the G-6A polymorphism
of the AGT gene, only after adjustment for sex. Furthermore,
for women carrying the combined genotype GGMT for the
AGT gene, the odds ratio was 15.5 (95 percent CI: 1.86,
129.42) in contrast to the nonsignificant odds ratio observed
for men. Such a sex-specific influence could result from the
effect of steroid hormones, which affect AGT expression in
a variety of tissues (110).

DISCUSSION

Understanding the role that genes play in developing IHF
is essential to creating more effective screening tests for
predicting which individuals are at risk of developing the
disease, to implementing appropriate early-intervention pre-
ventive and therapeutic strategies, and to developing gene
therapy approaches in the future (111). So far, IHF genetic
association studies have been highly inconsistent. The com-
plex nature of heart failure implies that, for individual poly-
morphisms, associations are likely to be modest (12). To
detect such modest genetic effects, a series of important
research priorities must be implemented.

Power improvement

There is clearly a loss of statistical power when the ge-
netic effect is reduced (107). Most of the studies we ana-
lyzed included few cases and controls and consequently did
not have adequate power to detect a modest genetic effect.
Apart from the need for larger sample sizes, selecting cases
that are genetically loaded may also improve power. By
selecting cases with very early onset disease and a strong
family history, cases will be weighted toward those individ-
uals whose disease has a strong genetic etiology (112).

Stratification

Small et al. (37) were able to detect the strongest to-date
genetic association in Blacks, but not in Whites. Lack of
stratification in this study could have led to blurring of the
genetic effect. On the contrary, there is serious concern
about the possible effects of population stratification on
the results of case-control studies (113). Unequal genetic
admixture in the control and patient populations can result
in spurious associations. An approach proposed to minimize
this potential problem is to measure and adjust for genetic
markers not linked to the disease under investigation (114).

Prospective design

All the analyzed studies except for one (52) were of case-
control design and were retrospective. If a genetic variant
not only significantly increases the risk of IHF but also
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TABLE 3. Odds ratios with the corresponding 95% confidence intervals and heterogeneity tests results (/2, Q test) for genetic
contrasts of ACE I/D, ADRB1 Arg389Gly, ADRB2 Arg16Gly, ADRB2 GIn27Glu and TNF G308A polymorphisms* for ischemic heart

failure
Polymorphism Population oRt Fixed eff:;::z =T ORRandom eg::SCI (';leofégnsct:dri.s) 2 (%) Pc\)letl(lal:;:‘,
ACE I/'D
*Dvs. */ All 0.85 0.69, 1.05 0.85 0.69, 1.05 4 (32-35) 0 0.84
East Asians 0.77 0.53, 1.12 0.77 0.53, 1.12 2 (32, 35) 0 0.94
Recessive model All 0.94 0.70, 1.27 0.95 0.60, 1.52 5 (31-35) 51 0.09
Sensitivity ¥ 0.76 0.54, 1.07 0.77 0.55, 1.08 4 (32-35) 0 0.71
Whites 1.02 0.70, 1.50 1.16 0.40, 3.37 2 (31, 34) 85 0.01
East Asians 0.67 0.30, 1.50 0.70 0.31, 1.56 2 (32, 35) 0.44
Dominant model All 0.86 0.61, 1.21 0.86 0.61, 1.21 4 (32-35) 0 0.77
East Asians 0.73 0.44, 1.21 0.73 0.44, 1.21 2 (32, 35) 0 0.56
ADRB1 Arg389Gly
*Arg vs. *Gly All 0.87 0.69, 1.10 0.87 0.69, 1.10 3 (37, 39) 0 0.99
Whites 0.87 0.66, 1.14 0.87 0.66, 1.14 2 (37, 39) 0 0.89
Recessive model All 0.85 0.62, 1.15 0.85 0.62, 1.15 3 (37, 39) 0 0.67
Whites 0.79 0.56, 1.12 0.79 0.56, 1.12 2 (37, 39) 0 0.86
Dominant model All 0.82 0.50, 1.34 0.81 0.49, 1.35 3 (37, 39) 0 0.37
Whites 1.06 0.55, 1.04 1.05 0.54, 2.03 2 (37, 39) 0 0.44
ADRB2 Arg16Gly
*Gly vs. *Arg Whites 1.03 0.81, 1.30 1.03 0.81, 1.30 2 (39, 40) 0 0.78
Recessive model Whites 1.32 1.05, 1.65 1.31 1.03, 1.67 2 (39, 40) 12 0.29
Dominant model Whites 0.89 0.66, 1.21 0.90 0.66, 1.21 2 (39, 40) 0 0.82
ADRB2 GIn27Glu
*Glu vs. *Gin Whites 1.07 0.84, 1.37 1.07 0.84, 1.33 2 (39, 40) 0 0.68
Recessive model Whites 1.28 0.95,1.72 1.27 0.93, 1.74 2 (39, 40) 7 0.30
Dominant model Whites 1.03 0.82, 1.29 1.03 0.82, 1.29 2 (39, 40) 0 0.40
TNF G308A
*Avs. *G All 1.04 0.77, 1.39 1.04 0.77, 1.39 2 (42, 44) 0 0.86
Recessive model All 1.40 0.52, 3.79 1.39 0.51, 3.81 2 (42, 44) 0 0.71
Dominant model All 1.03 0.70, 1.52 1.03 0.70, 1.52 2 (42, 44) 0 0.53

* Defined in the Materials and Methods section of the text.
1 OR, odds ratio; Cl, confidence interval.

$ Exclusion of a study with no data on Hardy-Weinberg equilibrium (31).

influences survival, it is possible that risk-allele carriers will
have advanced heart failure and die prematurely, leading to an
underrepresentation of the risk genotype at the time of enroll-
ment (115). Consequently, prospective studies are needed.

Case selection

The inclusion criteria for cases could also be another
source of bias. Firstly, all studies except for one (40) in-
cluded cases with impaired systolic function only. However,
there are accumulating data indicating that as much as
50 percent of heart failure is associated with a normal left
ventricular ejection fraction (116). Additionally, myocardial
hibernation could introduce an issue of misclassification
because revascularization could improve, and even normal-

ize, left ventricular ejection fraction and heart failure symp-
toms in patients with hibernating myocardium (117).

Standardization of the definition of IHF based on angio-
graphic criteria, as proposed by Felker et al. (8), could limit
variability in defining etiologic subgroups in heart failure
cohorts.

Appropriateness of controls

The majority of the control groups consisted of healthy or
nonischemic and non-heart failure subjects. However, the
absence of coronary artery disease in controls could lead to
spurious associations. The use of two control groups, with
and without coronary artery disease as in the study by Kolek
et al. (50), establishes the appropriate contrast to detect
a possibly true genetic effect.
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HWE and genotyping

In the studies with the controls not in HWE (37, 39, 40),
the lack of HWE indicates genotyping errors, population
stratification, and selection bias (118). In addition, lack of
HWE in a population implies continued selection, migra-
tion, mutation, and absence of random mating (119, 120).
Thus, the validity of the genotyping method, and the selec-
tion of controls, are questioned (119, 121). Furthermore, the
lack of reporting blindness in genotyping personnel in
33 studies (31, 32, 34, 35, 37-51) and the possible lack of
a validated genotyping procedure in 28 studies (31, 32, 34,
37-40, 4244, 46, 48-52) could be potential sources of
biases.

Candidate gene selection

In addition to candidate gene approaches, genomic or
proteomic expression analyses can assist in the selection
of candidate variants by ranking those genes that appear to
be the most active in the disease process (107, 122). Recent
studies have identified gene expression profiles that could
accurately distinguish ischemic and nonischemic cardiomy-
opathy (123). This overlapping of independent sources of
information has been termed ‘“‘genomic convergence’ and is
expected to provide new insights into the cellular mecha-
nisms involved in cardiac dysfunction (124).

Gene-environment interactions

Many environmental factors have been associated with in-
creased risk of IHF, such as age, obesity, hypertension, myo-
cardial infarction, anemia, diabetes mellitus, hyperlipidemia,
and thyroid disorders, while a number of pharmacological and
nonpharmacological interventions have been shown to alter
the natural history of the syndrome (125). Despite difficulties
in study design and assessment of the exposures, such param-
eters should be incorporated in future studies (126).

Gene-gene interactions

The search for susceptibility loci has probably been com-
plicated by the increased number of contributing loci and
susceptibility alleles (127). Elucidating the pathogenesis of
the disorder would demand investigation of association for
many variants of genes that constitute distinct pathophysi-
ological pathways (128).

Large-scale genetic association studies and
meta-analyses

IHF cases are usually aged (table 1), which means that
recruiting large numbers of affected sib pairs or family trios,
needed for wide-genome scans and family-based associa-
tion studies, might be problematic (10, 129). Consequently,
elucidating the genetics of IHF largely relies upon designing
and undertaking rigorous genetic association studies. More-
over, future studies should be planned with the idea of their
being incorporated into other similar studies in a meta-
analysis. The opportunities offered by a meta-analysis are
enhancement of power; the ability to place each study in the

context of all others, particularly early spurious results; and
the possibility of examining why studies reach different
conclusions (120).

In summary, there is no evidence of strong association
between genetic variants and the risk of developing IHF in
the individual studies and meta-analyses. These findings sug-
gest that the risk of IHF is not related to genes or that research
to date has been insufficient to identify such associations.
However, conclusions reached in the present analysis were
based on relatively small numbers of studies and partici-
pants for each gene polymorphism, and their interpreta-
tion has to be cautious. Taking into account that THF is
a complex disease with multifactorial etiology, a minor con-
tributing pathogenetic role of the investigated gene polymor-
phisms in specific cases, and in cooperation with other
factors, cannot be totally excluded. Therefore, the relation
between genetic variation and IHF still remains an unresolved
issue. The results of long-term prospective and case-control
studies (118, 130), designed to investigate gene-gene and
gene-environment interactions, and utilizing the vast amount
of data produced by genomic studies (122) might produce
more conclusive claims about the genetics of IHF.

ACKNOWLEDGMENTS

Conflict of interest: none declared.

REFERENCES

1. Givertz MM, Colucci WS, Braunwald E. Clinical aspects of
heart failure; pulmonary edema, high-output failure. In: Zipes
DP, Libby P, Bonow RO, et al, eds. Braunwald’s heart disease:
a textbook of cardiovascular medicine. 7th ed. Philadelphia,
PA: Elsevier Saunders, 2005:539-68.

2. Ho KK, Pinsky JL, Kannel WB, et al. The epidemiology of
heart failure: The Framingham Study. J Am Coll Cardiol
1993;22:6A-13A.

3. Packer M, Coats AJS, Fowler MB, et al. Effect of carvedilol
on the survival of patients with severe chronic heart failure.
N Engl J Med 2001;344:1651-8.

4. Effects of enalapril on mortality in severe congestive heart
failure: results of the Cooperative North Scandinavian Ena-
lapril Survival Study (CONSENSUS). The CONSENSUS
Trial Study Group. N Engl J Med 1987;316:1429-35.

5. Effect of metoprolol CR/XL in chronic heart failure: Meto-
prolol CR/XL Randomised Intervention Trial in Congestive
Heart Failure (MERIT-HF). Lancet 1999;353:2001-7.

6. Bart BA, Shaw LK, McCants CB, et al. Clinical determinants
of mortality in patients with angiographically diagnosed is-
chemic or nonischemic cardiomyopathy. J Am Coll Cardiol
1997;30:1002-8.

7. Adams KF, Dunlap SH, Sueta CA, et al. Relation between
gender, etiology and survival in patients with symptomatic
heart failure. J Am Coll Cardiol 1996;28:1781-8.

8. Felker GM, Shaw LK, O’Connor CM. A standardized defi-
nition of ischemic cardiomyopathy for use in clinical re-
search. J] Am Coll Cardiol 2002;39:210-18.

9. Chiodini BD, Lewis CM. Meta-analysis of 4 coronary heart
disease genome-wide linkage studies confirms a susceptibility



12

Kitsios and Zintzaras

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24,

25.

26.

217.

28.

locus on chromosome 3q. Arterioscler Thromb Vasc Biol
2003;23:1863-8.

Zintzaras E, Kitsios G. Identification of chromosomal
regions linked to premature myocardial infarction: a meta-
analysis of whole-genome searches. J Hum Genet 2006;51:
1015-21.

Wang Q. Molecular genetics of coronary artery disease. Curr
Opin Cardiol 2005;20:182-8.

Bleumink GS, Schut AF, Sturkenboom MC, et al. Genetic
polymorphisms and heart failure. Genet Med 2004;6:
465-74.

Galasko GI, Senior R, Lahiri A. Ethnic differences in the
prevalence and aetiology of left ventricular systolic dys-
function in the community: the Harrow heart failure watch.
Heart 2005;91:595-600.

Liggett SB, Mialet-Perez J, Thaneemit-Chen S, et al. A
polymorphism within a conserved beta(1)-adrenergic recep-
tor motif alters cardiac function and beta-blocker response in
human heart failure. Proc Natl Acad Sci U S A 2006;103:
11288-93.

Richards M, Nichols G, Espiner E, et al. B-type natriuretic
peptides and ejection fraction for prognosis after myocardial
infarction. Circulation 2003;107:2786-92.

Horne BD, Camp NJ, Muhlestein JB, et al. Identification of
excess clustering of coronary heart diseases among extended
pedigrees in a genealogical population database. Am Heart J
2006;152:305-11.

Bridgman P, Aronovitz MA, Kakkar R, et al. Gender-specific
patterns of left ventricular and myocyte remodeling following
myocardial infarction in mice deficient in the angiotensin II
type la receptor. Am J Physiol Heart Circ Physiol 2005;289:
H586-92.

Krishnamurthy P, Subramanian V, Singh M, et al. Defi-
ciency of betal integrins results in increased myocardial
dysfunction after myocardial infarction. Heart 2006;92:
1309-15.

. Zintzaras E, loannidis JP. Heterogeneity testing in meta-

analysis of genome searches. Genet Epidemiol 2005;28:
123-37.

Zintzaras E, Rodopoulou P, Koukoulis GN. Bsml, Taql, Apal
and Fokl polymorphisms in the vitamin D receptor (VDR)
gene and the risk of osteoporosis: a meta-analysis. Dis
Markers 2006;22:317-26.

Zintzaras E. Association of methylenetetrahydrofolate re-
ductase (MTHFR) polymorphisms with genetic susceptibility
to gastric cancer: a meta-analysis. ] Hum Genet 2006;51:
618-24.

Whitehead A. Meta-analysis of controlled clinical trials.
Chichester, United Kingdom: Wiley, 2002.

Toannidis JP, Trikalinos TA, Zintzaras E. Extreme between-
study homogeneity in meta-analyses could offer useful in-
sights. J Clin Epidemiol 2006;59:1023-32.

Higgins JP, Thompson SG, Deeks JJ, et al. Measuring in-
consistency in meta-analyses. BMJ 2003;327:557-60.
DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986;7:177-88.

Zintzaras E, Kitsios G, Stefanidis I. Endothelial NO synthase
gene polymorphisms and hypertension: a meta-analysis.
Hypertension 2006;48:700-10.

Zintzaras E, Stefanidis I, Santos M, et al. Do alcohol-
metabolizing enzyme gene polymorphisms increase the risk
of alcoholism and alcoholic liver disease? Hepatology 2006;
43:352-61.

Zintzaras E, Koufakis T, Ziakas PD, et al. A meta-analysis
of genotypes and haplotypes of methylenetetrahydrofolate

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

reductase gene polymorphisms in acute lymphoblastic leu-
kemia. Eur J Epidemiol 2006;21:501-10.

Zintzaras E, Stefanidis 1. Association between the GLUT1
gene polymorphism and the risk of diabetic nephropathy:

a meta-analysis. J Hum Genet 2005;50:84-91.

Zintzaras E, Hadjigeorgiou GM. Association of paraoxonase
1 gene polymorphisms with risk of Parkinson’s disease:

a metaanalysis. J] Hum Genet 2004;49:474-81.

Raynolds MV, Bristow MR, Bush EW, et al. Angiotensin-
converting enzyme DD genotype in patients with ischaemic
or idiopathic dilated cardiomyopathy. Lancet 1993;342:
1073-5.

Sanderson JE, Young RP, Yu CM, et al. Lack of association
between insertion/deletion polymorphism of the angiotensin-
converting enzyme gene and end-stage heart failure due to
ischemic or idiopathic dilated cardiomyopathy in the Chi-
nese. Am J Cardiol 1996;77:1008-10.

Akbulut T, Bilsel T, Terzi S, et al. Relationship between ACE
gene polymorphism and ischemic chronic heart failure in
Turkish population. Eur J] Med Res 2003;8:247-53.

Covolo L, Gelatti U, Metra M, et al. Angiotensin-converting-
enzyme gene polymorphism and heart failure: a case-control
study. Biomarkers 2003;8:429-3.

Huang W, Xie C, Zhou H, et al. Association of the angio-
tensin-converting enzyme gene polymorphism with chronic
heart failure in Chinese Han patients. Eur J Heart Fail 2004;6:
23-7.

Goldbergova M, Spinarova L, Spinar J, et al. Association
of two angiotensinogen gene polymorphisms, M235T and
G(-6)A, with chronic heart failure. Int J Cardiol 2003;89:
267-72.

Small KM, Wagoner LE, Levin AM, et al. Synergistic poly-
morphisms of B1- and a2c-adrenergic receptors and the risk
of congestive heart failure. N Engl J Med 2002;347:1135-42.
Metra M, Zani C, Covolo L, et al. Role of B1- and a2c-
adrenergic receptor polymorphisms and their combination in
heart failure: a case-control study. Eur J Heart Fail 2006;8:
131-5.

Covolo L, Gelatti U, Metra M, et al. Role of betal- and beta2-
adrenoceptor polymorphisms in heart failure: a case-control
study. Eur Heart J 2004;25:1534-41.

Leineweber K, Tenderich G, Wolf C, et al. Is there a role of
the Thri64lle-beta(2)-adrenoceptor polymorphism for the
outcome of chronic heart failure? Basic Res Cardiol 2006;
101:479-84.

Colombo MG, Ciofini E, Paradossi U, et al. ET-1 LysI98Asn
and ET(A) receptor H323H polymorphisms in heart failure.
A case-control study. Cardiology 2006;105:246-52.
Alikasifoglu M, Tokgozoglu L, Acil T, et al. Tumor necrosis
factor-alpha polymorphism in Turkish patients with dilated
cardiomyopathy. Eur J Heart Fail 2003;5:161-3.

Densem CG, Hutchinson IV, Yonan N, et al. Tumour necrosis
factor alpha gene polymorphism: a predisposing factor to
non-ischaemic myocardial dysfunction? Heart 2002;87:
153-5.

Kubota T, McNamara DM, McTiernan CF, et al. Effects of
tumour necrosis factor gene polymorphisms on patients with
congestive heart failure. Circulation 1998;97:2499-501.
Holweg CT, Baan CC, Niesters HG, et al. TGF-betal gene
polymorphisms in patients with end-stage heart failure.

J Heart Lung Transplant 2001;20:979-84.

van der Meer P, De Boer RA, White HL, et al. The VEGF
4405 CC promoter polymorphism is associated with an im-
paired prognosis in patients with chronic heart failure:

a MERIT-HF substudy. J Card Fail 2005;11:279-84.



Genetic Variation associated with Ischemic Heart Failure 13

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Holweg CT, Balk AH, Uitterlinden AG, et al. Functional
heme oxygenase-1 promoter polymorphism in relation to
heart failure and cardiac transplantation. J Heart Lung
Transplant 2005;24:493-7.

Bijlsma FJ, Bruggink AH, Hartman M, et al. No association
between IL- 10 promoter gene polymorphism and heart failure
or rejection following cardiac transplantation. Tissue Anti-
gens 2001;57:151-3.

Bijlsma FJ, vanKuik J, Tilanus MG, et al. Donor interleukin-4
promoter gene polymorphism influences allograft rejection
after heart transplantation. J Heart Lung Transplant 2002;21:
340-6.

Kolek MJ, Carlquist JF, Thaneemit-Chen S, et al. The role of
a common adenosine monophosphate deaminase (AMPD)-1
polymorphism in outcomes of ischemic and nonischemic
heart failure. J Card Fail 2005;11:677-83.

Kruger S, Graf J, Merx MW, et al. CDI4 gene -260 C/T
polymorphism is associated with chronic heart failure. Eur
J Intern Med 2005;16:345-7.

Nakatani D, Sato H, Sakata Y, et al. Influence of serotonin
transporter gene polymorphism on depressive symptoms and
new cardiac events after acute myocardial infarction. Am
Heart J 2005;150:652-8.

Glazier AM, Nadeau JH, Aitman TJ. Finding genes that un-
derlie complex traits. Science 2002;298:2345-9.

Delgado RM, Willerson J. Pathophysiology of heart failure.
A look at the future. Tex Heart Inst J 1999;26:28-33.

Melo LG, Pachori AS, Kong D, et al. Gene and cell-based
therapies for heart disease. FASEB J 2004;18:648-63.
Risch NJ. Searching for genetic determinants in the new
millennium. Nature 2000;405:847-56.

Sherry ST, Ward MH, Kholodov M, et al. dbSNP: the NCBI
database of genetic variation. Nucleic Acids Res 2001;29:
308-11.

Sigurdsson A, Swedberg K. Neurohormonal activation and
congestive heart failure: today’s experience with ACE in-
hibitors and rationale for their use. Eur Heart J 1995;16:
S65-72.

Rigat B, Hubert C, Alhenc-Gelas F, et al. An insertion/
deletion polymorphism in the angiotensin I-converting en-
zyme gene accounting for half the variance of serum enzyme
levels. J Clin Invest 1990;86:1343-6.

Tiret L, Rigat B, Visvikis S, et al. Evidence, from
combined segregation and linkage analysis, that a variant
of the angiotensin I-converting enzyme (ACE) gene
controls plasma ACE levels. Am J Hum Genet 1992;51:
197-205.

Staessen JA, Wang JG, Ginocchio G, et al. The deletion/
insertion polymorphism of the angiotensin converting en-
zyme gene and cardiovascular-renal risk. J Hypertens 1997,
15:1579-92.

Lee EJD. Population genetics of the angiotensin-converting
enzyme in Chinese. Br J Clin Pharmacol 1994;37:212-14.
Sethi AA, Nordestgaard BG, Hansen AT. Angiotensinogen
gene polymorphism, plasma angiotensinogen, and risk of
hypertension and ischemic heart disease. A meta-analysis.
Arterioscler Thromb Vasc Biol 2003;23:1269-75.

Tamura K, Umemura S, Ishii M, et al. Molecular mechanism
of transcriptional activation of angiotensinogen gene by
proximal promoter. J Clin Invest 1994;93:1370-9.

Yanai K, Nibu Y, Murakami K, et al. A cis-acting DNA
element located between TATA box and transcription initia-
tion site is critical in response to regulatory sequences in
human angiotensinogen gene. J Biol Chem 1996;271:
15981-6.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

Brodde OE, Bruck H, Leineweber K. Cardiac adrenoceptors:
physiological and pathophysiological relevance. J Pharmacol
Sci 2006;100:323-37.

Bristow M. Antiadrenergic therapy of chronic heart failure:
surprises and new opportunities. Circulation 2003;107:
1100-2.

Small KM, Forbes SL, Rahman FF, et al. A four amino acid
deletion polymorphism in the third intracellular loop of the
human alpha 2C-adrenergic receptor confers impaired cou-
pling to multiple effectors. J Biol Chem 2000;275:23059-64.
Magbool A, Hall AS, Ball SG, et al. Common polymor-
phisms of bl-adrenoceptor: identification and rapid screening
assay. Lancet 1999;353:897.

Halushka MK, Fan JB, Bentley K, et al. Pattern of single-
nucleotide polymorphisms in candidate genes for blood-
pressure homeostasis. Nat Genet 1999;22:239-47.

Liggett SB. Polymorphisms of the b2-adrenergic receptor and
asthma. Am J Respir Crit Care Med 1997;156:S156-62.
Green SA, Turki J, Innis M, et al. Amino-terminal polymor-
phisms of the human b2-adrenergic receptor impart distinct
agonist-promoted regulatory properties. Biochemistry 1994;
33:9414-19.

Dishy V, Sofowora G, Xie H, et al. The effect of common
polymorphisms of the b2-adrenergic receptor on agonist-
mediated vascular desensitisation. N Engl J Med 2001;345:
1030-5.

Xie H, Stein C, Kim R, et al. Frequency of functionally
important b-2 adrenoceptor polymorphisms varies markedly
among African-American, Caucasian and Chinese individu-
als. Pharmacogenetics 1999;9:511-16.

Green SA, Cole G, Jacinto M, et al. A polymorphism of the
human b2-adrenergic receptor within the fourth transmem-
brane domain alters ligand binding and functional properties
of the receptor. J Biol Chem 1993;268:23116-21.

Sutsch G, Kiowski W. Endothelin and endothelin receptor
antagonism in heart failure. J Cardiovasc Pharmacol 2000;
35:S69-73.

Barden AE, Herbison CE, Beilin LJ, et al. Association be-
tween the endothelin-1 gene Lys/98Asn polymorphism,
blood pressure, and plasma endothelin-1 levels in normal
and pre-eclamptic pregnancy. J Hypertens 2001;19:
1775-82.

Tanaka C, Kamide K, Takiuchi S, et al. Evaluation of the
Lys198Asn and 134delA genetic polymorphisms of the en-
dothelin 1 gene. Hypertens Res 2004;27:367-71.

Herrmann SM, Schmidt-Petersen K, Pfeifer J, et al. A poly-
morphism in the endothelin-A receptor gene predicts survival
in patients with idiopathic dilated cardiomyopathy. Eur Heart
J2001;22:1948-53.

Morita T, Mitsialis SA, Koike H, et al. Carbon monoxide
controls the proliferation of hypoxic vascular smooth muscle
cells. J Biol Chem 1997;272:32804-9.

Willis D, Moore AR, Frederick R, et al. Heme oxygenase:

a novel target for the modulation of the inflammatory re-
sponse. Nat Med 1996;2:87-90.

Chen YH, Lin SJ, Lin MW, et al. Microsatellite polymor-
phism in promoter of heme oxygenase-1 gene is associated
with susceptibility to coronary artery disease in type 2 di-
abetic patients. Hum Genet 2002;111:1-8.

Tsurumi Y, Krasinski K, Chen D, et al. Reciprocal relation-
ship between VEGF and NO in the regulation of endothelial
integrity. Nat Med 1997;3:879-86.

De Boer RA, Pinto YM, van Veldhuisen DJ. The imbalance
between oxygen demand and supply as a potential mecha-
nism in the pathophysiology of heart failure: the role of



14

Kitsios and Zintzaras

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

microvascular growth and abnormalities. Microcirculation
2003;10:113-26.

Watson CJ, Webb NJA, Bottomley MJ, et al. Identification of
polymorphisms within the vascular endothelial growth factor
(VEGF) gene: correlation with variation in VEGF protein
production. Cytokine 2000;12:1232-5.

Stevens A, Soden J, Brenchley PE, et al. Haplotype analysis
of the polymorphic human vascular endothelial growth factor
gene promoter. Cancer Res 2003;63:812-16.

Nian M, Lee P, Khaper N, et al. Inflammatory cytokines
and postmyocardial infarction remodeling. Circ Res 2004;94:
1543-53.

Seta Y, Shan K, Bozkurt B, et al. Basic mechanisms in
heart failure: the cytokine hypothesis. J Cardiol Failure
1996;2:243-9.

D’ Alfonso S, Richardi PM. A polymorphic variation in

a putative regulation box of the TNF alpha promoter region.
Immunogenetics 1994;38:150—4.

Wilson AG, Symons JA, McDowell TL, et al. Effects of

a tumor necrosis factor (TNFa) promoter base transition on
transcriptional activity. Br J Rheumatol 1994;33(suppl 1):89.
Messer G, Spengler U, Jung MC, et al. Polymorphic structure
of the tumor necrosis factor (TNF) locus: an Ncol polymor-
phism in the first intron of the human 7NF-b gene correlates
with a variant amino acid in position 26 and a reduced level of
TNF-b production. J Exp Med 1991;173:209-19.

Deten A, Holzl A, Leicht M, et al. Changes in extracellular
matrix and in transforming growth factor beta isoforms after
coronary artery ligation in rats. J Mol Cell Cardiol 2001;33:
1191-207.

Song H, Foster AH, Conte JV, et al. Presentation and local-
ization of transforming growth factor beta isoforms and its
receptor subtypes in human myocardium in the absence and
presence of heart failure. Circulation 1997;197:S362.
Awadl-Gamel A, Hasleton P, Turner DM, et al. Genotypic
variation in the transforming growth factor-beta 1 gene: as-
sociation with transforming growth factor-beta 1 production,
fibrotic lung disease, and graft fibrosis after lung transplan-
tation. Transplantation 1998;66:1014-20.

Perrey C, Pravica V, Sinnott JP, et al. Genotyping for poly-
morphisms in interferone-y, interleukin-10, transforming
growth factor-f; and tumour necrosis factor-o.. Transpl Im-
munol 1998;6:193-7.

Aukrust P, Gullestad L, Ueland T, et al. Inflammatory

and anti-inflammatory cytokines in chronic heart failure:
potential therapeutic implications. Ann Med 2005;37:
74-85.

Rosenwasser LJ, Klemm DJ, Dresback JK, et al. Promoter
polymorphisms in the chromosome 5 gene cluster in
asthma and atopy. Clin Exp Allergy 1995;25(25 suppl 2):
74-8.

Hobbs K, Negri J, Klinnert M, et al. Interleukin-10 and
transforming growth factor-b promoter polymorphisms in
allergies and asthma. Am J Respir Crit Care Med 1998;158:
1958-62.

Kube D, Platzer C, von Knethen A, et al. Isolation of the
human /L-10 promoter. Characterization of promoter
activity in Burkitt’s lymphoma cell lines. Cytokine 1995;
7:1-7.

Liao W. Endotoxin: possible roles in initiation and develop-
ment of atherosclerosis. J Lab Clin Med 1996;128:452-60.
LeVan TD, Bloom JW, Bailey TJ, et al. A common single
nucleotide polymorphism in the CD/4 promoter decreases
the affinity of Sp protein binding and enhances transcriptional
activity. J Immunol 2001;167:5838-44.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Morisaki T, Sabina RL, Holmes EW. Adenylate deaminase:
a multigene family in humans and rats. J Biol Chem 1990;
265:11482-6.

Morisaki T, Gross M, Morisaki H, et al. Molecular basis of
AMP deaminase deficiency in skeletal muscle. Proc Natl
Acad Sci U S A 1992;89:6457-61.

Villarreal F, Zimmermann S, Makhsudova L, et al. Modula-
tion of cardiac remodeling by adenosine: in vitro and in vivo
effects. Mol Cell Biochem 2003;251:17-26.

Frasure-Smith N, Lesperance L, Juneau M, et al. Gender,
depression, and one-year prognosis after myocardial infarc-
tion. Psychosom Med 1999;61:26-37.

Lesch KP, Bengel D, Heils A, et al. Association of anxiety-
related traits with a polymorphism in the serotonin trans-
porter gene regulatory region. Science 1996;274:1527-31.
Donahue MP, Allen AS. Genetic association studies in car-
diology. Am Heart J 2005;149:964-70.

Arab S, Liu PP. Heart failure in the post-genomics era: gene-
environment interactions. Curr Opin Mol Ther 2005;7:
577-82.

Khoury MJ, Little J, Burke W. Human genome epidemiol-
ogy: a scientific foundation for using genetic information to
improve health and prevent disease. New York, NY: Oxford
University Press, 2004.

Pratt JH, Ambrosius WT, Tewksbury DA, et al. Serum an-
giotensinogen concentration in relation to gonadal hormones,
body size, and genotype in growing young people. Hyper-
tension 1998;32:875-9.

Francis SC, Raizada MK, Mangi AA, et al. Genetic targeting
for cardiovascular therapeutics: are we near the summit

or just beginning the climb? Physiol Genomics 2001;7:
79-94.

McCarthy JJ, Parker A, Salem R, et al. Large scale associa-
tion analysis for identification of genes underlying premature
coronary heart disease: cumulative perspective from analysis
of 111 candidate genes. J] Med Genet 2004;41:334—41.
Thomas DC, Witte JS. Point: population stratification:

a problem for case-control studies of candidate-gene asso-
ciations? Cancer Epidemiol Biomarkers Prev 2002;11:
505-12.

Pritchard JK, Rosenberg NA. Use of unlinked genetic
markers to detect population stratification in association
studies. Am J Hum Genet 1999;65:220-8.

Sharp L, Little J. Polymorphisms in genes involved in folate
metabolism and colorectal neoplasia: A HuGE review. Am J
Epidemiol 2004;159:423-43.

Owan TE, Redfield MM. Epidemiology of diastolic heart
failure. Prog Cardiovasc Dis 2005;47:320-32.

Bax JJ, Poldermans D, Elhendy A, et al. Improvement of left
ventricular ejection fraction, heart failure symptoms and
prognosis after revascularization in patients with chronic
coronary artery disease and viable myocardium detected by
dobutamine stress echocardiography. J Am Coll Cardiol
1999;34:163-9.

Zintzaras E. Methylenetetrahydrofolate reductase gene and
susceptibility to breast cancer: a meta-analysis. Clin Genet
2006;69:327-36.

Weir BS. Genetic data analysis II: methods for discrete
population genetic data. Sunderland, MA: Sinauer Associ-
ates, 1996.

Salanti G, Sanderson S, Higgins JP. Obstacles and opportu-
nities in meta-analysis of genetic association studies. Genet
Med 2005;7:13-20.

Xu J, Turner A, Little J, et al. Positive results in association
studies are associated with departure from Hardy-Weinberg



Genetic Variation associated with Ischemic Heart Failure 15

122.

123.

124.

125.

equilibrium: hint for genotyping error? Hum Genet 2002;
111:573-4.

Donahue MP, Marchuk DA, Rockman HA. Redefining heart
failure: the utility of genomics. J Am Coll Cardiol 2006;48:
1289-98.

Kittleson MM, Ye SQ, Irizarry RA, et al. Identification of

a gene expression profile that differentiates between ischemic
and nonischemic cardiomyopathy. Circulation 2004;110:
3444-51.

Hauser MA, Li YJ, Takeuchi S, et al. Genomic convergence:
identifying candidate genes for Parkinson’s disease by com-
bining serial analysis of gene expression and genetic linkage.
Hum Mol Genet 2003;12:671-7.

Hunt SA, Baker DW, Chin MH, et al. ACC/AHA Guidelines
for the Evaluation and Management of Chronic Heart
Failure in the Adult: Executive Summary A Report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee
to Revise the 1995 Guidelines for the Evaluation and

126.

127.

128.

129.

130.

Management of Heart Failure). Circulation 2001;104:
2996-3007.

Cooper RS. Gene-environment interactions and the etiology
of common complex disease. Ann Intern Med 2003;139:
437-40.

Cordell HJ. Epistasis: what it means, what it doesn’t mean,
and statistical methods to detect it in humans. Hum Mol
Genet 2002;11:2463-8.

Zintzaras E, Kitsios G, Stefanidis 1. Response to endothelial
nitric oxide synthase polymorphisms and susceptibility to
hypertension: genotype versus haplotype analysis. Hyper-
tension. Advance Access: November 6, 2006. (DOI: 10.1161/
01.HYP.0000251076.18254.ed).

Zintzaras E, Kitsios G, Harrison GA, et al. Heterogeneity-
based genome search meta-analysis for preeclampsia. Hum
Genet 2006;120:360-70.

Clayton D, McKeigue PM. Epidemiological methods for
studying genes and environmental factors in complex dis-
eases. Lancet 2001;358:1356-60.



