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Abstract

Idiopathic dilated cardiomyopathy (IDC) has been hypothesized as a multifactorial disorder initiated by an environment trigger in
individuals with predisposing human leukocyte antigen (HLA) alleles. Published data on the association between HLA-DR3 antigen
and IDC risk are inconclusive. To derive a more precise estimation of the relationship, a meta-analysis was performed. Studies were
identified by searching the PUBMED and Embase database (starting from June 2015). A total of 19 case-control studies including
1378 cases and 10383 controls provided data on the association between HLA-DR3 antigen and genetic susceptibility to IDC.
Overall, significantly decreased frequency of HLA-DRS3 allele (OR=0.72; 95%CI=0.58-0.90; P=0.004) was found in patients with IDC
compared with controls. When stratified by myocardial biopsy or non-biopsy cases, statistically decreased risk was found for IDC in
myocardial biopsy cases (OR=0.69; 95%CI=0.57-0.84; P=0.0003). In the subgroup analysis by ethnicity, borderline statistically
significantly decreased risk was found among Europeans from 12 case-control studies (OR=0.76; 95%CI=0.58—1.00; P=0.05).

In conclusion, our results suggest that individuals with HLA-DR3 antigen may have a protective effect against IDC.
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Introduction

Idiopathic dilated cardiomyopathy (IDC) is the third
most common cause of heart failure characterized by ven-
tricular dilatation and impaired myocardial contractility (1).
This multifactorial disease, although closely related to viral
and immunologic mechanisms, is also influenced by the
complex pattern of inheritance (2). New genetic mark-
ers for identifying high-risk populations as well as novel
strategies for early detection and preventive care are
urgently needed.

In the past decades, a growing number of studies
suggested that human leukocyte antigen (HLA)-DR was
emerging as a low-penetrant risk factor in the develop-
ment of IDC. However, the association between HLA-DR3
and IDC risk has been less well characterized. Therefore,
this study aimed to derive a more precise estimation of
this association by subgroup analysis.

Material and Methods

Study search strategy

Case-control studies were identified from PubMed and
Embase database in June 2015 using both electronic and
manual search strategies. We combined search terms
“HLA-DR”, “polymorphism”, and “dilated cardiomyopathy”,

and we restricted our search to human populations. When
more than one study from the same patient population was
published, only the most recent or complete study was
selected for this meta-analysis.

Inclusion criteria

We identified eligible articles on the basis of 3 inclusion
criteria: 1) case-control studies, 2) evaluation of HLA-
DR3 antigen in IDC risk, and 3) sufficient published data
for estimating an odds ratio (OR) with 95% confidence
interval (ClI).

Data extraction

Two reviewers (B.J. and B.W.W.) independently extracted
data from all selected studies fulfilling inclusion criteria. Dis-
agreement was resolved by discussion between the two
reviewers. If these two authors could not reach a consensus,
another author (Z.C.W.) was consulted to resolve the dispute
and a final decision was made by voting. Data extraction
included the first author’s surname, publication date, region of
origin, ethnicity, myocardial biopsy, source of controls, and
demographic data. Data that were not provided in tabular form
or in the main text were obtained from online data appendix or
from supplementary material.
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Statistical analysis

The Cochrane Collaboration meta-analysis methodol-
ogy was used for this study. Crude ORs with 95%Cls were
used to assess the strength of association between HLA-
DR3 antigen and IDC risk. The presence of heterogeneity
across trials was evaluated, and P <0.10 was considered
to be significant for statistical heterogeneity. All statistical
tests were performed with RevMan version 4.2.2 available
free from the Cochrane Collaboration website (http://www.
cochrane.org/cochrane/hbook/htm).

Results

Study characteristics

A total of 19 case-control studies including 1378 cases
and 10383 controls met the inclusion criteria (3—21). Table 1
lists the eligible studies and their main characteristics. Of the
19 studies, sample sizes ranged from 117 to 2703. Controls
were mainly healthy populations and matched for ethnicity
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and area. Diagnosis of IDC was primarily based on the
World Health Organization (WHO) criteria by a panel of
clinical cardiologists (22,23).

Main results

Table 2 presents the pooled ORs of this meta-analysis.
Overall, significantly decreased frequency of HLA-DRS allele
(OR=0.72; 95%CI=0.58-0.90; P=0.004; Figure 1) was found
in patients with IDC compared with controls. When strati-
fied by myocardial biopsy or non-biopsy cases, statistically
decreased risk was found for IDC in myocardial biopsy cases
(OR=0.69; 95%CI=0.57-0.84; P=0.0003). In the subgroup
analysis by ethnicity, significantly decreased risks were found
among Europeans (OR=0.76; 95%CI=0.58-1.00; P=0.05;
Figure 2) and Asians (OR=0.65; 95%CI=0.46-0.92; P=0.01).

Sensitivity analysis
Sensitivity analysis was performed by re-running the
meta-analysis removing a single study each time to reflect

Table 1. Main characteristics of case-control studies included in the meta-analysis.

Reference Year Region Ethnicity Sample size Myocardial Source of controls  Genotyping method
(case/ control) biopsy

Agarwal et al. (3) 1996 Oman Arab 50/209 No Healthy donors  Microcytotoxicity assay

Anderson et al. (4) 1984 USA Caucasian 35/82 Yes Hospital blood  Microcytotoxicity assay
donors

Arbustini et al. (5) 1989 Italy Italian 50/400 Yes Healthy blood  Microcytotoxicity assay
donors

Caforio et al. (6) 1992 Italy Caucasian 80/289 Yes Healthy blood  Microcytotoxicity assay
donors

Carlquist et al. (7) 1991 USA Caucasian 76/135 Yes Healthy blood  Microcytotoxicity assay
donors

Carlquist et al. (8) 1994 USA Caucasian 43/236 Yes Healthy blood  Microcytotoxicity assay
donors

Grant et al. (9) 1994 England Caucasian 98/857 Yes Organ donors  Microcytotoxicity assay

Harcombe et al. (10) 1999 UK Caucasian 161/2041 Yes Kidney donors  Microcytotoxicity assay

Komaijda et al. (11) 1987 France Caucasian 49/2654 Yes Healthy donors  Microcytotoxicity assay

Limas et al. (12) 1989 USA Caucasian 102/511 No Hospital population Microcytotoxicity assay

Liu et al. (13) 2006 China Chinese 136/198 No Healthy subjects PCR-SSP

Lozano et al. (14) 1997 Canada Caucasian 32/93 Yes Healthy donors PCR-SSP

Mahjoub et al. (15) 2010 Tunisia Arab 76/111 No Healthy subjects PCR-SSP

Maharaj et al. (16) 1990 South Africa African 57/412 No Healthy subjects Microcytotoxicity assay

Nishi et al. (17) 1995 Japan Japanese 78/336 Yes Healthy subjects PCR-SSOP

Osa et al. (18) 1999 Spain Spanish 50/1337 Yes Healthy subjects Microcytotoxicity assay

Rodriguez-Pérez 2007 Mexico Mexican 53/99 No Healthy subjects PCR-SSO

et al. (19) Mestizo

Wang et al. (20) 2000 China Chinese 68/175 No Healthy blood PCR-SSP
donors

Zerbe et al. (21) 1988 USA Caucasian 84/208 No Healthy blood Fluorescence labelling
donors

USA: United States of America; UK: United Kingdom; PCR: polymerase chain reaction; SSP: sequence specific primer;
SSOP: sequence specific oligonucleotide probe; SSO: sequence specific oligonucleotide.
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Table 2. Summary of pooled ORs for human leukocyte antigen-DR3 in patients with idiopathic dilated cardiomyopathy.
Comparison  Number of studies Cases with Controls with P-value for ~ Model OR (95%Cl) P-value for
DR3 allele DR3 allele heterogeneity overall effect

Total 19 267/1378 2782/10383 0.02 R 0.72 (0.58-0.90) 0.004
Ethnicity

Asian 5 56/408 172/1029 0.12 F 0.65 (0.46-0.92) 0.01

European 12 193/860 2450/8843 0.02 R 0.76 (0.58-1.00) 0.05

Other 2 18/110 160/511 0.35 F 0.61 (0.34-1.07) 0.08
Diagnosis

Biopsy 1 144/752 2289/8460 0.13 F 0.69 (0.57-0.84) 0.0003

Non-biopsy 8 123/626 493/1923 0.02 R 0.77 (0.53-1.12) 0.17

R: random effect model; F: fixed effect model; OR: odds ratio; Cl: confidence interval.

the influence of the individual data-set to the pooled ORs,
which were not significantly altered, indicating that our
results were statistically robust (24).

Publication bias
Begg’s funnel plot and Egger’s test results did not
suggest any evidence of publication bias.

Discussion
The association between a disease susceptibility gene

and an HLA subtype may be more apparent than real,
especially if multiple loci seem linked to a disease gene (25).

It is believed that abnormalities in immunity have been
implicated in the pathogenesis of IDC. Certain HLA alleles
are associated with the development of particular auto-
immune diseases. HLA-DRS3 is often associated with an
increased risk in non-organ specific autoimmune disease,
whereas HLA-DR4 is more frequently associated with organ-
specific autoimmune disease. IDC has been hypothesized
as a multifactorial disorder initiated by an environmental
trigger in individuals with predisposing HLA alleles (26).
Published data on the association between HLA-DR3
polymorphism and IDC risk are inconclusive.

The present meta-analysis, including 1378 cases and
10,383 controls from 19 eligible studies, explored the

Study Case Control OR (random) OR (random)

or sub-category niN niN 95% Cl 95% Cl
Agarwaletal. (3) 18/50 63/209 —t— 1.30 [0.68, 2.49]
Andersonetal. (4) 13/38 z5/82 b 1.35 [0.59, 3.03]
Arbustinietal. (s5) 6/50 118/400 = 0.33 [0.14, 0.79]
Caforioetal. (6) lo/80 85/289 — 0.34 [0.17, 0.70]
Carlquistetal (7) 18/76 34/138 —_ 0.9z [0.48, 1.78]
Carlquistetal. (8) 10/43 85/236 — 0.54 [0.25, 1.15])
Grantetal. (9) 24/98 247/857 —- 0.80 [0.49, 1.30]
Harcombe etal. (10) 417161 554/2041 — 0.92 [0.63, 1.32]
Komajda et al. (11) 8/49 788/2654 —— 0.46 [0.2Z, 0.93]
Limasetal. (12) 317102 118/511 -— 1.45 [0.91, 2.33]
Liuetal. (13) 16/136 427198 —— 0.50 [0.27, 0.92]
Lozanoetal. (14) 6/3z 16/33 e 1.11 [0.33, 3.14]
Maharaj et al. (15) 16/87 140/412 = 0.69 [0.37, 1.27]
Mahjoub et al. (16) 19/7¢€ 37/111 —a1 0.67 [0.35, 1.28]
Nishiet al. (17) 0/78 3/336 0.61 [0.03, 11.87)
Osa et al. (18) 8/50 334/1337 ——r 0.57 [0.27, 1.23]
Rodriguez-Pérez etal. (19) 2/53 11/99 —_— 0.31 [0.07, 1.47]
Wangetal. (20) 3/68 27/178 —_— 0.25 [0.07, 0.86]
Zerbeetal. (21) 18/84 46/208 _ 0.96 [0.52, 1.78]
Total (85% Cl) 1378 10383 { 0.72 [0.58, 0.90]
Total events: 267 (Case), 2782 (Control)

Test for heterogeneity: Chi®=32.31 ,df =18 (P=0.02), P= 44.3%

Test for overall effect: Z=2.91 (P =0.004)
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Figure 1. Cumulative odds ratio for human leukocyte antigen-DR3 in patients with idiopathic dilated cardiomyopathy compared with

controls from 19 studies (OR=0.72; 95%CI=0.58-0.90; P=0.004).
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Study Case Control OR (random) OR (randiom)
or sub-category ni niN 95% Cl 95% Cl
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Catlquist et al. (7) 18/76 3471835 —_— 0.92 [0.48, 1.78]
Carlquist etal. (s) 10/43 85/23¢6 —_— 0.54 [0.25, 1.15]
Grartetal. (9) 24/98 247/857 —_— 0.80 [0.48, 1.30]
Harcombe et al. (10) 417161 554/2041 . 0.92 [0.63, 1.32]
Komajdaetal. (11) 8/43 788/2654 —_— 0.46 [0.2Z, 0.93]
Limasetal. (12) 31/102 1187511 e 1.45 [0.91, 2.33]
Lozano et al. (14) 6/32 16/92 _—— l.11 [0.39, 2.14]
Osaetal. (18) 8/50 33471337 ——e 057 [0:27; L:283]
Zerbeetal (21) 1l3/84 46/208 b 0.9¢ [0.52, 1.78]
Total (95% Cly 860 8843 < 0.76 [0.58, 1.00]
Total events: 193 (Case), 2450 (Control)

Test for heterogeneity: Chi’= 2261, df =11 (P = 0.02), *= 51 4%

Test for overall effect: Z=1.99 (P =0.05)
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Figure 2. Forest plot of odds ratio for human leukocyte antigen-DR3 in patients with idiopathic dilated cardiomyopathy in a European
subset of 12 case-control studies (OR=0.76; 95%CI=0.58—-1.00; P=0.05).

association between the frequency-distribution of HLA-
DR3 and IDC risk. Our results indicated that individuals
with HLA-DR3 antigen may have a protective effect
against IDC. When stratified by myocardial biopsy or
non-biopsy cases, statistically decreased risk was found
for IDC in myocardial biopsy cases. This finding may be
biologically plausible; immune responses are mediated
through products of genes located in the major histocom-
patibility complex (MHC) region, which have the task of
presenting cell-associated antigens for their recognition.
As the major subregion within the human MHC region,
HLA-DR3 is involved in several autoimmune conditions
and disease susceptibility. Published studies support the
cell-mediated immune response theory as the myocardial
inflammatory pathway in unrelated IDC patients (27). It is
plausible to consider that individuals with protective HLA
alleles could have decreased cross-reactive peptides and
fail to develop the disease.

Statistically significant associations between HLA-DR3
and IDC were found in Europeans and Asians but not among
other populations, suggesting a possible role of ethnic dif-
ferences in genetic background and the environment (28).
However, the influence of HLA-DR3 allele might be masked
by the presence of other as-yet unidentified causal genes
involved in IDC development. In addition, the observed ethnic
differences might be due to chance because studies with
small sample sizes may have insufficient statistical power
to detect a slight effect or may generate a fluctuated risk
estimate (29).

The statistical correlation of HLA-DR3 antigen with IDC
risk is suggestive but deserves further confirmation. Con-
sidering the complex nature of IDC, it seems conceivable
that HLA-DR3 antigen has only a minor impact on the
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pathogenesis of IDC. Our findings are consistent with the
hypothesis that unrelated IDC may arise in part from
abnormal immune regulation, perhaps in conjunction with
an infectious process. Although the full extent of these
associations and the specific pathogenic mechanisms are
at present unknown, the evidence thus far is sufficiently
compelling to warrant further investigation.

Some limitations of this meta-analysis should be acknowl-
edged. Firstly, the controls were not uniformly defined.
Although most of the controls were selected mainly from
healthy populations, some controls were IDC-free subjects.
Therefore, non-differential misclassification bias might have
occurred because these studies may have included control
subjects who have different risk rates of developing IDC.
Secondly, heterogeneity is a potential problem when inter-
preting the results of all meta-analyses. Thirdly, our results
were based on unadjusted estimates, while a more precise
analysis would be conducted if individual data were available.

In conclusion, our meta-analysis suggests that individuals
with HLA-DR3 antigen may have a protective effect against
IDC. However, it is necessary to conduct larger sample
studies using standardized and unbiased genotyping methods
and well-matched controls to confirm the results (30). More-
over, gene-gene and gene-environment interactions should
also be considered in the analysis. Such studies may
eventually lead to a better, comprehensive understanding of
the association between HLA-DR3 antigen and IDC risk.

Acknowledgments
This study was supported in part by grants from the

National Natural Science Foundation in China (#81100157
and #81470496).


http://dx.doi.org/10.1590/1414-431X20165131

HLA-DRS3 antigen and idiopathic dilated cardiomyopathy

References

10.

1.

12.

13.

14.

Dec GW, Fuster V. Idiopathic dilated cardiomyopathy.
N Engl J Med 1994; 331: 1564-1575, doi: 10.1056/NEJM
199412083312307.

Bender JR. Idiopathic dilated cardiomyopathy. An immuno-
logic, genetic, or infectious disease, or all of the above?
Circulation 1991; 83: 704-706, doi: 10.1161/01.CIR.83.
2.704.

Agarwal AK, White AG, Ali M, Leheny WA, Daar AS. HLA
antigens in an Omani population with dilated cardiomy-
opathy. Int J Cardiol 1996; 55: 29-32, doi: 10.1016/0167-
5273(96)02625-3.

Anderson JL, Carlquist JF, Lutz JR, DeWitt CW, Hammond
EH. HLA A, B and DR typing in idiopathic dilated
cardiomyopathy: a search for immune response factors.
Am J Cardiol 1984; 53: 1326—1330, doi: 10.1016/0002-9149
(84)90088-2.

Arbustini E, Gavazzi A, Pozzi R, Grasso M, Pucci A,
Campana C, et al. The morphologic spectrum of dilated
cardiomyopathy and its relation to immune-response genes.
Am J Cardiol 1989; 64: 991-995, doi: 10.1016/0002-9149
(89)90796-0.

Caforio AL, Martinetti M, Schwarz G, Bonifacio E, Gavazzi A,
Graziano G, et al. Idiopathic dilated cardiomyopathy: lack of
association between circulating organ-specific cardiac anti-
bodies and HLA-DR antigens. Tissue Antigens 1992; 39:
236-240, doi: 10.1111/j.1399-0039.1992.tb01941.x.
Carlquist JF, Menlove RL, Murray MB, O’Connell JB,
Anderson JL. HLA class Il (DR and DQ) antigen associations
in idiopathic dilated cardiomyopathy. Validation study and
meta-analysis of published HLA association studies. Circula-
tion 1991; 83: 515-522, doi: 10.1161/01.CIR.83.2.515.
Carlquist JF, Ward RH, Husebye D, Feolo M, Anderson JL.
Major histocompatibility complex class Il gene frequencies
by serologic and deoxyribonucleic acid genomic typing in
idiopathic dilated cardiomyopathy. Am J Cardiol 1994; 74:
918-920, doi: 10.1016/0002-9149(94)90586-X.

Grant SC, Sheldon S, Dyer PA, Levy RD, Brooks NH. Do
specific HLA antigens predispose to ischaemic heart
disease or idiopathic dilated cardiomyopathy? Br Heart J
1994; 71: 76-78, doi: 10.1136/hrt.71.1.76.

Harcombe AA, Sharples L, Large SR, Wallwork J, Weiss-
berg PL, Joysey V. HLA antigen frequencies in end-stage
idiopathic and ischaemic cardiomyopathy. Int J Cardiol
1999; 68: 31-37, doi: 10.1016/S0167-5273(98)00336-2.
Komajda M, Raffoux C, Salame E, Colombani J, Grosgogeat Y,
Cabrol C, et al. [HLA A-B and DR in dilated myocardiopathies].
Arch Mal Coeur Vaiss 1987; 80: 1233-1237.

Limas CJ, Limas C. HLA antigens in idiopathic dilated
cardiomyopathy. Br Heart J 1989; 62: 379-383, doi: 10.1136/
hrt.62.5.379.

Liu W, Li WM, Yang SS, Gao C, Li SJ, Li Y, et al. Association
of HLA class Il DRB1, DPA1 and DPB1 polymorphism with
genetic susceptibility to idiopathic dilated cardiomyopathy in
Chinese Han nationality. Autoimmunity 2006; 39: 461—467.
Lozano MD, Rubocki RJ, Wilson JE, McManus BM,
Wisecarver JL. Human leukocyte antigen class |l associa-
tions in patients with idiopathic dilated cardiomyopathy.
Myocarditis Treatment Trial Investigators. J Card Fail 1997,
3: 97-103, doi: 10.1016/S1071-9164(97)90041-5.

Braz J Med Biol Res | doi: 10.1590/1414-431X20165131

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

5/5

Mahjoub S, Mehri S, Ghazouani E, Ouarda F, Boussada R,
Zaroui A, et al. HLA class Il polymorphisms in Tunisian
patients with dilated cardiomyopathy. Tissue Antigens 2010;
75: 679-683, doi: 10.1111/j.1399-0039.2009.01432.x.
Maharaj B, Hammond MG. HLA-A, B, DR, and DQ antigens
in black patients with idiopathic dilated cardiomyopathy.
Am J Cardiol 1990; 65: 1402—1403.

Nishi H, Koga Y, Koyanagi T, Harada H, Imaizumi T, Toshima H,
et al. DNA typing of HLA class Il genes in Japanese patients
with dilated cardiomyopathy. J Mol Cell Cardiol 1995; 27:
2385-2392, doi: 10.1006/jmcc.1996.0125.

Osa A, Almenar L, Palencia M, Puig N, Chirivella M, Montoro J.
Antigens of the major histocompatibility system in ischemic
heart disease and idiopathic dilated cardiomyopathy. Clin
Cardiol 1999; 22: 292-296, doi: 10.1002/clc.4960220408.
Rodriguez-Pérez JM, Fragoso JM, Alvarez-Leon E, Martinez-
Rodriguez N, Gallardo GJ, Ines-Real S, et al. MHC class Il
genes in Mexican patients with idiopathic dilated cardiomyo-
pathy. Exp Mol Pathol 2007; 82: 49-52, doi: 10.1016/
j.yexmp.2006.10.002.

Wang Q, Liao Y, Gong F, Mao H, Zhang J. HLA-DRB1 gene
polymorphism in patients with dilated cardiomyopathy. J Tongji
Med Univ 2000; 20: 141-142.

Zerbe TR, Kaufmann C, Colson Y, Duquesnoy R. Associa-
tions of HLA-A, B, DR antigens with primary disease in
cardiac allograft recipients. Am J Cardiol 1988; 61: 1359—
1361, doi: 10.1016/0002-9149(88)91188-5.

Report of the WHO/ISFC task force on the definition and
classification of cardiomyopathies. Br Heart J 1980; 44:
672-673, doi: 10.1136/hrt.44.6.672.

Richardson P, McKenna W, Bristow M, Maisch B, Mautner B,
O’Connell J, et al. Report of the 1995 World Health
Organization/International Society and Federation of Cardi-
ology Task Force on the Definition and Classification of
cardiomyopathies. Circulation 1996; 93: 841-842.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002; 21: 1539-1558, doi: 10.1002/sim.1186.
Arase N, Arase H. Cellular misfolded proteins rescued from
degradation by MHC class Il molecules are possible targets
for autoimmune diseases. J Biochem 2015; 158: 367-372,
doi: 10.1093/jb/mvv093.

Limas CJ, Limas C, Kubo SH, Olivari MT. Anti-beta-receptor
antibodies in human dilated cardiomyopathy and correlation
with HLA-DR antigens. Am J Cardiol 1990; 65: 483487,
doi: 10.1016/0002-9149(90)90815-I.

Caforio AL, Mahon NJ, Tona F, McKenna WJ. Circulating
cardiac autoantibodies in dilated cardiomyopathy and myo-
carditis: pathogenetic and clinical significance. Eur J Heart Fail
2002; 4: 411-417, doi: 10.1016/S1388-9842(02)00010-7.
Hirschhom JN, Lohmueller K, Byme E, Hirschhom K. A com-
prehensive review of genetic association studies. Genet Med
2002; 4: 45-61, doi: 10.1097/00125817-200203000-00002.
Wacholder S, Chanock S, Garcia-Closas M, El GL, Rothman N.
Assessing the probability that a positive report is false: an
approach for molecular epidemiology studies. J Nat/ Cancer
Inst 2004; 96: 434-442, doi: 10.1093/jnci/djh075.

Villar J, Piaggio G. Large trials or meta-analysis? That is not
the question. Best Pract Res Clin Obstet Gynaecol 2005; 19:
27-35, doi: 10.1016/j.bpobgyn.2004.10.013.


http://dx.doi.org/10.1056/NEJM199412083312307
http://dx.doi.org/10.1056/NEJM199412083312307
http://dx.doi.org/10.1161/01.CIR.83.2.704
http://dx.doi.org/10.1161/01.CIR.83.2.704
http://dx.doi.org/10.1016/0167-5273(96)02625-3
http://dx.doi.org/10.1016/0167-5273(96)02625-3
http://dx.doi.org/10.1016/0002-9149(84)90088-2
http://dx.doi.org/10.1016/0002-9149(84)90088-2
http://dx.doi.org/10.1016/0002-9149(89)90796-0
http://dx.doi.org/10.1016/0002-9149(89)90796-0
http://dx.doi.org/10.1111/j.1399-0039.1992.tb01941.x
http://dx.doi.org/10.1161/01.CIR.83.2.515
http://dx.doi.org/10.1016/0002-9149(94)90586-X
http://dx.doi.org/10.1136/hrt.71.1.76
http://dx.doi.org/10.1016/S0167-5273(98)00336-2
http://dx.doi.org/10.1136/hrt.62.5.379
http://dx.doi.org/10.1136/hrt.62.5.379
http://dx.doi.org/10.1016/S1071-9164(97)90041-5
http://dx.doi.org/10.1111/j.1399-0039.2009.01432.x
http://dx.doi.org/10.1006/jmcc.1996.0125
http://dx.doi.org/10.1002/clc.4960220408
http://dx.doi.org/10.1016/j.yexmp.2006.10.002
http://dx.doi.org/10.1016/j.yexmp.2006.10.002
http://dx.doi.org/10.1016/0002-9149(88)91188-5
http://dx.doi.org/10.1136/hrt.44.6.672
http://dx.doi.org/10.1002/sim.1186
http://dx.doi.org/10.1093/jb/mvv093
http://dx.doi.org/10.1016/0002-9149(90)90815-I
http://dx.doi.org/10.1016/S1388-9842(02)00010-7
http://dx.doi.org/10.1097/00125817-200203000-00002
http://dx.doi.org/10.1093/jnci/djh075
http://dx.doi.org/10.1016/j.bpobgyn.2004.10.013
http://dx.doi.org/10.1590/1414-431X20165131

	title_link
	Introduction
	Material and Methods
	Study search strategy
	Inclusion criteria
	Data extraction
	Statistical analysis

	Results
	Study characteristics
	Main results
	Sensitivity analysis

	Table  Table 1. Main characteristics of casehyphencontrol studies included in the metahyphenanalysis
	Publication bias

	Discussion
	Table  Table 2. Summary of pooled ORs for human leukocyte antigenhyphenDR3 in patients with idiopathic dilated cardiomyopathy
	Figure 1.
	Acknowledgments

	REFERENCES
	Figure 2.
	References


