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Abstract
Objective: Several published studies have investigated the association between the �308G/A (rs1800629) polymorphism in the
tumor necrosis factor-a (TNF-a) gene and the risk of dilated cardiomyopathy (DCM). However, the TNF-a gene polymorphism has a
controversial role in the pathogenesis of DCM among different populations. In the present study, a meta-analysis was performed to
resolve this inconsistency.

Methods:Potentially eligible papers reporting an association between the TNF-a rs1800629 polymorphism andDCM susceptibility
were searched in 4 databases including PubMed, EMBASE, Chinese Biomedical Database (CBM), and the Cochrane Library up to
April 1, 2018. The odds ratio (OR) with its 95% confidence interval (CI) was used to estimate the strength of the associations.
Subgroup analysis based on the ethnicity, studies with or without ischemic and valvular DCM was conducted. Publication bias
detection was conducted using Begg test.

Results:Nine papers detailing case-control studies were included, reporting a total of 1339 DCM cases and 1677 healthy controls.
The meta-analysis results indicated that TNF-a rs1800629 was associated with increased DCM susceptibility in the populations
studied under the heterozygous model (AG vs GG: OR=1.91, 95% CI=1.05�3.50, P= .035) and dominant model (AG+AA vs GG:
OR=1.87, 95% CI=1.01�3.45, P= .046). In the subgroup analysis for ethnicity, rs1800629 polymorphism was significantly
associated with the susceptibility of DCM for Asians under the 5 models (A vs G: OR=2.87, 95% CI=1.56�5.30, P= .001; AA vs
GG: OR=3.95, 95% CI=1.13�13.82, P=0.031; AG vs GG: OR=3.8, 95% CI=1.57�9.19, P= .003; AA vs GG+AG: OR=2.51,
95% CI=1.41�4.49, P= .002; AG+AA vs GG: OR=3.77, 95% CI=1.54�9.20, P= .004).

Conclusion:There may be amoderate association between TNF-a rs1800629 polymorphism and DCM susceptibility in the whole
populations studied; however, TNF-a rs1800629 polymorphism was significantly associated with the susceptibility of DCM for
Asians, which indicates that such associations may be different between ethnicities.

Abbreviations: CI = confidence interval, DCM = dilated cardiomyopathy, HWE = Hardy–Weinberg equilibrium, NOS =
Newcastle-Ottawa Scale, OR = odds ratio, SNP =single nucleotide polymorphism, TNF-a = tumor necrosis factor-a.
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1. Introduction

DCM is a leading cause of end-stage heart failure with
characteristic of ventricular dilatation and diminished contraction
of the left or both the ventricles.[1,2] Despite of the advancement in
medical and surgical therapies, DCM remains a major cause of
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cardiac morbidity and death because of congestive heart failure or
arrhythmias and is a leading indication forheart transplantation.[3]

The etiopathogenesis of DCM is multifactorial and varied clinical
conditions can result in phenotype of DCM; however, the precise
etiology of DCM remains uncertain. The etiology of DCM is
idiopathic in about 50% of the patients,[4] and among them, 20%
to 25% of cases had a familial origin.[5] These facts raised the
hypothesis that gene factors might contribute to the disease
pathogenesis.[4] It is known to all that genetic and environmental
factors contribute to the pathogenesis of cardiac disease.[6]

Inflammation is regarded as one of the commonest mechanisms
in cardiomyopathy andmany cardiovascular diseases.[7]TNF-a is
a pro-inflammatory cytokine possessed pleiotropic biological
effects. The rs1800629 polymorphism is located in the promoter
region of the TNF-a gene, the 308th nucleotide before the
transcription initiation, and the polymorphism present as adenine
mononucleotide (A) substituting for guanosine monophosphate
(G). It was reported that TNF-a involved in pathogenesis of
myocardial infarction, atherosclerosis, and chronic heart fail-
ure.[8] Elevated TNF-a levels have been confirmed in patients
with DCM compared with healthy controls, which indicated its
role in the disease pathogenesis.[9]
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The human TNF gene is located in 6p21.3. The �308G/A
rs1800629 polymorphism has been confirmed to affect TNF-a
transcriptional activity.[10] Recently, several studies explored the
association between TNF-a gene polymorphism and DCM,
which yielded controversial conclusions because of limited
sample sizes and ethnic variations.[6,11–14] Therefore, we
employed a meta-analysis of various studies involving more
subjects to investigate the relationship between rs1800629
polymorphism in TNF-a and DCM susceptibility.

2. Materials and methods

2.1. Search strategy

The meta-analysis was performed according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.[15] Two authors independently searched
the database of PubMed, EMBASE, CBM, and the Cochrane
Library up to April 1, 2018. The following terms were used:
(dilated cardiomyopathy or DCM or congestive cardiomy-
opathies) and (tumor necrosis factor-a or tumor necrosis
factor alpha or TNF-a or TNF alpha) and (polymorphism or
single nucleotide polymorphism (SNP) or mutation or
variation or Genotype or Alleles). There were no language
restrictions in the searching process. Publications listed in the
references included were also hand reviewed carefully to find
potentially relevant articles. Disagreements concerning the
inclusion of a particular study were resolved by consensus.
Approval of the research ethics committee was not needed in
this study.

2.2. Inclusion and exclusion criteria

Studies were included in this meta-analysis if they met all the
following criteria:
(1)
(2)
Research designed as case–control studies for humans;
studies evaluated the relationship between the TNF-a

rs1800629 polymorphism and DCM susceptibility;
sufficient data available regarding the total number of cases
(3)

and controls, especially the number of cases and controls with
G/G, G/A, and A/A genotypes; and
at least 2 comparison groups (DCM group and control
(4)

group).

The exclusion criteria were:

(1) Studies without control group, or were case reports,

editorials, review articles, or comments;
duplicated publications;
(2)

(3)
 without detailed genotyping data; and

(4)
 animal studies or basic experimental studies.
2.3. Data extraction

Two experienced authors independently extracted the data from
each included study according to a preset data extraction form.
The following information from the included studies was
extracted: First author’s surname; publication year; country in
which the study was performed; ethnicity; genotyping method;
diagnosis criteria of DCM; total number in the case and control
groups, as well as the number of cases and controls with G/G, G/
A, and A/A genotypes; whether studies included ischemic and
valvular DCM; and the P value used to calculate the Hardy–
Weinberg equilibrium (HWE).
2

2.4. Quality assessment

Two investigators independently carried out a quality assessment
of each study based on the Newcastle-Ottawa Scale (NOS),[16]

which is one of the most used rating systems to assess the quality
of observational studies in ameta-analysis. The system included 3
broad aspects: Case and control selection, exposure, and
comparability. Each aspect consists of 4, 2, and 3 items
respectively. This scale contains 9 items and each item scores a
value of 1 with 9 scores in total. A NOS score of 6 stars or above
would be classified as high-quality study.
2.5. Statistical analysis

The association between TNF-a rs1800629 polymorphism and
DCM risk was estimated by calculating the pooled odds ratio
(OR) along with the 95% confidence interval (CI) in the allele
model, the homozygous genetic model, the recessive model, the
dominant model, and the heterozygous genetic model. The
pooled ORs were measured using the Z test. The HWE for each
studywas tested using the x2 test andP>.05was considered to be
consistentwithHWE.TheORswere pooled using either thefixed
effects model or the random-effects model, as previously
described.[17] A P value less than .05 were classified as a
statistically significant difference. Heterogeneity across the
studies was determined using the Q test and the I2 statistical
tests, with I2<50% indicating little difference. To explore the
influence of a single study on the overall results, sensitivity
analysis was also carried out to confirm the stability of the results
under all geneticmodels. Begg’s funnel plot testwas used to assess
possible publication bias, with P<.05 being considered to
present statistical significance. All statistical analyses were
conducted with STATA 12.0 software (StataCorp, College
Station, TX).
3. Results

3.1. Characteristics of the included studies

The specific flow chart of the study selection process is shown
in Figure 1. The initial search of electronic databases yielded 79
papers based on the selection strategy. We also identified 1
paper through other sources. After removing duplicate articles,
43 papers remained. Then titles and abstracts were further
screened and 22 articles obviously unrelated were excluded.
After the careful assessment of eligibility using full-text, an
additional 12 studies were excluded, including 6 case reports or
systematic reviews, 3 articles presented irrelevant data, 2
studies without control groups, and 1 basic experimental study.
Finally, 9 original articles were identified that met the inclusion
criteria for the meta-analysis.[1,4,6,7,11,12,14,18,19] The detailed
characteristics of the 9 included studies are shown in Table 1.
Four studies were performed in Asians, 4 in Caucasians, and 1
in South Africa. Two studies included ischemic and valvular
DCM,[7,12] while the remained studies without ischemic and
valvular DCM.[1,4,6,11,14,18,19] The frequencies of each geno-
type and allele, with their HWE values, are presented in
Table 2. The analyzed SNP was within the HWE in 6
studies,[1,4,7,11,12,14] while in the other 3 studies, the polymor-
phism was not consistent with the HWE.[6,18,19] The NOS
results suggested that the included studies had scores ranging
from 6 to 8, with an average of 7.44, which indicated that the
methodological quality of the 9 included studies was generally
reliable (Table 1).



79 potential records identified 
through specific databases 
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22 papers excluded after reading abstract 
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Figure 1. chart of the study selection process.

Table 1

Characteristics of the studies included in the meta-analysis.

Author Year Country Ethnicity
Genotyping
mothod Control subjects Diagnosis of DCM

Number
(case/control) HWE

NOS
score

Whether included ischemic
and valvular DCM

Ito et al 2000 Japan Asian PCR Age-matched healthy
controls

WHO guidelines 48/50 0.8269 8 No

Tiret et al 2000 France Caucasian NP Gender-and age-
matched controls

Ventriculography, radionucleotide
angiography or echocardiography

428/396 0.1447 7 No

Alikasifoglu et al 2003 Turkey Caucasian PCR Healthy age-and
sex-matched subjects

WHO guidelines 63/93 0.1249 6 Yes

Brooksbank et al 2008 South Africa African PCR Age-and gender-
matched control

Radionuclide ventriculography, and
had high-quality echocardiography

331/349 0.0148 8 No

Bruggink et al 2008 Netherlands Caucasian PCR Heart donors NP 40/61 0.6123 7 No
Spiroska et al 2009 Macedonia Caucasian PCR-SSP Healthy control WHO guidelines 51/301 0.7695 7 Yes
Liang et al 2010 China Asian PCR-RFLP Healthy control WHO guidelines 110/110 0.0057 8 No
Liaquat et al 2014 Pakistan Asian PCR-RFLP Healthy control WHO guidelines 250/300 0.0047 8 No
Mishra et al 2015 India Asian PCR-RFLP Healthy individuals Histopathologically proven 18/17 0.5825 8 No

DCM=dilated cardiomyopathy, HWE=Hardy–Weinberg equilibrium, NOS=Newcastle-Ottawa Scale, NP=Not Provided, PCR=polymerase chain reaction, PCR-SSP=PCR with sequence-specific priming,
RFLP= restriction fragment length polymorphism, WHO=World Health Organization.
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Table 2

Polymorphisms genotype distribution and allele frequency in dilated cardiomyopathy and controls.

Genotype (N) Allele frequency (N)

First author DCM control DCM Control

308G>A rs1800629 GG GA AA GG GA AA G A G A

Ito et al 35 17 0 47 3 0 87 17 97 3
Tiret et al 322 100 6 288 95 13 744 100 671 121
Alikasifoglu et al 44 16 3 69 20 4 104 22 158 28
Brooksbank et al 218 96 16 265 72 12 532 128 602 96
Bruggink et al 23 16 1 44 15 2 62 18 103 19
Spiroska et al 43 8 0 231 66 4 94 8 528 74
Liang et al 73 29 8 87 18 5 175 45 192 28
Liaquat et al 72 149 29 223 64 13 293 207 510 90
Mishra et al 12 6 0 13 4 0 30 6 30 8

DCM=dilated cardiomyopathy.
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3.2. Main meta-analysis results

In total, 9 case-control papers provided data for 1339DCM cases
and 1677 healthy controls were included. Overall, the main
results indicated that TNF-a rs1800629 was associated with
increased DCM susceptibility in the populations studied under
the heterozygous model (AG vs GG: OR=1.91, 95% CI=
1.05�3.50, P= .035) and dominant model (AG+AA vs GG:
OR=1.87, 95%CI=1.01�3.45, P= .046). The forest plot of the
pooled ORs of the association of TNF-a rs1800629 with DCM
susceptibility under the dominant model is shown in Figure 2. In
order to explore the potential association among ethnicities,
whether studies consistent with the HWE, and whether studies
included ischemic and valvular DCM, a stratified analysis was
Figure 2. The forest plot of the pooled ORs of the association of TNF-a rs180062
odds ratios, TNF-a= tumor necrosis factor-a.

4

conducted. In the subgroup analysis for ethnicity, rs1800629
polymorphism was significantly associated with the susceptibility
of DCM for Asians under the 5 models (A vs G: OR=2.87,
95% CI=1.56�5.30, P= .001; AA vs GG: OR=3.95, 95%
CI=1.13�13.82, P= .031; AG vs GG: OR=3.8, 95% CI=
1.57�9.19, P= .003; AA vs GG+AG: OR=2.51, 95% CI=
1.41�4.49, P= .002; AG+AA vs GG: OR=3.77, 95%
CI=1.54�9.20, P= .004) (Fig. 3). The main results of the
meta-analysis were listed in Table 3.

3.3. Sensitivity analysis and meta-regression analysis

Sequential omission of single-study was utilized to conduct the
sensitivity analysis in 5 models. The pooled OR and 95% CI
9 with dilated cardiomyopathy susceptibility under the dominant model. OR=



Figure 3. Subgroup analysis by ethnicity between rs1800629 polymorphism and the susceptibility of DCM for Asians under homozygous model (A), allele model
(B), dominant model (C), recessive model (D), and heterozygous model (E). DCM=dilated cardiomyopathy.
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showed no significant quantitative changes, indicating the
pooled results of the meta-analysis were robust and reliable
(data not shown). After 2 studies included ischemic and valvular
DCM was excluded, the main results did not change the
statistical significance under 5 genetic models. So we have no
enough reason to exclude the 2 studies. Apparent heterogeneity
was detected in multiple comparison models even we performed
subgroup analysis. In a meta-analysis, it is important to make
clear the potential possible sources of heterogeneity since the
5

source of heterogeneity may have an effect on the interpretation
of the results. Therefore, we further conducted a meta-
regression analysis to explore potential sources of heterogeneity.
The study publication year, ethnicity, genotyping method,
diagnosis of DCM, number of cases and controls, P value of
HWE, and the NOS scores of studies were regarded as the
potential confounding factors. However, the meta-regression
fail to identify the source of heterogeneity in all allelic models
(all P> .05).
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Table 3

Meta-analysis of the association between rs1800629 polymorphism in TNF-a gene and dilated cardiomyopathy susceptibility under 5
models.

N OR 95% CI P(Z�t) I2 (%) P(Q�t)

A vs G 9 1.60 0.98–2.60 .061 89 <.001
Asian 4 2.87 1.56–5.30 .001 69.3 .021
Caucasian 4 0.95 0.68–1.32 .764 32.7 .216
HWE 6 1.21 0.76–1.95 .421 63.4 .018
Not-HWE 3 2.22 1.12–4.40 .022 91.5 <.001
Studies included ischemic and valvular DCM 2 0.89 0.46–1.71 .719 46 .173
Studies without ischemic and valvular DCM 7 1.9 1.08–3.35 .026 90.7 <.001
AA vs GG 9 1.49 0.61–3.36 .386 74.6 .001
Asian 4 3.95 1.13–13.82 .031 71.1 .063
Caucasian 4 0.59 0.28–1.26 .172 0 .699
HWE 6 0.59 0.28–1.26 .172 0 .699
Not-HWE 3 2.88 1.05–7.92 .04 76 .015
Studies included ischemic and valvular DCM 2 1.01 0.26–3.98 .984 0 .684
Studies without ischemic and valvular DCM 7 1.66 0.56–4.89 .362 82.2 <.001
AG vs GG 9 1.91 1.05–3.50 .035 89.3 <.001
Asian 4 3.8 1.57–9.19 .003 78.3 .003
Caucasian 4 1.05 0.72–1.51 .812 28.2 .243
HWE 6 1.39 0.82–2.38 .225 62.6 .02
Not-HWE 3 2.85 1.01–8.05 .049 93.8 <.001
Studies included ischemic and valvular DCM 2 0.92 0.48–1.74 .79 26.4 .244
Studies without ischemic and valvular DCM 7 2.38 1.18–4.81 .016 91 <.001
AA vs GG+AG 9 1.43 0.98–2.08 .065 45.2 .065
Asian 4 2.51 1.41–4.49 .002 0 .407
Caucasian 4 0.57 0.27–1.21 .143 0 .76
HWE 6 0.57 0.27–1.21 .143 0 .76
Not-HWE 3 2.05 1.30–3.25 .002 0 .369
Studies included ischemic and valvular DCM 2 0.97 0.26–3.70 .967 0 .744
Studies without ischemic and valvular DCM 7 1.47 0.99–2.19 .053 62 .033
AG+AA vs GG 9 1.87 1.01–3.45 .046 90.6 <.001
Asian 4 3.77 1.54–9.20 .004 80.8 .001
Caucasian 4 1 0.69–1.46 .994 34.8 .201
HWE 6 1.34 0.78–2.31 .287 65.3 .013
Not-HWE 3 2.83 1.02–7.89 .046 94.4 <.001
Studies included ischemic and valvular DCM 2 0.9 0.45–1.78 .753 40 .197
Studies without ischemic and valvular DCM 7 2.33 1.14–4.77 .021 92.2 <.001

CI= confidence intervals, DCM=dilated cardiomyopathy, HWE=Hardy–Weinberg equilibrium, N= the number of studies, OR= odds ratios, P(Q�t)= value for heterogeneity test, P(Z�t)= value for association
test, TNF-a= tumor necrosis factor-a.
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3.4. Publication bias

Publication bias was explored with Begg test and no evident
publication bias was identified. Publication bias under the
dominant model suggested that the result is statistically robust
(P= .881, Fig. 4).

4. Discussion

DCM is a cardiac muscle disease characterized by reduced left
ventricular systolic function.[20] Myocardial inflammation is
regarded as the most common potential mechanism in the
pathogenesis of DCM in which inflammation cytokines may
play a vital role.[21,22]TNF-a is produced in the heart by
numerous cells including cardiomyocytes.[23–25] It has been
revealed that TNF-a is up-regulated in the myocardium and
plays a vital role in the physiology of end-stage heart failure,
including DCM.[26] Many studies have revealed associations of
TNF-a gene polymorphisms at position�308with susceptibility
toDCM.However, knowledge about the genetics risk factors for
DCM remains inconclusive. High frequency of TNF-a allele A
was reported in DCM.[11] It was reported that TNF-a allele A
(�308) was over-expressed in patients who suffered from end-
stage non-ischemic myocardial dysfunction.[27] Previous studies
6

failed to confirm the association between TNF-a rs1800629
polymorphisms and DCM. A previous study, which mainly
included patients with class II or III according to the New York
Heart Association criteria, performed in Turkey concluded that
TNF-a polymorphism was not associated with the presence of
DCM.[12] A study from Japan revealed an association between
TNF-a polymorphism and idiopathic DCM.[11] While in
another study GG genotype of TNF-a rs1800629 showed a
protective effect against DCM.[28] There may be several reasons
account for the difference between the previous studies. The first
reason involved in the different ethnic origins. The etiology
pathogenesis of DCMmay be diverse among countries or races.
Previous meta-analysis using dominant genetic model revealed
an OR with 1.42 (95% CI: 1.05�1.93, P= .02) in overall
population, which concluded that rs1800629 might be associ-
ated with the risk of DCM. However, they failed to perform a
subgroup analysis and comparison.[13] Whether there was a
racial/ethnic difference still unclear. While in the present study,
we found that TNF-a rs1800629 polymorphism was signifi-
cantly associated with the increased susceptibility of DCM in
Asians, while this association was not found in Caucasians. The
second reason may be due to differences involved in underlying
diseases of the included studies. For example, the study from
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Figure 4. Publication bias under the dominant model.
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Japan included only patients with idiopathic DCM, while
other studies contained patientswith congestive heart failure due
to ischemic heart disease, cardiomyopathy, and valvular
DCM.[7,12] Another possible reason is that end-stage heart
failure patients missed the chance to attend to the hospital as a
result of high mortality and therefore failed to perform the TNF-
a polymorphism screening.[12] It is revealed that low levels of
TNF-a presented a cytoprotective effect in the heart,[29] while
high levels of TNF-amay regulate several detrimental effects on
the heart, which involved a decreased cardiac contractility,
cardiac dilatation, and cardiomyocyte apoptosis.[30,31] Elevated
circulating levels of soluble TNF-a receptors and increased
plasma levels of TNF-a have been observed in DCM patients
compared with normal hearts.[32] All these findings support that
TNF may act as an important mediator of cardiac inflammation
developing to DCM.
A single study lacks sufficient statistical power to confirm the

relationship between TNF-a rs1800629 and the risk of DCM
because of the small sample size. To explore the uncertain
association between these 2 entities, we performed a meta-
analysis in a large sample size to verify the associations between
TNF-a rs1800629 functional polymorphism and DCM suscep-
tibility. The results demonstrated that TNF-a rs1800629
polymorphism may be moderately associated with DCM
susceptibility in the whole populations studied. While, TNF-a
rs1800629 polymorphism was significantly associated with the
susceptibility of DCM in Asians, which indicates that such
associations may be different between ethnicities.
However, some limitations should be considered in interpret-

ing the results. First, some confounding factors addressed across
different studies, such as age, family history, gender, and heart
7

function classification (from class II to class IV), may influence the
reliability of the results. Second, significant heterogeneity was
detected even we performed subgroup analysis, and various
potential factors accounted for the heterogeneity, including the
basic characteristics of the study population and the study design.
Third, 3 studies were not in agreement with HWE even the
pooled ORs were not materially altered in the sensitivity analysis.
Last, owing to the limited studies in certain subgroup, some
conclusions should be interpreted with caution in subgroup
analysis.
5. Conclusion

In summary, our meta-analysis based on 9 case–control studies
concluded that TNF-a rs1800629 polymorphism was moderate-
ly associated with DCM susceptibility in the whole populations
studied. TNF-a rs1800629 polymorphism was significantly
associated with the susceptibility of DCM for Asians, which
indicates that such associations may be different between
ethnicities. Given the limited number of ethnic groups and
sample size, more evidence from larger epidemiological studies is
further needed to validate these results.
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