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Background: Asthma is a complex polygenic disease in which gene–environment interactions are
important. The gene encoding tumour necrosis factor alpha (TNFa) is one of several candidate loci for
asthma pathogenesis and is highly polymorphic. A number of studies have investigated the polymorphism
of TNFa-308 gene promoter (substitution GRA, designated as TNF1 and TNF2) in relation to asthma
susceptibility in different populations. However, the results of individual studies have been inconsistent.
Methods: To address the inconsistent findings in studies of the association of the polymorphism of TNFa-
308 gene promoter with susceptibility to asthma, a systematic review was undertaken of the published
data and a meta-analysis was performed. The MEDLINE database was searched for case-control studies
published in English language journals from 1966 to October 2005. Data were extracted using
standardised forms and pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated.
Results: Fifteen eligible studies, comprising 2409 patients with asthma and 3266 controls, were included
in the meta-analysis. Using the random effects model, the pooled result showed that the TNF2 allele is
associated with overall susceptibility to asthma (OR 1.37, 95% CI 1.02 to 1.84, p = 0.04). The ORs for
asthma susceptibility in TNF2 homozygote individuals were significantly increased at 2.01 (95% CI 1.26 to
3.20, p = 0.009) and 1.51 (95% CI 1.02 to 2.22, p = 0.041) compared with TNF1 homozygotes and
TNF2/1 heterozygotes, respectively. In addition, the pooled OR for asthma risk in TNF2/1 heterozygotes
was also significantly higher than that in TNF1/1 homozygotes (OR 1.47, 95% CI 1.01 to 2.13,
p = 0.045).
Conclusions: The TNF2 allele confers a significant risk for developing asthma. A large scale case-control
study is needed to clarify the functional effect of the polymorphism of the TNFa gene in the pathogenesis of
asthma.

A
sthma is a complex disorder characterised by airway
inflammation that involves the interaction of genetic
and environmental factors. The genes predisposing to

asthma are likely to contain polymorphisms that modify
function. Tumour necrosis factor alpha (TNFa) is a potent
inflammatory cytokine whose encoding gene lies on the short
arm of chromosome 6.1 The TNFa gene may influence asthma
through modulation of non-specific inflammation.2 The
TNFa-308 promoter polymorphism is a bi-allelic G (named
TNF1 allele) to A (named TNF2 allele) polymorphism,3 and
the TNF2 allele is associated with increased levels of TNFa in
plasma and bronchoalveolar lavage fluid from asthmatic
airways.4 5 Thus, the central role of airway inflammation in
asthma and the increased levels of TNFa in asthmatic lungs
suggest that functional variants of the TNFa gene could be
important in this disease.

A number of studies have assessed the association between
the TNFa-308 promoter polymorphism and asthma in
different populations; however, the results are inconsistent
and inconclusive.6–25 Different methodologies have been used
but, in particular, most of the studies used a small sample
size and it is therefore not surprising that there has been a
lack of replication between the various studies. By using all
the available published data to increase the statistical power,
it was hypothesised that a meta-analysis might allow
plausible candidate genes to be excluded and causative genes
to be identified with reliability. We therefore performed a
meta-analysis of all of the published case-control studies to
ascertain whether the polymorphisms of TNFa-308 gene
promoter increased the risk of asthma.

METHODS
Study selection
The MEDLINE database was comprehensively searched (last
updated search being October 2005) using PubMed and
Highwire search engines. The keywords used were as follows:
asthma, asthma genetics, tumour necrosis factor AND
polymorphism or variant or genotype. We also manually
searched the reference lists of relevant publications for
additional studies.

To be included in the meta-analysis, studies had to meet
the following criteria: (1) the design had to be a case-control
study;(2) the outcome had to be asthma; and (3) there had to
be at least two comparison groups (asthma v control groups).
Participants could be of any age. Studies were excluded if one
of the following existed: (1) the design was based on family
or sibling pairs; (2) the genotype frequency was not reported;
or (3) there was insufficient information for extraction of
data.

The asthma definition used in the individual studies was
accepted and we documented this in our analysis.

Data extraction and inclusion criteria
A standardised reporting form was used to abstract the data
from each publication including: first author’s name, year of
publication, country in which the study was conducted,
ethnicity, study design, age range of study subjects, sample
size, asthma definition, asthma related phenotypes, and

Abbreviation: TNFa, tumour necrosis factor alpha

466

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.051284 on 3 M

arch 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


genotyping methods used. Data were extracted indepen-
dently and in duplicate by two investigators (JMG and GLS).
The results were compared and disagreements were resolved
by consensus.

Statistical analysis
A logistic regression model was used to assess the overall
genetic effect of the TNFa-308 gene on having asthma. To
examine the risk of asthma with a specific polymorphism of
the TNFa-308 gene, we pooled the odds ratios (ORs) from
each study weighted by the inverse of variance. A random
effects model was used for the analysis which considered
both within- and between-study variation.26 The effects of
ethnicity on the pooled ORs were examined with the meta-
regression method.27 28 Sensitivity analysis was conducted to
examine whether the inclusion criteria affected the pooled
ORs. We included the study by Beghe,19 which has been
shown to be in Hardy-Weinberg disequilibrium (p = 0.018).

Table 1 Characteristics of 15 publications included in meta-analysis of TNFa-308 polymorphism and asthma susceptibility

Reference Country Ethnicity Age
Source of
cases (n)

Source of
controls (n) Asthma definition

Hardy-Weinberg
equilibrium

Moffatt6 Australia Caucasian 5–51 years General population
(92)

General population without
asthma (318)

Respiratory
questionnaire

Yes

Chagni9 Canada Caucasian ,50 years Hospital patients (251) Blood donors (252) Asthma severity Yes
Li Kam Wa10 UK Mixed race 18–70 years Local community (246) Random individuals

(310)
Symptom, BHR Yes

Louis11 Belgium Caucasian 17–74 years Hospital outpatient
clinic (95)

Hospital workers and blood
donors (98)

Symptoms, BHR or
positive airway
reversibility

Yes

Winchester12 UK Caucasian,
South Asian

Adults Hospital clinic (26) Non-asthmatics (691) History of childhood
asthma

Yes

Zhu13 Canada Caucasian Infants Hospital clinic (12) Non-asthmatics (269) Symptom Yes
Witte15 USA Mixed race 28–56 years Outpatient clinic (236) Non-asthmatics (275) Doctor’s diagnosis

with positive airway
reversibility

Yes

Buckova16 Czech Caucasian 14–44 years Practitioners’ offices
(151)

Controls without atopy, lung
disorders (155)

ATS diagnosis criteria Yes

Gao17 China Chinese Adults Hospital pulmonary
clinic (125)

Healthy controls (96) Doctor’s diagnosis with
BHR and/or positive
airway reversibility

Yes

Di Somma18 Italy Italian 11–58 years Hospital clinic (70) Non-asthmatics (169) Questionnaire Yes
Beghe19 Italy Italian Adults Pulmonary clinics

(142)
Asymptomatics exposed to
TDI (50)

TDI-induced asthma No (p = 0.018)

Sandford21 Hongkong Chinese 10 years ISAAC phase II study
(107)

Schoolchildren (118) Questionnaire,
spirometry, BHR testing

Yes

Shin22 Korea Korean 7–80 years Asthma research centre
(550)

Normal subjects
excluding asthma (171)

Doctor’s diagnosis with
BHR and/or positive
airway reversibility

Yes

Wang23 China Chinese Children Hospital clinics (191) Community population (138) Questionnaire Yes
Bilolikar24 UK Caucasian 2–17 years Hospital respiratory

clinics (115)
Normal controls (156) Doctor’s diagnosis Yes

ISAAC, International Study of Asthma and Allergies in Childhood; TDI, toluene di-isocyanate; BHR, bronchial hyperresponsiveness.

Table 2 Association between TNF2 allele and asthma

Reference

TNF2 vs TNF1 TNF2/2 vs TNF1/1 TNF2/2 vs TNF2/1 TNF2/1 vs TNF1/1 TNFa-308+ LTa NcoI+

OR 95% CI OR 95% CI OR 95% CI OR 95% CI 1 2 1 2

Moffatt6 1.63 1.06 to 2.52 3.20 1.23 to 8.28 1.65 0.63 to 4.37 1.94 1.17 to 3.22 – + + –
Chagni9 1.54 1.07 to 2.23 – +
Li Kam10 1.34 1.01 to 1.78 2.21 1.07 to 4.56 1.97 0.93 to 4.16 1.12 0.78 to 1.61 – +
Louis11 1.05 0.61 to 1.81 1.24 0.67 to 2.30 NS NS
Winchester12 2.93 1.53 to 5.47 4.02 0.85 to 19.00 1.36 0.28 to 6.56 2.96 1.30 to 6.75 – +
Zhu13 0.41 0.13 to 1.28 2.06 0.51 to 8.24 NS NS
Witte15 1.35 0.92 to 1.98 0.86 0.24 to 3.10 0.55 0.15 to 2.04 1.58 1.04 to 2.37 – + NS NS
Buckova16 1.40 0.90 to 2.19 3.41 0.35 to 33.32 2.48 0.25 to 24.80 1.38 0.83 to 2.28 NS NS NS NS
Gao17 1.46 0.99 to 2.16 2.21 0.98 to 5.01 1.87 0.82 to 4.20 1.19 0.66 to 2.12 – + NS NS
Di Somma18 2.44 1.11 to 5.34 NS NS
Beghe19 1.27 0.58 to 2.74 NS NS
Sandford21 2.60 1.00 to 3.69 2.07 1.04 to 4.12 – +
Shin22 0.39 0.25 to 0.59 0.27 0.04 to 1.95 0.74 0.10 to 5.50 + – NS NS
Wang23 1.32 0.74 to 2.32 2.16 1.19 to 3.91 – + NS NS
Bilolikar24 1.60 1.07 to 2.40 1.60 0.50 to 5.07 0.77 0.24 to 2.51 2.08 1.15 to 3.75 – + – +

+, A significant (p,0.05) association with the + allele increased and the – allele decreased in asthmatics; 1 = G, 2 = A; NS, not significant difference.

Moffatt et al, 1997

Study, year

Chagani et al, 1999

Li Kam Wa et al, 1999

Louis et al, 2000

Whichester et al, 2000

Zhu et al, 2000

Witte et al, 2002

Buckova et al, 2002

Gao et al, 2003

Di Somma et al, 2003

Sandford et al, 2004

Shin et al, 2004

Wang et al, 2004

Bilolikar et al, 2005

Pooled2

Pooled1

1.63 (1.06 to 2.52)
1.54 (1.07 to 2.23)

1.34 (1.01 to 1.78)
1.05 (0.61 to 1.81)

2.93 (1.57 to 5.47)

0.41 (0.13 to 1.28)

1.35 (0.92 to 1.98)

1.40 (0.90 to 2.19)
1.46 (0.99 to 2.16)
2.44 (1.11 to 5.34)
2.60 (1.00 to 3.69)
0.39 (0.25 to 0.59)

1.32 (0.74 to 2.32)

1.60 (1.07 to 2.40)

1.37 (1.02 to 1.84)
1.36 (1.03 to 1.79)

20.5
28.5

47.9
13.0

9.9

2.9

26.2

19.4
25.2

6.2
9.0

20.8

11.8

23.5

WeightOdds ratio (95% CI)

0 1 2 3 4 5 6

OR (95% CI)

Figure 1 Odds ratios for asthma comparing any TNF2 allele with TNF1
allele. (1) Pooled odds ratios excluding Beghe’s study (n = 14). (2) Pooled
odds ratios including Beghe’s study (n = 15). OR, odds ratios, CI,
confidence interval.
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We then compared the pooled ORs with the results from the
main analysis.

Heterogeneity among studies was examined with the Q, H,
and I2 statistics.29 A p value of ,0.1 was consider significant
for the Q statistic; H ,1.2 suggested no heterogeneity among
studies; and I2 was interpreted as the proportion of total
variation contributed by between-study variation. Publication
bias was examined with funnel plots and with the Begg test
and Egger test.30–32 If there is evidence of publication bias, the
funnel plot is noticeably asymmetric. For the Begg and Egger
test the significance level was set at 0.1. Statistical analyses
were performed with SAS statistical software Version 8.2
(SAS Inc, Cary, NC, USA).

RESULTS
Characteristics of included studies
We identified 23 publications that had evaluated the
association of TNFa-308 gene polymorphism with asthma.
Eight studies were excluded for the following reasons: sibling
paired and family based study design (n = 2),8 25 no allele or
genotyping frequency (n = 3),7 14 20 and analysis of the TNFb
(lymphotoxin-a, LTa) NcoI polymorphism rather than TNFa
(n = 5).33–37

Fifteen original case-control studies, comprising 2409
patients with asthma and 3266 controls, were included in
the meta-analysis (table 1).6 9–13 15–19 21–24 Seven were per-
formed in Caucasian subjects,6 9 11–13 16 24 two in Italian
subjects,18 19 four in East Asian populations,17 21–23 one in a
South Asian population,12 and two in a mixed race cohort.10 15

Four studies involved paediatric subjects alone,13 21 23 24 three
included both children and adults,6 18 22 and eight recruited
adults only.9–12 15–17 19 Seven studies extended their examina-
tion to the TNFa neighbouring gene lymphotoxin (LT) a
variant and asthma;6 15–17 22–24 two of these showed an
association between LTa NcoI polymorphism with asthma.6 24

PCR based genotyping method was mentioned in each
study. Four studies particularly stated that double blind
genotyping was conducted.6 10 12 13

Association between TNF2 allele and asthma
Nine studies found a positive association between TNF2 and
asthma (table 2).6 9 10 12 15 17 21 23 24 Five studies reported a
negative association,11 13 16 18 19 and one study reported a
positive association between TNF1 and asthma.22 Nine of 15
publications indicated Hardy-Weinberg equilibrium in their
subjects;9 11 12 16 17 21–24 we calculated Hardy-Weinberg equili-
brium for the remaining six publications and found that only

Table 3 Genotype frequencies of TNF a-308 gene polymorphism in asthma and control groups

Reference

Asthma group Control group

% with TNF2

Genotype (n)

% with TNF2

Genotype (n)

TNF2/2 TNF2/1 TNF1/1 TNF2/2 TNF2/1 TNF1/1

Moffatt6 30 8 36 44 18 12 89 211
Chagni9 20 100 150 15 76 176
Li Kam Wa10 26 21 87 139 21 13 106 190
Louis11 16 2 27 69 15 0 31 64
Winchester12 29 2 11 13 27 20 149 522
Zhu13 17 0 4 8 14 2 25 81
Witte15 18 4 67 164 14 6 55 212
Buckova16 17.2 3 46 102 12.9 1 38 116
Gao17 42 26 52 47 33 11 41 44
Di Somma18 40 NA 22 NA
Beghe19 12 1 32 109 11 1 8 36
Sandford21 12 0 26 80 7 0 16 102
Shin22 5 2 50 482 12 2 37 131
Wang23 14 2 49 140 7 0 18 111
Bilolikar24 30 8 50 50 21 9 46 94

NA, not available.

Moffatt et al, 1997

Moffatt et al, 1997

Moffatt et al, 1997

Study, year

Study, year

Study, year

Li Kam Wa et al, 1999

Li Kam Wa et al, 1999

Li Kam Wa et al, 1999

Louis et al, 2000

Whichester et al, 2000

Whichester et al, 2000

Whichester et al, 2000
Zhu et al, 2000

Witte et al, 2002

Witte et al, 2002

Witte et al, 2002

Buckova et al, 2002

Buckova et al, 2002

Buckova et al, 2002

Gao et al, 2003

Gao et al, 2003

Gao et al, 2003

Sandford et al, 2004

Shin et al, 2004

Shin et al, 2004

Wang et al, 2004

Bilolikar et al, 2005

Bilolikar et al, 2005

Bilolikar et al, 2005

Pooled2

Pooled1

Pooled2

Pooled1

Pooled2

Pooled1

3.20 (1.23 to 8.28)

2.21 (1.07 to 4.56)

4.02 (0.85 to 19.00)

0.86 (0.24 to 3.10)

3.41 (0.35 to 33.32)

2.21 (0.98 to 5.01)

0.27 (0.04 to 1.95)

1.60 (0.50 to 5.07)

1.36 (1.03 to 1.79)
2.01 (1.26 to 3.20)

4.2

7.3

1.6

2.3

0.7

5.8

1.0

1.0

WeightOdds ratio (95% CI)

1.65 (0.63 to 4.37)

1.97 (0.93 to 4.16)

1.36 (0.28 to 6.56)

0.55 (0.15 to 2.04)

2.48 (0.25 to 24.8)

1.87 (0.82 to 4.20)

0.74 (0.10 to 5.50)

0.77 (0.24 to 2.51)

1.42 (0.97 to 2.06)
1.51 (1.02 to 2.22)

4.1

6.8

1.5

2.2

0.7

5.8

1.0

2.8

WeightOdds ratio (95% CI)

1.94 (1.17 to 3.22)

1.12 (0.78 to 1.61)

1.24 (0.67 to 2.30)

2.96 (1.30 to 6.75)

2.06 (0.51 to 8.24)

1.58 (1.04 to 2.37)

1.38 (0.83 to 2.28)

1.19 (0.66 to 2.12)

15.0

29.3

10.1

5.7

2.0

22.6

15.0

11.3

2.07 (1.04 to 4.12) 8.1

2.16 (1.19 to 3.91) 10.9

2.08 (1.15 to 3.75)

1.47 (1.01 to 2.13)

1.48 (1.04 to 2.10)

11.0

WeightOdds ratio (95% CI)

0 1 2 3 4 5 6 7 8 9 10

OR (95% CI)

0 1 2 3 4 5 6 7 8 9 10

OR (95% CI)

0 1 2 3 4 5 6 7 8 9

OR (95% CI)

A

B

C

Figure 2 (A) Odds ratios for asthma comparing TNF2/2 homozygotes
with TNF1/1 homozygotes.: (1) pooled odds ratios excluding Beghe’s
study (n = 8); (2) pooled odds ratios including Beghe’s study (n = 9). (B)
Odds ratios for asthma comparing TNF2/2 homozygotes with TNF2/1
heterozygotes: (1) pooled odds ratios excluding Beghe’s study (n = 8);
(2) pooled odds ratios including Beghe’s study (n = 9). (C) Odds ratios
for asthma comparing TNF2/1 heterozygotes with TNF1/1
homozygotes: (1) pooled odds ratios excluding Beghe’s study (n = 11);
(2) pooled odds ratios including Beghe’s study (n = 12). OR, odds ratios;
CI, confidence intervals.

468 Gao, Shan, Sun, et al

www.thoraxjnl.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.051284 on 3 M

arch 2006. D
ow

nloaded from
 

http://thorax.bmj.com/


the study by Beghe was in Hardy-Weinberg disequilibrium
(p = 0.018).19

There was a statistically significant heterogeneity among
the ORs in the included studies (Q test: p,0.01; H = 1.98;
I2 = 0.75). When the study by Beghe was not included, the
overall pooled OR for asthma susceptibility was 1.37 (95% CI
1.02 to 1.84, p = 0.04) for TNF2 carriers compared with TNF1
carriers. When Beghe’s study was included, the overall pooled
OR did not change (OR 1.36, 95% CI 1.03 to 1.79, p = 0.03;
fig 1).

Association between genotypes of TNFa-308 and
asthma
Thirteen publications reported the genotype frequency of
TNFa-308 in asthmatics and controls (table 3). Eight
publications that observed Hardy-Weinberg equilibrium were
pooled to examine the effect of TNF2/2 homozygote on
asthma susceptibility. The overall genetic effect using logistic
regression showed that the polymorphisms of TNFa-308 were
significantly associated with a risk of having asthma
(p,0.01). The pooled OR was increased at 2.01 (95% CI
1.26 to 3.20, p = 0.009) for individuals carrying the TNF2/2
homozygote compared with individuals carrying the TNF1/1
homozygote, and there was statistically significant hetero-
geneity among studies (Q test: p = 0.029; H = 1.53; I2 = 0.46);

if Beghe’s study was included, the pooled OR was 1.74 (95%
CI 1.04 to 2.93, p = 0.039; fig 2A). The pooled OR was
increased at 1.59 (95% CI 0.99 to 2.55, p = 0.054) for
individuals carrying the TNF2/2 homozygote compared with
individuals carrying the TNF2/1 heterozygote and there was
no heterogeneity among publications (Q test: p.0.1; H = 1;
I2 = 0); if Beghe’s study was included, the pooled OR was
1.38 (95% CI 0.83 to 2.28, p = 0.184; fig 2B).

We compared the influence of two major genotypes—
namely, TNF2/1 heterozygote and TNF1/1 homozygote—on
asthma in 12 publications. With the removal of Beghe’s
study, the pooled OR was increased at 1.47 (95% CI 1.01 to
2.13, p = 0.045) and there was statistically significant
heterogeneity among the remaining 11 publications (Q test:
p,0.01; H = 1.97; I2 = 0.74). With inclusion of Beghe’s study,
the pooled OR was increased at 1.48 (95% CI 1.04 to 2.10,
p = 0.03) (fig 2C).

There was little evidence of publication bias; p values
obtained from the Begg test and Egger test were .0.2 for all
studies with the exception of the comparison between TNF2/
1 heterogeneity and TNF1/1 homozygote (p = 0.04, table 4).
However, funnel plots (fig 3A–D) showed some asymmetry,
reflecting a relative absence of studies with both small
numbers and larger effects for comparisons between
TNF2 and TNF1 alleles, TNF2/2 homozygotes and TNF2/1

Table 4 Pooled odds ratios for TNFa-308 gene polymorphism and asthma susceptibility in meta-analyses: comparisons of
alleles and genotypes

Comparison
No of
studies OR (95% CI) p value*

Publication bias Heterogeneity test�

Egger Begg p I2 H

TNF2 v TNF1 14 1.37 (1.02 to 1.84) 0.04 p.0.2 p.0.2 ,0.01 0.75 1.98
TNF2/2 v TNF1/1 8 2.01 (1.26 to 3.20) 0.009 p.0.2 p.0.2 0.029 0.53 1.46
TNF2/2 v TNF2/1 8 1.51 (1.02 to 2.22) 0.041 p.0.2 p.0.2 .0.1 0 1
TNF2/1 v TNF1/1 11 1.47 (1.01 to 2.13) 0.045 p.0.2 p = 0.04 ,0.01 0.74 1.97

OR, odds ratio; CI, confidence interval.
*Random effects models were used, weighted by the inverse variance. All statistical tests are two sided.
�p,0.1 is considered statistically significant for Q statistics; I2 is interpreted as the proportion of total variation contributed by between-study variation; H,1.2
suggests no heterogeneity among studies.
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Figure 3 Funnel plots of the log relative risk (for the highest possibility of asthma versus the lowest possibility of asthma) versus the inverse of variance
among (A) TNF2 allele v TNF1 allele; (B) TNF 2/2 homozygote v TNF 1/1 homozygote; (C) TNF2/2 homozygote v TNF 2/1 heterozygote; and (D)
TNF 2/1 heterozygote v TNF 1/1 homozygote studies.
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heterozygotes, and TNF2/2 homozygotes and TNF2/1 hetero-
zygotes. Equally, the studies of comparisons between TNF 2/1
heterozygotes and TNF1/1 homozygotes had both small
numbers and small or null effects.

DISCUSSION
The data from this meta-analysis clearly suggest that the
TNF2 allele is a genetic contributor to overall asthma
susceptibility. We observed that the TNF2/2 homozygote
had a stronger association with asthma susceptibility than
the TNF 2/1 heterozygote, indicating a dose response. These
results suggest a possible beneficial role for the TNF1 allele
versus the TNF2 allele in asthma, as well as synergy of the
TNF2-TNF2 alleles. The TNF2/2 homozygote represents a
greater risk factor for the development of asthma. These
findings are consistent with TNFa contributing to asthma
inflammation both in vitro and in vivo. This reflects a direct
functional effect of the TNFa gene through its upregulation
of TNFa levels in asthma.

Based on known or presumed mechanisms of disease
pathophysiology, candidate gene strategies provide a useful
approach for evaluating gene-disease associations. However,
candidate gene case-control studies have been criticised
because of a lack of replication. Some TNFa studies have
found positive associations between the TNF2 allele and
asthma but others have not. Several factors may be
influencing these differences. Firstly, if another variant in
or near the TNFa gene was the causal variant, the true
association could easily be missed. Different linkage dis-
equilibrium patterns with the functional variant may lead to
variable results in different populations. It is feasible that the
TNFa gene variant is playing a role in asthma in cooperation
with other gene variants exhibiting a more limited biology.
Previous studies have shown that there is a strong linkage
disequilibrium between TNFa and LTa polymorphism (D/
Dmax = 1, p,0.0001).38 A haplotype analysis by Bilolikar et
al24 showed that the LTa 252A/TNF2 combination was
associated with a markedly increased risk for both asthma
and infant wheezing. The study by Randolph et al25 supported
the suggestion that the haplotype LTa-1/LTa 4371T/TNF1/
TNF1078G is associated with both asthma overall and
asthmatic phenotypes. Of note, the TNFa gene is found
within a 7 kb section of the informative major histocompat-
ibility complex (MHC) class III region. Due to the close
proximity of the TNF locus to HLA loci, linkage disequili-
brium exists with several HLA alleles. For example, TNF2 is
strongly associated with the HLA A1, B8 and DR3 alleles.39

Moreover, Moffatt et al7 found that the extended haplotype
LTa-1/TNF2/HLA-DRB2 was associated with asthma (OR
6.68, p = 0.002) and even more strongly associated with
bronchial hyperresponsiveness (OR 21.9, p,0.0001) in a
study of over 1000 patients.

Secondly, several asthma association studies have shown
inconsistent results in Caucasian versus Asian populations.
This suggests that there are racial differences in genetic risk,
but the current evidence is that genetic effects are usually
consistent across human populations.40 Small sample size,
study design flaws, population stratification, genotyping
error, and other biases may be more common reasons than
true racial heterogeneity for the observed discrepancies
between studies of genetic risks.41 Specific environmental
exposures such as smoking or allergen exposure are another
confounding factor for a disease with a strong gene-
environmental interaction in explaining the inconsistencies
among observational studies.42 43

There are several limitations that should be considered
when interpreting our results. Firstly, the pooled ORs were
obtained from heterogeneous studies. Secondly, asthma itself
is heterogeneous and thus the divergent inclusion criteria

among patient groups might also lead to difficulties in
pooling the various studies. Thirdly, our meta-analysis was
restricted to English language publications. The fourth
limitation is publication bias. Although significance tests
did not suggest the presence of publication bias for most
studies, funnel plots did not provide totally consistent results.
The presence of possible bias could lead to an under-
estimation of the effect sizes of TNF2 allele v TNF1 allele,
TNF2/2 homozygote v TNF2/1 heterozygote, and TNF 2/2
homozygote v TNF 2/1 heterozygote, but overestimation for
TNF 2/1 heterozygote v TNF1/1 homozygote.

Our data suggest that the TNF2 allele may be a risk factor
in the aetiology of asthma. The pooled ORs in this study—
both with respect to the TNF2 allele and the TNF2/2
homozygote—suggest a modest but definite genetic effect.
A larger study population needs to be assessed to help answer
the question of whether or not a given genetic variant confers
susceptibility to specific asthma phenotypes.44 The early
identification of children at genetic risk of asthma has the
potential to offer new approaches to the prevention of
asthma. The involvement of particular genes will identify
particular clinical courses and anticipate response to treat-
ment.
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