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GENETIC DETERMINANTS

Association between Angiotensin-Converting Enzyme I/D Polymorphism
and Asthma Risk: A Meta-Analysis Involving 11,897 Subjects

QUN-LI DING, M.S., SHI-FANG SUN, B.S., CHAO CAO, M.S., AND ZAI-CHUN DENG, M.S.*

Department of Respiratory Medicine, Affiliated Hospital, Medicine College, Ningbo University, Ningbo, China.

Background. Genetic susceptibility to asthma has been a research focus in the scientific community. Several studies have been conducted in recent
years to evaluate the risk of asthma and insertion/deletion (I/D) polymorphism of angiotensin-converting enzyme (ACE). However, the results
remain conflicting rather than conclusive. Methods. We carried out a search in Medline, EMBASE, and Chinese National Knowledge Infrastructure
(CNKI) database for relevant studies. Data were extracted using a standardized form and pooled odds ratios (ORs) with 95% confidence intervals
(CIs) were calculated to assess the strength of the association. Results. Our meta-analysis on 11,897 subjects from all available studies showed that
the DD genotype was associated with increased asthma risk than those with the I (OR = 1.59,95% CI = 1.20-2.12) or ID/II (OR = 1.62,95% CI =
1.24-2.10) genotype. Stratified analyses by ethnicity (Europeans and Asians) and age (adults and children) obtained statistically similar results in
the two genetic models. In the subgroup analysis by source of controls, the DD genotype was associated with a significantly elevated risk of asthma
among population-based controls (DD vs. II: OR = 2.27, 95% CI = 1.45-3.56) but not hospital-based controls (DD vs. II: OR = 1.18, 95% CI =
0.93-1.49). Conclusions. This meta-analysis provides strong evidence that the I/D polymorphism of ACE is associated with asthma risk. Additional
well-designed large studies were required for the validation of our results, especially in African populations.

Keywords

INTRODUCTION

Asthma is a human pulmonary disease characterized by
chronic inflammation of the airways and bronchial hyper-
responsiveness (1). It is a common multifactorial disease
of varying severity, and the etiology is attributable to both
environmental and genetic factors. Examination of
genetic polymorphisms may explain individual differ-
ences in asthma risk. Several candidate genes are impli-
cated in the pathogenesis of asthma, one of which is the
angiotensin-converting enzyme (ACE) gene.

ACE is a zinc metallopeptidase whose main function is
to catabolize the proinflammatory mediator bradykinin
and to thus exert an anti-inflammatory effect (2). The
ACE gene spans 21 kb, is located on the 17th chromo-
some 23, and consists of 26 exons and 25 introns. ACE
polymorphism was caused by a 287-bp insertion or dele-
tion (ID) in intron 16 (3). The I/D polymorphism of ACE
has been shown to be associated with differences in
plasma ACE level and with the expression level of
membrane-bound ACE in human peripheral mononuc-
lear cells (4, 5).

Previous studies revealed that polymorphism of ACE
was implicated in susceptibility to asthma, but some
studies reported apparent conflicting results (6-21).
Considering the relatively small sample size in each
study, it is possible to perform a quantitative synthesis
of the evidence with rigorous methods. To investigate a
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possible association between ACE polymorphism and
asthma, we performed a meta-analysis from all the avail-
able relevant studies, including 2465 asthmatics and 9432
controls.

MATERIALS AND METHODS

Identification and Eligibility of Relevant Studies

We carried out a search in Medline, EMBASE, and
Chinese National Knowledge Infrastructure (CNKI),
covering all papers published up to August 2011, using
the search terms: (ACE OR angiotensin-converting
enzyme) AND (gene OR polymorphism OR genetic var-
iant) AND (asthma). All eligible studies were retrieved,
and their bibliographies were checked for other relevant
publications. Only published studies with full-text arti-
cles were included. If studies had partly overlapped
subjects, only the most recent or complete study was
selected.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (a) published in
English or in Chinese; (b) use a case—control design; (c)
validated genotyping methods should have been used, (d)
supplied the available genotype frequencies in cases and
controls; and (e) sufficient published data for estimating an
odds ratio (OR) with 95% confidence interval (CI). Major
reasons for exclusion of studies were (a) no control group;
(b) duplicate of previous publication; and (c) enrolled
patients were using ACE inhibitors, or angiotensin II
receptor antagonists.
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Data Extraction

Information was carefully extracted from all the eligible
studies independently by two authors according to the inclu-
sion criteria listed above. The results were compared, and
disagreements were resolved by discussion and consensus.
From each study, the following information was extracted:
first author’s surname, year of publication, ethnic descent of
the study population (European, Asian, or both), definition
of case, age, characteristics of controls, numbers of eligible
cases and controls, and genotype distributions in cases and
controls and available subgroups.

Statistical Analysis

The Hardy—Weinberg equilibrium (HWE) was used to com-
pare the observed genotype frequencies with expected gen-
otype frequencies in controls for all studies. OR and 95% CI
were used to assess the strength of association between ACE
polymorphism and asthma risk. The significance of the
combined OR was determined by the Z-test, in which p <
.05 was considered significant. Stratified analyses were
performed by ethnicity, age, and sources of control. The
v*-based Q statistical test was used for the assessment of the
between-study heterogeneity, which was considered signif-
icant for p < .1. When the effects were assessed to be
homogenous, the fixed-effect model was used; otherwise,
the random-effect model was applied. We also used the
statistics of F to efficiently test the heterogeneity, with
PP < 25%, P = 25-75%, and I > 75% to represent low,
moderate, and high degrees of inconsistency, respectively
(22). Sensitivity analysis was performed through sequen-
tially excluded individual studies to assess the stability of the
results. Funnel plots and Egger’s linear regression test were
used to provide diagnosis of the potential publication bias
(23). All analyses were performed with Stata (Version 10.0,

Stata Corporation, College Station, TX, USA) and Review
Manager (Version 5.0.0, The Cochrane Collaboration,
Oxford, UK) using two-sided p-values.

RESULTS

Characteristics of Studies

Studies relevant to the searching words were originally
retrieved. The electronic database searches identified 116
studies. Eighty-nine studies that were deemed irrelevant to
ACE gene polymorphism or asthma were subsequently
excluded. Twenty-seven publications that specifically
addressed the association between ACE polymorphism
and asthma risk were found to be eligible at this prelimin-
ary stage. Of these studies, two studies were subsequently
excluded due to insufficient genotyping information (24,
25), four studies were excluded because the genetic dis-
tributions of the control group were not in agreement with
HWE (26-29), four studies were excluded because the
same authors published several reports on the same
patients (30-33), and one was excluded because it did
not contain a control group (34). Thus, a total of 16 case—
control studies were ultimately analyzed, including six
studies of European descent (6, 9, 11, 16, 20, 21), eight
studies of Asian descent (8, 10, 12, 14, 15, 17-19), and two
studies of both European and Asian descent (7, 13). Of
these studies, four studies were conducted with children
(13, 14, 18, 19), ten with adults (6, 8-10, 12, 15-17, 20,
21), and one study was conducted with children and adults
(7). However, one study did not present the ages of patients
(11). The study characteristics were summarized in
Table 1. Cases in half of the studies were diagnosed
according to American Thoracic Society criteria, and
most of the controls were selected from population-based

TABLE 1.—Study characteristics from published studies included in meta-analysis of ACE polymorphism and asthma susceptibility.

Source of Sample
Author Year Ethnicity Age Asthma definition controls size HWE
Benessiano (6) 1997 European Adults Symptom, ATS criteria Hospital based 79/87 0.07

Gao (7) 1998 European Not described

Tomita (8) 1998 Asian Adults

Holla (9) 1999 European Adults

Nakahama (10) 1999 Asian Adults

Chagani (11) 1999 European Not described

Lee (12) 2000 Asian Adults

Winchester (13) 2000 European Adults(childhood asthma)
Asian Adults(childhood asthma)

Not described

Asian Children (100), Adults (200) Not described

Spirometry, ATS criteria
Questionnaire, ATS criteria
ATS criteria

Asthma severity

Clinical history, Symptom, Spirometry, ATS criteria Healthy controls
Questionnaire (with history of childhood asthma)
Questionnaire (with history of childhood asthma)

Normal controls 150/150  0.62
Normal controls 300/100  0.69
Healthy controls 717142 047
Healthy controls ~ 161/141  0.42
Normal controls 119208 0.94
Normal controls 231/292  0.26
310/121  0.13
Healthy controls 20/416  0.21
Healthy controls 6/275 0.77

Qin (14) 2000 Asian Children Chinese asthma diagnosis criteria Healthy controls 52/40  0.29
Gao (15) 2000 Asian Adults Symptom, bronchial hyper-responsiveness Healthy controls 50/50  0.63
Yildiz (16) 2004 European Adults Clinical history, symptom, spirometry, ATS criteria Healthy controls 42/46  0.38
Lu (17) 2004 Asian Adults Chinese asthma diagnosis criteria Healthy controls 18/15  0.27
Guo (18) 2006 Asian Children Not described Healthy controls 52/72  0.36
Lue (19) 2006 Asian Children Clinical history, symptom, spirometry, ATS criteria Healthy controls 105/102  0.25
Eryiiksel (20) 2009 European Adults Questionnaire, ATS criteria Healthy controls 97/96  0.88
Lee (21) 2009 European Adults Questionnaire Hospital based 602/7079  0.33

Note: ACE — angiotensin-converting enzyme; ATS — American Thoracic Society; HWE — Hardy—Weinberg equilibrium.
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controls. If the included study did not carry a statement that
the controls were from healthy subjects, we defined the
control group as “normal controls.”

Quantitative Synthesis

The evaluation of association between ACE polymorphism
and asthma risk was presented in Table 2. Overall, a statis-
tically significant association of asthma risk and the D allele,
compared with I allele (OR = 1.27, 95% CI = 1.10-1.46;
p = .008, P = 59% for heterogeneity), was found. The I/D
polymorphism of ACE with increased asthma risk was also
found under homozygote comparison (DD vs. II: OR = 1.59,
95% CI = 1.20-2.12; p = .002, F = 56% for heterogeneity;
Figure 1), dominant genetic model (DD/DI vs. II: OR =
1.15,95% CI = 1.02-1.30; p = .10, F = 31% for hetero-
geneity), and recessive genetic model (DD vs. ID/II: OR =
1.62,95% CI = 1.24-2.10; p < .0001, P = 67% for hetero-
geneity). However, no significant association was found
under heterozygote comparison (ID vs. II: OR = 1.06,
95% CI = 0.93-1.20; p =0.25, P =17% for heterogeneity).

In the stratified analysis by ethnicity, ACE polymorph-
ism was associated with a significantly increased risk of
asthma in both European and Asian populations under
homozygote comparison and recessive genetic model.
However, the risk of asthma associated with the D allele
was significantly elevated among Europeans (OR = 1.28,
95% CI = 1.07-1.53; p = .01, I = 60% for heterogeneity)
but not Asians (OR = 1.28, 95% CI = 0.99-1.64; p =
.004, I* = 63% for heterogeneity). In the stratified analysis
by age, significant association between ACE polymorph-
ism and asthma risk was found in four tested models (D vs.
I; DD vs. II; DD vs. ID/IT; DD/ID vs. IT) among adults and
two models (DD vs. II; DD vs. ID/IT) among children. In
the subgroup analysis by source of control, we found
significant main effects for ACE polymorphism on asthma
risk among population-based controls in four genetic mod-
els (D vs. I; DD vs. II; DD vs. ID/II; DD/DI vs. II), whereas
these associations were not found in hospital-based con-
trols in all tested models.

Test of Heterogeneity

There was significant heterogeneity for allelic frequency
comparison (Phegerogeneity = -0007), homozygote compari-
son (DD vs. II: pheterogencity = -002), and recessive model
comparison (DD vs. DI/IL: ppeterogencity < -0001), but not for
heterozygote comparison (ID vs. II: pheterogencity = -25) nor
dominant model comparison (DD/ID vs. II: pheterogencity =
.10). We then assessed the source of heterogeneity for
homozygote comparison by age, ethnicity, and source of
controls. However, none of them (source of controls: x° =
2.88, p = .24; age: x* = 0.85, p = .65; ethnicity: x* = 0.29,
p = .59) were found to contribute to substantial heteroge-
neity. Further meta-regression indicated that neither age,
nor ethnicity, nor source of controls could explain the sig-
nificant between-study heterogeneity.

Publication Bias

We used Funnel plot and Egger’s regression asymmetry
test to access the publication bias of literatures. The data

TABLE 2.—Total and stratified analyses of the ACE polymorphism on asthma risk.

ID vs. IT DD/ID vs. IT DD vs. ID/IT

DD vs. I1

Duvs. 1

OR (95% CI) Pt

p

b

OR (95% CI)  p

P

b

OR (95% CI)  p

P

b

OR (95% CI)  p

p

b

p

OR (95% CI)

Cases/Controls

Number®

Variables

.00

1.62(1.24,2.10)  .00°

.02

1.15(1.02,1.30) .10

.39

1.06 (0.93,1.20) .25

.00

1.59 (1.20,212)  .00°

.00

2465/9432 1.27 (1.10,1.46)  .00°

16

Total

Ethnicities

.00
.02

.00°

.00¢

1.54 (1.12,2.11)
1.83 (1.10,3.04)

12
.33

.06°
31

1.25 (0.94,1.66)
1.10 (0.91,1.34)

.09¢ .52
.81

.60

.02° .02 1.10(0.83,1.46)
0.97 (0.79,1.20)

.00¢

1.55(1.08,2.22)
1.72 (1.04,2.85)

.00
.06

.01°¢

1.28 (1.07,1.53)
1.28 (0.99,1.64)

1382/8307
1083/1125

8

10

European
Asian
Age

.03

.00¢

.00
.00

.00¢

1.26 (1.10,1.46)
1.67 (1.14,2.46)

.00
.68

.07¢

41

31 .07 1.21(1.05,1.39)
1.07 (0.79,1.45)

1.15(0.99,1.33)
0.86 (0.62,1.20)

.00° .00
.02

.07¢

1.31 (1.10,1.56)
1.69 (1.09,2.62)

.00° .00
.07

11

1.32(1.08,1.61)
1.22 (0.99,1.52)

1749/8085
335/1005

11

6

Adults

.05¢

37

.64

Children

Sources of controls
Population based
Hospital based

.00
.34

.00°

.02¢

2.06 (1.30,3.26)
1.46 (0.67,3.16)

.00
17

33
57

55 .07 1.43(1.17,1.76)
1.14 (0.94,1.38)

15

1.23 (0.99,1.52)
0.96 (0.53,1.76)

.00
17

.02°¢

57

2.27 (1.45,3.56)
1.18 (0.93,1.49)

.00
28

.01°¢

1.47 (1.18,1.83)
1.16 (0.89,1.50)

984/1516

12
2

.90

.19

681/7166

Notes: *Number of studies; °p-value of Q-test for heterogeneity; ‘random-effects model was used when p-value for heterogeneity test <.10, otherwise, fixed-effects model was used; .00 means value < .01.
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Case Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.2.1 Asian
Winchester (2000-A) 0 4 42 147  0.9% 0.28[0.01,5.23] I
Tomita (1998) 9 34 16 73 5.2% 1.28 [0.50, 3.29] T
Qin (2000) 18 42 5 26 4.1% 3.15[1.00, 9.96] —_
Nakahama (1999) 22 69 28 112 7.3% 1.40[0.72,2.72] I
Lue (2006) 17 65 4 60 4.0% 4.96 [1.56, 15.74] -
Lu (2004) 11 14 3 10 2.0% 8.56 [1.33, 54.95]
Lee (2000) 43 152 23 71 7.8% 0.82[0.45,1.51] -
Guo (2006) 7 34 4 40 3.3% 2.33[0.62,8.79] T
Gao (2000) 23 35 8 24 43% 3.83[1.28,11.50] I
Gao (1998-A) 69 172 25 52 7.7% 0.72[0.39, 1.35] -
Subtotal (95% Cl) 621 615 46.7% 1.72[1.04, 2.85] | 4
Total events 219 158

Heterogeneity: 72=0.35: y2=22.38,df=9 (p=0.008); >=60%
Test for overall effect: Z=2.12 (p=0.03)

1.2.2 European

Yildiz (2004) 15
Winchester (2000-E) 6
Lee (2009) 162
Holla (1999) 53
Gao (1998-E) 55
Erylksel (2009) 39
Chagani (1999) 79
Benessiano (1997) 37

Subtotal (95% ClI)
Total events

25
9
290
76
86
53
131

49
719

13 26
134 223
1850 3542
29 66
48 79
18 48
84 138
24 36
4158

4.3%
3.0%
11.2%
71%
7.6%
5.9%
9.0%

5.2%
53.3%

Heterogeneity: 72=0.13: y?=16.63, df =17 (p=0.02); I>=58%
Test for overall effect: Z=2.38 (p=0.02)

Total (95% Cl)
Total events 665

1340

4773
2358

100.0%

Heterogeneity: 72=0.17: x2>=139.07, df=17 (p=.002); I>=56%
Test for overall effect: Z=3.22 (p=.001)

1.50 [0.49, 4.55] -T—
1.33[0.32, 5.45] T
1.16 [0.91, 1.47] r
2.94 [1.47,5.86] -
1.15[0.61,2.15] T
4.64[1.99,10.81] —
0.98 [0.60, 1.59 r

i*

]
1.54 [0.60, 3.99]
1.55 [1.08, 2.22]
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FIGURE 1.—Meta-analysis with a random-effects model for the ORs of asthma risk associated with ACE polymorphism (DD vs. II).
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FIGURE 2.—Funnel plot for publication bias of the meta-analysis of asthma
risk and ACE polymorphism in allelic frequency comparison.

suggested that there was no evidence of publication bias in
allelic frequency comparison (t = 1.78, p = .09; Figure 2).

DISCUSSION

In this study, a meta-analysis was performed to examine the
association between ACE I/D polymorphism and asthma

risk, by critically reviewing all eligible studies with a total of
11,897 subjects. Our results were partly inconsistent with a
recently published meta-analysis, which was based on 4098
subjects (35). In the previous meta-analysis, two studies
used the same population in the original article (16, 20),
but the authors simply put them into different ethnic groups.
At the same time, one study of both children and adults was
left out of the meta-analysis when stratified according to age
(7). Most importantly, the systematic review was incom-
plete as the largest published study was omitted in the
previous meta-analysis (21). Therefore, there was insuffi-
cient power to support their conclusions especially in the
subgroup analyses. In our study, more subjects were
included to provide a more comprehensive result. In addi-
tion, stratified analyses were performed by source of con-
trols to investigate the association between ACE
polymorphism and asthma risk in our analysis.

Our study indicated that ACE polymorphism was asso-
ciated with asthma risk, which is in agreement with most
related studies. However, the exact mechanisms how ACE
polymorphism affect asthma risk at the molecular level
remain unknown. Given that ACE have detrimental effects
on airway inflammation and remodeling in asthma, it is
biologically plausible that the deletion mutation in the
ACE gene leads to an increase in the circulating ACE
level. On the contrary, ACE converts angiotensin I into
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the vasoactive compound angiotensin II, which could con-
tribute to the pathogenesis of asthma by causing prolifera-
tion and increased contractility of airway smooth muscle,
thus favoring excessive airflow obstruction (36).

In stratified analyses, we observed that the association
between ACE polymorphism and asthma risk remained
significant in Europeans and Asians. Allele frequency
might reflect the natural selection pressures or a balance
by other related functional genetic variants and environmen-
tal exposures (37, 38). Thus, the association between ACE
polymorphism and other ethnic groups needed further
investigation. At the same time, it is worth emphasizing
that ACE polymorphism contributed to an increase in
asthma susceptibility in both adults and children. In addi-
tion, we found that the association between ACE poly-
morphism and asthma risk among studies using health
controls was stronger than those with hospital-based con-
trols. Study had shown that hospital-based controls might
have inherent selection biases when controls were asso-
ciated with the disease-related conditions (39). Thus, the
choice of a representative population-based control subjects
is very important in those genotype association studies.

Although we carefully conducted this meta-analysis, sig-
nificant heterogeneity still existed in some comparisons.
However, the reasons for heterogeneity were unclear.
Although we assessed the source of heterogeneity for homo-
zygote comparison by age, ethnicity, and source of controls,
none of them were found to contribute to heterogeneity. It
may be due to other factors, including the selection of
methods, definition of cases, and sample sizes. The diverse
genotyping methods that were used in different studies
might lead to heterogeneity. Definition of asthma cases
was not totally uniform, and the observed associations
may simply be due to heterogeneity. In addition, the studies
with small sample size appear to overestimate the true
association due to the lack of sufficient power to detect
such an association (40). Publication bias was also consid-
ered as a possible limitation in our study. First, only English
and Chinese studies were included in this meta-analysis and
this might therefore have led to publication bias. Second,
inappropriate selection of controls is a major source of bias
in case—control studies. Third, on account of different popu-
lations used in our analysis, population stratification bias
may also occur.

CONCLUSION

Our meta-analysis suggests that ACE polymorphism is
significantly associated with asthma risk. However, addi-
tional large studies are warranted to validate our findings.
Future studies should include multi-ethnic groups and use
standardized unbiased genotyping methods, different
grades of asthma patients, and well-matched controls.
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