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ABSTRACT. The purpose of this study was to examine whether the 
insertion (I) or deletion (D) polymorphism of the angiotensin-converting 
enzyme gene (ACE) is associated with susceptibility to systemic 
sclerosis (SSc). A meta-analysis examining the associations between the 
ACE I/D polymorphism and SSc was conducted in overall and European 
populations using 1) allelic contrast (D vs I); 2) recessive (DD vs ID + II); 
3) dominant (DD + ID vs II); and 4) additive (DD vs ID vs II) models. A 
total of 7 studies consisting of 837 cases and 754 controls were available 
for meta-analysis. The meta-analysis revealed no association between 
the D allele and SSc in any study subjects [odds ratio (OR) = 0.956, 
95% confidence interval (CI) = 0.733-1.246, P = 0.737]. Stratification 
by ethnicity indicated no association between the D allele of the ACE 
I/D polymorphism and SSc in Europeans (OR = 1.117, 95%CI = 0.776-
1.607, P = 0.551). Meta-analysis using all other genetic models showed 
the same D allele pattern in the overall and European groups. This meta-
analysis showed that the ACE I/D polymorphism was not associated 
with susceptibility to SSc in the study subjects and in Europeans.
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INTRODUCTION

Systemic sclerosis (SSc) is a multisystem, inflammatory, autoimmune disease char-
acterized by progressive fibrosis of the skin and internal organs (Gabrielli et al., 2009). Over-
production and accumulation of collagen in the skin and viscera are the major pathological 
features of SSc, and microvascular involvement by endothelial derangement impairs organ 
blood flow. SSc is a complex disease that occurs in genetically predisposed individuals who 
are exposed to environmental risk factors.

Angiotensin-converting enzyme (ACE) converts angiotensin I into angiotensin II 
and inactivates bradykinin via the kallikrein-kininogen system (Coates, 2003; Bryant and 
Shariat-Madar, 2009). Angiotensin II, a potent vasoconstrictor, is the main effector molecule 
of the renin-angiotensin-system (RAS). The RAS contributes to electrolyte homeostasis and 
regulates blood pressure in vivo (Coates, 2003). Dysregulation of this system can contribute 
to the development of essential hypertension. Furthermore, angiotensin II is a potent proin-
flammatory modulator that augments immune responses (Kranzhofer et al., 1999; Nataraj et 
al., 1999; Marchesi et al., 2008; Bryant and Shariat-Madar, 2009). The ACE gene, located 
on chromosome 17q23, contains an insertion (I)/deletion (D) polymorphism within intron 16 
that may contain or lack a 250-287 base pair (bp) repeat sequence (Rigat et al., 1990). The 
DD genotype is associated with an approximately 2-fold higher tissue (Costerousse et al., 
1993; Danser et al., 1995) and plasma concentration of ACE than the II genotype (Rigat et 
al., 1990). Thus, the D allele may play a role in the pathogenesis of SSc.

The ACE I/D polymorphism has been examined in the context of SSc. However, 
published results regarding the genetic associations of the ACE I/D polymorphism are con-
troversial and inconclusive. This may be because of small sample sizes, low statistical power, 
and/or clinical heterogeneity (Fatini et al., 2002; Assassi et al., 2005; Guiducci et al., 2006; 
Joung et al., 2006; Wipff et al., 2009). To overcome the limitations of individual studies, 
resolve inconsistencies, and reduce the likelihood that random errors were responsible for 
false-positive or false-negative associations (Nath et al., 2005; Lee et al., 2005, 2006), we 
conducted a meta-analysis to further characterize the association and to investigate whether 
the ACE I/D polymorphism contributes to SSc susceptibility.

MATERIAL AND METHODS

Identification of eligible studies and data extraction

A literature search for studies that examined the association between the ACE I/D 
polymorphism and SSc was conducted. The MEDLINE and EMBASE citation indices were 
used to identify articles published up to June 2013 in which the ACE I/D polymorphism was 
identified in SSc patients and controls. In addition, all references in the articles identified 
were reviewed to identify studies not indexed by MEDLINE and EMBASE. The follow-
ing key words and subject terms were used in the search: “angiotensin-converting enzyme”, 
“ACE”, “systemic sclerosis”, and “SSc”. Studies were included in the analysis if they: 1) 
were case-controlled, 2) contained original data, and 3) included sufficient data to calculate 
odds ratios (ORs). No language restriction was applied. We excluded studies: 1) with over-
lapping data; 2) in which the number of null and wild-type genotypes or alleles could not be 
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ascertained; 3) in which family members were studied because their analysis was based on 
linkage considerations; and 4) in which the genotype distribution in controls was not consis-
tent with Hardy-Weinberg equilibrium (HWE), because deviation from HWE among controls 
suggests bias during control selection or genotyping errors. Data were extracted from the 
original studies by 2 independent reviewers. Any discrepancies between the reviewers were 
resolved by consensus or by a third reviewer. The following information was extracted from 
each study identified: author, year of publication, ethnicity of the study population, demo-
graphics, numbers of cases and controls, and the genotype and allele frequencies of the ACE 
I/D polymorphism.

Evaluation of publication bias and study quality

The chi-square test was used to determine whether the observed genotype frequen-
cies in controls conformed to HWE expectations. Funnel plots are often used to detect pub-
lication bias, but they require a range of studies of varying sizes and subjective judgments; 
therefore, we evaluated publication bias using Egger’s linear regression test (Egger et al., 
1997a). Egger’s linear regression test measures funnel plot asymmetry on a natural logarith-
mic scale of ORs.

Evaluation of statistical associations

We performed meta-analyses using 1) allelic contrast (D vs I); 2) recessive (DD 
vs ID + II); 3) dominant (DD + ID vs II); and 4) additive (DD vs ID vs II) models. Point 
estimates of risks, ORs, and 95% confidence intervals (CIs) were calculated for each study. 
In addition, within- and between-study variations and heterogeneities were assessed using 
Cochran’s Q-statistic test. Cochran’s Q-statistic test assesses the null hypothesis that all 
studies evaluated the same effect. The effect of heterogeneity was quantified using the I2 
value with the range of 0-100%, representing the proportion of between-study variability 
attributable to heterogeneity rather than to chance (Higgins and Thompson, 2002). I2 val-
ues of 25, 50, and 75% were nominally assigned as low, moderate, and high estimates. The 
fixed effects model assumes that a genetic factor has a similar effect on disease susceptibil-
ity across all studies investigated, and that observed variations among studies are caused by 
chance alone (Egger et al., 1997b). The random effects model assumes that different stud-
ies show substantial diversity and assesses both within-study sampling error and between-
study variance (DerSimonian and Laird, 1986). When study groups are homogeneous, the 
2 models are similar. If a study group lacks homogeneity, a random effects model typically 
provides wider CIs than the fixed effects model. The random effects model is the most ap-
propriate when significant between-study heterogeneity exists (DerSimonian and Laird, 
1986). Statistical manipulations were conducted using the Comprehensive Meta-Analysis 
computer program (Biosta; Englewood, NJ, USA). The power of each study was computed 
as the probability of detecting an association between the ACE polymorphism and SSc 
using a significance level of 0.05 and assuming a small effect size. Power analysis was 
performed using the statistical program G*Power (http://www.psycho.uni-duesseldorf.de/
aap/projects/gpower).
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RESULTS

Studies included in the meta-analysis

Nineteen studies were identified by electronic and manual searches, 6 of which were 
selected for full-text review based on title and abstract details (Fatini et al., 2002; Assassi et 
al., 2005; Guiducci et al., 2006; Joung et al., 2006; Bartoli et al., 2007; Wipff et al., 2009). 
One study was excluded because it contained duplicate data for the ACE I/D polymorphism 
(Bartoli et al., 2007). Thus, a total of 5 articles met our inclusion criteria. One eligible study 
contained data on 3 different SSc groups (Assassi et al., 2005) that were treated indepen-
dently. Thus, a total of 7 separate comparisons met our inclusion criteria (Figure 1). These 
consisted of 4 European studies and one study each in Asian, African American, and Latin 
American populations comprising a total of 837 cases and 754 controls. Selected details of 
the individual studies are summarized in Table 1. The statistical power of these 7 studies 
ranged from 11.6 to 79.4%. None of the studies had statistical power exceeding 80%.

Figure 1. Study flow chart.
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Frequencies of the D allele of the ACE I/D polymorphism in different ethnic groups

The mean frequency of the D allele of the ACE I/D polymorphism was 52.7% among 
all normal controls, with Asians showing a lower D allele prevalence than the other ethnic 
groups (40.8%). Among normal controls, the frequencies of the D allele in the Asian, Latin 
American, European, and African-American populations were 40.8, 52.0, 54.4, and 58.9%, 
respectively (Table 2).

Population No. of studies                                       Numbers                                          D allele (%)

  Case Control Case Control

European 4 684 563 55.6 54.4
Asian 1   72 114 31.9 40.8
African American 1   28   28 50.0 58.9
Hispanic 1   53   49 46.2 52.0
Overall 7 837 754 52.4 52.7

Table 2. Prevalence of the D allele of the ACE I/D polymorphism.

Meta-analysis of the association between the ACE I/D polymorphism and SSc

A meta-analysis of all SSc patients and of each ethnic group was conducted. A sum-
mary of the findings regarding the relationship between the ACE I/D polymorphism and SSc 
is shown in Table 3. Meta-analysis revealed no association between the D allele and SSc in all 
study subjects (OR = 0.956, 95%CI = 0.733-1.246, P = 0.737) (Table 3, Figure 2). Stratifica-
tion by ethnicity indicated no association between the D allele of the ACE I/D polymorphism 
and SSc in Europeans (OR = 1.117, 95%CI = 0.776-1.607, P = 0.551) (Table 3, Figure 2). 
Meta-analysis using all other genetic models showed the same D allele pattern in the overall 
group and in Europeans, suggesting no association between the ACE I/D polymorphism and 
SSc risk (Table 3).

Figure 2. Odds ratios (ORs) and 95% confidence intervals (CIs) of individual studies and pooled data for the 
association between the D allele of the ACE I/D polymorphism and systemic sclerosis in all study subjects and in 
each ethnic group.
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Heterogeneity and publication bias

In the meta-analyses, we observed between-study heterogeneity for the allele con-
trast, dominant model, homozygote contrast, and ID vs II contrast in all study subjects and in 
Europeans (Table 3). However, heterogeneity was not found in the meta-analyses using the 
recessive model and the DD vs ID contrast in the overall group and in Europeans (Table 3). 
Publication bias causes a disproportionate number of positive studies and poses a problem for 
meta-analyses. However, evidence of publication bias was not found in these meta-analyses of 
the ACE I/D polymorphism (Egger’s regression test P values > 0.1) (Figure 3).

Polymorphism Population No. of studies  Test of association   Test of heterogeneity

   OR 95%CI P value Model P value I2

D vs I allele Overall 7 0.956 0.733-1.246 0.737 R 0.017 61.1
 European 4 1.117 0.776-1.607 0.551 R 0.013 72.0
DD+ID vs II
(Dominant) Overall 7 1.124 0.703-1.796 0.625 R 0.012 63.3
 European 4 1.384 0.682-2.807 0.368 R 0.006 75.5
DD vs ID+II
(Recessive) Overall 7 0.899 0.714-1.132 0.363 F 0.153 36.1
 European 4 0.995 0.775-1.278 0.970 F 0.283 21.2
DD vs II
 Overall 7 0.947 0.538-1.668 0.851 R 0.017 61.1
 European 4 1.301 0.595-2.842 0.510 R 0.010 73.7
DD vs ID
 Overall 7 0.855 0.670-1.091 0.207 F 0.385     5.53
 European 4 0.935 0.717-1.219 0.618 F 0.781 0
ID vs  II
 Overall 7 1.219 0.768-1.934 0.401 R 0.026 58.0
 European 4 1.429 0.728-2.805 0.299 R 0.019 69.9

ACE I/D = angiotensin-converting enzyme insertion and deletion; OR = odds ratio; 95%CI = 95% confidence 
interval; F = fixed effects model; R = random effects model.

Table 3. Meta-analysis of the association between the ACE I/D polymorphism and systemic sclerosis.

Figure 3. Funnel plot of studies on the associations between the D allele of the ACE I/D polymorphism and 
systemic sclerosis in all subjects (Egger’s regression P value = 0.805).
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DISCUSSION

ACE is expressed in a wide range of tissues, including the kidneys, heart, lungs, vas-
cular endothelium, skin, joints, and testes (Costerousse et al., 1993; Danser et al., 1995). ACE 
plays an important role in RAS and angiotensin II conversion, directly increases vascular 
smooth muscle cell contraction, and affects smooth muscle proliferation, monocyte adhesion, 
platelet adhesion, and aggregation (Coates, 2003; Bryant and Shariat-Madar, 2009). The ACE 
I/D polymorphism accounts for 47% of the variation in ACE plasma activity (Rigat et al., 
1990); therefore, the source of most variation remains unknown.

This polymorphism has been studied in connection with several diseases, including 
Alzheimer’s disease (Belbin et al., 2011), myocardial infarction (Samani et al., 1996), cerebral 
infarction (Tao et al., 2009), hypertension (Li, 2012), and vasculitis (Lee et al., 2012). These 
studies reported associations between susceptibilities to these diseases and the DD genotype 
and D allele (Samani et al., 1996; Tao et al., 2009; Belbin et al., 2011; Lee et al., 2012; Li, 
2012). Activation of RAS during renal crisis in SSc patients and the dramatically improved 
outcome of renal crisis in SSc produced by ACE inhibitors (Steen et al., 1990) suggest that 
ACE is a candidate gene for SSc.

In this meta-analysis, we combined information regarding the association between the 
ACE I/D polymorphism and susceptibility to SSc. The meta-analysis revealed no association 
between the ACE I/D polymorphism and SSc in any study subjects. In addition, stratification 
by ethnicity indicated no association between the D allele of the ACE I/D polymorphism and 
SSc in Europeans, with a high heterogeneity.

The results of our study should be interpreted with caution. Our meta-analysis failed 
to reveal an association between the ACE I/D polymorphism and susceptibility to SSc, which 
conflicts with the results of functional studies conducted on the ACE I/D polymorphism (Cos-
terousse et al., 1993; Danser et al., 1995). It is not uncommon that epidemiologic results fail 
to concur with the results of functional studies. In the present study, this may be attributed to 
the complexity of SSc, as multiple genes, different genetic backgrounds, and various environ-
mental factors contribute to its development. In contrast, because a relatively small number 
of studies with low statistical power were included in our meta-analysis, our results are likely 
due to a Type II error (false negative). Between-study heterogeneity was found in this meta-
analysis in the overall patient group. Heterogeneity was also found in the homogeneous ethnic 
group of Europeans. A significant difference in the ACE D allele frequency was observed 
between Italian and Greek healthy subjects, and an association was found between the ACE D 
allele and SSc in Italians, but not in Greeks. The reason for the heterogeneity is unclear, but 
this heterogeneity may have affected the results of meta-analysis. Thus, our findings suggest 
that further investigations are required before the nature of the association between the ACE 
I/D polymorphism and susceptibility to SSc can be accurately determined.

There were some limitations to the present study. First, publication bias and con-
founding factors may have distorted the analysis. Second, other ACE polymorphisms capable 
of affecting ACE activity may also be associated with SSc. However, the limited amount of 
data available prevented further meta-analysis. Third, it would have been interesting to exam-
ine the associations between the ACE I/D polymorphism and disease activities and clinical 
features and to have stratified the data by gender or autoantibody status, but such studies could 
not be performed because of limited or unavailable data. Fourth, we included data from Euro-
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pean, Asian, African American, and Hispanic patients in our meta-analysis, but our ethnicity-
associated results are applicable only to European ethnic groups. European populations dem-
onstrated a higher frequency of the D allele (54.4%), while Asians showed a lower frequency 
of the D allele (40.8%). Further studies are needed in specific ethnic groups.

In conclusion, this meta-analysis of the ACE I/D polymorphism, which was based 
on a total sample of 837 patients and 754 controls, demonstrated no association between the 
ACE I/D polymorphism and SSc in any study subjects and in Europeans. Larger-scale studies 
in homogeneous populations from various ethnicities are needed to explore the relationships 
between polymorphisms of the ACE gene and the pathogenesis of SSc.
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