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development of metabolic syndrome (MetS). However, results have been inconsistent. In
this study, a meta-analysis was performed to investigate the association between ACE
insertion/deletion (I/D) polymorphism and MetS. Published literature from PubMed,
EMBASE, and ISI Web of Science databases was searched for eligible publications. All
studies assessing the association between ACE I/D polymorphism and MetS were included.
Pooled odds ratios (ORs) and corresponding 95% confidence intervals (Cls) were calculated
using a fixed- or random-effects model. Ten studies (1939 cases/2845 controls) for ACE I/D
polymorphism were included in this meta-analysis. Most of the studies were performed in
whites. The ACE I/D polymorphism was associated with an increased OR of MetS under a
dominant model (DD + ID vs II: OR = 1.39; 95% ClI, 1.22-1.60; P < .001). Using this model, similar
results were found among studies using different ethnic populations, studies using different
MetS definitions, and studies with more than 100 cases. This meta-analysis indicated that
the D allele of the ACE gene, known to be related to higher levels of angiotensinogen, is
associated with an increased OR of MetS. However, given the limited sample size, this
association warrants further investigation.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction this is a burden for public health [2]. Besides the environ-

mental risk factors, including higher caloric intake and less

Metabolic syndrome (MetS) is characterized by a cluster of
factors, such as central obesity, hypertension, hypertrigly-
ceridemia, depressed plasma high-density lipoprotein cho-
lesterol, elevated glucose, and microalbuminuria [1]. The
prevalence of MetS is increasing worldwide; and as MetS is
associated with an increased risk of cardiovascular disease,

physical activity, genetic factors may also play an important
role in predisposing individuals to MetS. It has been
estimated that about 24% of the variability of MetS is
determined by genetic factors [3].

The renin-angiotensin system (RAS) is a hormonal
signaling mechanism implicated in the regulation of blood
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pressure and cardiovascular homeostasis. Through modula-
tion of gene expression, growth, fibrosis, and inflammatory
response, it also plays an important role in the pathological
changes preceding kidney damage [4]. The angiotensin-1-
converting enzyme (ACE) gene, located on chromosome
17923, contains many polymorphisms. The 287-base pair
Alu insertion/deletion (I/D) polymorphism in intron 16 is the
most studied polymorphism and has been related to ACE
levels [5]. Serum ACE concentrations were significantly
higher in homozygotes with the “shorter” deletion allele
(D/D) than in heterozygotes (I/D) or in homozygotes with the
“longer” insertion allele (I/I) [6]. Many studies have indicated
that this polymorphism is associated with susceptibility to
hypertension [7], elevated glucose [8], central obesity [9], and
hypertriglyceridemia [10], which are some of the components
of MetS. Therefore, ACE I/D polymorphism might be involved
in the pathogenesis of MetS; and this association has been
studied as well frequently. However, results have been
inconsistent [11-20].

Therefore, in this study, a meta-analysis was performed to
clarify the association between ACE I/D polymorphism and
MetS susceptibility.

2. Materials and methods
2.1. Literature and search strategy

PubMed, ISI Web of Science, and EMBASE were searched for
eligible articles. The search strategy to identify all potential
studies involved use of combinations of the following key
words: (the renin-angiotensin system gene or the angiotensin-1
converting enzyme gene or RAS or ACE) and (variant or
polymorphism) and (metabolic syndrome or MetS or MS or
metabolic syndrome X or syndrome X or cardiometabolic risk factor
or insulin resistance syndrome). The reference lists of retrieved
reviews and articles were hand searched. The publication
language was restricted to English. If more than one article
was published using the same case series, only the study with
largest sample size was selected. The literature search was
updated on August 5, 2011.

2.2. Inclusion criteria and data extraction

Studies were included if they met the following 3 inclusion
criteria: (1) using a case-control or cohort design, (2) evaluating
the association of ACE I/D polymorphism with MetS, and (3)
providing sufficient data for calculation of an odds ratio (OR)
with 95% confidence interval (CI) (ie, the study should provide
the genotype distributions of the ACE I/D polymorphism in
patients with and without MetS, or the study should provide
the OR with 95% CI).

The following information was extracted from each study:
(1) name of the first author, (2) year of publication, (3) country
of origin, (4) ethnicity of the studied population, (5) mean age
and sex frequency of subjects with and without MetS, (6)
genotype distributions of subject with and without MetS, (7) P
value for the test of Hardy-Weinberg equilibrium (HWE) in
those without MetS, and (8) definition of MetS used to assess
cases. Two authors independently assessed the articles for

compliance with the inclusion criteria; disagreement was
followed by discussion until consensus was reached.

2.3. Statistical analysis

The association between ACE I/D polymorphism and MetS
was estimated by calculating a pooled OR and 95% CI under a
codominant model, a dominant model, a recessive model, and
a multiplicative model. The significance of the pooled OR was
determined by a Z test (P < .05 was considered statistically
significant). A Q test was performed to evaluate whether the
variation was due to heterogeneity or due to chance. A
random- (DerSimonian-Laird method) or fixed- (Mantel-
Haenszel method) effects model [21] was used to calculate
the pooled OR in the presence (P < =.10) or absence (P >.10) of
heterogeneity, respectively. Begg funnel plot, a scatter plot of
effect against a measure of study size, was generated as a
visual aid to detect bias or systematic heterogeneity [22].
Publication bias was assessed by Egger test [23] (P < .05 was
considered statistically significant). Subgroup analyses based
on ethnicity (white, Asian vs Mexican), definition of MetS used
to assess cases (the National Cholesterol Education Program
Adult Treatment Panel III [NCEP ATP III] [24], the World Health
Organization [WHO] [25] vs others), and sample size of the
study (number of cases <100 vs >100) were performed.
Sensitivity analyses were performed by removing one study
at a time to evaluate the stability of the results. Data analyses
were performed using STATA version 11 (StataCorp, College
Station, TX).

3. Results
3.1. Characteristics of the studies

The literature search identified a total of 151 potentially
relevant articles. Of these, 135 articles were excluded after
reading the title or abstract because of obvious irrelevance to
our study aim. For example, articles that investigated the
association of ACE I/D with a single metabolic parameter were
excluded after initial screening. In addition, 4 studies [26-29]
were excluded because they did not provide sufficient data for
the calculation of an OR and 95% CI. For 2 studies [26,27], only a
P value (<.05) was provided indicating that the D/D genotype of
ACE 1/D polymorphism was more frequent in patients with
MetS than subjects without MetS. Other studies performed an
analysis of risk factors associated with MetS [28] or mentioned
the association between ACE I/D polymorphism and MetS in
the title but did not study it. [29] Two letters to the editor
concerning this topic [30,31] and one study in which geno-
types deviated from HWE in controls [20] were excluded as
well. Therefore, 9 articles met the inclusion criteria [11-19].
Because the article by Dankova et al [15] included analyses in 2
ethnic groups, these groups were considered as 2 separate
studies. At last, 10 studies were included for ACE I/D
polymorphism. [11-19] A flowchart summarizing the process
of study inclusion is depicted in Fig. 1. Of all, 8 studies were
performed in whites, one was performed in Asians, and one
was performed in Mexicans; 4 studies used the NCEP ATP III
criteria for the definition of MetS, 3 used the WHO criteria, and
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Fig. 2 - Meta-analysis of the association between ACE I/D polymorphism and an increased OR of MetS under the dominant
genetic model (DD + ID vs II). Note: D is the risk allele, and I is the nonrisk allele. Studies were ordered by year of publication.
Square sizes are proportional to the weight of each study in the meta-analysis.

[39]. However, in Chinese, the frequency of the I allele is
estimated at 0.7 [40]. Therefore, an analysis stratified by
ethnicity was performed. The OR was somewhat higher in
Mexicans than in Asians and whites. However, it remains
possible that the ORs varied because of different allele
frequencies in the various study populations. In addition,
the studies performed in Mexicans and Asians were of
limited sample size; and therefore, these differences should
be interpreted with caution.

Studies with a small sample size may overestimate the
true association compared with those with a large sample
size [41]; a large study with either finding might reflect a
true association, as it has sufficient statistical power.
Therefore, we performed another subanalysis stratified by
study sample size (number of cases). The results suggested
that the effect size was larger in studies with more than 100
cases than in those studies with less than 100 cases. In
addition, in the stratum of studies with more than 100 cases,
the association between ACE I/D polymorphism and MetS
remained statistically significant, but not for studies with
less than 100 cases.

The biological mechanism through which ACE I/D poly-
morphism may be related with an increased OR of MetS is
unclear. Although serum ACE concentrations are significant-
ly higher in those carrying the D/D genotype than in those
carrying the I/D or the I/I genotype, other potential
mechanisms have been suggested as well. It has been
hypothesized that RAS influences adipokine secretion and
insulin secretion from pancreatic p-cells; furthermore, the
RAS has been hypothesized as well to inhibit adipogenesis,
which limits the storage capacity of adipose tissues and
allows ectopic lipid storage that results in lipotoxicity [42].

As adipose tissue also hosts a local RAS, it has been
speculated to be possibly involved in the development of
obesity-associated hypertension [43]. Angiotensin-1-convert-
ing enzyme is known to play an important role in sodium/-
water balance and blood pressure regulation [44]. In
addition, several studies have suggested that the RAS is
involved in the regulation of insulin resistance, glucose, and
lipid metabolism [7,9]. In addition, significant reductions in
cardiovascular and renal risk, as well as a reduction of new-
onset diabetes risk, have been demonstrated in the clinical
trials of ACE inhibitors and AT1-receptor blockers [45].
However, as further elucidation of the applicable biological
mechanisms is warranted, the present clinical relevance of
this association needs to be determined.

Our study has several limitations: first, the present meta-
analysis was based primarily on unadjusted effect estimates;
and potential confounding factors, including age, sex, and
environmental factors (eg use of ACE inhibitors), were not
controlled for. However, most of the studies included in our
analyses only provided the genotype distributions in cases
and controls (or a crude OR and 95% CI); and consequently, we
were not able to adjust our analysis for basic covariates like
age and sex. Second, as none of the studies included in this
meta-analysis considered the effect of gene-environment
interactions, this issue could not be addressed in this meta-
analysis. Third, the results of the subgroup analyses for ACE
I/D polymorphism should be interpreted with caution because
of limited statistical power. Fourth, because none of the
studies included in our study used the updated Harmonized
Definition of MetS, which was recently proposed by IDF and
AHA/NHLBI [34], we were not able to take this into account in
our analyses.
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In conclusion, the results of our study indicate the
presence of a significant association between the D allele of
the ACE /D polymorphism and MetS susceptibility. Given the
limited sample size, large-scale studies with the consideration
of gene-gene and gene-environment interactions should be
conducted to further investigate this association. Further-
more, more in-depth research is required as well to clarify the
mechanisms by which the ACE gene may increase predispo-
sition to MetS.
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