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Abstract: The Angiotensin-converting enzyme (ACE) I/D polymorphism has been indicated to be correlated with pe-
ripheral neuropathy (PN) susceptibility, but study results are still debatable. Thus, a meta-analysis was conducted. 
Databases including PubMed, Embase and CNKI were searched. Data were extracted and pooled odds ratios (OR) 
with 95% confidence intervals (CI) were calculated. Eight studies with 1430 cases and 1873 controls were included 
in this meta-analysis. The association between ACE I/D polymorphism and PN risk was significant (OR = 1.25; 95% 
CI 1.05-1.48; P = 0.01). When stratified by ethnicity, the significantly increased PN risk was observed in Caucasians 
(OR = 1.24; 95% CI 1.05-1.47; P = 0.01). In conclusion, this meta-analysis suggested that ACE I/D polymorphism 
was a risk factor for PN.
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Introduction

Diabetes is becoming a global public health 
threat, largely due to an increase in type 2 dia-
betes. The prevalence among adults is expect-
ed to rise from 371 million in 2012 to 552 mil-
lion by the year 2030 [1]. Diabetes is a hetero-
geneous disorder that is manifested in the form 
of hyperglycemia and glucose intolerance due 
to relative insulin deficiency, impaired effective-
ness of insulin action, or both. Approximately 
50% of patients with diabetes develop clinically 
detectable peripheral neuropathy (PN) [2].

Angiotensin-converting enzyme (ACE) is an 
important component of the renin-angiotensin 
system (RAS) that converts angiotensin (Ang) I 
to Ang II [3]. It has been recommended that 
high levels of Ang II may play a key role in glu-
cose and insulin regulation, and may increase 
the risk of diabetes [4]. It is also suggested that 
the tissue levels of Ang II increase with hyper-
glycemia, and the impacts of Ang II on endothe-
lial damage and oxidative stressmay affect the 
development of PN [5]. Serum and tissue ACE 

activity are influenced by the presence of an 
insertion (I) or deletion (D) of a 287-base pair 
(bp) fragment in intron 16 of the ACE gene 
resulting in a common variant, with the D allele 
being associated with higher ACE activity [6, 7]. 
A few papers investigated the association 
between this polymorphism and PN risk. 
However, the results remained inconclusive 
[8-15]. Meta-analysis is a useful method for 
investigating associations between genetic fac-
tors and diseases, because a quantitative 
approach is used to combine the results from 
different studies on the same topic, thereby 
providing more reliable conclusions. Thus, we 
performed a meta-analysis to clarify the asso-
ciation of ACE I/D polymorphism with PN risk. 
To our knowledge, this is the first meta-analysis 
of the association between ACE I/D polymor-
phism and the risk of PN.

Materials and methods

Publication search

In our meta-analysis, we searched the articles 
using the search terms “Angiotensin-converting 
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enzyme”, “ACE”, “type 2 diabetes” and “periph-
eral neuropathy” in the PubMed, Embase and 
CNKI databases, and the last search updated 
on July 2014. Additional studies were identified 
by a hand search of references of original stud-
ies or review articles. No publication date or 
language restriction was imposed.

Study selection

The following inclusion criteria were used: (1) 
the study should have evaluated the associa-
tion between the ACE I/D polymorphism and 
the risk of PN; (2) the study should have had a 
case-control or cohort design; (3) sufficient 
data should have been provided in order to cal-
culate odds ratios (OR) and 95% confidence 
intervals (CI). The following exclusion criteria 
were used: (1) irrelevant PN, ACE, or ACE I/D 
polymorphism and PN risk; (2) abstract or 
review; (3) genotype frequencies were not 
reported; (4) non-clinical study; (5) studies were 
repeated or publications overlapped.

Data extraction

Two investigators independently extracted data 
and reached consensus on the following char-
acteristics of the selected studies: the first 
author’s name, year of publication, ethnicity of 
the study population, age, gender, number of 
cases and controls with genotype numbers.

Statistical analysis

OR and 95% CI we reemployed to evaluate the 
strength of the association between ACE I/D 

<1 and OR1<OR3<1), then a codominant model 
was suggested [16]. Once the best genetic 
model was identified, this model was used to 
collapse the three genotypes into two groups 
(except in the case of a codominant model) and 
to pool the results again.

The Q statistic and the I2 statistic were used to 
assess the degree of heterogeneity among the 
studies included in the meta-analysis. The ran-
dom-effects model was used to estimate the 
pooled OR (the DerSimonian and Laird meth-
od). Subgroup analyses were carried out by eth-
nicity. We did cumulative meta-analysis by 
undertaking sequential random effects pool-
ing, starting with the earliest studies. Each suc-
cessive meta-analysis then summarized all the 
trials in the preceding years. Results were pre-
sented as a series of mini meta-analyses, 
which were ordered chronologically in a forest 
plot to show the consequence of adding studies 
on the effect size. The potential publication 
bias was tested using Egger’s test [17].

All statistical tests were performed using STATA 
11.0 software (Stata Corporation, College 
Station, TX, USA). A P value < 0.05 was consid-
ered statistically significant.

Results

Eligible studies

A total of 8 case-control studies (Figure 1) with 
1430 cases and 1873 controls on the associa-

Figure 1. Flow of study identification, inclusion, and exclusion.

polymorphism and PN 
risk. ORs were calculated 
for the genotypes: DD vs. 
II (OR1), ID vs. II (OR2), 
and DD vs. ID (OR3) for 
the I/D polymorphism. 
These pairwise differenc-
es were used to indicate 
the most appropriate 
genetic model as follows: 
if OR1 = OR3 ≠ 1 and OR2 
= 1, then a recessive 
model was suggested; if 
OR1 = OR2 ≠ 1 and OR3 = 
1, then a dominant model 
was suggested; if OR2 = 
1/OR3 ≠ 1 and OR1 = 1, 
then a complete overdom-
inant model was suggest-
ed; if OR1>OR2>1 and 
OR1>OR3>1 (or OR1<OR2 
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tion between ACE I/D polymorphism and PN 
risk were included for this meta-analysis [8-15]. 
There was1 study of Asian population and 7 
studies of Caucasian population. The charac-
teristics of each study and the genotype in each 
study are presented in Table 1.

Meta-analysis

The estimatedOR1, OR2 and OR3 were 1.57 (P 
= 0.005), 1.68 (P = 0.0002), and 0.99 (P =  
0.97), respectively (Table 2). These estimates 
suggested a dominant genetic model, and 
therefore DD and ID were compared with II. The 
pooled OR in this analysis was 1.25 (95% CI 
1.05-1.48; P = 0.01) (Figure 2). This result sug-
gested that the DD and ID genotypes were sig-
nificantly associated with PN risk. In the sub-
group analysis by ethnicity, a significant asso-
ciation was found among Caucasians (OR = 
1.24; 95% CI 1.05-1.47; P = 0.01).With regard 
to the cumulative meta-analysis, the evidence 
was observed to support a significant associa-
tion of the ACE I/D polymorphism with the sus-
ceptibility to PN (Figure 3). Egger’s test showed 
no evidence of publication bias (P = 0.132).

Discussion

This present meta-analysis investigated the 
relationship between ACE I/D polymorphism 
and risk of PN. Eight case-control studies with a 
total of 3303 subjects were eligible. At the over-
all analysis, the ACE I/D polymorphism was sig-
nificantly associated with PN risk. In the sub-
group analysis by ethnicity, we noted that 
Caucasians carrying the DD and ID genotypes 
had an increased PN risk. Moreover, to investi-
gate the stability of the result, we performed 
cumulative meta-analysis. The cumulative 
meta-analysis showed a trend of significant 
association between this polymorphism and 
the risk of PN as data accumulated each year. 
This procedure proved that our result was 
robust. Thus, results from this meta-analysis 
suggested that ACE I/D polymorphism was 
associated with PN risk. Because PN is a major 
cause of morbidity related to foot ulceration 
and amputation, it is important to recognize 
diabetic patients with DD and ID genotypes, 
who are prone to develop PN.

Previous reports suggest that inhibition of the 
tissue RAS improves microvascular complica-

Table 1. Characteristics of the studies

First author/Year Ethnicity Age Gender Case Control
Case genotype Control genotype

DD ID II DD ID II
Ito/2002 Asian 66.0 Mixed 63 21 10 27 26 1 6 14
Degirmenci/2005 Caucasian 57.6 Mixed 65 208 21 38 6 49 113 46
Costacou/2006 Caucasian 49.5 Mixed 114 256 NA NA NA NA NA NA
Stephens/2006 Caucasian 69.9 Female 173 399 61 87 25 125 199 78
Jurado/2012 Caucasian 69.8 Mixed 82 201 NA NA NA NA NA NA
Mansoor/2012 Caucasian NA NA 496 276 56 161 59 105 230 161
Inanir/2013 Caucasian 57.2 Mixed 235 281 48 49 24 37 42 21
Settin/2014 Caucasian 55.5 Mixed 202 231 NA NA NA NA NA NA
NA, not available.

Table 2. Determination of the genetic effect of ACE I/D polymorphism on diabetic peripheral neuropathy 
and subgroup analysis

Comparison Study
Sample size No. of 

studies
Test of association

Model
Heterogeneity

case control OR (95% CI) Z P Value  χ2 P Value I2 (%)
DD vs. II Overall 336 637 5 1.57 (1.15-2.14) 2.83 0.005 R 4.29 0.37 7
ID vs. II Overall 502 910 5 1.68 (1.28-2.19) 3.78 0.0002 R 4.22 0.38 5
DD vs. ID Overall 558 907 5 0.99 (0.79-1.25) 0.04 0.97 R 3.42 0.49 0
DD+ID vs. II Overall 1430 1873 8 1.25 (1.05-1.48) 2.58 0.01 R 5.58 0.59 0
DD+ID vs. II Caucasian 1367 1852 7 1.24 (1.05-1.47) 2.49 0.01 R 4.53 0.61 0
vs., versus; R, random-effects model.
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tions, such as diabetic nephropathy [18]. 
However, little is known regarding the therapeu-
tic potential of ACE inhibitors and/or Ang II 
receptor antagonists in the treatment of dia-
betic neuropathy. The ACE DD genotype is 
associated with higher serum ACE levels and 
the findings of the present study suggest a pro-
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Figure 2. Meta-analysis for the association between the ACE I/D polymorphisma 
nd DPN risk.

Figure 3. Cumulative meta-analysis for association between the ACE I/D polymor-
phism and DPN risk.

tective role for the II gen-
otype against the devel-
opment of PN; thus, ACE 
inhibitor therapy might be 
a potential treatment in 
protecting against the 
development of PN. This 
important issue should 
be investigated in the 
future studies.

Some possible limita-
tions should be acknowl-
edged. First, only pub-
lished studies that were 
included in the selected 
electronic databases 
were identified; it is pos-
sible that some relevant 
published or unpublished 
studies may have been 
missed. Second, the 
effect of gene-gene and 
gene-environment inter-
actions was not 
addressed in this meta-
analysis, because of lim-
ited available data. Third, 
our meta-analysis was 
based on unadjusted OR 
estimates because not 
all published studies pre-
sented adjusted ORs.

Conclusion

This meta-analysis sug-
gests that ACE I/D poly-
morphism may be associ-
ated with PN develop-
ment. Further studies 
can assess the possible 
gene-environmental and 
gene-gene interactions in 
the association between 
this polymorphism and 
PN risk.
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