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ABSTRACT. Insertion/deletion (I/D) polymorphisms of the gene encoding 
angiotensin converting enzyme (ACE) are a controversial risk factor for 
heart diseases (HDs). ACE I/D polymorphism has been reported to be 
associated with various cardiovascular diseases. However, some studies 
have presented conflicting results. In this study, we aim to explore the 
association between ACE I/D polymorphisms and the risk of coronary HD 
(CHD), coronary artery disease (CAD), and myocardial infarction (MI). A 
meta-analysis was conducted, which included 12,533 cases and 20,726 
controls from 75 case-control studies. We performed overall analysis on 
the entire dataset and found that the D allele of ACE was significantly 
associated with increased risk of HDs in three different comparison models 
(dominant, recessive, and homozygote). We also performed analyses on 
subgroups based on ethnicity as well as disease type. Our results showed 
that the D allele of ACE was significantly associated with an increased risk 
of HDs in the Asian and European groups but not in the American group. 
In addition, in all three subgroups (CHD, CAD, and MI), the D allele of ACE 
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was found to be significantly associated with increased risk of disease. 
Begg’s funnel plots were generated to evaluate publication biases, but no 
obvious publication bias was found in the studies included in our meta-
analysis. In conclusion, our meta-analysis demonstrated that the D allele of 
ACE was significantly associated with an increased risk of HDs.
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Angiotensin converting enzyme; Meta-analysis

INTRODUCTION

Coronary heart disease (CHD), coronary artery disease (CAD), and myocardial infarction 
(MI) are different types of heart diseases (HDs), all of which are worldwide public health issues 
(Negi and Anand, 2010). The etiology of heart diseases involves both genetic and environmental 
factors, as well as their interactions (Mi et al., 2011). Racial differences in the occurrence and 
outcomes of heart dysfunction suggest that genetic factors play important roles in the pathogenesis 
of HDs (Dries et al., 1999). It has been estimated that approximately 50% of the major risk factors 
for HDs is determined by genetic factors (Sekuri et al., 2005). Among these genetic factors, the 
roles of neurohormones have been extensively studied. For example, angiotensin-converting 
enzyme (ACE) has been proposed to play important roles in the progression of HDs (Bautista et 
al., 2004; Masud and Qureshi, 2011; Chen et al., 2013).

ACE is a key enzyme in the renin-angiotensin-aldosterone system, which plays important 
roles in the regulation of heart function. In this system, the function of ACE is to transform 
angiotensin I to II, and inactivates bradykinin. In humans, ACE is a highly polymorphic gene 
located on chromosome 17q23, and contains 26 exons and 25 introns. An insertion/deletion (I/D) 
polymorphism on intron 16 of ACE, characterized by an insertion or a deletion of a 287-bp non-
coding Alu repeat sequence (Rigat et al., 1992), has been demonstrated to affect ACE levels and 
activities (Danser et al., 1995). The DD genotype of ACE has been reported to be associated with 
increased risks of various HDs such as CHD/CAD and MI (Bautista et al., 2004; Pulla Reddy et al., 
2010; Chen et al., 2013). However, other studies have produced inconsistent or even contradictory 
results (Marques-Vidal et al., 2003; Andrikopoulos et al., 2004; Zakrzewski-Jakubiak et al., 2008; 
Rallidis et al., 2009; Bai et al., 2012). For example, Rallidis et al. (2009) reported that ACE I/D 
polymorphism is not associated with early stages of MI. Similarly, Bai et al. (2012) reported that 
ACE I/D polymorphism is not associated with heart failures.

The lack of consistency across previous studies is due to various factors such as limited 
sample size and improper study designs. In our study, we aim to reconcile the inconsistencies in 
previous studies by carrying out a comprehensive meta-analysis on all eligible studies up to date, 
including 12,533 cases and 20,726 controls. We estimate the overall as well as subgroup HD risks 
of ACE I/D polymorphism, and quantify the between-study heterogeneity and potential biases.

MATERIAL AND METHODS

Data collection

We searched articles using Global Cross-databases including PubMed, PMC, Embase, 
Cochrane library, and Google Scholar, with “ACE I/D polymorphism”, “angiotensin-converting 
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enzyme”, “coronary artery disease”, “coronary heart disease”, “myocardial infarction”, and 
“heart disease” as key words. In total, 887 results were obtained. We then performed three 
rounds of exclusions. First, we excluded books and other articles that did not contain case-
control studies, which reduced the number of articles to 229. Second, we excluded articles, the 
aim of which was not to investigate the association between ACE I/D polymorphisms and HD 
risks. Following this round of exclusion, 15 articles remained. Third, among these 15 articles, 
if studies were overlapped or duplicated, we only kept the ones showing the most extensive 
results. We also excluded studies in which raw data could not be retrieved. As a result, 12 
articles including 75 case-control studies were used in our final meta-analysis. The data 
collection flow chart is shown in Figure 1.

Figure 1. Data collection procedure. In total, 887 literatures were searched for the first-round exclusion. Of these, 12 
literatures including 75 studies were included in the final meta-analysis.

Statistical methods

In our meta-analysis, we adopted three different models: dominant (DD + ID vs II), 
recessive (DD vs ID + II), and homozygote comparison (DD vs II). For the dominant model, 
we used II genotype as the reference group, and estimated the risk of HD in the DD + ID 
genotype as compared with the II genotype. For recessive model, we used ID + II genotype 
as the reference group, and estimated HD risk in the DD genotype as compared with the 
ID + II genotype. For homozygote comparison model, we used II genotype as the reference 
group, and estimated HD risk in the DD genotype. We presented the results as odds ratio 
(OR) and 95% confident interval, and considered P < 0.05 to be statistically significant. The 
three models were applied to the analysis on the entire population as well as on individual 
subgroups. Statistical analysis was performed with the STATA 12 software (Stata Statistical 
Software: Release 12; StataCorp LP., College Station, TX, USA). For each study, the numbers 
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of the three genotypes in case and control groups were used as pooled data. To choose 
the analysis model, heterogeneity was measured with I2 index, where higher I2 indicated 
increased heterogeneity. We considered I2 ≤ 50% as insignificant heterogeneity within the 
pooled data. We then adopted the Mantel-Haenszel (M-H) fixed-effect model for datasets 
without significant heterogeneity, and DerSimonian and Laird (D-L) random-effect model for 
datasets with significant heterogeneity. For each analysis, we used M-H fixed-effect model to 
test heterogeneity first, and then chose the proper model based results from the heterogeneity 
tests. ORs were calculated for each model with 95% confidence intervals. Forest plots were 
generated to summarize the results. To evaluate potential publication bias, Begg’s funnel plots 
were generated based on the results and database size, where increased asymmetry in the 
funnel plots indicated increased publication biases.

RESULTS

Characteristics of eligible studies

To evaluate the association between ACE I/D polymorphism and risk of heart diseases, 
we performed a meta-analysis based on 75 studies in which the association between ACE I/D 
polymorphism and human heart disease risk was examined (Yang, 2000; Dai, 2003; Ai, 2005; 
Araújo et al., 2005; Zhang, 2003, 2004, 2006; Li, 2004, 2008; Yu et al., 2009; Dhar et al., 2010; 
Wang, 2009, 2010; Zhu, 2010; Pandey et al., 2011; Yi, 2011; Firouzabadi et al., 2012; Dai et al., 
2013; Fang et al., 2014; Moradzadegan et al., 2014). After pooling all data, our meta-analysis 
contained 12,533 cases and 20,726 controls. The characteristics of all 75 studies are shown 
in Table 1.

ACE I/D polymorphisms and HD risk

To conduct risk assessment on all case and control patients, we started with the M-H 
fixed-effect model to determine heterogeneity in three different comparison models (dominant, 
recessive, and homozygote). The values of I2 for dominant, recessive, and homozygote models 
were 70.6, 68.3, and 67.7%, respectively, which indicated that there was significant heterogeneity 
(Table 2). Therefore, we used a D-L random-effect model for further analyses in all three models. 
For the dominant model (DD + ID vs II), the pooled OR was 2.114 (95%CI = 1.900-2.352, P < 
0.001), suggesting significant association between the DD + ID genotype and high HD risk (Table 
2). For the recessive model (DD vs ID + II), the OR was 1.669 (95%CI = 1.495-1.864, P < 0.001), 
also suggesting significant association between the DD genotype and high HD risk (Table 2). For 
the homozygote comparison model (DD vs II), the OR was 1.877 (95%CI = 1.639-2.151, P < 
0.001), again suggesting significant association between the DD genotype and high HD risk (Table 
2). Figure 2 illustrates the meta-analysis results for dominant (Figure 2A), recessive (Figure 2B), 
and homozygote models (Figure 2C), respectively.

Funnel plots for all three comparison models were generated to detect the presence 
of publication biases (Figure 2D). The shapes of all of the funnels were generally symmetric, 
indicating that no obvious publication bias was introduced in the studies included in our overall 
meta-analysis.
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CHD = congenital heart defect; MI = myocardial infarction; CAD = coronary artery disease; HWE = Hardy-Weinberg 
equilibrium.

Table 1. Pooled data for ACE I/D analysis.

Study  Year Case Control Disease 
II ID DD Total II ID DD Total 

Asian 
Shan 2000 55 54 39 148 49 85 25 159 CHD 
Lv, b 2000 17 20 27 64 15 17 9 41 MI 
Tian 2000 11 20 19 50 17 25 8 50 MI 
Yang 2000 16 18 24 58 5 17 9 31 MI 
You 2000 16 21 28 65 44 32 14 90 MI 
Chen 2001 21 17 13 51 14 14 2 30 CHD 
Xie 2001 32 55 19 106 37 36 13 86 CAD 
Deng 2002 45 53 7 105 40 50 12 102 CHD 
Liu, b 2002 7 26 18 51 22 48 13 83 CHD 
Su 2002 30 77 50 157 45 47 20 112 CAD 
Dai 2003 93 124 33 250 43 43 9 95 CHD 
Huang 2003 18 41 30 89 27 33 15 75 CHD 
Zhang, b 2003 38 40 24 102 61 75 12 148 CAD 
Li, a 2004 17 59 53 129 36 39 15 90 CAD 
Zhang, c 2004 32 35 22 89 61 75 12 148 CAD 
Zhu, a 2004 79 88 25 192 43 43 12 98 CAD 
Ai 2005 12 35 24 71 21 39 21 81 CHD 
Liang 2006 40 55 38 133 71 59 24 154 CAD 
Shi 2006 53 66 50 169 55 86 27 168 CHD 
Wang, a 2006 37 44 24 105 22 24 4 50 CAD 
Zhang, d 2006 22 41 30 93 33 43 11 87 MI 
Qiu, b 2007 39 41 50 130 30 47 13 90 CHD 
Li, b 2008 10 40 30 80 13 50 37 100 CAD 
Shi 2008 14 39 27 80 26 42 12 80 CHD 
Yu 2009 44 55 25 124 22 20 8 50 CHD 
Wang, b 2009 64 49 37 150 63 66 21 150 CAD 
Yun 2009 47 68 35 150 67 63 20 150 CHD 
Wang, c 2010 48 49 64 161 33 49 27 109 CAD 
Zhu, b 2010 31 67 53 151 45 63 19 127 CHD 
Yi 2011 76 59 45 180 72 83 25 180 CHD 
Fang 2014 63 44 46 153 59 37 73 169 CHD 
Chuang 1997 32 27 11 70 83 87 27 197 CHD 
Ko 1997 107 119 42 268 145 156 37 338 CAD 
Lu 1997 41 44 31 116 47 44 12 103 MI 
Tan 1997 13 27 32 72 24 33 15 72 MI 
Yuan 1997 16 26 5 47 9 12 9 30 MI 
Zhang, a 1997 20 33 44 97 25 53 26 104 MI 
Zheng 1997 17 46 40 103 30 40 26 96 MI 
Gu 1998 25 37 33 95 43 44 13 100 CHD 
Da 1998 31 38 11 80 82 59 9 150 MI 
Lv, a 1998 16 18 24 58 15 17 9 41 MI 
Lai, b 1999 13 24 26 63 37 50 25 112 MI 
Liu, a 1999 23 33 23 79 39 33 8 80 MI 
Qiu, a 1999 24 49 45 118 42 43 17 102 CHD 
Tan 1999 24 51 62 137 21 29 13 63 CAD 
Lai, a 1999 20 11 22 53 19 9 5 33 CAD 
Saha 1996 97 132 47 276 55 63 29 147 CAD 
Dhar 2012 33 103 51 187 103 113 39 255 CAD 
Pandey 2010 61 88 54 203 59 80 73 212 CAD 
Firouzabadi 2012 25 34 41 100 17 53 21 91 CAD 
Moradzadegan 2014 21 69 51 141 95 180 94 369 CAD 
Poorgholi 2012 97 262 317 676 54 158 162 374 CAD 
Wang 1996 53 63 80 196 43 97 66 206 MI 
European 
Guney 2013 38 81 86 203 35 65 40 140 CAD 
A-Larsen 1997 46 89 43 178 1879 3494 1712 7085 MI 
Arbustini, a 1995 21 105 129 255 32 67 34 133 CAD 
Arbustini, b 1995 13 67 74 154 40 105 89 234 MI 
Gardemann 1998 221 517 328 1066 277 598 326 1201 MI 
Kaski 1996 13 28 28 69 16 33 24 73 CAD 
Katsuya 1995 91 210 121 422 93 202 111 406 CHD 
Miettinen 1994 12 43 27 82 10 22 18 50 CHD 
Samani 1996 154 321 209 684 120 259 158 537 MI 
Schuster 1995 34 60 44 138 35 86 41 162 MI 
Wenzel 1997 21 61 31 113 47 95 55 197 CHD 
Mattu 1995 69 181 154 404 159 375 288 822 CAD 
Cambien, a 1992 39 111 51 201 42 95 43 180 MI 
Cambien, b 1992 7 24 27 58 32 73 43 148 MI 
Cambien, c 1992 30 107 67 204 41 98 55 194 MI 
Cambien, d 1992 28 67 52 147 28 124 59 211 MI 
Cambien, e 1992 104 309 197 610 143 390 200 733 MI 
American 
Marian 2000 35 87 55 177 40 110 33 183 CAD 
Lindpaintner 1995 71 190 126 387 297 725 453 1475 MI 
Araujo 2005 17 57 36 110 20 33 51 104 MI 
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Table 2. Meta-analysis for the entire database with the dominant (DD + ID vs II), recessive (DD vs ID + II), and 
homozygote (DD vs II) comparison models.

Analysis model Analysis method Heterogeneity OR 
I2 (%) P value Overall Lower Upper P value 

Dominant Random 70.60 <0.001 2.114 1.900 2.352 <0.001 
Recessive Random 68.30 <0.001 1.669 1.495 1.864 <0.001 
Homozygote Random 67.70 <0.001 1.877 1.639 2.151 <0.001 

 

Figure 2. Forest plots of all individual studies in the overall meta-analysis. Odds ratios (ORs) are plotted with the 
corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs by 
using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the overall meta-analysis. Studies that evaluated the association of ACE I/D 
polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of standard error (S.E.) 
of the ORs along the horizontal axis.
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Table 3. Meta-analysis for subgroups based on ethnicity with the dominant (DD + ID vs II), recessive (DD vs ID + 
II), and homozygote (DD vs II) comparison models.

Subgroups Analysis model Analysis method Heterogeneity OR 
I2 (%) P value Overall Lower Upper P value 

Asian Dominant Random 58.00 <0.001 1.445 1.278 1.635 <0.001 
Recessive Random 64.00 <0.001 1.949 1.68 2.261 <0.001 
Homozygote Random 66.60 <0.001 2.166 1.806 2.597 <0.001 

European Dominant Random 43.60 0.028 1.224 1.063 1.409 0.005 
Recessive Random 41.90 0.036 1.270 1.128 1.43 <0.001 
Homozygote Fixed 16.30 0.263 4.050 3.658 4.483 <0.001 

American Dominant Fixed 0.00 0.929 1.143 0.903 1.448 0.267 
Recessive Random 85.40 0.001 1.055 0.558 1.994 0.859 
Homozygote Fixed 32.70 0.226 1.224 0.934 1.604 0.142 

 

ACE I/D polymorphisms and HD risk in the subgroups based on ethnicity

We performed a meta-analysis on three subgroups based on ethnicity: Asian, European, 
and American. Similar to previous analysis, we applied all three comparison models (dominant, 
recessive, and homozygote) to each subgroup.

Results from the analysis of the Asian subgroup are shown in Table 3. For the dominant 
model (DD + ID vs II), the OR was 1.445 (95% CI = 1.278-1.635, P < 0.001), heterogeneity index 
I2 = 58%. For the recessive model (DD vs ID + II), the OR was 1.949 (95% CI = 1.68-2.261, P < 
0.001), heterogeneity index I2 = 64%. For the homozygote comparison (DD vs II), the OR was 
2.166 (95% CI = 1.806-2.597, P < 0.001), heterogeneity index I2 = 66.6%. Results from all three 
models suggested that ACE I/D polymorphism was significantly associated with high HD risk in the 
Asian subpopulation. Figure 3A-C displays the meta-analysis results for the dominant, recessive, 
and homozygote models, respectively. Funnel plots for all three comparison models showed that 
no obvious publication bias was introduced (Figure 3D).

Results from analysis of the European subgroup are shown in Table 3. For the dominant 
model (DD + ID vs II), the OR was 1.224 (95%CI = 1.063-1.409, P = 0.005), heterogeneity index 
I2 = 43.6%. For the recessive model (DD vs ID + II), the OR was 1.27 (95%CI = 1.128-1.43, P < 
0.001), heterogeneity index I2 = 41.9%. For the homozygote comparison (DD vs II), the OR was 
4.05 (95%CI = 3.658-4.483, P < 0.001), heterogeneity index I2 = 16.3%. Results from all three 
models pointed to significant association between ACE I/D polymorphism and high HD risk in the 
European subgroup. Figure 4A-C shows the meta-analysis results for the dominant, recessive, and 
homozygote models, respectively. Funnel plots for all three comparison models indicated that no 
obvious publication bias was introduced (Figure 4D).

Results from the analysis for American subgroup are shown in Table 3. For dominant 
model (DD+ID vs II), the OR was 1.143 (95%CI = 0.903-1.448, P = 0.267), heterogeneity index I2 
= 0%. For recessive model (DD vs ID+II), the OR was 1.055 (95%CI = 0.558-1.994, P = 0.859), 
heterogeneity index I2 = 85.4%. For homozygote comparison (DD vs II), the OR was 1.224 (95%CI 
= 0.934-1.604, P = 0.142), heterogeneity index I2 = 32.7%. The results from all three models 
suggested no significant association between ACE I/D polymorphism and high HD risk in the 
American subgroup. Figure 5A-C displayed the meta-analysis results for dominant, recessive, and 
homozygote models, respectively. Funnel plots for all three comparison models showed that no 
obvious publication bias was introduced (Figure 5D).
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Figure 3. Forest plots of all individual studies in the Asian subgroup meta-analysis. Odds ratios (ORs) are plotted with 
the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs by 
using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the Asian subgroup meta-analysis. Studies that evaluated the association 
between ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of 
standard error (S.E.) of the ORs along the horizontal axis.
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Figure 4. Forest plots of all individual studies in the European subgroup meta-analysis. Odds ratios (ORs) are plotted 
with the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs 
by using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the European subgroup meta-analysis. Studies that evaluated the association 
between ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of 
standard error (S.E.) of the ORs along the horizontal axis.
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Figure 5. Forest plots of all individual studies in the American subgroup meta-analysis. Odds ratios (ORs) are plotted 
with the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs 
by using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the American subgroup meta-analysis. Studies that evaluated the association 
between ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of 
standard error (S.E.) of the ORs along the horizontal axis.



11ACE I/D polymorphisms and the risk of heart diseases

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (1): gmr.15017194

ACE I/D polymorphisms and HD risk in the subgroups based on disease type

We also performed similar meta-analysis on three subgroups based on disease type: 
CHD, CAD, and MI.

Results from the analysis for the CHD subgroup are presented in Table 4. For the dominant 
model (DD + ID vs II), the OR was 1.322 (95%CI = 1.113-1.571, P = 0.001), heterogeneity index 
I2 = 48.7%. For the recessive model (DD vs ID + II), the OR was 1.714 (95%CI = 1.327-2.213, 
P < 0.001), heterogeneity index I2 = 70.2%. For the homozygote comparison (DD vs II), the OR 
was 1.906 (95%CI = 1.436-2.528, P < 0.001), heterogeneity index I2 = 66.5%. These results 
suggested that there is significant association between ACE I/D polymorphism and high HD risk 
in the CHD subgroup. Figure 6A-C displays the meta-analysis results for the dominant, recessive, 
and homozygote models, respectively. Funnel plots for all three comparison models showed that 
no obvious publication bias was introduced (Figure 6D).

Results from the analysis for CAD subgroup are shown in Table 4. For the dominant model 
(DD + ID vs II), the OR was 1.752 (95%CI = 1.445-2.125, P < 0.001), heterogeneity index I2 = 
68.8%. For the recessive model (DD vs ID + II), the OR was 1.752 (95%CI = 1.445-2.125, P < 
0.001), heterogeneity index I2 = 68.8%. For the homozygote comparison (DD vs II), the OR was 
1.997 (95%CI = 1.558-2.559, P < 0.001), heterogeneity index I2 = 71.7%. The suggested that there 
is a significant association between ACE I/D polymorphism and high HD risk in the CAD subgroup. 
Figure 7A-C shows the meta-analysis results for the dominant, recessive, and homozygote models, 
respectively. Funnel plots for all three comparison models suggested that no obvious publication 
bias was present (Figure 7D).

Results from the analysis for the MI subgroup are shown in Table 4. For the dominant 
model (DD + ID vs II), the OR was 1.308 (95%CI = 1.14-1.5, P < 0.001), heterogeneity index I2 
= 45.5%. For the recessive model (DD vs ID + II), the OR was 1.543 (95%CI = 1.313-1.814, P 
< 0.001), heterogeneity index I2 = 66.4%. For the homozygote comparison (DD vs II), the OR 
was 1.691 (95%CI = 1.386-2.063, P < 0.001), heterogeneity index I2 = 63.1%. These results 
indicated that ACE I/D polymorphism is not associated with high HD risk in the MI subgroup. Figure 
8A-C shows the meta-analysis results for the dominant, recessive, and homozygote models, 
respectively. Funnel plots for all three comparison models showed that no obvious publication bias 
was introduced (Figure 8D).

Table 4. Meta-analysis for subgroups based on disease type with the dominant (DD + ID vs II), recessive (DD vs 
ID + II), and homozygote (DD vs II) comparison models.

 Analysis Model Analysis 
Method 

Heterogeneity OR 
I2 (%) P value Overall Lower Upper P value 

CHD Dominant Random 48.70 0.007 1.322 1.113 1.571   0.001 
Recessive Random 70.20 <0.001 1.714 1.327 2.213 <0.001 
Homozygote Random 66.50 <0.001 1.906 1.436 2.528 <0.001 

CAD Dominant Random 68.80 <0.001 1.752 1.445 2.125 <0.001 
Recessive Random 68.80 <0.001 1.752 1.445 2.125 <0.001 
Homozygote Random 71.70 <0.001 1.997 1.558 2.559 <0.001 

MI Dominant Random 45.50 0.006 1.308 1.140 1.500 <0.001 
Recessive Random 66.40 <0.001 1.543 1.313 1.814 <0.001 
Homozygote Random 63.10 <0.001 1.691 1.386 2.063 <0.001 
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Figure 6. Forest plots of all individual studies in the CHD subgroup meta-analysis. Odds ratios (ORs) are plotted with 
the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs by 
using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the CHD subgroup meta-analysis. Studies that evaluated the association 
between ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of 
standard error (S.E.) of the ORs along the horizontal axis.
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Figure 7. Forest plots of all individual studies in the CAD subgroup meta-analysis. Odds ratios (ORs) are plotted with 
the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs by 
using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). 
D. Funnel plots of all individual studies in the CAD subgroup meta-analysis. Studies that evaluated the association 
between ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis, and logarithm of 
standard error (S.E.) of the ORs along the horizontal axis.
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Figure 8. Forest plots of all individual studies in the MI subgroup meta-analysis. Odds ratios (ORs) are plotted with 
the corresponding 95% confidence interval (95% CI) for the association between ACE I/D polymorphism and HDs by 
using: A. dominant model (DD + ID vs II); B. recessive model (DD vs ID + II); and C. homozygote model (DD vs II). D. 
Funnel plots of all individual studies in the MI subgroup meta-analysis. Studies that evaluated the association between 
ACE I/D polymorphism and HDs are plotted with logarithm of ORs along the vertical axis and logarithm of standard 
error (S.E.) of the ORs along the horizontal axis.
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DISCUSSION

Our meta-analysis of 75 studies demonstrated that individuals with the DD or ID genotype 
have a 111.4% higher risk of suffering HD as compared with individuals with the II genotype. 
Furthermore, individuals with the DD genotype have a 66.9% higher risk of HD as compared with 
ID or II, and an 87.7% higher risk of HD as compared with the II genotype. From our subgroup 
analyses based on ethnicity, we found that Asian and European subgroups with the DD genotype of 
ACE show a higher risk of heart diseases while the American subgroup show no such association. 
From our subgroup analyses based on disease type, we found that all three subgroups (CHD, 
CAD, and MI) show an association between the DD genotype of ACE and high HD risk. These 
findings are in good accordance with multiple studies conducted previously (Bautista et al., 2004; 
Pulla Reddy et al., 2010; Sobti et al., 2010; Masud and Qureshi, 2011; Chen et al., 2013). The 
exception found in the American subgroup is most likely due to limited sample size. In addition, in 
all subgroup analyses, homozygous comparison model produced the highest ORs as compared 
with the dominant and recessive models, which further indicates that the D allele of ACE is a risk 
allele associated with HDs. So far, this study is the most comprehensive up-to-date meta-analysis 
regarding the association between ACE I/D polymorphism and HD risk.

Meta-analysis has been widely used as a useful statistical method in biomedical research. It 
is particularly useful in elucidating subjects such as the association between ACE I/D polymorphism 
and HD risk, which has been extensively studied and debated among various research groups. In 
the literature, there are currently three meta-analyses evaluating the association between ACE I/D 
polymorphism and CHD/CAD risk (Jiang et al., 2006; Zintzaras et al., 2008; Zhou et al., 2012) and 
two meta-analyses evaluating the association between ACE I/D polymorphism and MI risk (Samani 
et al., 1996; Chen et al., 2013). Aside from these meta-analyses, many epidemiological studies 
have been conducted to assess the association between ACE I/D polymorphism and CHD, CAD or 
MI risks in different populations. Here for the first time, we treated all three types of HDs as a whole 
and performed a meta-analysis to explore the association between ACE I/D polymorphism and 
HDs. Our study, as the most comprehensive meta-analysis, confirms the significant association 
between ACE I/D polymorphism and HD risks among the general, Asian, and European population, 
as reported by various individual epidemiological studies. It should be noted that several previous 
studies indicated there was no association between the DD genotype of ACE I/D polymorphism 
and HD risks (Marques-Vidal et al., 2003; Andrikopoulos et al., 2004; Zakrzewski-Jakubiak et al., 
2008; Rallidis et al., 2009; Bai et al., 2012). Nevertheless, our study is based on a great number of 
recently published studies, and is able to achieve sufficient statistical power to detect the effect of 
ACE I/D polymorphism on HD risks. Considering that HD is a complex disease with multi-factorial 
traits, the influence of ACE I/D polymorphism on HDs may vary between different geographical 
areas or different patient subgroups. Gene products and environmental factors may exert different 
influences on the development and progression of HDs. Therefore, it is possible that the effect 
of the DD-ACE genotype on HDs could not be detected in these previous studies due to limited 
sample selection.

Between-study heterogeneity is a very common issue in the meta-analysis of 
association studies. It was also observed in our study for both the overall and subgroup 
analyses, which may weaken the power of the analysis. It may be a result of various factors 
such as differences in study designs, environmental backgrounds, genetic constitution, or 
sample selection between studies.
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