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Introduction

Angiotensin-converting enzyme (ACE), converting angio-
tensin I into angiotensin II, inactivates bradykinin via the 
kallikrein–kininogen system, and angiotensin II is the 
main effector molecule of the renin–angiotensin system, is 
pleiotropic, and is a mediator of the development and pro-
gression of diseases.1 The ACE insertion/deletion (I/D) 
gene polymorphism is a 287-bp sequence of DNA in intron 
16 of the ACE gene.2 The ACE gene consists of either an 
insertion (I) allele or a deletion (D) allele that form three 
possible genotypes: II, ID or DD.3 In adults, plasma ACE 
does not change with age and is influenced by environ-
mental or lifestyle factors only to a minor extent.2 
Compared with II homozygotes, circulating ACE levels in 
plasma were found to be nearly 30% and 60% higher in ID 

heterozygotes and DD homozygotes, respectively.3 
Moreover, DD homozygotes also have higher tissue levels 
of ACE. The ACE I/D gene polymorphism, correlating 
with circulating ACE concentration, may be implicated in 
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not associated with T2DN susceptibility and the risk of patients with T2DM developing T2DN in Caucasian populations. 
Sensitivity analysis according to sample size of case (<100 vs. ≥100) was also performed, and the results were similar to 
the non-sensitivity analysis.
conclusions: ACE I/D gene polymorphism was not associated with T2DN susceptibility and the risk of patients with 
T2DM developing T2DN in Caucasian populations. However, more studies should be performed in the future.
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the etiology of type-2 diabetic nephropathy (T2DN) and 
has been investigated in numerous epidemiologic studies 
to date.

Diabetes mellitus includes type-1 diabetes mellitus and 
type-2 diabetes mellitus (T2DM), and the incidence of diabe-
tes mellitus has increased dramatically over the last several 
decades.4 Diabetic nephropathy (DN), a serious complica-
tion of diabetes mellitus, includes type-1 diabetic nephropa-
thy (T1DN) due to type-1 diabetes mellitus and T2DN due to 
T2DM.4,5 Some 30–40% of diabetic patients develop DN, 
associated with a poor life expectancy and end-stage renal 
disease, causing serious socioeconomic problems.6

The present epidemiologic study aims to evaluate the 
association of the ACE I/D gene polymorphism in the 
etiology of T2DN and the risk of patients with T2DM 
developing T2DN. However, the available evidence 
reported to date is weak, due to sparseness of data or 
disagreements among studies. There is little meta-analy-
sis exploring the association of ACE I/D gene polymor-
phism with T2DN susceptibility and the risk of patients 
with T2DM developing T2DN in Caucasian populations. 
We performed this meta-analysis from all reports pub-
lished in English to investigate the relationship between 
ACE I/D gene polymorphism and T2DN susceptibility 
and the risk of patients with T2DM developing T2DN in 
Caucasian populations, with the intention to provide a 
much more reliable finding on the significance of the 
association.

Materials and methods

Search strategy

Relevant studies were identified from the PubMed and 
Cochrane Library electronic databases on 1 March 2014. 
The term “(diabetic nephropathy) AND (angiotensin-
converting enzyme) AND (polymorphism OR variant)” 
was entered into PubMed and the Cochrane Library. The 
search in PubMed was limited to humans and English 
language. We also extended the search spectrum to the 
“related articles” and the bibliographies of all recruited 
studies. If multiple publications from the same study 
group occurred, we only used the most complete paper 
for our analysis.

Inclusion and exclusion criteria

Inclusion criteria were: (1) a case–control study; (2) the out-
come had to be T2DN; (3) there had to be at least two com-
parison groups (T2DN group vs. control group); and (4) the 
study should be conducted in a Caucasian population.

Exclusion criteria were: (1) review articles, editorials 
and case reports; (2) articles that did not provide detailed 
genotype data; (3) articles investigating the association of 
other genes with T2DN; (4) articles investigating the role 

of ACE in diseases; and (5) multiple publications of the 
same data from the same study group.

Data extraction and synthesis

The following information was extracted from each study 
independently by two investigators: first author’s surname, 
year of publication, ethnicity of study population, and the 
number of cases and controls for ACE I/D genotype. 
Frequencies of the D allele were calculated for case group 
and control group, from the corresponding genotype distri-
bution. The results were compared and disagreements were 
resolved by discussion.

Statistical analysis

Available data were entered into Cochrane Review 
Manager (RevMan, version 5, Oxford, UK) and analyzed. 
The pooled statistic was counted using the fixed-effects 
model, but a random-effects model was conducted when 
the p-value of heterogeneity test was less than 0.1. Results 
were expressed with odds ratios (OR) for dichotomous 
data, and 95% confidence intervals (CI) were also calcu-
lated. A value of p < 0.05 was required for the overall OR 
to be deemed statistically significant. I2 was used to test 
the heterogeneity between the included studies. Sensitivity 
analysis was performed according to sample size of case 
(<100 vs. ≥100). The Begg adjusted rank correlation test18 
and the Egger regression asymmetry test19 were used for 
exploring publication bias (p < 0.1 was considered signifi-
cant) when the sample number was more than 10.

Results

Study characteristics

The search yielded 261 references, 260 from PubMed and 
one from Cochrane Library. According to the inclusion 
and exclusion criteria, 16 articles7-22 were identified for the 
analysis of ACE I/D gene polymorphism and T2DN sus-
ceptibility and the risk of T2DM developing into T2DN in 
Caucasian populations in our review. Five studies7-11 were 
conducted on the relationship between ACE I/D gene pol-
ymorphism and T2DN susceptibility (Table 1), and 15 rep
orts7-10,12-22 were conducted on the relationship between 
ACE I/D gene polymorphism and the susceptibility of 
T2DM developing into T2DN (Table 2).

Association of the ACE I/D gene polymorphisms 
with T2DN risk

In this meta-analysis, ACE I/D gene polymorphisms was 
not associated with T2DN risk in Caucasian populations 
(D allele: OR = 1.10, 95% CI: 0.95–1.28, p = 0.19; DD 
genotype: OR = 1.11, 95% CI: 0.84–1.47, p = 0.46; II R
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genotype: OR = 0.97, 95% CI: 0.69–1.37, p = 0.87; Figure 
1 and Table 3).

Sensitivity analysis for the relationship between ACE 
I/D gene polymorphism and T2DN risk in Caucasian pop-
ulations was also performed according to sample size of 
case (<100 vs. ≥100). We found that the results were simi-
lar to the non-sensitivity analysis. ACE I/D gene polymor-
phisms were not associated with T2DN risk in Caucasian 
populations (Table 3).

Association of ACE I/D gene polymorphisms 
with the risk of T2DM patients developing into 
T2DN

In this meta-analysis, ACE I/D gene polymorphisms 
were also not associated with the risk of patients with 
T2DM developing T2DN in Caucasian populations (D 
allele: OR = 1.10, 95% CI: 0.97–1.26, p = 0.15; DD gen-
otype: OR = 1.08, 95% CI: 0.97–1.20, p = 0.16; II geno-
type: OR = 0.92, 95% CI: 0.81–1.04, p = 0.16; Figure 2 
for D allele, Figure 3 for DD genotype and Figure 4 for II 
genotype; Table 3).

Sensitivity analysis for the relationship between ACE 
I/D gene polymorphism and the risk of T2DM developing 
into T2DN in Caucasian populations was also performed 
according to sample size of case (<100 vs. ≥100). We found 
that the results were similar to the non-sensitivity analysis. 
ACE I/D gene polymorphisms were not associated with the 
risk of patients with T2DM developing T2DN in Caucasian 
populations (Table 3).

Evaluation of publication bias

No significant publication bias was found in the compari-
son of T2DN vs. T2DM (Begg p = 1.000, Egger p = 0.895; 
Figure 5 for Begg test).

discussion

The dysfunction of ACE generation brought about by gene 
polymorphism is considered the major deterioration factor 
to associated with T2DN susceptibility and the risk of 
patients with T2DM developing T2DN in Caucasian popu-
lations. There are few data about genetic molecular markers 

table 1. Characteristics of the studies evaluating the effects of ACE I/D gene polymorphism on T2DN risk.

First author, year T2DN Control

 DD ID II Total D allele Total (allele) DD ID II Total D allele Total(allele)

Gutiérrez, 1997 – – – 60 76 120 – – – 90 104 180
Schmidt, 1997 121 129 61 311 371 622 83 119 54 256 285 512
Araz, 2001 34 64 18 116 132 232 52 65 21 138 169 276
Arzu Ergen, 2004 9 11 5 25 29 50 10 22 5 37 42 74
Buraczynska, 2004 – – – – 158 282 – – – – 548 1040

table 2. Characteristics of the studies evaluating the effects of ACE I/D gene polymorphism on T2DM developing into T2DN.

First author, year T2DN T2DM

 DD ID II Total D allele Total (allele) DD ID II Total D allele Total (allele)

Fujisawa, 1995 7 23 24 54 37 108 6 12 17 35 24 70
Dudley, 1995 47 85 31 163 179 326 70 148 49 267 288 534
Ringel, 1997 44 84 33 161 172 322 35 69 36 140 139 280
Schmidt, 1997 121 129 61 311 371 622 131 154 62 347 416 694
Gutiérrez, 1997 – – – – 76 120 – – – – 62 200
Jeffers, 1997 23 – – 50 – – 139 – – 459 – –
Grzeszczak, 1998 129 230 103 462 488 924 73 118 63 254 264 508
Huang, 1998 9 11 4 24 29 48 22 30 7 59 74 118
Araz, 2001 34 64 18 116 132 232 43 57 23 123 143 246
Fradin, 2002 38 61 18 117 137 234 44 54 20 118 142 236
Hadjadj, 2003 1119 1468 552 3139 3706 6278 208 282 115 605 698 1210
Arzu Ergen, 2004 9 11 5 25 29 50 24 21 5 50 69 100
Canani, 2005 126 181 66 373 433 746 181 308 120 609 670 1218
Eroglu 2008 16 17 13 46 49 92 19 24 13 56 62 112
Palomo–Piñón, 2009 43 105 87 235 191 470 24 91 85 200 139 400
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to predict the onset of T2DN and the risk of patients with 
T2DM developing into T2DN in Caucasian populations. 
This meta-analysis was performed to explore whether the 
ACE I/D gene polymorphism could predict the susceptibil-
ity of T2DN susceptibility and the risk of patients with 
T2DM developing into T2DN in Caucasian populations.

Al-Rubeaan et al.23 conducted a meta-analysis to explore 
the relationship between ACE I/D gene polymorphism and 
the risk of T2DM, and reported that the ACE I/D polymor-
phism was found to be significantly associated with T2DM 
risk among the Arab population, whereas among 
Caucasians, this association was not found. However, was 
there an association between ACE I/D gene polymorphism 
and T2DN susceptibility or the risk of patients with T2DM 
developing into T2DN in Caucasian population? The meta-
analysis was performed to assess this relationship.

In our meta-analysis, the relationship between ACE I/D 
gene polymorphism and the susceptibility of T2DN in 
Caucasian populations was assessed. We found that ACE 
I/D gene polymorphism was not associated with T2DN 

susceptibility in Caucasian populations. Furthermore, the 
results from the sensitivity analysis were similar to those 
from the non-sensitivity analysis. However, the number of 
included studies was small (only five studies included for 
meta-analysis), and the evidence was less robust. More 
studies should be performed in the future.

In this meta-analysis, the relationship between ACE I/D 
gene polymorphism and the risk of patients with T2DM 
developing T2DN in Caucasian populations was also 
assessed. We found that ACE I/D gene polymorphism was 
not associated with T2DN susceptibility. Furthermore, the 
results from the sensitivity analysis were similar to those 
from the non-sensitivity analysis, and there was no signifi-
cant publication bias. The number of included studies was 
large, and the evidence may be robust to some extent.

In our investigation, we found that ACE I/D gene poly-
morphism was not associated with T2DN susceptibility 
and the risk of patients with T2DM developing T2DN. 
However, these findings should be regarded with caution 
because many other factors, such as heterogeneity of 

Figure 1. Association of ACE I/D gene polymorphism on T2DN susceptibility (T2DN vs. Control).
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enrolled cases, limited statistical power, variable study 
designs and different interventions, could affect the results. 
Undoubtedly, the limitations mentioned above might affect 
our final conclusions.

In conclusion, the results in our study support that ACE 
I/D gene polymorphism was not associated with T2DN 

susceptibility and the risk of patients with T2DM develop-
ing T2DN in Caucasian populations. However, more asso-
ciation investigations on larger, stratified populations are 
required to further clarify the role of ACE I/D gene poly-
morphism in T2DN susceptibility and the risk of patients 
with T2DM developing T2DN in Caucasian populations.

table 3. Meta-analysis of the association of ACE I/D gene polymorphism with risk of T2DN and the T2DM developing into T2DN.

Genetic
contrasts

Number of
studies

Q test
p-value

Model
selected

OR
(95%CI)

p
 

T2DN vs. Control
D vs. I 5 0.55 Fixed 1.10(0.95, 1.28) 0.19
DD vs. (ID+II) 3 0.10 Fixed 1.11(0.84, 1.47) 0.46
II vs. (ID+DD) 3 0.73 Fixed 0.97(0.69, 1.37) 0.87

T2DN vs. Control (Sensitivity analysis: ≥100)
D vs. I 3 0.26 Fixed 1.09(0.93, 1.28) 0.29
DD vs. (ID+II) 2 0.04 Random 0.98(0.52, 1.87) 0.96
II vs. (ID+DD) 2 0.78 Fixed 0.94(0.66,1.34) 0.73

T2DN vs. Control (Sensitivity analysis: <100)
D vs. I 2 0.68 Fixed 1.20(0.80, 1.78) 0.38
DD vs. (ID+II) 1 – Fixed 1.52(0.51, 4.53) 0.45
II vs. (ID+DD) 1 – Fixed 1.60(0.41, 6.23) 0.50
T2DN vs. T2DM
D vs. I 14 0.001 Random 1.10(0.97, 1.26) 0.15
DD vs. (ID+II) 14 0.54 Fixed 1.08(0.97, 1.20) 0.16
II vs. (ID+DD) 13 0.94 Fixed 0.92(0.81, 1.04) 0.16

T2DN vs. T2DM (Sensitivity analysis: ≥ 100)
D vs. I 9 0.87 Fixed 1.07(0.99, 1.15) 0.08
DD vs. (ID+II) 9 0.63 Fixed 1.07(0.96, 1.20) 0.23
II vs. (ID+DD) 9 0.96 Fixed 0.90(0.79, 1.02) 0.10

T2DN vs. T2DM (Sensitivity analysis: < 100)
D vs. I 5 <0.0001 Random 1.17(0.58, 2.36) 0.66
DD vs. (ID+II) 5 0.25 Fixed 1.18(0.81, 1.71) 0.39
II vs. (ID+DD) 4 0.66 Fixed 1.22(0.73, 2.05) 0.45

Figure 2. Association of ACE D allele on the risk of T2DM developing into T2DN (T2DN vs. T2DM).
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Figure 3. Association of ACE DD genotype on the risk of T2DM developing into T2DN (T2DN vs. T2DM).

Figure 4. Association of ACE II genotype on the risk of T2DM developing into T2DN (T2DN vs. T2DM).
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Figure 5. Begg’s funnel plots with pseudo 95% confidence limits. Evaluation of publication bias for the association of ACE I/D gene 
polymorphism with the risk of T2DM developing into T2DN.

R
E

T
R

A
C

T
E

D

 at PENNSYLVANIA STATE UNIV on May 10, 2016jra.sagepub.comDownloaded from 

http://jra.sagepub.com/


Liu et al. 171

conflict of interest

None declared.

Funding

This research received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors.

References
 1. Song GG and Lee YH. The insertion/deletion polymorphism 

in the angiotensin-converting enzyme and susceptibility to 
schizophrenia or Parkinson’s disease: A meta-analysis. J 
Renin Angiotensin Aldosterone Syst 2014 [Epub ahead of 
print].

 2. Zhou TB, Qin YH, Su LN, et al. The association between 
angiotensin-converting enzyme insertion/deletion gene 
variant and risk of focal segmental glomerulosclerosis: A 
systematic review and meta-analysis. J Renin Angiotensin 
Aldosterone Syst 2011; 12: 624–633.

 3. Zhou TB, Yin SS and Qin YH. Association between angio-
tensin-converting enzyme insertion/deletion gene polymor-
phism and end-stage renal disease susceptibility. J Renin 
Angiotensin Aldosterone Syst 2014; 15: 22–31.

 4. Yu ZY, Chen LS, Zhang LC, et al. Meta-analysis of the 
relationship between ACE I/D gene polymorphism and end-
stage renal disease in patients with diabetic nephropathy. 
Nephrology (Carlton) 2012; 17: 480–487.

 5. Hussain H, Ramachandran V, Ravi S, et al. TCF7L2 
rs7903146 polymorphism and diabetic nephropathy asso-
ciation is not independent of type 2 diabetes – a study in a 
south Indian population and meta-analysis. Endokrynol Pol 
2014; 65: 298–305.

 6. Kaur M, Bedi O, Sachdeva S, et al. Rodent animal mod-
els: From mild to advanced stages of diabetic nephropathy. 
Inflammopharmacology 2014; 22: 279–293.

 7. Gutierrez C, Vendrell J, Pastor R, et al. Angiotensin I-converting 
enzyme and angiotensinogen gene polymorphisms in non-
insulin-dependent diabetes mellitus. Lack of relationship 
with diabetic nephropathy and retinopathy in a Caucasian 
Mediterranean population. Metabolism 1997; 46: 976–980.

 8. Schmidt S, Strojek K, Grzeszczak W, et al. Excess of DD 
homozygotes in haemodialysed patients with type II diabe-
tes. The Diabetic Nephropathy Study Group. Nephrol Dial 
Transplant 1997; 12: 427–429.

 9. Araz M, Yilmaz N, Gungor K, et al. Angiotensin-converting 
enzyme gene polymorphism and microvascular complica-
tions in Turkish type 2 diabetic patients. Diabetes Res Clin 
Pract 2001; 54: 95–104.

 10. Arzu Ergen H, Hatemi H, Agachan B, et al. Angiotensin-I 
converting enzyme gene polymorphism in Turkish type 2 
diabetic patients. Exp Mol Med 2004; 36: 345–350.

 11. Buraczynska M, Ksiazek P, Drop A, et al. Genetic polymor-
phisms of the renin-angiotensin system in end-stage renal 
disease. Nephrol Dial Transplant 2006; 21: 979–983.

 12. Fujisawa T, Ikegami H, Shen GQ, et al. Angiotensin 
I-converting enzyme gene polymorphism is associated with 

myocardial infarction, but not with retinopathy or nephropa-
thy, in NIDDM. Diabetes Care 1995; 18: 983–985.

 13. Dudley CR, Keavney B, Stratton IM, et al. UK Prospective 
Diabetes Study. XV: Relationship of renin-angiotensin 
system gene polymorphisms with microalbuminuria in 
NIDDM. Kidney Int 1995; 48: 1907–1911.

 14. Ringel J, Beige J, Kunz R, et al. Genetic variants of the 
renin-angiotensin system, diabetic nephropathy and hyper-
tension. Diabetologia 1997; 40: 193–199.

 15. Jeffers BW, Estacio RO, Raynolds MV, et al. Angiotensin-
converting enzyme gene polymorphism in non-insulin 
dependent diabetes mellitus and its relationship with dia-
betic nephropathy. Kidney Int 1997; 52: 473–477.

 16. Huang XH, Rantalaiho V, Wirta O, et al. Angiotensin-
converting enzyme insertion/deletion polymorphism and 
diabetic albuminuria in patients with NIDDM followed Up 
for 9 years. Nephron 1998; 80: 17–24.

 17. Fradin S, Goulet-Salmon B, Chantepie M, et al. Relationship 
between polymorphisms in the renin-angiotensin system 
and nephropathy in type 2 diabetic patients. Diabetes Metab 
2002; 28: 27–32.

 18. Hadjadj S, Gallois Y, Alhenc-Gelas F, et al. Angiotensin-
I-converting enzyme insertion/deletion polymorphism and 
high urinary albumin concentration in French Type 2 diabe-
tes patients. Diabet Med 2003; 20: 677–682.

 19. Canani LH, Costa LA, Crispim D, et al. The presence of 
allele D of angiotensin-converting enzyme polymorphism 
is associated with diabetic nephropathy in patients with 
less than 10 years duration of Type 2 diabetes. Diabet Med 
2005; 22: 1167–1172.

 20. Eroglu Z, Cetinkalp S, Erdogan M, et al. Association of 
the angiotensinogen M235T and angiotensin-converting 
enzyme insertion/deletion gene polymorphisms in Turkish 
type 2 diabetic patients with and without nephropathy. J 
Diabetes Complications 2008; 22: 186–190.

 21. Palomo-Pinon S, Gutierrez-Rodriguez ME, Diaz-Flores 
M, et al. DD genotype of angiotensin-converting enzyme 
in type 2 diabetes mellitus with renal disease in Mexican 
Mestizos. Nephrology (Carlton) 2009; 14: 235–239.

 22. Grzeszczak W, Zychma MJ, Lacka B, et al. Angiotensin 
I-converting enzyme gene polymorphisms: Relationship to 
nephropathy in patients with non-insulin dependent diabetes 
mellitus. J Am Soc Nephrol 1998; 9: 1664–1669.

 23. Al-Rubeaan K, Siddiqui K, Saeb AT, et al. ACE I/D and 
MTHFR C677T polymorphisms are significantly associated 
with type 2 diabetes in Arab ethnicity: A meta-analysis. 
Gene 2013; 520: 166–177.

 24. Cao N, Chen T, Guo ZP, et al. Elevated serum levels of 
visfatin in patients with henoch-schonlein purpura. Ann 
Dermatol 2014; 26: 303–307.

 25. Ren P, Han F, Chen L, et al. The combination of mycophe-
nolate mofetil with corticosteroids induces remission of 
Henoch-Schonlein purpura nephritis. Am J Nephrol 2012; 
36: 271–277.

 26. Davin JC and Coppo R. Henoch-Schonlein purpura nephri-
tis in children. Nat Rev Nephrol 2014; 10: 563–573.R

E
T

R
A

C
T

E
D

R
E

T
R

A
C

T
E

D

 at PENNSYLVANIA STATE UNIV on May 10, 2016jra.sagepub.comDownloaded from 

http://jra.sagepub.com/


Journal of the Renin-Angiotensin-
Aldosterone System
2015, Vol. 16(4) NP51 
© The Author(s) 2015
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1470320314568521
jra.sagepub.com

Creative Commons Non Commercial CC-BY-NC: This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial 3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

This article has been included in a multiple retraction:
Chun-Hua Yang and Tian-Biao Zhou
Association of the ACE I/D gene polymorphism with 

sepsis susceptibility and sepsis progression
Journal of Renin-Angiotensin-Aldosterone System 

1470320314568521, first published on February 3, 2015 
doi:10.1177/1470320314568521

This article has been retracted at the request of the 
Editors and the Publisher.

After conducting a thorough investigation, SAGE 
found that the submitting authors of a number of papers 
published in the Journal of the Renin-Angiotensin 
Aldosterone System (JRAAS) (listed below) had supplied 
fabricated contact details for their nominated reviewers. 
The Editors accepted these papers based on the reports 
supplied by the individuals using these fake reviewer 
email accounts. After concluding that the peer review 
process was therefore seriously compromised, SAGE and 
the journal Editors have decided to retract all affected 
articles.

Online First articles (these articles 
will not be published in an issue)

Wenzhuang Tang, Tian-Biao Zhou, and Zongpei Jiang
Association of the angiotensinogen M235T gene poly-

morphism with risk of diabetes mellitus developing into 
diabetic nephropathy

Journal of Renin-Angiotensin-Aldosterone System 
1470320314563426, first published on December 18, 
2014 doi:10.1177/1470320314563426

Tian-Biao Zhou, Hong-Yan Li, Zong-Pei Jiang, Jia-Fan 
Zhou, Miao-Fang Huang, and Zhi-Yang Zhou

Role of renin-angiotensin-aldosterone system inhibi-
tors in radiation nephropathy

Journal of Renin-Angiotensin-Aldosterone System 
1470320314563424, first published on December 18, 
2014 doi:10.1177/1470320314563424

Weiqiang Zhong, Zongpei Jiang, and Tian-Biao Zhou
Association between the ACE I/D gene polymorphism 

and T2DN susceptibility: The risk of T2DM developing 
into T2DN in the Asian population

Journal of Renin-Angiotensin-Aldosterone System 
1470320314566019, first published on January 26, 2015 
doi:10.1177/1470320314566019

Tian-Biao Zhou, Xue-Feng Guo, Zongpei Jiang, and 
Hong-Yan Li

Relationship between the ACE I/D gene polymorphism 
and T1DN susceptibility/risk of T1DM developing into 
T1DN in the Caucasian population

Journal of Renin-Angiotensin-Aldosterone System 
1470320314563425, first published on February 1, 2015 
doi:10.1177/1470320314563425

Chun-Hua Yang and Tian-Biao Zhou
Relationship between the angiotensinogen A1166C 

gene polymorphism and the risk of diabetes mellitus 
developing into diabetic nephropathy

Journal of Renin-Angiotensin-Aldosterone System 
1470320314566221, first published on February 1, 2015 
doi:10.1177/1470320314566221

Chun-Hua Yang and Tian-Biao Zhou
Association of the ACE I/D gene polymorphism with 

sepsis susceptibility and sepsis progression
Journal of Renin-Angiotensin-Aldosterone System 

1470320314568521, first published on February 3, 2015 
doi:10.1177/1470320314568521

Articles published in an issue

Guohui Liu, Tian-Biao Zhou, Zongpei Jiang, and Dongwen 
Zheng

Association of ACE I/D gene polymorphism with 
T2DN susceptibility and the risk of T2DM developing into 
T2DN in a Caucasian population

Journal of Renin-Angiotensin-Aldosterone System 
March 2015 16: 165-171, first published on November 14, 
2014 doi:10.1177/1470320314557849

Weiqiang Zhong, Zhongliang Huang, Yong Wu, 
Zongpei Jiang, and Tian-Biao Zhou

Association of aldosterone synthase (CYP11B2) gene 
polymorphism with IgA nephropathy risk and progression 
of IgA nephropathy

Journal of Renin-Angiotensin-Aldosterone System 
September 2015 16: 660-665, first published on August 
20, 2014 doi:10.1177/1470320314524011

Retraction notice

568521 JRA0010.1177/1470320314568521Journal of the Renin-Angiotensin-Aldosterone SystemRetraction JRA Dec Issue: e-content only
research-article2015

Retraction

http://jra.sagepub.com/content/early/2015/02/01/1470320314568521.abstract
http://jra.sagepub.com/content/early/2014/12/17/1470320314563426.abstract
http://jra.sagepub.com/content/early/2014/12/17/1470320314563424.abstract
http://jra.sagepub.com/content/early/2015/01/19/1470320314566019.abstract
http://jra.sagepub.com/content/early/2014/12/23/1470320314563425.abstract
http://jra.sagepub.com/content/early/2015/01/26/1470320314566221.abstract
http://jra.sagepub.com/content/early/2015/02/01/1470320314568521.abstract
http://jra.sagepub.com/content/16/1/165.abstract
http://jra.sagepub.com/content/16/3/660.abstract


Journal of the Renin-Angiotensin-
Aldosterone System
2015, Vol. 16(4) NP52 –NP56
© The Author(s) 2015
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1470320314568521
jra.sagepub.com

Creative Commons CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 
3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page  
(http://www.uk.sagepub.com/aboutus/openaccess.htm).

Introduction

Sepsis is a systemic inflammatory response that follows 
bacterial infection, and sepsis and sepsis-associated multi-
organ failure represent the major cause of mortality in 
intensive care units worldwide.1,2 Sepsis progression (mor-
tality) is most often attributed to the development of mul-
tiple organ failure. In sepsis, inflammation-mediated 
endothelial activation, defined as a proinflammatory and 
procoagulant state of the endothelial cells, has been associ-
ated with severity of disease.3

The angiotensin-converting enzyme (ACE) insertion/
deletion (I/D) gene polymorphism is a 287-bp sequence of 
DNA in the intron 16 of the ACE gene, and the ACE gene 
includes either an insertion (I) allele or a deletion (D) allele 
that form three possible genotypes: II, ID or DD.4,5 ACE, 
directly involved in the process of cell proliferation, dif-
ferentiation, apoptosis and angiogenesis,6 can convert 
angiotensin I into angiotensin II, and angiotensin II is the 
main effector molecule of the renin-angiotensin system, is 
pleiotropic, and is a mediator of the development and pro-
gression of diseases.7 The ACE I/D gene polymorphism, 
correlating with circulating ACE concentration, might be 

implicated in the etiology of sepsis and has been investi-
gated in some epidemiologic studies.

Present epidemiologic studies show that the ACE I/D 
gene polymorphism has been implicated in the etiology of 
sepsis and sepsis progression. However, the available evi-
dence reported to date is weak owing to the sparseness of 
the data or disagreements among studies. We performed 
this meta-analysis to investigate the relation between the 
ACE I/D gene polymorphism and sepsis susceptibility and 
sepsis progression.
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Materials and methods

Search strategy

The relevant studies were searched from the electronic 
databases of PubMed and Cochrane Library on October 1, 
2014. The terms “Sepsis AND (angiotensin converting 
enzyme OR ACE)” were entered into PubMed and 
Cochrane Library for the search. We also extended the 
search spectrum to “related articles” and the bibliogra-
phies of all recruited studies.

Inclusion and exclusion criteria

Inclusion criteria. Inclusion criteria included: (1) a case-
control study or a prospective study; (2) the outcome had 
to be sepsis; (3) there had to be at least two comparison 
groups (sepsis group vs control group or sepsis group vs 
sepsis progression group).

Exclusion criteria. Exclusion criteria included: (1) review 
articles, editorials and case reports; (2) articles that did not 
provide the detailed genotype data; (3) investigating the 
association of other genes with sepsis; (4) investigating the 
role of ACE in diseases; (5) multiple publications of the 
same data from the same study group.

Data extraction and synthesis

The following information was extracted from each study 
independently by two investigators: first author’s sur-
name, year of publication, and the number of cases and 
controls for the ACE I/D genotype. Frequencies of the D 
allele were calculated for the case group and control group 
from the corresponding genotype distribution. The results 
were compared and disagreements were resolved by 
discussion.

Statistical analysis

Available data were entered into Cochrane Review 
Manager (RevMan, version 5, Oxford, UK) and analyzed. 
The pooled statistic was counted using the fixed-effects 
model, but a random-effects model was conducted when 
the p value of heterogeneity test was less than 0.1. Results 
were expressed with odds ratios (OR) for dichotomous 
data, and 95% confidence intervals (CI) were also calcu-
lated. P < 0.05 was required for the overall OR to be 
deemed statistically significant. I2 was used to test the het-
erogeneity between the included studies.

Results

Study characteristics

The search yielded 144 references, 141 from PubMed, and 
three from Cochrane Library. According to the inclusion 
and exclusion criteria, six articles8–13 were identified for 
the analysis between the ACE I/D gene polymorphism and 
sepsis susceptibility and sepsis progression in our meta-
analysis. Five studies8–12 were conducted on the relation-
ship between the ACE I/D gene polymorphism and sepsis 
susceptibility (Table 1), and three reports8,9,13 were con-
ducted on the relationship between the ACE I/D gene poly-
morphism and sepsis progression (Table 1).

Association of the ACE I/D gene polymorphism 
with sepsis risk

In this meta-analysis, the ACE DD genotype was associ-
ated with sepsis risk, but the D allele and II genotype were 
not (DD genotype: OR = 0.75, 95% CI: 0.62–0.92, p = 
0.006; D allele: OR = 0.81, 95% CI: 0.61–1.08, p = 0.15; 
II genotype: OR = 1.01, 95% CI: 0.81–1.27, p = 0.91; 
Figure 1 and Table 2).

table 1. Characteristics of the studies evaluating the effects of ACE I/D gene polymorphism on sepsis susceptibility and sepsis 
progression.

First author, year Case Control

 DD ID II Total D allele Total (allele) DD ID II Total D allele Total (allele)

Sepsis susceptibility
Villar, 20088 77 94 41 212 248 424 152 155 57 364 459 728
Cogulu, 20089 21 52 25 98 94 196 102 129 56 287 333 574
Bunker-Wiersma, 200810 16 26 11 53 58 106 38 64 33 135 140 270
Davis, 201011 5 15 8 28 25 56 12 22 19 53 46 106
Spiegler, 201012 60 142 44 246 262 492 281 482 200 963 1044 1926
Sepsis progression
Villar, 20088 32 46 17 95 110 190 45 48 24 117 138 234
Cogulu, 20089 4 6 4 14 14 28 17 46 21 84 80 168
Tsantes, 201213 66 90 31 187 222 374 60 90 31 181 210 362

ACE: angiotensin-converting enzyme; I/D: insertion/deletion.
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Figure 1. Association of ACE I/D gene polymorphism with sepsis susceptibility.
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; M-H: Mantel-Haenszel; CI: confidence interval.

Association of ACE I/D gene polymorphism 
with sepsis progression

In this meta-analysis, the ACE I/D gene polymorphism 
was not associated with sepsis progression (D allele: OR = 
1.03, 95% CI: 0.82–1.28, p = 0.83; DD genotype: OR = 
1.01, 95% CI: 0.73–1.41, p = 0.94; II genotype: OR = 0.94, 
95% CI: 0.63–1.41, p = 0.76; Figure 2 and Table 2).

discussion

In our previous meta-analyses, we reported that the ACE 
I/D gene polymorphism was associated with the risk of 

some diseases.4,14–16 Dysfunction of ACE generation 
brought by the ACE I/D gene polymorphism might be con-
sidered as an important deterioration factor to be associ-
ated with sepsis susceptibility and sepsis progression. 
There was a rare genetic molecular marker to predict the 
onset of sepsis and sepsis progression. This study using a 
meta-analysis method was performed to explore whether 
the ACE I/D gene polymorphism could predict the suscep-
tibility of sepsis and sepsis progression.

In this meta-analysis, the association between the ACE 
I/D gene polymorphism and sepsis susceptibility/sepsis pro-
gression was assessed using a meta-analysis method. We 
found that the ACE DD genotype was associated with sepsis R
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table 2. Meta-analysis of the association of ACE I/D gene polymorphism on sepsis susceptibility and sepsis progression.

Genetic Number of Q test Model OR p

contrasts studies p value selected (95% CI)  

Sepsis susceptibility
D vs I 5 0.004 Fixed 0.81 (0.61, 1.08) 0.15
DD vs (ID+II) 5 0.46 Fixed 0.75 (0.62, 0.92) 0.006
II vs (ID+DD) 5 0.34 Fixed 1.01 (0.81, 1.27) 0.91
Sepsis progression
D vs I 3 0.91 Fixed 1.03 (0.82, 1.28) 0.83
DD vs (ID+II) 3 0.55 Fixed 1.01 (0.73, 1.41) 0.94
II vs (ID+DD) 3 0.89 Fixed 0.94 (0.63, 1.41) 0.76

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; OR: odds ratio; CI: confidence interval.

Figure 2. Association of ACE I/D gene polymorphism with sepsis progression.
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; M-H: Mantel-Haenszel; CI: confidence interval.R
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susceptibility (DD genotype: OR = 0.69, 95% CI: 0.51–
0.92, p = 0.01). However, the ACE D allele and II genotype 
were not associated with sepsis susceptibility. Interestingly, 
when the fixed model was chosen to calculate for the rela-
tionship between the D allele and sepsis risk, we found that 
the D allele was associated with sepsis risk, but the p value 
of heterogeneity test was 0.004. The number of included 
studies was small, and the results should be confirmed in the 
future. More studies should be performed in the future.

Furthermore, the ACE I/D gene polymorphism was not 
associated with sepsis progression. There were only three 
included studies recruited into this meta-analysis, and the 
results should be confirmed in the future. More studies 
should be performed in the future too.

In this meta-analysis, we found that the ACE DD geno-
type was associated with sepsis susceptibility. However, 
these findings should be regarded cautiously because 
many other factors, such as heterogeneity of enrolled 
cases, limited statistical power, variable study designs and 
different interventions, were closely related to affect the 
results. Undoubtedly, the limitations mentioned above 
might affect our final conclusion.

In conclusion, the results of our study support that the 
ACE DD genotype was associated with sepsis susceptibil-
ity. However, the ACE D allele and II genotype were not 
associated with sepsis susceptibility. Furthermore, the 
ACE I/D gene polymorphism was not associated with sep-
sis progression. However, more association investigations 
on larger, stratified populations are required to further 
clarify the role of the ACE I/D gene polymorphism in the 
susceptibility of sepsis and sepsis progression.
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Introduction

Diabetes mellitus (DM), a multifactorial metabolic disease 
characterized by post-prandial hyperglycemia, is the most 
common cause of chronic kidney disease and end-stage 
renal disease (ESRD).1 DM includes type-1 diabetes mel-
litus (T1DM) and type-2 diabetes mellitus (T2DM), and 
the incidence of DM has increased dramatically over the 
last several decades.2 Diabetic nephropathy (DN), a seri-
ous complication of DM, includes type-1 diabetic nephrop-
athy (T1DN) due to type-1 DM and type-2 diabetic 
nephropathy (T2DN) due to type-2 DM.2,3 DN as a cause 
of ESRD is associated with a poor life expectancy, causing 
serious socioeconomic problems.4

The angiotensin-converting enzyme gene (ACE) inser-
tion/deletion (I/D) gene polymorphism is a 287-bp 
sequence of DNA in the intron 16 of the ACE gene.5 The 
ACE gene consists of either an insertion (I) allele or a 

deletion (D) allele that forms three possible genotypes: II, 
ID or DD.6 ACE, directly involved in the process of cell 
proliferation, differentiation, apoptosis and angiogenesis,7 
can convert angiotensin I into angiotensin II, and angio-
tensin II is the main effector molecule of the renin-angio-
tensin system, is pleiotropic, and is a mediator of the 
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development and progression of diseases.8 When com-
pared with II homozygotes, circulating ACE levels in 
plasma were nearly 30% and 60% higher in ID heterozy-
gotes and DD homozygotes, respectively.6 Moreover, DD 
homozygotes also have been associated with higher tissue 
levels of ACE. The ACE I/D gene polymorphism, correlat-
ing with circulating ACE concentration, might be impli-
cated in the etiology of T2DN and has been investigated in 
numerous epidemiologic studies.

Present epidemiologic studies show that the ACE I/D 
gene polymorphism has been implicated in the etiology of 
T2DN and the risk of patients with T2DM developing 
T2DN. However, the available evidence reported to date is 
weak, owing to sparseness of data or disagreements among 
studies. We performed this meta-analysis to investigate the 
relation between the ACE I/D gene polymorphism and 
T2DN susceptibility and the risk of patients with T2DM 
developing T2DN in the Asian population.

Materials and methods

Search strategy

The relevant studies were searched from the electronic 
databases of PubMed and Cochrane Library on March 1, 
2014. The terms “(diabetic nephropathy) AND (angioten-
sin-converting enzyme) AND (polymorphism OR vari-
ant)” were entered into PubMed and Cochrane Library for 
search. The search in PubMed was limited to humans and 
the English language. We also extended the search spec-
trum to the “related articles” and the bibliographies of all 
recruited studies.

Inclusion and exclusion criteria

Inclusion criteria. The inclusion criteria were: (1) a case-
control study or a prospective study; (2) the outcome had 
to be T2DN; (3) there had to be at least two comparison 
groups (T2DN group vs control group); and (4) the study 
should be conducted in the Asian population.

Exclusion criteria. The exclusion criteria were: (1) review 
articles, editorials and case reports; (2) articles did not pro-
vide detailed genotype data; (3) investigating the associa-
tion of other genes with T2DN; (4) investigating the role of 
ACE in diseases; and (5) multiple publications of the same 
data from the same study group.

Data extraction and synthesis

The following information was extracted from each study 
independently by two investigators: first author’s surname, 
year of publication, ethnicity of study population, and the 
number of cases and controls for the ACE I/D genotype. 
Frequencies of the D allele were calculated for the case 

group and control group, from the corresponding genotype 
distribution. The results were compared and disagreements 
were resolved by discussion.

Statistical analysis

Available data were entered into Cochrane Review Manager 
(RevMan, version 5, Oxford, UK) and analyzed. The 
pooled statistic was counted using the fixed-effects model, 
but a random-effects model was conducted when the p 
value of heterogeneity test was less than 0.1. Results were 
expressed with odds ratios (OR) for dichotomous data, and 
95% confidence intervals (CI) were also calculated. P < 
0.05 was required for the overall OR to be deemed statisti-
cally significant. I2 was used to test the heterogeneity 
between the included studies. Sensitivity analysis was per-
formed according to sample size of each case (< 100 vs ≥ 
100). The Begg adjusted rank correlation test9 and the 
Egger regression asymmetry test10 were used for exploring 
publication bias (p < 0.1 was considered significant).

Results

Study characteristics

The search yielded 261 references, 260 from PubMed, and 
one from Cochrane Library. According to the inclusion 
and exclusion criteria, 29 articles11–39 were identified for 
the analysis of the association between the ACE I/D gene 
polymorphism and T2DN susceptibility and the risk of 
T2DM developing into T2DN in the Asian population in 
our review. Fourteen studies11–24 were conducted on the 
relationship between the ACE I/D gene polymorphism and 
T2DN susceptibility (Table 1), and 27 reports11–17,20–39 
were conducted on the relationship between the ACE I/D 
gene polymorphism and the susceptibility of T2DM devel-
oping into T2DN (Table 2).

Association of the ACE I/D gene polymorphism 
with T2DN risk

In this meta-analysis, the ACE I/D gene polymorphism was 
associated with T2DN risk in the Asian population (D 
allele: OR = 1.32, 95% CI: 1.13–1.54, p = 0.0006; DD gen-
otype: OR = 1.44, 95% CI: 1.04–1.98, p = 0.03; II geno-
type: OR = 0.74, 95% CI: 0.65–0.85, p < 0.0001; Figure 1 
and Table 3).

Sensitivity analysis for the relationship between the 
ACE I/D gene polymorphism and T2DN risk in the Asian 
population was also performed according to case sample 
size (< 100 vs ≥ 100). In the sensitivity analysis according 
to case sample size ≥100, we found that the results were 
also similar with the non-sensitivity analysis, except for 
DD genotype. Furthermore, the ACE I/D gene polymor-
phism was associated with T2DN risk in the Asian R
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table 1. Characteristics of the studies evaluating the effects of the ACE I/D gene polymorphism on T2DN risk.

First author, year T2DN Control 

 DD ID II Total D allele Total 
(allele)

DD ID II Total D allele Total 
(allele)

Mizuiri 199511 19 50 11 80 88 160 14 37 25 76 65 152
Doi 199612 14 30 20 64 58 128 15 42 48 105 72 210
Ohno 199613 15 38 26 79 68 158 8 34 32 74 50 148
Hanyu 199814  4 13 7 24 21 48 13 27 17 57 53 114
Wu 199815 12 18 21 51 42 102 23 44 43 110 90 220
Hsieh 200016 40 59 80 179 139 358 24 106 133 263 154 526
Lee 200217 40 137 117 294 217 588 66 277 330 673 409 1346
Chang 200318 13 60 56 129 86 258 14 42 60 116 70 232
Park 200519 27 49 27 103 103 206 7 51 30 88 65 176
Movva 200720 39 88 47 174 166 348 24 52 35 111 100 222
Naresh 200921 15 11 4 30 41 60 1 17 12 30 19 60
Jayapalan 201022 21 77 77 175 119 350 20 56 61 137 96 274
Al-Harbi 201123 59 39 12 110 157 220 142 160 58 360 444 720
Kumar 201324 98 170 139 407 366 814 72 77 83 232 221 464

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T2DN: type-2 diabetic nephropathy.

table 2. Characteristics of the studies evaluating the effects of the ACE I/D gene polymorphism on T2DM developing into T2DN.

First author, year T2DN T2DM 

 DD ID II Total D allele Total 
(allele)

DD ID II Total D allele Total 
(allele)

Mizuiri 199511 19 50 11 80 88 160 9 11 11 31 29 62
Panagiotopoulos 199525 30 50 20 100 110 200 37 38 25 100 112 200
Doi 199612 14 30 20 64 58 128 12 56 56 124 80 248
Ohno 199613 15 38 26 79 68 158 5 15 33 53 25 106
Nakajima 199626 6 25 16 47 37 94 4 19 18 41 27 82
Yoshida 199627 1 – – 36 – – 6 – – 60 – –
Hanyu 199814 4 13 7 24 21 48 2 5 7 14 9 28
Wu 199815 12 18 21 51 42 102 1 11 6 18 13 36
Kuramoto 199928 3 13 13 29 19 58 9 16 8 33 34 66
Tomino 199929 93 337 311 741 523 1482 54 190 163 407 298 814
Wong 199930 8 38 54 100 54 200 14 45 41 100 73 200
Hsieh 200016 40 59 80 179 139 358 21 50 86 157 92 314
Gohda 200131 85 222 229 536 392 1072 31 92 89 212 154 424
Viswanathan 200132 24 45 17 86 93 172 5 8 10 23 18 46
Lee 200217 40 137 117 294 217 588 39 170 208 417 248 834
Okuno 200333 5 12 21 38 22 76 3 8 1 12 14 24
Prasad 200634 55 75 66 196 185 392 52 97 76 225 201 450
So 200635 93 364 407 864 550 1728 150 526 549 1225 826 2450
Movva 200720 39 88 47 174 166 348 27 74 74 175 128 350
Naresh 200921 15 11 4 30 41 60 7 11 12 30 25 60
Tien 200936 132 64 44 240 328 480 89 117 49 255 295 510
Jayapalan 201022 21 77 77 175 119 350 19 31 31 81 69 162
Al-Harbi 201123 59 39 12 110 157 220 96 75 25 196 267 392
Felehgari 201137 32 30 6 68 94 136 26 32 14 72 84 144
Rahimi 201138 23 36 13 72 82 144 26 32 14 72 84 144
Rahimi 201239 55 66 19 140 176 280 26 32 14 72 84 144
Kumar 201324 98 170 139 407 366 814 56 68 61 185 180 370

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T2DM: type-2 diabetes mellitus; T2DN: type-2 diabetic nephropathy.R
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Figure 1. Association of the ACE I/D gene polymorphism on T2DN susceptibility (T2DN vs control).
ACE: angiotensin-converting enzyme; I: insertion; D: deletion; T2DN: type-2 diabetic nephropathy; CI: confidence interval; M-H: Mantel-Haenszel 
test.R
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population in the sensitivity analysis according to case 
sample size < 100 (Table 3), and the results were similar 
to those in the nonsensitivity analysis.

Association of the ACE I/D gene polymorphism 
with the risk of T2DM patients developing 
T2DN

In this meta-analysis, the ACE D allele and II genotype 
were associated with the risk of T2DM patients developing 
T2DN in the Asian population (D allele: OR = 1.61, 95% 
CI: 1.02–1.32, p = 0.03; II genotype: OR = 0.81, 95% CI: 
0.68–0.96, p = 0.02; Figure 2 for the D allele, and Figure 3 
for the II genotype; Table 3), but this association was not 
found for the DD genotype (OR = 1.06, 95% CI: 0.90–
1.24, p = 0.52; Figure 4 for the DD genotype).

Sensitivity analysis for the relationship between the 
ACE I/D gene polymorphism and the risk of T2DM patients 
developing into T2DN in the Asian population was also 
performed according to case sample size (< 100 vs ≥ 100). 
In the sensitivity analysis according to case sample size 
≥100, we found that ACE I/D gene polymorphism were not 
associated with the risk of T2DM patients developing into 

T2DN in Asian population (Table 3). However, in the sen-
sitivity analysis according to case sample size <100, the 
results were similar to those in the nonsensitivity analysis 
(Table 3).

Evaluation of publication bias

No significant publication bias was shown in the compari-
son of T2DN vs T2DM (Begg p = 0.967, Egger p = 0.600; 
Figure 5 for Begg test).

discussion

Some meta-analyses reported that the ACE I/D gene poly-
morphism was associated with the risk of some renal dis-
eases.5,40–42 Dysfunction of ACE generation brought by 
the ACE I/D gene polymorphism is considered to be the 
important deterioration factor associated with the T2DN 
susceptibility and the risk of patients with T2DM devel-
oping T2DN in the Asian population. There was a rare 
genetic molecular marker to predict the onset of T2DN 
and the risk of patients with T2DM developing T2DN in 
Asian population. This study using a meta-analysis 

table 3. Meta-analysis of the association of the ACE I/D gene polymorphism with risk of T2DN and the T2DM developing into 
T2DN.

Genetic contrasts Number of Q test Model OR p

 studies p value selected (95% CI)  

T2DN vs control
D vs I 14 0.002 Random 1.32 (1.13, 1.54) 0.0006
DD vs (ID+II) 14 <0.0001 Random 1.44 (1.04, 1.98) 0.03
II vs (ID+DD) 14 0.38 Fixed 0.74 (0.65, 0.85) <0.0001
T2DN vs control (sensitivity analysis: ≥ 100)
D vs I 7 0.02 Random 1.20 (1.01, 1.42) 0.04
DD vs (ID+II) 7 0.0004 Random 1.22 (0.82, 1.80) 0.32
II vs (ID+DD) 7 0.77 Fixed 0.79 (0.68, 0.92) 0.002
T2DN vs control (sensitivity analysis: < 100)
D vs I 7 0.03 Random 1.55 (1.16, 2.07) 0.003
DD vs (ID+II) 7 0.03 Random 1.89 (1.08, 3.33) 0.03
II vs (ID+DD) 7 0.21 Fixed 0.62 (0.47, 0.82) 0.0007
T2DN vs T2DM
D vs I 26 <0.00001 Random 1.61 (1.02, 1.32) 0.03
DD vs (ID+II) 27 <0.0001 Random 1.14 (0.94, 1.38) 0.18
II vs (ID+DD) 26 <0.00001 Random 0.81 (0.68, 0.96) 0.02
T2DN vs T2DM (sensitivity analysis: ≥ 100)
D vs I 12 <0.0001 Random 1.11 (0.96, 1.27) 0.16
DD vs (ID+II) 12 0.0002 Random 1.15 (0.91, 1.45) 0.23
II vs (ID+DD) 12 0.01 Random 0.92 (0.78, 1.07) 0.28
T2DN vs T2DM (sensitivity analysis: < 100)
D vs I 14 <0.0001 Random 1.24 (0.94, 1.64) <0.0001
DD vs (ID+II) 15 0.02 Random 1.13 (0.78, 1.63) 0.53
II vs (ID+DD) 14 0.0007 Random 0.66 (0.44, 0.99) 0.04

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T2DM: type-2 diabetes mellitus; T2DN: type-2 diabetic nephropathy; OR: odds ratio; 
CI: confidence interval.
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method was performed to explore whether the ACE I/D 
gene polymorphism could predict the susceptibility of 
T2DN susceptibility and the risk of patients with T2DM 
developing T2DN in the Asian population.

In this meta-analysis, the association between the ACE 
I/D gene polymorphism and T2DN susceptibility in the 
Asian population was assessed using a meta-analysis 
method. We found that the ACE I/D gene polymorphism 
was associated with T2DN susceptibility in the Asian pop-
ulation. Furthermore, sensitivity analysis was performed 
according to sample size of case (< 100 vs ≥ 100), and the 
results from the sensitive analysis according to case sam-
ple size < 100 were similar to those from the nonsensitive 
analysis. In the sensitivity analysis according to case sam-
ple size ≥100, we found that the results were also similar to 
the nonsensitivity analysis, except for the DD genotype. 
The small sample size in some included studies might 
draw a more positive result. More studies should be per-
formed in the future.

The relationship between the ACE I/D gene polymor-
phism and the risk of patients with T2DM developing 
T2DN in the Asian population was also assessed in this 
meta-analysis. The results indicated that the ACE D allele 
and II genotype were associated with the risk of T2DM 
patients developing T2DN in the Asian population, but 

this association was not found for the DD genotype. 
Furthermore, sensitivity analysis was performed according 
to case sample size (< 100 vs ≥ 100), and the results from 
the sensitive analysis according to case sample size < 100 
were similar to those from the non-sensitive analysis. 
However, in the sensitivity analysis according to case sam-
ple size ≥100, we found that the ACE I/D gene polymor-
phism was not associated with the risk of patients with 
T2DM developing T2DN in the Asian population, and the 
result for the D allele and II genotype were not similar to 
those in the nonsensitive analysis. There was no signifi-
cant publication bias among the studies on the relationship 
between the ACE I/D gene polymorphism and the risk of 
patients with T2DM developing T2DN in the Asian popu-
lation, and the results might be more robust. However, the 
small sample size in some included studies might draw a 
more positive result, and more studies should be performed 
in the future.

In this meta-analysis, we found that the ACE D allele, 
DD genotype and II genotype were associated with T2DN 
susceptibility and the ACE D allele and II genotype were 
associated with the risk of patients with T2DM developing 
T2DN in the Asian population. However, these findings 
should be regarded cautiously because many other factors, 
such as heterogeneity of enrolled cases, limited statistical 

Figure 2. Association of the ACE D allele on the risk of T2DM developing into T2DN (T2DN vs T2DM).
ACE: angiotensin-converting enzyme; type-2 diabetes mellitus; I: insertion; D: deletion; T2DN: type-2 diabetic nephropathy; CI: confidence interval; 
M-H: Mantel-Haenszel test.
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Figure 3. Association of the ACE II genotype on the risk of T2DM developing into T2DN (T2DN vs T2DM).
ACE: angiotensin-converting enzyme; type-2 diabetes mellitus; I: insertion; D: deletion; T2DN: type-2 diabetic nephropathy; CI: confidence interval; 
M-H: Mantel-Haenszel test.

Figure 4. Association of the ACE DD genotype on the risk of T2DM developing into T2DN (T2DN vs T2DM).
ACE: angiotensin-converting enzyme; type-2 diabetes mellitus; I: insertion; D: deletion; T2DN: type-2 diabetic nephropathy; CI: confidence interval; 
M-H: Mantel-Haenszel test. R
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power, variable study designs and different interventions, 
were closely related to affect the results. Undoubtedly, 
the limitations mentioned above might affect our final 
conclusions.

In conclusion, the results in our study support that the 
ACE I/D gene polymorphism was associated with T2DN 
susceptibility and the ACE D allele and II genotype were 
associated with the risk of patients with T2DM developing 
T2DN in the Asian population. However, more association 
investigations on larger, stratified populations are required 
to further clarify the role of the ACE I/D gene polymor-
phism in T2DN susceptibility and the risk of patients with 
T2DM developing T2DN in the Asian population.
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Introduction

Diabetes mellitus (DM), an important public health prob-
lem, is a chronic disease with high morbidity and mortality 
among patients, which impair their health and quality of 
life.1 Diabetic nephropathy (DN) is one of the most com-
mon microvascular complications of diabetes; and it can 
lead to end-stage renal disease.2 DN includes Type-1 dia-
betic nephropathy (T1DN), due to Type-1 diabetes melli-
tus, and Type-2 diabetic nephropathy (T2DN) due to 
Type-2 diabetes mellitus.3,4 Some investigations suggest 
that genetic factors might act with a key role in the suscep-
tibility of DM developing into DN.

The renin-angiotensin system is a major determinant of 
blood pressure regulation and it is associated with the risk of 
renal diseases.5 The angiotensinogen (AGT) gene, located on 
chromosome 1q41-qter, regulates the expression of 

angiotensinogen; its cleavage by renin liberates angiotensin I, 
which is converted into angiotensin II by the angiotensin-
converting enzyme. The AGT A1166C gene polymorphism, 
correlated with circulating and cellular AGT concentration, 
has been implicated in the etiology of DM developing into 
DN and has been investigated in numerous epidemiologic 
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studies at present; however, the available evidence reported to 
date is weak, due to a sparseness of data or disagreements 
among studies. We performed this meta-analysis to investi-
gate the relationship between the AGT A1166C gene poly-
morphism and the susceptibility for DM developing into DN.

Materials and methods

Search strategy

Relevant studies were screened from the search engines of 
PubMed and Cochrane Library on 1 August 2014. We used 
‘(angiotensinogen OR AGT) AND (diabetic nephropathy)’ 
in PubMed and the Cochrane Library to complete the search. 
We also extended the search spectrum to ‘related articles’ 
and the bibliographies of all retrieved studies. If multiple 
publications of the same data from the same study group 
occurred, we only recruited the later paper for analysis.

Inclusion criteria

•• A case–control study;
•• The outcome had to be DN; and
•• There had to be at least two comparison groups (DN 

group versus DM group).

Exclusion criteria

•• Review articles, editorials and case reports;
•• Articles that did not provide the detailed genotype 

data of A1166C;
•• Investigations of the association of other genes with 

DN;
•• Investigations of the role of drugs to diseases; and
•• Multiple publications of the same data from the 

same study group.

Data extraction and synthesis

The following information was extracted from each study, 
independently, by two investigators: First author’s sur-
name, year of publication, ethnicity of study population, 
the number of cases and controls for the A1166C geno-
type. Frequencies of the C allele were calculated for the 
case group and control group, from the corresponding 
genotype distribution. The results were compared and dis-
agreements were resolved by discussion.

Statistical analysis

Available data was entered into the Cochrane Review 
Manager (RevMan, version 5) and analyzed. The pooled sta-
tistic was counted using the fixed effects model, but a ran-
dom effects model was conducted when the p value of the 
heterogeneity test was < 0.1. Results were expressed with 
odds ratios (OR) for dichotomous data, and 95% CI were 
also calculated; p < 0.05 was required for the overall OR to 

be deemed statistically significant. I2 was used to test the het-
erogeneity between the included studies. We classified the 
investigations into studies for Asians and for Caucasians, 
because genotype frequencies and prevalence of DN were 
different among ethnic groups. We used the Begg adjusted 
rank correlation test6 and the Egger regression asymmetry 
test7 to explore publication bias p < 0.1 was considered sig-
nificant), when the sample number was more than five.

Results

Study characteristics

The search yielded 162 references: 162 from PubMed and 
0 from the Cochrane Library. According to the inclusion 
and exclusion criteria, nine articles8–16 were identified for 
the analysis of the between AGT A1166C gene polymor-
phism and the susceptibility of DM developing into DN, in 
our review (Table 1).

Association of the AGT A1166C gene 
polymorphism with the risk of DM patients 
developing into DN

In this meta-analysis, the AGT CC genotype was associated 
with the susceptibility of DM developing into DN in the 
overall population, but the C allele and AA genotype were 
not (CC genotype: OR = 1.42; 95% CI 0.97–2.08; p = 0.07 
and C allele: OR = 1.26; 95% CI 0.96–1.65; p = 0.10; and 
AA genotype: OR = 0.81; 95% CI 0.56–1.18, p = 0.28; with 
Figure 1 for the C allele, Figure 2 for the CC genotype and 
Figure 3 for the AA genotype; and Table 2).

In the meta-analysis according to ethnicity, we found 
that the AGT C allele and CC genotype were associated 
with the risk of DM developing into DN in the Asian popu-
lation, but the AA genotype was not (Table 2); however, 
the AGT A1166C gene polymorphisms were not associ-
ated with the susceptibility of DM developing into DN in 
the Caucasian population (Table 2).

A sensitivity analysis for the relationship between the 
AGT A1166C gene polymorphism and the susceptibility 
of DM developing into DN was also performed according 
to the types of DM. In the sensitivity analysis, the AGT 
A1166C gene polymorphisms were not associated with the 
susceptibility of T1DM developing into T1DN in the over-
all population (Table 2); however, the AGT CC genotype 
was associated with the susceptibility of T2DM develop-
ing into T2DN in the overall population, while the C allele 
and AA genotype were not (Table 2).

Evaluation of publication bias

No significant publication bias was shown in this meta-
analysis (Begg p = 1.000, Egger p = 0.826; Figure 4 has 
the Begg test results).
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discussion

We included nine studies into this meta-analysis and we 
found that the AGT CC genotype was associated with the 
susceptibility of DM developing into DN in the overall pop-
ulation, but the C allele and AA genotype were not. 
Furthermore, the AGT C allele and CC genotype were asso-
ciated with the risk of DM developing into DN in the Asian 
population, but the AA genotype was not; however, the AGT 
A1166C gene polymorphisms were not associated with the 
susceptibility of DM developing into DN in the Caucasian 
population. There was no publication bias in this meta-anal-
ysis and the results for overall populations might be robust to 
some extent; however, the number of included studies for the 
Asian and Caucasian populations were small, so more stud-
ies in these populations should be performed in the future.

In the sensitivity analysis, the relationship between the 
AGT A1166C gene polymorphism and the susceptibility 
of DM developing into DN was also performed according 
to the types of DM. We found that the AGT A1166C gene 
polymorphism was not associated with the susceptibility 
of T1DM developing into T1DN, in the overall population; 
however, the AGT CC genotype was associated with the 

susceptibility of T2DM developing into T2DN in the over-
all population, but the C allele and AA genotype were not.

In our investigation, we found that the AGT CC geno-
type was associated with the susceptibility of DM to 
develop into DN in the overall population, and the AGT C 
allele and CC genotype were associated with the risk of 
DM developing into DN in the Asian population. 
Furthermore, the AGT CC genotype was associated with 
the susceptibility of T2DM developing into T2DN in over-
all population; however, these findings should be regarded 
cautiously, because many other ingredients, such as the 
heterogeneity of the enrolled cases, limited statistical 
power, variable study designs and different interventions, 
were closely related to affecting the results. Furthermore, 
whether the AGT A1166C polymorphism is just linked 
with other discrete loci involved in the susceptibility of 
DM developing into DN is not clear at the moment.

conclusions

In conclusion, the results in our study support that the AGT 
CC genotype was associated with the susceptibility of DM 
developing into DN in the overall population, and the AGT 

table 1. Characteristics of the studies evaluating the effects of AGT A1166C gene polymorphism on DM developing into DN.

First author, year Ethnicity Type 
of DM

DN DM

 CC AC AA Total C 
allele

Total 
(allele)

CC AC AA Total C 
allele

Total 
(allele)

Doria, 1997 Caucas T1DM 9 29 35 73 47 146 7 25 47 79 39 158
Tomino, 1999 Asian T2DM – – 128 745 – – – – 61 407 – –
Van Ittersum, 2000 Caucas T1DM 21 88 91 200 130 400 10 53 37 100 73 200
Fradin, 2002 Caucas T2DM 12 31 74 117 55 234 5 52 61 118 62 236
Prasad, 2006 Asian T2DM 5 22 169 196 32 392 2 29 194 225 33 450
Möllsten, 2008 Caucas T1DM 1 20 52 73 22 146 5 56 136 197 66 394
Gallego, 2008 Caucas T1DM 5 21 15 41 31 82 32 183 196 411 247 822
Ahluwalia, 2009 Asian T2DM 24 112 104 240 160 480 5 119 131 255 129 510
Yin, 2013 Asian T2DM 1 20 131 152 22 304 0 8 133 141 8 282

AGT: angiotensinogen; Caucas : caucasian; DM: diabetes mellitus; DN: diabetic nephropathy

Figure 1. Association of the AGT C allele regarding the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy
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Figure 2. Association of the AGT CC genotype regarding the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy

Figure 3. Association of the AGT AA genotype on the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy

table 2. Meta-analysis of the association of AGT A1166C gene polymorphism with risk of DM developing into DN.

Genetic contrasts Group and 
subgroups

studies Q test 
(P value)

Model 
selected

OR (95%CI) P

C vs A Overall 8 0.04 Random 1.18 (0.94, 1.48) 0.15
 Asian 3 0.21 Fixed 1.47 (1.17, 1.85) 0.001
 Caucas 5 0.21 Fixed 1.01 (0.83, 1.23) 0.91
CC vs (AC + AA) Overall 8 0.25 Fixed 2.00 (1.35, 2.95) 0.0005
 Asian 3 0.77 Fixed 4.63 (2.06, 10.41) 0.0002
 Caucas 5 0.63 Fixed 1.41 (0.89, 2.25) 0.14
AA vs (AC + CC) Overall 9 0.02 Random 0.94 (0.72, 1.22) 0.63
 Asian 4 0.04 Random 0.83 (0.56, 1.23) 0.35
 Caucas 5 0.07 Random 1.04 (0.71, 1.52) 0.83
T1DN
C vs A Overall 4 0.17 Fixed 1.06 (0.85, 1.32) 0.62
CC vs (AC + AA) Overall 4 0.77 Fixed 1.21 (0.72, 2.04) 0.48
AA vs (AC + CC) Overall 4 0.12 Fixed 0.96 (0.72, 1.29) 0.80
T2DN  
C vs A Overall 4 0.05 Random 1.29 (0.89, 1.87) 0.17
CC vs (AC + AA) Overall 4 0.75 Fixed 3.81 (2.00, 7.25) ﹤0.0001
AA vs (AC + CC) Overall 5 0.01 Random 0.94 (0.64, 1.37) 0.74

AGT: angiotensinogen; Caucas : caucasian; DM: diabetes mellitus; DN: diabetic nephropathy ; vs: versusR
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C allele and CC genotype were associated with the risk of 
DM developing into DN in the Asian population. 
Furthermore, the AGT CC genotype was associated with 
the susceptibility of T2DM to develop into T2DN in the 
overall population; however, more case-control association 
investigations on larger, stratified populations are required 
to further clarify the role of this AGT A1166C gene poly-
morphism in the susceptibility of DM developing into DN.
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Introduction

Radiation nephropathy (RD) occurs reliably after suffi-
cient exposure of kidneys to ionizing radiation, and single-
fraction total-body irradiation (TBI) of 10 Gy will cause 
radiation nephropathy in humans and in rats within six 
months after TBI.1 Proteinuria, azotemia and hypertension 
are the main characteristics of RD. RD has emerged as a 
significant complication of hematopoietic stem cell trans-
plantation when TBI is used in the conditioning regimen, 
and after internal radionuclide cancer therapy in current 
medical practice, and is a potential sequela of radiological 
terrorism and radiation accidents.1,2

The renin-angiotensin-aldosterone system (RAAS) 
plays an important role in the pathogenesis and progression 
of chronic kidney disease. Activation of the intra-renal 
RAAS contributes to glomerular hypertrophy, mesangial 
expansion and glomerulosclerosis in various renal diseases. 
Previous clinical and experimental studies have demon-
strated that inhibition of the RAAS using angiotensin-con-
verting enzyme inhibitor (ACEI) or angiotensin II receptor 

blocker (ARB) results in the reduction of proteinuria and 
retards progression of renal disease in addition to lowering 
blood pressure.3

Currently available evidence indicates that RAAS 
inhibitors might play a protective role in RD. However, the 
available evidence is weak owing to sparseness of data or 
disagreements among the reported investigations. The 
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evidence from meta-analysis might be powerful compared 
with individual investigations. This study was performed 
to assess the role of RAAS inhibitors in RD using the 
meta-analysis method.

Materials and methods

Search strategy

The relevant studies were screened from the search engines 
of PubMed, Embase, and Cochrane Library as of June 31, 
2014. The search terms “(renin-angiotensin-aldosterone 
system OR RAAS OR angiotensin-converting enzyme 
inhibitor OR ACEI OR angiotensin type 1 OR AT1 OR 
angiotensin type 2 OR AT2) AND (radiation nephropa-
thy)” were used in PubMed, Embase, and Cochrane 
Library without language limitation. We also extended the 
search spectrum to the “related articles” and the bibliogra-
phies of all retrieved studies. If multiple publications from 
the same study group occurred, we recruited only the most 
complete paper for analysis.

Inclusion and exclusion criteria

Inclusion criteria. The inclusion criteria for the study are 
given below: (1) Study type: randomized, controlled study, 
including RAAS inhibitors + RD group (RAAS group) vs 
RD group. (2) Object of the study met the diagnostic crite-
ria for RD. (3) Interventions: using ACEI, AT1 or AT2 for 
treatment. (4) Baseline information: comparable.

Exclusion criteria. The exclusion criteria for the study are 
given below: (1) used only ACEI, AT1 or AT2 for the treat-
ment. (2) The data were not clear.

Outcome measures

Blood urea nitrogen (BUN), serum creatinine (Scr), blood 
pressure (BP), ratio of urine protein to urine creatinine 
(UP/UC), and time to develop renal failure (TDRF) were 
used for the outcome measures.

Data collection

Method of agreeing on inclusion of studies was performed 
by two observers independently according to predeter-
mined inclusion criteria. Titles and abstracts were scanned 
first to make a list of possibly related literature, and then 
full texts were obtained for those articles identified as 
either relevant or not clear; only randomized, controlled 
study fitting predefined inclusion criteria were included. 
Disagreements were resolved by other reviewers.

Statistical analysis

Statistical analysis was performed by RevMan 5.1. The 
pooled statistics were calculated using the fixed-effects 
model, but a random-effects model was conducted if the p 
value of heterogeneity test was less than 0.1. Results were 
expressed with odds ratios (OR) for dichotomous data and 
weighted mean differences (WMD) for continuous data, 
and 95% confidence intervals (CI) were also counted. 
Heterogeneity between included studies was tested using 
the Χ2-test.

Results

Search results

In this meta-analysis, seven studies4–10 were included 
(Table 1). All the studies were conducted in rats, and there 
was no clinical trial.

BUN level between RAAS inhibitors group and 
RD group

Six reports4,5,7–10 including 20 comparisons were included 
in this meta-analysis for the BUN level between the RAAS 
inhibitors group and the RD group. The p value of hetero-
geneity test was less than 0.00001 and a random-effects 
model was conducted. The pooled mean difference was 
–38.80 (95% CI: –50.43 to –27.16). The difference in 

table 1. The detailed characteristics of included studies.

Author, year Age/weight of rats Dose of radiation RAAS inhibitors Outcome Reference (PMID)

Cohen, 19924 26 weeks old 15–27 Gy Captopril BUN 1475357
Moulder, 19935 7 to 9 weeks old 14–18.5 Gy Captopril BUN, Scr, BP, UP/UC 8278583
Juncos, 19936 150–200 g NC Enalapril Scr, BP 8321359
Moulder, 19937 5 to 26 weeks old 17–27 Gy Captopril, enalapril BUN, Scr, UP/UC 8365947
Cohen, 19968 5 to 7 weeks old 17 Gy Captopril BUN, BP, UP/UC 8804358
Moulder, 19989 15 weeks old 26 Gy Captopril BUN, BP, UP/UC 9806595
Moulder, 200710 NC 18.5 Gy Captopril, AT1 blocker 

(L-158,809), AT2 blocker 
(PD123319)

BUN, BP, UP/UC, 
TDRF

17506717

BUN: blood urea nitrogen; Scr: serum creatinine; BP: blood pressure; UP/UC: ratio of urine protein to urine creatinine; TDRF: time to develop renal 
failure; NC: not clear.
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BUN level was statistically significant between the RAAS 
inhibitors group and the RD group (p < 0.00001; Figure 1).

Scr level between RAAS inhibitors group and 
RD group

Three reports5–7 including six comparisons were included 
in this meta-analysis of the Scr level between the RAAS 
inhibitors group and the RD group. The p value of hetero-
geneity test was less than 0.00001 and a random-effects 
model was conducted. The pooled mean difference was 
–0.20 (95% CI: –0.34 to –0.05). The difference in Scr level 

was statistically significant between the RAAS inhibitors 
group and the RD group (p = 0.01; Figure 2).

Ratio of UP/UC between RAAS inhibitors group 
and RD group

Five reports5,7–10 including 17 comparisons were included 
in this meta-analysis of the UP/UC between the RAAS 
inhibitors group and the RD group. The p value of hetero-
geneity test was less than 0.00001 and a random-effects 
model was conducted. The pooled mean difference was 
–7.70 (95% CI: –11.03 to –4.36). The difference in UP/UC 

Figure 1. Blood urea nitrogen (BUN) level between the RAAS inhibitors group and the RD group.
RAAS: renin-angiotensin-aldosterone system; RD: radiation nephropathy.

Figure 2. Serum creatinine (Scr) level between the RAAS inhibitors group and the RD group.
RAAS: renin-angiotensin-aldosterone system; RD: radiation nephropathy.
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level was statistically significant between the RAAS 
inhibitors group and the RD group (p < 0.00001; Figure 3).

BP level between RAAS inhibitors group and RD 
group

Five reports5,6,8–10 including six comparisons were included 
in this meta-analysis of the BP level between the RAAS 
inhibitors group and the RD group. The p value of hetero-
geneity test was less than 0.00001 and a random-effects 
model was conducted. The pooled mean difference was 

–34.26 (95% CI: –43.61 to –24.91). The difference in BP 
level was statistically significant between the RAAS 
inhibitors group and the RD group (p < 0.00001; Figure 4).

TDRF between RAAS inhibitors group and RD 
group

One report10 including seven comparisons were included 
in this meta-analysis for the TDRF between the RAAS 
inhibitors group and the RD group. The p value of hetero-
geneity test was 0.16 and a random-effects model was 

Figure 3. Ratio of urine protein to urine creatinine (UP/UC) between the RAAS inhibitors group and the RD group.
RAAS: renin-angiotensin-aldosterone system; RD: radiation nephropathy.

Figure 4. Blood pressure (BP) level between the RAAS inhibitors group and the RD group.
RAAS: renin-angiotensin-aldosterone system; RD: radiation nephropathy.
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conducted. The pooled mean difference was 11.20 (95% 
CI: 8.03 to 14.37). The difference in TDRF was statisti-
cally significant between the RAAS inhibitors group and 
the RD group (p < 0.00001; Figure 5).

discussion

In this meta-analysis, the difference in BUN level between 
the RAAS inhibitors group and the RD group was signifi-
cant, and the pooled mean difference was –38.80. It indi-
cated that the RAAS inhibitors group could achieve a 
lower BUN level than the RD group. When the fixed-
model was chosen, we also found the result was similar to 
this. It indicated that using the RAAS inhibitors in rats 
with RD might achieve a better benefit.

The Scr level between the RAAS inhibitors group and 
the RD group was also assessed. In this study, we found 
that the pooled mean difference was –0.20. It indicated 
that RAAS inhibitors treatment might obtain a lower Scr 
than in RD rats without treatment. When the fixed-model 
was used to assess this relationship, it also showed that 
RAAS treatment might get a lower Scr level when com-
pared with without treatment.

The ratio of UP/UC between the RAAS inhibitors 
group and the RD group in this meta-analysis was also 
detected, and we found that the pooled mean difference 
was –7.70. It indicated that RAAS inhibitors treatment 
might achieve a lower UP/UC.

Increased BP level was one of the most important risk 
factors for the RD patients. In this meta-analysis, we found 
that the RAAS inhibitors treatment could obtain a lower 
BP level than those without treatment, and the pooled 
mean difference was –34.26.

In this meta-analysis, TDRF between the RAAS inhibi-
tors group and the RD group was also detected. The pooled 
mean difference was 11.20, and the difference of TDRF 
between the RAAS inhibitors group and RD group was 
significant. It indicated that the RAAS inhibitors could 
achieve a longer TDRF.

As those mentioned above, we might draw a conclusion 
that RAAS inhibitors treatment in RD rats might achieve 
more benefit when compared to those without treatment, 
such as lowers level of BUN, Scr, UP/UC, BP, and RAAS 
treatment could achieve a longer TDRF than without 
RAAS treatment.

In conclusion, the evidence in this meta-analysis indi-
cates that RAAS inhibitors could get a protective role in 
rats with RD. However, more well-designed, randomized, 
controlled trails should be performed to confirm it in the 
future.
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Introduction

Diabetes mellitus is a multifactorial metabolic disease 
characterized by post-prandial hyperglycemia, and it is 
associated with significant morbidity and mortality and 
its prevalence is increasing worldwide.1,2 Diabetes mel-
litus includes type 1 diabetes mellitus (T1DM) and type 
2 diabetes mellitus (T2DM), and the incidence of diabe-
tes mellitus has increased dramatically over the last sev-
eral decades.3 Diabetic nephropathy (DN) is a serious 
complication of diabetes mellitus, and it includes type 1 
diabetic nephropathy (T1DN) due to T1DM and type-2 
diabetic nephropathy (T2DN) due to T2DM.3,4 DN as a 
cause of end-stage renal disease (ESRD) is associated 
with a poor life expectancy, causing serious socioeco-
nomic problems.5

The angiotensin-converting enzyme gene (ACE) is 
directly involved in the process of cell proliferation, 
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differentiation, apoptosis and angiogenesis.6 ACE can 
convert angiotensin I into angiotensin II, and inactivate 
bradykinin via the kallikrein-kininogen system, and 
angiotensin II is the main effector molecule of the renin-
angiotensin system, is pleiotropic, and is a mediator of 
the development and progression of diseases.7 The ACE 
insertion/deletion (I/D) gene polymorphism is a 287-bp 
sequence of DNA in the intron 16 of the ACE gene.8 The 
ACE gene consists of either an insertion (I) allele or a 
deletion (D) allele that form three possible genotypes: II, 
ID or DD.9 In adults plasma ACE does not change with 
age and is only to a minor extent influenced by environ-
mental or lifestyle factors.8 When compared with II 
homozygotes, circulating ACE levels in plasma were 
nearly 30% and 60% higher in ID heterozygotes and DD 
homozygotes, respectively.9 Moreover, DD homozy-
gotes also have been associated with higher tissue levels 
of ACE. The ACE I/D gene polymorphism, correlating 
with circulating ACE concentration, might be implicated 
in the etiology of T1DN and has been investigated in 
numerous epidemiologic studies.

The present epidemiologic studies show that the ACE 
I/D gene polymorphism has been implicated in the etiol-
ogy of T1DN and the risk of patients with T1DM develop-
ing T1DN. However, the available evidence reported to 
date is weak, owing to sparseness of data or disagreements 
among studies. We performed this meta-analysis to inves-
tigate the relation between the ACE I/D gene polymor-
phism and T1DN susceptibility and the risk of patients 
with T1DM developing T1DN in the Caucasian popula-
tion, with the intention of providing a much more reliable 
finding on the significance of the association.

Materials and methods

Search strategy

The relevant studies were searched from the electronic 
databases of PubMed and Cochrane Library on March 1, 
2014. The terms “(diabetic nephropathy) AND (angioten-
sin converting enzyme) AND (polymorphism OR vari-
ant)” were entered into PubMed and Cochrane Library for 
the search. The search in PubMed was limited to studies of 
humans written in the English language. We also extended 
the search spectrum to “related articles” and the bibliogra-
phies of all recruited studies. If multiple publications from 
the same study group occurred, we recruited only the most 
complete paper for our analysis.

Inclusion and exclusion criteria

Inclusion criteria. (1) A case-control study; (2) the outcome 
had to be T1DN; (3) there had to be at least two comparison 
groups (T1DN group vs control group); (4) the study should 

be conducted in the Caucasian population.

Exclusion criteria. (1) Review articles, editorials and case 
reports; (2) articles did not provide the detailed genotype 
data; (3) investigating the association of other genes with 
T1DN; (4) investigating the role of ACE in diseases; (5) 
multiple publications of the same data from the same study 
group.

Data extraction and synthesis

The following information was extracted from each study 
independently by two investigators: first author’s surname, 
year of publication, ethnicity of the study population, and 
the number of cases and controls for the ACE I/D geno-
type. Frequencies of the D allele were calculated for the 
case group and the control group from the corresponding 
genotype distribution. The results were compared and dis-
agreements were resolved by discussion.

Statistical analysis

Available data were entered into Cochrane Review Manager 
(RevMan, version 5, Oxford, UK) and analyzed. The pooled 
statistics were counted using the fixed-effects model, but 
a random-effects model was conducted when the p value 
of heterogeneity test was less than 0.1. Results were 
expressed with odds ratios (OR) for dichotomous data, 
and 95% confidence intervals (CI) were also calculated. 
p < 0.05 was required for the overall OR to be deemed 
statistically significant. I2 was used to test the heteroge-
neity between the included studies. Sensitivity analysis 
was performed according to sample size of case (< 100 
vs ≥ 100). The Begg adjusted rank correlation test10 and 
the Egger regression asymmetry test11 were used for 
exploring publication bias (p < 0.1 was considered 
significant).

Results

Study characteristics

The search yielded 261 references, 260 from PubMed, 
and one from Cochrane Library. According to the inclu-
sion and exclusion criteria, 21 articles were identified for 
the analysis between the ACE I/D gene polymorphism 
and T1DN susceptibility and the risk of T1DM develop-
ing into T1DN in the Caucasian population in our review. 
Six studies12–17 were conducted on the relationship 
between the ACE I/D gene polymorphism and T1DN sus-
ceptibility (Table 1), and 21 reports12–32 were conducted 
on the relationship between the ACE I/D gene polymor-
phism and the susceptibility of T1DM developing into 
T1DN (Table 2).R
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Association of the ACE I/D gene polymorphism 
with T1DN risk

In this meta-analysis, the ACE I/D gene polymorphism 
was not associated with T1DN risk in the Caucasian pop-
ulation (D allele: OR = 1.12, 95% CI: 0.96–1.30, p = 0.16; 
DD genotype: OR = 1.17, 95% CI: 0.94–1.45, p = 0.16; II 
genotype: OR = 0.89, 95% CI: 0.67–1.18, p = 0.42; 
Figure 1 and Table 3).

Sensitivity analysis for the relationship between the 
ACE I/D gene polymorphism and T1DN risk in the 
Caucasian population was also performed according to 

sample size of case (< 100 vs ≥ 100). We found that the 
results were also similar with the non-sensitivity analysis. 
The ACE I/D gene polymorphism was not associated with 
T1DN risk in the Caucasian population (Table 3).

Association of ACE I/D gene polymorphism with 
the risk of T1DM patients developing T1DN

In this meta-analysis, the ACE I/D gene polymorphism was 
also not associated with the risk of T1DM patients develop-
ing T1DN in the Caucasian population (D allele: OR = 

table 1. Characteristics of the studies evaluating the effects of the ACE I/D gene polymorphism on T1DN risk.

First author, year T1DN Control 

 DD ID II Total D allele Total 
(allele)

DD ID II Total D allele Total 
(allele)

Powrie, 1994 7 8 4 19 22 38 112 168 84 364 392 728
Schmidt, 1995 52 38 24 114 142 228 49 63 22 134 161 268
Chowdhury, 1996 78 124 40 242 280 484 58 91 38 187 207 374
Demurov, 1997 24 29 3 56 77 112 40 43 13 96 123 192
Pfohl, 1998 17 15 8 40 49 80 46 90 43 179 182 358
De Cosmo, 1999 73 79 23 175 225 350 86 88 26 200 260 400

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DN: type 1 diabetic nephropathy.

table 2. Characteristics of the studies evaluating the effects of ACE I/D gene polymorphism on T1DM developing into T1DN.

First author, year T1DN T1DM 

 DD ID II Total D allele Total 
(allele)

DD ID II Total D allele Total 
(allele)

Powrie, 1994 7 8 4 19 22 38 24 37 24 85 85 170
Doria, 1994 78 19 51 148 175 296 87 7 60 154 181 308
Tarnow, 1995 63 95 40 198 221 396 67 77 46 190 211 380
Schmidt, 1995 52 38 24 114 142 228 55 55 23 133 165 266
Chowdhury, 1996 78 124 40 242 280 484 55 79 32 166 189 332
Hibberd, 1997 21 42 9 72 84 144 16 43 27 86 75 172
Ringel, 1997 35 68 31 134 138 268 57 130 39 226 244 452
Barnas, 1997 4 21 15 40 29 80 14 27 9 50 55 100
Marre, 1997 119 168 50 337 406 674 48 69 40 157 165 314
Demurov, 1997 24 29 3 56 77 112 24 32 20 76 80 152
Pfohl, 1998 17 15 8 40 49 80 15 18 7 40 48 80
Freire, 1998 33 32 12 77 98 154 34 45 10 89 113 178
Bouhanick, 1999 4 20 5 29 28 58 19 19 9 47 57 94
De Cosmo, 1999 73 79 23 175 225 350 65 53 18 136 183 272
Vleming, 1999 39 24 16 79 102 158 26 34 22 82 86 164
van Ittersum, 2000 40 94 66 200 174 400 26 46 28 100 98 200
Hadjadj, 2007 – – – – 990 2084 – – – – 1208 2246
Möllsten, 2008 16 45 12 73 77 146 48 113 36 197 209 394
Gallego, 2008 15 17 9 41 47 82 102 204 103 409 408 818
Currie, 2010 211 335 134 680 757 1360 186 392 152 730 764 1460
Ilić, 2014 10 23 13 46 43 92 10 12 11 33 32 66

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DM: type 1 diabetes mellitus; T1DN: type 1 diabetic nephropathy.
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1.04, 95% CI: 0.92–1.18, p = 0.50; DD genotype: OR = 
1.06, 95% CI: 0.90–1.24, p = 0.52; II genotype: OR = 0.88, 
95% CI: 0.72–1.06, p = 0.18; Figure 2 for D allele, Figure 3 
for DD genotype and Figure 4 for II genotype; Table 3).

Sensitivity analysis for the relationship between the 
ACE I/D gene polymorphism and the risk of T1DM 
patients developing into T1DN in the Caucasian popula-
tion was also performed according to sample size of case 
(< 100 vs ≥ 100). We found that the results were also 
similar with the non-sensitivity analysis. The ACE I/D 
gene polymorphism was not associated with the risk of 
T1DM patients developing T1DN in the Caucasian popu-
lation (Table 3).

Evaluation of publication bias

No significant publication bias appeared in the comparison 
of T1DN vs T1DM (Begg p = 0.833, Egger p = 0.231; 
Figure 5 for Begg test).

discussion

Dysfunction of ACE generation brought about by the ACE 
I/D gene polymorphism is considered the important dete-
rioration factor associated with T1DN susceptibility and 
the risk for patients with T1DM developing T1DN in the 
Caucasian population. There was a rare genetic molecular 

Figure 1. Association of the ACE I/D gene polymorphism on T1DN susceptibility (T1DN vs controls).
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DN: type-1 diabetic nephropathy; OR: odds ratio; CI: confidence interval; df: degree 
of freedom; M-H: Mantel-Haenszel.
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table 3. Meta-analysis of the association of ACE I/D gene polymorphism with risk of T1DN and the T1DM developing into T1DN.

Genetic contrasts Number of studies Q test Model OR p

 p value selected (95% CI)  

T1DN vs control
D vs I 6 0.76 Fixed 1.12 (0.96, 1.30) 0.16
DD vs (ID+II) 6 0.43 Fixed 1.17 (0.94, 1.45) 0.16
II vs (ID+DD) 6 0.54 Fixed 0.89 (0.67, 1.18) 0.42
T1DN vs control (sensitivity analysis: ≥ 100)
D vs I 3 0.79 Fixed 1.06 (0.88, 1.26) 0.55
DD vs (ID+II) 3 0.43 Fixed 1.10 (0.85, 1.41) 0.47
II vs (ID+DD) 3 0.39 Fixed 0.97 (0.70,1.35) 0.87
T1DN vs control (sensitivity analysis: < 100)
D vs I 3 0.77 Fixed 1.33 (0.98, 1.81) 0.07
DD vs (ID+II) 3 0.35 Fixed 1.42 (0.92, 2.19) 0.11
II vs (ID+DD) 3 0.54 Fixed 0.68 (0.37, 1.23) 0.20
T1DN vs T1DM
D vs I 21 <0.0001 Random 1.04 (0.92, 1.18) 0.50
DD vs (ID+II) 20 0.03 Random 1.06 (0.90, 1.24) 0.52
II vs (ID+DD) 20 0.03 Random 0.88 (0.72, 1.06) 0.18
T1DN vs T1DM (sensitivity analysis: ≥ 100)
D vs I 10 0.002 Random 0.98 (0.86, 1.12) 0.79
DD vs (ID+II) 9 0.28 Fixed 1.06 (0.93, 1.21) 0.41
II vs (ID+DD) 9 0.15 Fixed 0.92 (0.79, 1.07) 0.26
T1DN vs T1DM (sensitivity analysis: < 100)
D vs I 11 0.005 Random 1.14 (0.89, 1.46) 0.31
DD vs (ID+II) 10 0.02 Random 1.10 (0.77, 1.57) 0.59
II vs (ID+DD) 10 0.03 Random 0.79 (0.53, 1.18) 0.25

ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DM: type 1 diabetes mellitus; T1DN: type 1 diabetic nephropathy; OR: odds ratio; CI: 
confidence interval.

Figure 2. Association of ACE D allele on the risk of T1DM developing into T1DN (T1DN vs T1DM).
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DN: type-1 diabetic nephropathy; T1DM: type-1 diabetes mellitus; OR: odds ratio; 
CI: confidence interval; df: degree of freedom; M-H: Mantel-Haenszel.
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Figure 3. Association of ACE DD genotype on the risk of T1DM developing into T1DN (T1DN vs T1DM).
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DN: type-1 diabetic nephropathy; T1DM: type-1 diabetes mellitus; OR: odds ratio; 
CI: confidence interval; df: degree of freedom; M-H: Mantel-Haenszel.

Figure 4. Association of ACE II genotype on the risk of T1DM developing into T1DN (T1DN vs T1DM).
ACE: angiotensin-converting enzyme; I/D: insertion/deletion; T1DN: type-1 diabetic nephropathy; T1DM: type-1 diabetes mellitus; OR: odds ratio; 
CI: confidence interval; df: degree of freedom; M-H: Mantel-Haenszel.R
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marker to predict the onset of T1DN and the risk of patients 
with T1DM developing T1DN in Caucasian population. 
This study using the meta-analysis method was performed 
to explore whether the ACE I/D gene polymorphism could 
predict the susceptibility of T1DN susceptibility and the 
risk of patients with T1DM developing T1DN in Caucasian 
population.

In this study, the relationship between the ACE I/D gene 
polymorphism and T1DN susceptibility in the Caucasian 
population was assessed using the meta-analysis method. 
We found that the ACE I/D gene polymorphism was not 
associated with T1DN susceptibility in the Caucasian pop-
ulation. Furthermore, sensitivity analysis was performed 
according to sample size of case (< 100 vs ≥ 100), and the 
results from the sensitivity analysis were similar to those 
from the non-sensitivity analysis. However, the number of 
included studies was small (only six included studies for 
meta-analysis), and the evidence was less robust. More 
studies should be performed in the future.

The relationship between the ACE I/D gene polymor-
phism and the risk of patients with T1DM developing 
T1DN in the Caucasian population was also assessed in this 
meta-analysis. The results indicated that the ACE I/D gene 
polymorphism was not associated with T1DN susceptibil-
ity. Furthermore, sensitivity analysis was performed 
according to sample size of case (< 100 vs ≥ 100), and the 
results from the sensitivity analysis were similar to those 
from the non-sensitivity analysis, and there was no signifi-
cant publication bias. The number of included studies was 
large, and the evidence might be robust to some extent.

In this meta-analysis, we found that the ACE I/D gene 
polymorphism was not associated with T1DN susceptibility 
and the risk of patients with T1DM developing T1DN. 
However, these findings should be regarded cautiously 

because many other factors, such as heterogeneity of 
enrolled cases, limited statistical power, variable study 
designs and different interventions, were closely related to 
affect the results. Undoubtedly, the limitations mentioned 
above might affect our final conclusions.

In conclusion, the results in our study support that the 
ACE I/D gene polymorphism was not associated with 
T1DN susceptibility and the risk of patients with T1DM 
developing T1DN in the Caucasian population. However, 
more association investigations on larger, stratified popula-
tions are required to further clarify the role of the ACE I/D 
gene polymorphism in T1DN susceptibility and the risk of 
patients with T1DM developing T1DN in the Caucasian 
population.
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Introduction

Diabetes mellitus (DM) is a major public health problem 
worldwide.1 It is associated with endothelial dysfunction, 
reducing nitric oxide (NO)-dependent vasodilation and 
increasing production of pro-inflammatory factors, lead-
ing to increased long-term cardiovascular and kidney risk.2 
Diabetic nephropathy (DN) is one of the most common 
microvascular complications of diabetes and the leading 
cause of end-stage renal disease.3 DN includes type 1 dia-
betic nephropathy (T1DN) due to type 1 DM and type 2 
diabetic nephropathy (T2DN) due to type 2 DM.4,5 Some 
investigations suggested that genetic factors might play a 
key role in the risk of DM developing into DN.

The angiotensinogen (AGT) gene is located on chromo-
some 1q41-qter, and regulates the expression of angio-
tensinogen, a glycoprotein produced by the liver. Its 
cleavage by renin liberates angiotensin I, which is converted 
into angiotensin II by the angiotensin-converting enzyme.6–8 
The M235T variant of the AGT gene has been associated 

with higher plasma AGT levels in patients homozygous for 
the T allele and occurs among various ethnic populations.9 
The AGT M235T gene polymorphism, correlating with cir-
culating and cellular AGT concentration, has been impli-
cated in the etiology of DM developing into DN and has 
been investigated in numerous epidemiologic studies at pre-
sent. However, the available evidence reported to date is 
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weak, due to sparseness of data or disagreements among 
studies. There was rare meta-analysis to explore the associa-
tion of AGT M235T gene polymorphism with risk of DM 
developing into DN. We performed this meta-analysis to 
investigate the relation between AGT M235T gene poly-
morphism and risk of DM developing into DN.

Materials and methods

Search strategy

The relevant studies were screened from the search engines 
of PubMed, Cochrane Library on August 1, 2014. The 
terms “(angiotensinogen OR AGT) AND (diabetic 
nephropathy)” were used in PubMed and Cochrane Library 
to complete the search. We also extended the search spec-
trum to the “related articles” and the bibliographies of all 
retrieved studies. If multiple publications of the same data 
from the same study group occurred, we recruited only the 
later paper for analysis.

Inclusion criteria. (1) A case-control study; (2) the outcome 
had to be DN; (3) there had to be at least two comparison 
groups (DN group vs DM group).

Exclusion criteria. (1) Review articles, editorials and case 
reports; (2) articles did not provide the detail genotype data; 
(3) investigating the association of other genes with DN; (4) 
investigating the role of drugs on diseases; (5) multiple pub-
lications of the same data from the same study group.

Data extraction and synthesis

The following information was extracted from each study 
independently by at least two investigators: first author’s 
surname, year of publication, ethnicity of study popula-
tion, and the number of cases and controls for the M235T 
genotype. Frequencies of T allele were calculated for case 
group and control group, from the corresponding genotype 
distribution. The results were compared and disagreements 
were resolved by discussion.

Statistical analysis

Available data were entered into Cochrane Review Manager 
(RevMan, version 5) and analyzed. The pooled statistic was 
counted using the fixed-effects model, but a random-effects 
model was conducted when the p value of heterogeneity test 
was less than 0.1. Results were expressed with odds ratios 
(OR) for dichotomous data, and 95% confidence intervals 
(CI) were also calculated. p < 0.05 was required for the 
overall OR to be deemed statistically significant. I2 was 
used to test the heterogeneity between the included studies. 
We classified the investigations into studies for Asians, 
Caucasians and African populations because genotype fre-
quencies and prevalence of DN were different among ethnic 

groups. The Begg adjusted rank correlation test10 and the 
Egger regression asymmetry test11 were used for exploring 
publication bias (p < 0.1 was considered significant) when 
the sample number was more than five.

Results

Study characteristics

The search yielded 162 references: 162 from PubMed, and 
0 from Cochrane Library. According to the inclusion and 
exclusion criteria, nineteen articles12–30 were identified for 
the analysis of the between the AGT M/T gene polymor-
phism and the susceptibility of DM developing into DN in 
our review (Table 1).

Association of AGT M/T gene polymorphism 
with the risk of DM patients developing into 
DN

In this meta-analysis, the AGT M/T gene polymorphism was 
not associated with the susceptibility of DM developing into 
DN in the overall population (T allele: OR = 1.26, 95% CI: 
0.96–1.65, p = 0.10; TT genotype: OR = 1.42, 95% CI: 0.97–
2.08, p = 0.07; MM genotype: OR = 0.81, 95% CI: 0.56–1.18, 
p = 0.28; Figure 1 for T allele, and Figure 2 for TT genotype 
and Figure 3 for MM genotype; Table 2). Furthermore, the 
AGT M/T gene polymorphism was not associated with the 
susceptibility of DM developing into DN in Asians and the 
Caucasian population (Table 2).

Sensitivity analysis for the relationship between the AGT 
M/T gene polymorphism and the susceptibility of DM devel-
oping into DN was also performed according to types of DM. 
In the sensitivity analysis, the AGT M/T gene polymorphism 
was not associated with the susceptibility of T1DM develop-
ing into T1DN in the overall population (T allele: OR = 1.26, 
95% CI: 0.94–1.70, p = 0.12; TT genotype: OR = 1.41, 95% 
CI: 0.76–2.63, p = 0.28; MM genotype: OR = 0.76, 95% CI: 
0.55–1.04, p = 0.09; Table 2). Furthermore, the AGT M/T 
gene polymorphism was not associated with the susceptibility 
of T2DM developing into T2DN in the overall population (T 
allele: OR = 1.17, 95% CI: 0.78–1.76, p = 0.45; TT genotype: 
OR = 1.31, 95% CI: 0.79–2.15, p = 0.29; MM genotype: 
OR = 0.89, 95% CI: 0.54–1.47, p = 0.65; Table 2).

Evaluation of publication bias

No significant publication bias was shown in this meta-
analysis (Begg P=0.596, Egger P=0.416; Figure 4 for 
Begg test).

discussion

In this investigation, 19 studies were included into this 
meta-analysis, and we found that the AGT M/T gene poly-
morphism was not associated with the susceptibility of 
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DM developing into DN in the overall population. 
Furthermore, the AGT M/T gene polymorphism was not 
associated with the susceptibility of DM developing into 
DN in Asians and the Caucasian population. There was no 
publication bias in this meta-analysis, and the results might 
be robust to some extent.

In the sensitivity analysis, the relationship between the 
AGT M/T gene polymorphism and the susceptibility of 
DM developing into DN was also performed according to 
types of DM. We found that the AGT M/T gene polymor-
phism was not associated with the susceptibility of 
T1DM developing into T1DN in the overall population. 

table 1. Characteristics of the studies evaluating the effects of the ATG M235T gene polymorphism on DM developing into DN.

First author, year Ethnicity Type of 
DM

DN DM 

 TT MT MM Total T allele Total 
(allele)

TT MT MM Total T allele Total 
(allele)

Rogus, 1998 Caucasian T1DM – – – – 76 143 – – – – 32 70
Miura, 1999 Asian T1DM 61 34 3 98 156 196 69 32 2 103 170 206
Tomino, 1999 Asian T2DM 507 – – 745 – – 277 – – 407 – –
van Ittersum, 2000 Caucasian T1DM 13 37 19 69 63 138 21 96 71 188 138 376
Zychma, 2000 Caucasian T2DM 106 228 116 450 440 900 64 116 63 243 244 486
Lovati, 2001 Caucasian T1DM 5 18 9 32 28 64 1 16 20 37 18 74
Fradin, 2002 Caucasian T2DM 25 44 49 118 94 236 19 59 40 118 97 236
Prasad, 2006 Asian T2DM 86 86 24 196 258 392 45 85 95 225 175 450
Osawa, 2007 Asian T2DM 22 209 504 735 253 1470 15 195 341 551 225 1102
Eroglu, 2008 Caucasian T2DM 10 24 12 46 44 92 9 32 15 56 50 112
Möllsten, 2008 Caucasian T1DM 7 40 26 73 54 146 35 104 58 197 174 394
Gallego, 2008 Caucasian T1DM 10 23 8 41 43 82 77 231 136 444 385 888
Tien, 2009 Asian T2DM 17 – – 93 – – 97 – – 432 – –
Ahluwalia, 2009 Asian T2DM 82 104 54 240 268 480 27 120 108 255 174 510
Manea, 2011 Caucasian T2DM 17 60 30 107 94 214 41 92 10 143 174 286
Mtiraoui, 2011 Caucasian T2DM 73 138 118 329 284 658 20 176 209 405 216 810
Reis, 2011 Caucasian T2DM 17 68 23 108 102 216 41 51 19 111 133 222
Shaikh, 2014 Asian NC 62 47 1 110 171 220 35 77 3 115 147 230
Ilić, 2014 Caucasian T1DM 15 23 8 46 53 92 3 23 7 33 29 66

DM: diabetes mellitus; DN: diabetic nephropathy; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; NC: Not clear.

Figure 1. Association of AGT T allele on the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy; OR: odds ratio; CI: confidence interval; df: degree of freedom; M-H: Mantel-
Haenszel.
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Furthermore, the AGT M/T gene polymorphism was not 
associated with the susceptibility of T2DM developing 
into T2DN in the overall population.

As those mentioned above, this study indicated that the 
AGT M/T gene polymorphism might not be associated 
with the susceptibility of DM developing into DN. 
However, more studies should be conducted in further to 

confirm it. However, when the fixed model was used for 
this meta-analysis, we found that the AGT M/T gene poly-
morphism was associated with the susceptibility of DM 
developing into DN (data not shown).

In our investigation, we found that the AGT M235T 
gene polymorphism was not associated with the suscepti-
bility of DM developing into DN in overall populations, in 

Figure 2. Association of AGT TT genotype on the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy; OR: odds ratio; CI: confidence interval; df: degree of freedom; M-H: Mantel-
Haenszel.

Figure 3. Association of AGT MM genotype on the risk of DM developing into DN.
AGT: angiotensinogen; DM: diabetes mellitus; DN: diabetic nephropathy; OR: odds ratio; CI: confidence interval; df: degree of freedom; M-H: Mantel-
Haenszel.
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Asians and in the Caucasian population. Furthermore, the 
AGT M235T gene polymorphism was not associated with 
the susceptibility of DM developing into DN in the T1DM 
population and T2DM populations. However, these find-
ings should be regarded cautiously because many other 
factors, such as heterogeneity of enrolled cases, limited 
statistical power, variable study designs and different 
interventions, were closely related to affect the results. 
Furthermore, whether the AGT M235T polymorphism 

is just linked with other discrete loci involved in the sus-
ceptibility of DM developing into DN is not clear at the 
moment.

conclusions

In conclusion, the results in our study support that the AGT 
M235T gene polymorphism was not associated with the 
susceptibility of DM developing into DN. However, more 

table 2. Meta-analysis of the association of the ATG M235T gene polymorphism with risk of DM developing into DN.

Genetic contrasts Group and 
subgroups

Studies Q test Model OR p

 p value Selected (95% CI)  

T vs M Overall 17 <0.00001 Random 1.26 (0.96, 1.65) 0.10
 Asian 5 <0.00001 Random 1.59 (0.87,2.90) 0.13
 Caucasian 12 <0.00001 Random 1.13 (0.84, 1.51) 0.43
TT vs (TM+MM) Overall 18 <0.00001 Random 1.42 (0.97, 2.08) 0.07
 Asian 7 <0.00001 Random 1.62 (0.94, 2.79) 0.08
 Caucasian 11 <0.00001 Random 1.31 (0.73, 2.34) 0.37
MM vs (TM+TT) Overall 16 <0.00001 Random 0.81 (0.56, 1.18) 0.28
 Asian 5 <0.00001 Random 0.54 (0.20, 1.46) 0.23
 Caucasian 11 <0.00001 Random 0.96 (0.66, 1.41) 0.84
T1DN
T vs M Overall 7 0.02 Random 1.26 (0.94, 1.70) 0.12
TT vs (TM+MM) Overall 6 0.02 Random 1.41 (0.76, 2.63) 0.28
MM vs (TM+TT) Overall 6 0.16 Fixed 0.76 (0.55, 1.04) 0.09
T2DN  
T vs M Overall 9 <0.00001 Random 1.17 (0.78, 1.76) 0.45
TT vs (TM+MM) Overall 11 <0.00001 Random 1.31 (0.79, 2.15) 0.29
MM vs (TM+TT) Overall 9 <0.00001 Random 0.89 (0.54, 1.47) 0.65

DM: diabetes mellitus; DN: diabetic nephropathy.

Figure 4. Begg’s funnel plots with pseudo 95% confidence limits. Evaluation of publication bias for the association of the AGT M/T 
gene polymorphism with the risk of DM developing into DN.
DM: diabetes mellitus; DN: diabetic nephropathy.
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case-control association investigations on larger, stratified 
populations are required to further clarify the role of this 
AGT M235T gene polymorphism in the susceptibility of 
DM developing into DN.
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Introduction

Immunoglobulin A (IgA) nephropathy (IgAN), the most 
prevalent glomerular disease in the world and character-
ized by predominant IgA deposition in the mesangium, 
requires a renal biopsy for diagnosis.1 It is initially regarded 
as a disease with a favorable prognosis but data from long-
term follow-up studies have revealed that IgAN may pro-
gress to end-stage renal failure in up to 30% of patients 
with a follow up period of 20 years.2,3 There is a lack of a 
well-documented diagnostic approach for IgAN risk; and 
reliable biomarkers are needed for the non-invasive diag-
nosis of this disease and to more fully delineate its natural 
history and risk for progression. Current evidence indi-
cates that gene polymorphism of some genes is associated 
with the susceptibility of IgAN.4–6

Aldosterone, one of the main effectors of the renin-angio-
tensin system, has classically been thought to act as a regulator 
for the absorption of sodium and water, as well as the excre-
tion of potassium in normal physiology, and as a mediator of 

edema in numerous disease states.7 Aldosterone secretion is 
regulated largely by the expression level of the final enzyme 
required for its biosynthesis, aldosterone synthase (CYP11B2). 
Expression of CYP11B2 is regulated by angiotensin II through 
cyclic adenosine monophosphate (cAMP) dependent modula-
tion of the gene promoter region, which contains a variety of 
control factors.7 Therefore, genetic variants in CYP11B2, 
which may be associated with the biosynthesis of aldosterone 
in local tissue, may also affect the progression of renal dys-
function in primary glomerulonephritis. Aldosterone, via its 
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binding to and activation of the mineralocorticoid receptors, is 
a main regulator of blood pressure by controlling renal sodium 
reabsorption.8

Gene polymorphism is one of the most important fac-
tors taking part in the etiology of some diseases. The evi-
dence from meta-analysis might be powerful compared 
with the individual investigation. There was no meta-anal-
ysis to evaluate the association of the CYP11B2-344C/T 
gene polymorphism with the risk of IgAN and progression 
of IgAN. This meta-analysis was conducted to investigate 
whether the CYP11B2-344C/T gene polymorphism was 
associated with the risk of IgAN and the progression of 
IgAN, by widely collecting reported studies.

Materials and methods

Search strategy

The relevant studies were sought from the electronic data-
bases of PubMed and the Cochrane Library on 1 October 
2013. The retrieval strategy of ‘(IgA nephropathy OR IgA 
renal disease OR IgAN) AND (aldosterone synthase OR 
CYP11B2) AND (polymorphism OR variant)’ was entered 
into these databases. Additional reports were identified 
through references cited in recruited articles.

Inclusion and exclusion criteria

Inclusion criteria: (a) The outcome had to be IgAN; (b) 
there had to be at least two comparison groups (case group 
vs control group); (c) investigation should provide data on 
CYP11B2 genotype distribution.

Exclusion criteria: (a) Review articles and editorials; (b) 
case reports; (c) preliminary result not on CYP11B2-344C/T 
gene polymorphism or outcome; (d) investigating the role 
CYP11B2 gene expression in disease; (e) if multiple publica-
tions for the same data from the same study group occurred, 
we only recruited the later paper into our final analysis.

Data extraction and synthesis

The following information from each eligible study was 
extracted independently by two investigators: first author’s 

surname, year of publication, ethnicity, genotyping meth-
ods, control source of the control group, and the number of 
cases and controls for CYP11B2-344C/T genotypes. The 
results were compared and disagreement was resolved by 
discussion.

Statistical analysis

Cochrane Review Manager Version 5 (Cochrane Library, 
UK) was used to calculate the available data from each 
study. The pooled statistic was counted using the fixed 
effects model, but a random effects model was conducted 
when the p value of heterogeneity test was less than 0.1.9–11 
Results were expressed with odds ratios (ORs) for dichoto-
mous data, and 95% confidence intervals (CIs) were also 
calculated.12,13 The value of p<0.05 was required for the 
pooled OR to be statistically significant.14 I2 was used to 
test the heterogeneity among the included studies. 
Sensitivity analysis was also performed according to 
source of the controls (healthy vs hospital) and sample size 
of case (<100 vs ≥100).

Results

Study characteristics

Four studies15–18 reporting the relationship between 
CYP11B2-344C/T gene polymorphism and IgAN suscep-
tibility/IgAN progression were included into this meta-
analysis. Four investigations15–18 were conducted for the 
association of CYP11B2-344C/T gene polymorphism and 
IgAN risk, and two studies15,16 were performed for the 
relationship between CYP11B2-344C/T gene polymor-
phism and IgAN progression (Table 1). Those four inves-
tigations contained 542 IgAN patients and 707 controls. 
The average distribution frequency of C allele of 
CYP11B2-344C/T in the IgAN group was 32.57% and the 
average frequency in the control group was 39%. The 
average distribution frequency of the case group for 
C allele was lower than that in the control group (case/
control=0.84).

table 1. General characteristics of the included studies in this meta-analysis.

Authors, year Country/
District

Ethnicity Genotyping 
methods

Source of 
control

Case Control

CC CT TT total CC CT TT Total

IgAN risk  
Kim et al., 200915 Asian Korea TaqMan Healthy 26 90 122 238 31 124 145 300
Huang et al., 201016 Asian Chinese PCR-RFLP Healthy 14 52 64 130 13 52 55 120
Bantis et al., 201117 Caucasian Germany PCR-RFLP Healthy – – 48 143 – – 31 100
Pawlik et al., 201318 Caucasian Poland PCR-RFLP Healthy 4 15 12 31 48 104 35 187
IgAN progression  
Kim et al., 200915 Asian Korea TaqMan Healthy – – 34 66 – – 88 172
Huang et al., 201016 Asian Chinese PCR-RFLP Healthy 5 17 25 47  9 35 39 83

IGAN: IgA nephropathy; PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism.
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Association of CYP11B2-344C/T gene 
polymorphism with IgAN susceptibility

The CYP11B2-344C/T gene polymorphism was not asso-
ciated with IgAN risk for overall populations and Asians 
in this meta-analysis, (overall populations: C allele: 
OR=0.87, 95% CI: 0.71–1.06, p=0.16; CC: OR=1.28, 
95% CI: 0.86–1.91, p=0.22; TT: OR=1.21, 95% CI: 0.95–
1.54, p=0.12; Asians: C allele: OR=0.94, 95% CI: 0.76–
1.16, p=0.56; CC: OR=1.04, 95% CI: 0.66–1.64, p=0.86; 
TT: OR=1.13, 95% CI: 0.85–1.50, p=0.39; Figure 1 for 
overall populations, Table 2). Interestingly, C allele and 
CC genotype were associated with the risk of IgAN in 
Caucasians, but not the TT genotype (C allele: OR=0.51, 
95% CI: 0.29–0.89, p=0.02; CC: OR=2.74, 95% CI: 1.22–
6.17, p=0.01; TT: OR=1.67, 95% CI: 0.70–3.98, p=0.25; 
Table 2).

Association of CYP11B2-344C/T gene 
polymorphism with IgAN progression

In this meta-analysis, all the included studies were from the 
Asian population, and CYP11B2-344C/T gene polymor-
phism was not associated with IgAN progression in overall 
populations and Asians (overall populations: C allele: 
OR=0.86, 95% CI: 0.49–1.49, p=0.59; CC: OR=0.98, 95% 
CI: 0.31–3.11, p=0.97; TT: OR=1.11, 95% CI: 0.71–1.73, 
p=0.65; Asians: C allele: OR=0.86, 95% CI: 0.49–1.49, 
p=0.59; CC: OR=0.98, 95% CI: 0.31–3.11, p=0.97; TT: 
OR=1.11, 95% CI: 0.71–1.73, p=0.65; Figure 2 and Table 2).

Sensitivity analysis

Sensitivity analysis for the relationship between CYP11B2 
-344C/T gene polymorphism and IgAN risk was also 

Figure 1. Association of aldosterone synthase CYP11B2-344C/T gene polymorphism with IgA nephropathy (IgAN) risk in overall 
populations. (a) C vs T; (b) CC vs CT + TT; (c) TT vs CT + CC.
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table 2. Meta-analysis of the association of CYP11B2-344C/T gene polymorphism with IgA nephropathy (IgAN) risk and IgAN 
progression.

Genetic contrasts Group and subgroups Studies number Q test p value Model selected OR (95% CI) p

IgAN risk
C vs T Overall 3 0.14 Fixed 0.87(0.71–1.06) 0.16

Asian 2 0.92 Fixed 0.94(0.76–1.16) 0.56
Caucasian 1 – Fixed 0.51(0.29–0.89) 0.02

CC vs CT+TT Overall 3 0.12 Fixed 1.28(0.86–1.91) 0.22
Asian 2 0.89 Fixed 1.04(0.66–1.64) 0.86
Caucasian 1 – Fixed 2.74(1.22–6.17) 0.01

TT vs CT+CC Overall 4 0.24 Fixed 1.21(0.95–1.54) 0.12
Asian 2 0.95 Fixed 1.13(0.85–1.50) 0.39
Caucasian 2 0.07 Random 1.67(0.70–3.98) 0.25

IgAN progression
C vs T Overall 1 – Fixed 0.86(0.49–1.49) 0.59

Asian 1 – Fixed 0.86(0.49–1.49) 0.59
CC vs CT+TT Overall 1 – Fixed 0.98(0.31–3.11) 0.97

Asian 1 – Fixed 0.98(0.31–3.11) 0.97
TT vs CT+CC Overall 2 0.62 Fixed 1.11(0.71–1.73) 0.65

Asian 2 0.62 Fixed 1.11(0.71–1.73) 0.65

CI: confidence interval; OR: odds ratio.

Figure 2. Association of aldosterone synthase CYP11B2-344C/T gene polymorphism with IgA nephropathy (IgAN) progression in 
overall populations. (a) C vs T; (b) CC vs CT + TT; (c) TT vs CT + CC.R
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performed according to according to the source of the 
controls (healthy vs hospital). The controls of all the 
included studies for CYP11B2-344C/T were from healthy 
sources, and the results were the same as in the non-sen-
sitivity analysis.

Sensitivity analysis for the relationship between 
CYP11B2-344C/T gene polymorphism and IgAN risk was 
also performed according to sample size of case (<100 vs 
≥100). We found that the results were also similar to the 
non-sensitivity analysis, but the CYP11B2-344C/T gene 
polymorphism was not associated with IgAN risk in the 
sensitivity analysis according to sample size of less than 
100 (data not shown).

discussion

Gene polymorphism, one of the most important factors, 
takes part in the etiology of IgAN disease. There were 
some interesting studies performed to assess the associa-
tion of the polymorphism of some genes with IgAN risk 
or IgAN progression. Zhou et al.2 performed a meta-anal-
ysis to evaluate the association between angiotensin-con-
verting enzyme (ACE) insertion/deletion (I/D) gene 
polymorphism and end-stage renal disease (ESRD) sus-
ceptibility in IgAN patients, and reported that the DD 
homozygote was a significant genetic molecular marker 
for the onset of ESRD in IgAN patients. Qin et al.3 per-
formed a meta-analysis to evaluate the association of ACE 
gene polymorphism with IgAN in different ethnic groups, 
and showed that the D allele or DD genotype was associ-
ated with IgAN risk in the Asian population, but not in the 
Caucasian population; there was no significant associa-
tion between the D allele or DD gene and IgAN progres-
sion for Asians and Caucasians. In this meta-analysis, we 
also performed a meta-analysis to assess the association 
of CYP11B2-344C/T gene polymorphism and IgAN risk 
or IgAN progression.

In this study, the average distribution frequency of 
CYP11B2-344C/T C allele in the IgAN group was 0.84-
fold increased when compared with that in control group. 
The average distribution frequency data indicated that the 
CYP11B2-344C/T C allele in IgAN group was lower when 
compared with that in control group. However, there were 
only three studies for this calculation, and this result might 
be less robust.

There was no meta-analysis performed to investigate 
the association of CYP11B2-344C/T gene polymorphism 
and the risk of IgAN in the past. This study was conducted 
firstly to assess the relationship between CYP11B2-344C/T 
gene polymorphism and the risk of IgAN and the progres-
sion of IgAN.

Four studies were included in this meta-analysis. We 
found that most of them reported that CYP11B2-344C/T 
gene polymorphism was not associated with the risk of 
IgAN. Kim et al.15 included a total of 238 IgAN and 300 

healthy cohorts in their study, and showed that the geno-
type distributions of the polymorphisms were similar 
between patients and controls, and the individual geno-
types taken alone were not associated with the progression 
of renal dysfunction. Huang et al.16 included 130 Chinese 
patients with IgAN and 120 healthy Chinese subjects, and 
reported that the CYP11B2-344C/T genotype distributions 
were similar in patients with IgAN and in controls, and the 
CYP11B2-344C/T gene polymorphism was not associated 
with ESRD progression in IgAN-ESRD patients. Bantis 
et al.17 conducted a study in 143 patients with biopsy-
proven IgAN and 100 healthy controls, and indicated that 
aldosterone synthase gene C-344T polymorphism was a 
risk factor for accelerated progression in Caucasian 
patients with IgAN. Pawlik et al.18 included 31 IgAN 
patients and 187 controls, and reported that the CYP11B2-
344C/T gene polymorphism might be an independent risk 
factor for IgAN. These two studies from the Caucasian 
population might get a more positive result than in the 
Asian population.

Our meta-analysis indicated that the CYP11B2-344C/T 
gene polymorphism was not associated with IgAN risk for 
overall populations and Asians in this meta-analysis. 
Interestingly, the C allele and CC genotype were associated 
with the risk of IgAN in Caucasians, but the TT genotype 
not. The outcome might be robust to some extent. However, 
those findings should be regarded cautiously because many 
other ingredients, such as small sample size of the included 
report, limited statistical power, heterogeneity of enrolled 
cases, variable study designs and different interventions, 
were closely related to affect the results. Since the number 
of included studies is rather small, more studies should be 
performed to evaluate the relationship in the future.

In conclusion, the results in our study support that 
CYP11B2-344C/T gene polymorphism was not associated 
with IgAN risk for overall populations and Asians in this 
meta-analysis. Interestingly, C allele and CC genotype 
were associated with the risk of IgAN in Caucasians, but 
not the TT genotype. However, more association investi-
gations are required to further clarify the role of the 
CYP11B2-344C/T gene polymorphism in predicting the 
risk of IgAN and the progression of IgAN.
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