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ACE gene polymorphism and IgA nephropathy: An ethnically
homogeneous study and a meta-analysis.
Background. Conflicting results have implicated the angiotensin-converting enzyme (ACE) D allele in the progression
of renal damage in patients with IgA nephropathy (IgAN). Most
of these findings have been obtained by heterogeneous studies.
Methods. We investigated the ACE insertion/deletion (I/D)
gene polymorphism by polymerase chain reaction (PCR) amplification of genomic DNA in an ethnically homogenous sample size of IgAN patients from Southern Italy. The association
between ACE I/D gene polymorphism and the development
of the disease was examined in 247 biopsy-proven IgAN patients and 205 healthy subjects. The association with the progression of renal damage was evaluated in 136 patients with a
follow-up of ⱖ3 years according to the slope of the creatinine
clearance against time, and in 221 patients with a follow-up of
ⱖ1 year assessing by univariate and multivariate analyses of
renal survival. These associations were further estimated in a
meta-analysis of seven studies retrieved in the Medline database. The meta-analysis was performed according to the Mantel-Haenszel-Peto method when homogeneity of the studies
was established using the 2 test by Breslow-Day.
Results. No difference in the ACE I/D gene distribution between patients and controls and between patients with stable
and those with deteriorating renal function was found in our
study. A meta-analysis performed separately for Caucasian and
Asian studies showed that the ACE I/D gene polymorphism
did not contribute to the genetic susceptibility of the development of IgAN (total OR 0.93, 95% CI, 0.71 to 1.23; and 0.95,
95% CI, 0.64 to 1.42, respectively) or the progression of the
renal damage (total OR 1.12, 95% CI, 0.67 to 1.88; and 2.26,
95% CI, 0.75 to 6.79, respectively) in both groups.
Conclusions. Our study and meta-analysis suggest caution in
the interpretation of results from association studies enrolling
heterogeneous populations. Further studies using new tests,
which are free of the bias due to population stratification and
ethnicity, are warranted.

National registries of renal biopsies and epidemiological studies have shown IgA nephropathy (IgAN) as the
most common form of primary glomerulonephritis in the
world [1–5]. In addition, some national and international
registries of end-stage renal disease (ESRD) patients
receiving renal replacement therapy have shown IgAN
as the most common biopsy-proven primary glomerulonephritis leading to ESRD [6–10]. Poor prognostic factors responsible for the progression of renal damage in
these patients are male gender, older age, presence of
hypertension, moderate or severe proteinuria, and severe renal lesions [11, 12]. It has been reported that
growth factors such as platelet-derived growth factor and
cytokines are responsible for the increased production
of extracellular matrix contributing to the development
of glomerular sclerosis [13]. Angiotensin II modulates
the local production of these mediators and consequently
induces mesangial cell proliferation, mesangial matrix
production and progression of renal lesions [14].
Angiotensin-converting enzyme (ACE) is a carboxyl
terminal dipeptidyl exopeptidase that converts angiotensin I to angiotensin II in the renin-angiotensin system.
Angiotensin II is active in the circulating blood and local
tissues [14]. Its production is modulated by the ACE
gene, which consists of 26 exons, and its locus is at chromosome 17q23 [15, 16]. A 287 bp fragment identifies a
polymorphism within the intron 16 of this gene and its
insertion/deletion (I/D) defines the three genotypes: DD
and II homozygotes and ID heterozygote [17, 18]. High
values of serum ACE activity have been found in subjects
with the D allele [19], and Yoshida et al were first to
describe the high frequency of the DD genotype in IgAN
patients with progressive deterioration of renal function
[20]. Subsequent contributions have produced conflicting
results [21–26]. To date, the role of ACE I/D polymorphism in the development and progression of IgAN is
still controversial. Thus, we tested the ACE gene polymorphism in a large ethnically homogenous sample of
Caucasian IgAN patients from South Italy, and com-
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pared our data with those of other investigators. Since
several studies have investigated this same question, a
meta-analysis of them was performed to provide a more
reliable assessment of the significance of the association.
METHODS
Study patients and controls
Two hundred and seventy IgAN Caucasian patients
were diagnosed by renal biopsy in our division from
January 1986 to January 1999. Of them, a cohort of 247
patients (176 males and 71 females, mean age of 30 ⫾
12 years) who were living in Southern Italy and had
visited our out-patient facility in the last three years were
included in the study. Diagnosis of IgAN was based
on the presence of IgA as the sole, predominant, or
codominant immunoglobulin in the mesangial area of
glomeruli, without systemic disease (such as SchönleinHenoch purpura, systemic lupus erythematosus) and
liver cirrhosis. The clinical picture was characterized by
relapses of macrohematuria following infections of the
upper respiratory tract, and fever or persistent microhematuria with or without proteinuria. The severity of
renal lesions was graded according to Lee’s classification
[27]: grades 1 and 2 ⫽ mild renal lesions; grade 3 ⫽
moderate lesions; grades 4 and 5 ⫽ severe renal lesions.
No patient had received corticosteroid or immunosuppressive therapy in the two months prior to the study.
One hundred and thirty-six patients had a follow-up of
three or more years, while 221 had a follow-up of one or
more years; the total mean follow-up was 5.3 ⫾ 5.2 years.
Blood samples were obtained from all patients after
appropriate informed consent. All patients had serial
measurements of serum creatinine, proteinuria, and
blood pressure. The serum creatinine concentration was
determined by an autoanalyzer technique, using the
modified Jaffe method. Creatinine clearance (CCr) was
calculated by using the Cockcroft formula. Urine protein
concentration was measured by the pirogallolo method.
Proteinuria was classified as mild (ⱕ1 g/day), moderate
(⬎1 to 3 g/day) and severe (⬎3 g/day). The persistence
of maximal level of proteinuria was considered for at
least six months during the follow-up period. Proteinuric
patients were considered responsive to ACE inhibitors
therapy when a reduction of at least 50% of the baseline
proteinuria was obtained. Hypertension was defined as
systolic blood pressure higher than 140 mm Hg and diastolic blood pressure higher than 90 mm Hg. Hypertensive patients were considered responsive to antihypertensive therapy when a reduction of blood pressure
below 140 to 90 mm Hg was obtained.
Two outcome measures of renal disease progression
were made in our population study. First, progression of
the renal damage was evaluated in 136 patients according
to the slope of the creatinine clearance against the time
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(decrease ⱖ3 mL/min/year defined a deteriorating renal
function). Only patients with follow-up greater than
three years and normal renal function at the time of renal
biopsy (serum creatinine value less than 1.5 mg/dL and/or
glomerular filtration rate higher than 70 mL/min) were
included in the analysis [27]. Second, renal survival was
assessed in 221 patients with a follow-up of more than
one year from the time of renal biopsy. The end point
was ESRD treated by dialysis or renal transplantation.
Caucasian staff members and blood donors living in
Southern Italy (140 males and 65 females, mean age 33 ⫾
11 years) without a history of renal disease or renal failure
and with routinely negative urinalysis, matched for age
and sex with IgAN patients, represented the control group.
Extraction of genomic DNA and
genotype determinations
Genomic DNA was isolated from 2.4 mL of ethylenediaminetetraacetic acid (EDTA) whole blood with a kit
(Genomix; Talent SRL, Trieste, Italy). Polymerase chain
reaction (PCR) amplification to detect the ACE I/D polymorphism was carried out on 250 ng genomic DNA using
the published primers: 5⬘-CTG GAG ACC ACT CCC
ATC CTT TCT-3⬘ and 5⬘-GAT GTG GCC ATC ACA
TTC GTC AGA T-3⬘ [17, 18]. Amplification with this
primer pair produced approximately 490 and 190 bp fragments corresponding to the I and D alleles, respectively.
In this reaction, a preferential amplification of the D allele
and inefficiency in amplification of the I allele could generate mistyping of the ID heterozygote as a DD homozygote [29]. For this reason, all samples found to be DD
after amplification with the conventional primers were reamplified using primer pair recognized insertion-specific
sequences: 5⬘-TGG GAC CAC AGC GCC CGC CAC
TAC-3⬘ and 5⬘-TCG CCA GCC CTC CCA TGC CCA
TAA-3⬘. Only the I allele produced a 335 bp amplicon.
The rate of false positives was 10% of the samples, which
is similar to that found by other investigators [20, 25].
Angiotensinogen gene polymorphism (AGT M235T)
was examined by a mutagenically separated PCR technique (MS-PCR) based on a three-primer one-step assay
(M235T1, 5⬘-CCA GGG TGC TGT CCA CAC TGG
CTC CGG-3⬘; M235T2, 5⬘-AAG TGG ACG TAG GTG
TTG AAA GGG AGG GTG CTG TCC ACA CTG
GCT TCC-3⬘; M235T3, 5⬘-TGT GGT CCT CCC ACG
CTC TCT TGG-3⬘), as previously designed [30].
Amplification with primer M235T1 and primer M235T3
yielded a 134 bp product representing the 235T allele,
whereas amplification with primer M235T2 and primer
M235T3 yielded a 156 bp product, representing the M235
allele.
Statistical analysis
Allelic frequency was deduced from the genotype distribution. Analysis was performed by the 2 test on the
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distribution of ACE D/I genotype and allele frequencies
between IgAN patients and controls, and between stable
renal function and deteriorating renal function in IgAN
patients. Linear regression analysis was performed to
generate the rate of deterioration of CCr over time. Univariate analysis of the renal survival was performed using
the Kaplan-Meier technique for censored data. The influence of prognostic factors was assessed by univariate
(log-rank test) and multivariate analyses (Cox’s proportional hazard methods). For the statistical analysis, we
used the StatView 5.0 program (1992 to 1998; SAS Institute Inc., Cary, NC, USA).
A meta-analysis of ACE genotype polymorphism studies in the development and progression of IgAN was performed using studies identified by the Medline database
literature research feature from the publication of the
first study [20] to May 1999. Abstracts, letters, and review
articles were not considered for this analysis. All seven
retrieved articles were critically assessed for their methodological quality, with particular attention to the possibility of bias in the selection of cases (biopsy-proven
IgAN) and controls; clinical characteristics such as the degree of proteinuria, blood pressure control and therapy;
definition of progression of renal damage; and type of
statistical analyses. Each article was evaluated independently by three investigators (two of whom were blinded
to the name of the journal and the authors of the article)
using a scoring sheet to list those elements important for
a meta-analysis [31]. The meta-analysis was performed
according to the Peto method in which a 2 ⫻ 2 table
was constructed for each candidate study [32]. This is a
modification of the Mantel-Haenszel method; by a simple set of operations, it allows weighted analyses for each
study based on calculation of its inverse variance. In metaanalysis graphical representation, the area of the black
square indicates the amount of information contributed
by each individual study and is inversely proportional to
the standard error of the log of the odds ratio (OR).
The main outcome measures of the meta-analysis were
the development of IgAN and the deterioration of renal
function, including the ESRD treated by dialysis or renal
transplantation. Progression of renal damage was defined as a decrease of renal function estimated by slope
of creatinine clearance against time [20, 26], slope of the
reciprocal of serum creatinine [21], increase of initial
serum creatinine to a mean of 4.5 ⫾ 0.86 mg/dL [25],
and occurrence of ESRD [24]. Genotype and allele frequencies were extracted, and the ORs were calculated.
The statistical analyses were performed on the distribution of the DD ⫹ ID versus II genotype. To test for the
stability of the results, two additional approaches were
performed on the distribution of the DD versus II ⫹ ID
genotypes and on allele frequency. The total OR and
95% confidence interval (CI) were calculated using
Peto’s odds ratio. Heterogeneity of the studies was as-

sessed on the basis of the 2 test by Breslow-Day using
a significance level of P ⫽ 0.05. Given the different allele
frequencies reported for healthy controls, separate analyses were performed for Caucasians and Asians.

RESULTS
Population study
In our cohort of 247 IgAN patients, we studied the
influence of the ACE genotype on the development of
IgAN and the progression of renal disease. With regards
to the development of disease, Table 1 shows the distribution of the ACE genotypes and alleles in our IgAN
patient population at the time of renal biopsy. The ACE
I/D genotype did not correlate with age (2 ⫽ 0.63; P ⫽
0.73) or gender (2 ⫽ 4.19, P ⫽ 0.12), and did not influence the presence of hypertension (2 ⫽ 3.29, P ⫽ 0.14),
the amount of daily proteinuria (2 ⫽ 3.42, P ⫽ 0.49),
abnormal renal function (2 ⫽ 1.1, P ⫽ 0.58), or severity
of renal lesions (2 ⫽ 3.87, P ⫽ 0.42). With regards to
the progression of renal disease, we studied the distribution of the ACE genotypes and alleles in 136 IgAN
patient population with a follow up ⱖ3 years. At the last
follow-up, the ACE I/D genotype did not influence blood
pressure (2 ⫽ 0.10, P ⫽ 0.95) and persistent proteinuria
(2 ⫽ 1.77, P ⫽ 0.41). The ACE I/D genotype distribution
was identical in proteinuric IgAN patients responsive
and not responsive to therapy with ACE-inhibitors (2 ⫽
0.87, P ⫽ 0.65) and in hypertensive patients responsive
and not responsive to other antihypertensive drugs (2 ⫽
0.69, P ⫽ 0.71). The ACE I/D genotype distribution
was not different between 99 patients with stable renal
function (average CCr slope, 0.2 ⫾ 3.1) and 37 patients
with deteriorating renal function (average CCr slope,
⫺9.1⫾ 6.2; 2 ⫽ 4.23, P ⫽ 0.12).
The ten-year cumulative renal survival rate for censored data (Kaplan-Meier) in 221 patients with a follow
up ⱖ1 year was 73%; 46 patients reached the end point
of ESRD.
Univariate analysis of survival curves (log-rank test)
showed that serum creatinine (P ⬍ 0.0001), daily proteinuria (P ⬍ 0.0001), histological grade (P ⬍ 0.0001), and
blood pressure (P ⬍ 0.0001) were correlated with poor
renal survival. Gender, age, and the AGT M235T and
ACE genotypes did not influence the renal survival
(Fig. 1). Multivariate analysis by Cox’s proportional hazard model revealed that only serum creatinine (P ⫽
0.0007; hazard ratio (HR) ⫽ 3.4; 95% CI, 1.7 to 7), severe
proteinuria (P ⬍ 0.0001; HR ⫽ 8.4; 95% CI, 3.3 to 21.2),
and severe histological grade (P ⫽ 0.02; HR ⫽ 4.2; 95%
CI, 1.26 to 14.4) at the time of renal biopsy were independently predictive of poor outcome.
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Table 1. Distribution of the ACE genotypes and alleles,
expressed in percentages, in our IgAN patient population
at the time of renal biopsy

Age
ⱕ18 years
⬎18 years
Gender
Males
Females
Normotensive
Hypertensive
Proteinuria
ⱕ1 g/24 h
1–3 g/24 h
⬎3 g/24 h
Serum creatinine
ⱕ1.5 mg/dL
⬎1.5 mg/dL
CCr (Cockcroft)
ⱖ70 mL/min
⬍70 mL/min
Renal lesions
Mild (G1–G2)
Moderate (G3)
Severe (G4–G5)

Genotypes

Alleles

N
of cases

DD

ID

II

D

I

49
198

33
39

50
44

17
17

58
61

42
39

176
71
144
103

40
34
43
31

41
55
42
50

19
11
15
19

61
61
64
56

39
39
36
44

156
72
19

39
37
37

45
42
58

16
21
5

61
58
66

39
42
34

210
37

38
39

46
39

16
22

61
58

39
42

188
59

37
43

49
33

14
24

61
59

39
41

90
92
65

35
42
38

49
45
39

16
13
23

59
64
58

41
36
42

Epidemiological analysis
The distribution of ACE I\D genotype and alleles in
our study and in seven retrieved articles are reported in
Table 2.
Number of patients and controls. Our study enrolled
247 IgAN patients and 205 controls, matched for age
and gender. Smaller sample sizes of IgAN patients and
controls were used for the study of ACE gene polymorphism by all investigators [20–23, 25], except for Schmidt
et al [24] and Pei et al [26].
Race. In our study, Caucasian patients and controls
were from Puglia region of South Italy, which has four
million inhabitants. In four studies in which Caucasians
were included, patients came from Scotland [23]; Germany, Northern Italy, Austria and Australia [24]; Alabama (USA) [25]; and Canada [26]. Three studies included Asian patients from Japan [20–22].
Gender. In our study, the number of male patients
was higher than that of female patients with a ratio of
2.4 to 1, resembling the disease ratio. In three studies,
the number of male patients was higher than that of
female patients [20, 22, 24–26]. In Yorioka et al’s study,
the number of males was lower than females [21]. Three
studies reported no data on control group gender [22,
23, 25].
Age. The mean age of our patients was 30 ⫾ 12 years
(range 5–66 years), and 48 of them were younger than
18 years of age. In the other studies, only adult patients
were enrolled. Children, both boys and girls, were pres-
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ent in the studies of Tanaka et al [22] and Hunley et
al [25].
Follow-up. In our study, only 26 IgAN patients had
a minimal follow-up of one year; the total mean followup was 5.3 ⫾ 5.2 years. In the other studies the mean
follow-up ranged from 2.4 years [21] to more than ten
years [20].
Methods. We used the Genomix kit (Trieste, Italy).
The Quiagen kit (Germany) was used in one study [20],
Genomix kit in two studies [21, 22], and the Salting out
method in two studies [24, 26]. To minimize the mistyping
of the ID genotype as DD, dimethyl sulfoxide (DMSO;
5%, vol:vol) was added to the PCR reaction in five studies [21–24, 26], while two PCR reactions were used in
three studies [20, 25, 26]. Our study used two PCR reactions for improving the accuracy of genotyping.
Genotype frequency. The study patient populations
were in Hardy-Weinberg equilibrium in all studies. However, Yoshida et al found a significant difference in the
subgroup of patients with deteriorating renal function
[20] and Schmidt et al found the same thing in those with
ESRD [24]. In our study, the distribution of genotype
frequencies was identical to that of the other Caucasian
studies [23, 24, 26]. We did not find a significant difference in our patients and controls (2 ⫽ 0.38, P ⫽ 0.83).
The mean frequency of DD, ID, and II genotypes in the
IgAN patient population was significantly different from
that of the control population in Asian patients (IgAN
DD ⫽ 0.20, ID ⫽ 0.40, II ⫽ 0.40; control DD ⫽ 0.11,
ID ⫽ 0.46, II ⫽ 0.43; 2 ⫽ 6.6; P ⫽ 0.04) but not in
Caucasians (IgAN DD ⫽ 0.37, ID ⫽ 0.44, II ⫽ 0.19;
control DD ⫽ 0.34, ID ⫽ 0.48, II ⫽ 0.18; 2 ⫽ 3.87;
P ⫽ 0.14).
Allele frequency. In our study, the allele frequency
was identical to that of other Caucasian studies, and
there was no significant difference between the IgAN
patients and controls (2 ⫽ 0.27; P ⫽ 0.59). The mean
distribution of D and I allele frequency in IgAN patients
was not significantly different from that of normal population either in Asians (D ⫽ 0.34, I ⫽ 0.66 vs. D ⫽ 0.39,
I ⫽ 0.61; 2 ⫽ 2.3; P ⫽ 0.12) or Caucasians (D ⫽ 0.58,
I ⫽ 0.42 vs. D ⫽ 0.59, I ⫽ 0.41; 2 ⫽ 0.28; P ⫽ 0.6).
Meta-analysis
The current study plus seven articles [20–26] that satisfied the specific criteria listed in the statistical analysis
section of this article were chosen for the meta-analysis.
The mean D allele frequency (0.34) was lower than that
of the I allele (0.66) in the normal Japanese population
compared with the Caucasian population (D ⫽ 0.58; I ⫽
0.42; Table 2). Therefore, the Japanese and Caucasian
population studies were analyzed separately. In total,
the Asian studies comprised 198 IgAN patients and 220
controls, whereas Caucasian studies included 719 IgAN
patients and 637 controls.
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Fig. 1. Renal survival in our IgAN patients
with the DD (17 events; solid line), ID (19
events; dashed line), and II (10 events; dotted
line) genotypes. Log rank test, P ⫽ 0.48.

Table 2. Epidemiology and distribution of the ACE I/D genotype and allele in IgAN patients and controls enrolled in individual studies
Demographics
Controls
Authors [Ref]
Yoshida et al [20]
Yorioka et al [21]
Tanaka et al [22]
Harden et al [23]
Schmidt et al [24]
Hunley et al [25]
Pei et al [26]
Present study

Age

N

N

46
103
71
98
234
ND
100
205

53
48
97
100
204
64
168
247

Genotypes %

Follow-up
years

38.5 ⫾ 2.1
33.5 ⫾ 12
11.7 ⫾ 0.5
14–79
45 ⫾ 13.5
6–83
47 ⫾ 14
30 ⫾ 12

⬎10
2.4 ⫾ 1.5
ND
ND
⬎5
6.8 ⫾ 0.6
6.1 ⫾ 4.7
5.3

Controls

Alleles %
IgAN

Controls

IgAN

DD

ID

II

DD

ID

II

D

I

D

I

7
10
13
40
33
ND
30
35

52
46
49
43
50
ND
49
47

41
44
38
17
17
ND
21
18

30
17
16
40
38
14
33
38

32
27
49
41
39
59
48
45

38
56
35
19
22
27
19
17

33
33
37
61
58
ND
60
59

67
67
63
39
42
ND
40
41

46
30
40
60
59
44
57
61

54
70
60
40
41
56
43
39

Ethnicity was divided into two populations: Asian studies [20–22] and Caucasian studies [23–26]. The populations were in Hardy-Weinberg equilibrium in all
studies, except for those of Yoshida et al and Schmidt et al, that observed a significant difference respectively in the subgroup of patients with deteriorating renal
function (P ⬍ 0.05) and in those with end-stage renal disease (P ⫽ 0.04). ND is not described.

Results of meta-analysis in the development of IgAN
and in the progression of renal disease are reported in
Figures 2 and 3. A pooled estimate was performed when
the homogeneity of the studies was confirmed by the
Breslow-Day 2 test (P not significant). Figure 2 shows
the meta-analysis of the ACE genotype polymorphism
in IgAN patients compared to controls, evaluating the
ORs of the presence of ACE D allele (DD ⫹ ID versus
II genotype). Only six selected studies were included

[20-24, 26] because the control group data were not reported in Hunley et al’s study [25]. The total OR values
were 0.95 (95% CI, 0.64 to 1.42) and 0.93 (95% CI, 0.71
to 1.23), respectively.
Two additional approaches were used to investigate
to what extent the D allele influenced the onset of the
disease, by changing the classification of the exposure
variable. Three different analyses are reported in Table
3: first, comparison of the DD ⫹ ID versus II genotype;
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Fig. 2. Association between ACE I/D polymorphism (ACE DD ⫹ ID versus II) and
IgA nephropathy. Odds ratio between IgAN
patients and controls are reported. OR with
95% confidence intervals (CI) for each study
together with the pooled estimate are shown.
The solid vertical line shows an OR of 1.

Fig. 3. Association of ACE gene polymorphisms (DD ⫹ ID vs. II) and progression of
renal damage in IgAN patients. Odds ratio
between IgAN patients with and without deteriorating renal function are reported.

second, comparison of the DD versus ID ⫹ II genotypes;
and third, the D versus I allele frequency. It is evident
that an increased risk with the homozygous DD genotype
(96%) was present among Asians (OR, 1.96, 95% CI,
1.13 to 3.41). In contrast, a very small risk without statistical significance (17%) of IgAN was evident among Caucasians (OR, 1.17, 95% CI, 0.94 to 1.46).
Figure 3 shows the meta-analysis of the association between ACE D/I genotype polymorphism and deteriorating renal function in IgAN patients. The analysis in Asian
population was limited to one study [20] because no data
were available in the other studies. Even though the influence of the D allele in deteriorating renal function was
reported in this Japanese study [20], the OR value of 2.26

did not reach a statistical significance. At the same time
the significant OR value estimated in our study suggests
a paradoxical protective effect of the D allele, but the
meta-analysis of Caucasian population studies demonstrated a total OR value of 1.12 (95% CI, 0.67 to 1.88).
This indicates that there is no relationship between the
D allele and the deterioration of renal function.
DISCUSSION
Our study, which includes a cohort of patients with
biopsy-proven IgAN enrolled in a restricted area with a
sufficient follow-up, shows no influence of the ACE I/D
gene polymorphism (genotype distribution and allele fre-
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Table 3. Comparison of the association between IgAN and ACE
gene polymorphisms based on three different analyses
Group
Asian IgAN patients
DD ⫹ ID versus II
DD versus ID ⫹ II
D vs. I allele frequency
Caucasian IgAN patients
DD ⫹ ID versus II
DD versus ID ⫹ II
D vs. I allele frequency
a

Odds
ratio

95% CI

Homogeneity
of resultsa

0.95
1.96
1.18

0.64–1.42
1.13–3.14
0.88–1.57

Yes
Yes
Yes

0.94
1.17
1.06

0.71–1.23
0.94–1.46
0.91–1.23

Yes
Yes
Yes

2 test by Breslow-Day

quency) on the development of the IgAN and on the
progression of the renal damage.
Some investigators observed that the frequency of DD
genotype was significantly higher in those patients with
progressive deterioration of the renal function, and they
concluded that the DD genotype was a genetic marker
of poor prognosis either in Asian [20, 21] or Caucasian
patients [23, 25]. Others, at least for Caucasians, did not
confirm these data [24, 26]. Our study, performed in a
cohort of ethnically homogeneous South Italy Caucasian
patients, shows that the frequency of the DD genotype
and the D allele was not significantly increased in patients with IgAN and in those with deteriorating renal
function during the post-renal biopsy follow-up.
Hunley et al demonstrated that when IgAN patients
were analyzed separately for their renal function, the
DD genotype as well as the D allele was strictly associated with the progressive decline of the renal function.
The DD patients with normal renal function, no hypertension, and proteinuria at the time of renal biopsy had
a 7.5 times higher risk to develop progressive deterioration of renal function than those who did not have this
genotype [25]. They concluded that the DD genotype is
an independent risk factor for renal progression because
D homozygous patients progressed independently of
proteinuria and hypertension, which are two important
risk factors responsible for poor renal prognosis. In an
effort to replicate these findings, we divided our large
sample of IgAN patients with normal renal function at
the time of renal biopsy into two groups, nonprogressors
and progressors to renal insufficiency, and found no association with DD genotype. There are several explanations for the discrepancy between our findings and the
earlier observations. Previously published studies were
limited by their heterogeneously selected populations
[20–23, 25]. In addition, it has been pointed out that
there is considerable variability in the frequency of the
DD genotype among so-called controls in smaller studies
and among populations [33–35]. In fact, we cannot exclude the possibility that DD genotype can influence
IgAN development and progression of renal damage in

Asians because the frequency of this genotype is notably
low in some populations (Australian Aboriginal, Chinese, and Japanese 0.5%, 6%, and 18%, respectively),
whereas it is very high in Caucasians. Most likely, stochastic or epistatic factors enhanced by small breeding
population sizes, limited gene pool and geographical isolation play a major role in this population’s loss of genetic
polymorphism. Perhaps the I and D alleles in Japan do
not bear exactly the same haplotype of the ACE gene
as they do in Europe and are associated with some other
difference in the expression of this gene. The enrollment
of cases and controls of a restricted area in our study
reduces the likelihood of selection bias and the effects
of confounding factors. In addition, the finding of almost
identical genotype and allele frequencies among a large
population of controls and patients matched for number,
age, and gender give us considerable confidence in the
reliability of our data.
Our meta-analysis supports the notion that development of IgAN is not associated with the presence of the
D allele in the Asian and Caucasian populations. Only
the homozygous DD genotype could be associated with
the development of IgAN (1.96 of risk) in the Asian
population. The risk for the progression of renal damage
was reported only in Asian patients [20]. However, given
the small sample size of enrolled patients, this finding
needs to be confirmed by studying a larger cohort of
Asian IgAN patients. In fact, the pooled estimate in
Caucasian patients does not confirm the poor prognostic
role of the DD genotype and D allele. This consideration
suggests that association studies, performed in a welldesigned manner, should be done using large population
samples of patients and controls. Recent studies documenting an increased risk of left ventricular hypertrophy
in subjects with the DD genotype [36, 37] and of nephropathy in DD insulin-dependent diabetes mellitus
[38–40] were not confirmed when large population studies were done or when pooled data analysis was applied
[33, 41–44]. Recently, Japanese investigators reconsidered the effect of the ACE I/D gene in the progression
of renal damage in IgAN patients and they did not find
a significant correlation [45].
An important purpose of a meta-analysis is to help
direct future research. Our findings suggest that additional research into the association of genetic variability
of the ACE and other genes and IgAN is warranted in
genetically homogeneous populations. For IgAN, which
is a multifactorial disease with several major susceptibility loci, the sample size required to replicate a linkage
or association study to a specific locus should be larger
than in previous studies. For this reason, it is useful to
organize a multicenter collaborative study to assemble
a large cohort of patients. The number of cases associating an allele with a particular phenotype must be large
enough to be convincing.
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An important confounding factor recognized in association studies is ethnicity. We found a different genotype
distribution in control subjects and a higher OR in the
Japanese population. Therefore, whether these findings
imply selection bias or a different relationship between
DD genotype and IgAN in Japanese compared with Caucasian populations requires further investigation. In 1993,
Spielman, McGinnis and Ewens were the first to propose
a new test, the so-called transmission disequilibrium test,
which is free of the bias due population stratification
[46]. This test analyzes the genomic DNA of affected and
nonaffected interfamilial individuals and their parents.
Currently we are applying this test to study the effect of
the ACE gene and other genes in IgAN, and consider
this solution the best way to plan future studies.
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