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I
mmunoglobulin A nephropathy (IgAN) is the most
prevalent form of primary glomerulonephritis and one of
the principal causes of end stage renal disease (ESRD)

throughout the world.1 2 It is a complex disease, in which
familial clustering suggests an inherited genetic predisposi-
tion. The disease has a variable clinical course, and one third
of patients with IgAN progress to ESRD within 10–20 years of
its onset.3 4 The mechanisms of interindividual differences in
the rate of disease progression are unclear.5

That increased production or activity of angiotensin II plays a
detrimental role in the glomerular response to injury has been
well documented. Recently, angiotensin converting enzyme
(ACE) inhibitors and angiotensin receptor blocker (ARB) treat-
ments have been shown to decrease proteinuria by improving
glomerular permselectivity in IgAN,6 7 although the thera-
peutic effect was not recognised in about half of the patients.6

An insertion/deletion (I/D) polymorphism of the angioten-
sin I converting enzyme gene has been shown to influence the
concentration of ACE in the circulation and local tissues.8–10

Many studies have explored the association between the ACE
I/D polymorphism and the development and progression of
various cardiovascular diseases and renal diseases, including
IgAN.11–13 Moreover, several studies have investigated asso-
ciations between the ACE I/D polymorphism and the
therapeutic efficacy of ACE inhibitors. The DD homozygote
of the ACE I/D polymorphism has been reported as a risk
factor for progression to ESRD in patients with IgAN, as well
as a predictive marker for responsiveness to the antiprotei-
nuric effects of ACE inhibitors.14 Other studies, however,
reported that patients with the DD genotype were resistant to
the renoprotective effects of ACE inhibitors, whether they
had non-diabetic or diabetic nephropathy.15–17

Recently, an informative set of 13 single nucleotide
polymorphisms (SNPs) across the entire ACE gene has been
shown, and strong evidence from a large population based
sample suggests that two SNPs—ACE A-240T and A2350G—
are associated with plasma concentrations of ACE.18 A
polymorphism in exon 17, ACE A2350G, had the most
significant effect on the concentration of ACE, whereas, after
the effect of A2350G was adjusted for, the I/D polymorphism
was not associated with the circulating concentration of ACE.

Taken together, it seems reasonable to hypothesise that
these more functionally significant SNPs in the ACE gene
may be involved in interindividual differences in the
progression of glomerular injury. We investigated the
possible role of these SNPs in the prognosis of renal function
and on the therapeutic efficacy of ACE inhibitors and ARBs in
patients with IgAN.

MATERIALS AND METHODS
Participants
The ethics committee of the University Graduate School of
Medical and Dental Sciences approved the protocol for the

genetic study. Japanese patients were eligible for inclusion in
the analysis if they had been diagnosed as having IgAN by
kidney biopsy at our institute between 1976 and 2001; had no
evidence of systemic diseases such as hepatic glomerulo-
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Abbreviations: IgAN, IgA nephropathy; ACE, angiotensin converting
enzyme; ACEi, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; CI, confidence interval; I/D, insertion and
deletion

Key points

N Individual variations in responsiveness to the antipro-
teinuric and renoprotective effects of angiotensin
converting enzyme (ACE) inhibitors in patients with
immunoglobulin A nephropathy (IgAN) have been
suggested to be influenced by genetic background. An
insertion and deletion (I/D) polymorphism of the ACE
gene is the candidate proposed to date, although the
results are controversial. Recent evidence from a large
population based sample suggested that two single
nucleotide polymorphisms, ACE A-240T and A2350G,
are strongly associated with plasma concentrations of
ACE.

N 267 patients with histologically proven IgAN (114 of
whom received ACE inhibitors or angiotensin receptor
blocker (ARB), or both during their clinical course),
were investigated retrospectively for clinical manifesta-
tions and renal prognosis, and associations with
genotypes of ACE A-240T, I/D, and A2350G poly-
morphisms were evaluated.

N Renal prognosis was significantly better in patients who
received ACE inhibitor or ARB, even though they had
higher blood pressures and values of proteinuria at
diagnosis. Proteinuria (.1.0 g/day), hypertension, no
treatment with ACE inhibitor or ARB, and the AA
genotype of A2350G were independent risk factors for
progression of renal dysfunction; A-240T and I/D
polymorphisms were not. The renoprotective effect of
treatment with ACE inhibitor or ARB was remarkable in
patients with the AA genotype (hazard ratio 7.473,
p,0.0001), while the efficacy was not significant in
those with other genotypes (1.767, p = 0.1119).

N The ACE A2350G polymorphism may influence
responsiveness to treatments that inhibit the renin–
angiotensin system with respect to long term prognosis
of renal function in Japanese patients with IgAN.
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sclerosis, Schönlein-Henoch purpura, and rheumatoid arthri-
tis; had been followed up in our institute; and gave written
informed consent for genetic study. Among 4493 patients
who underwent renal biopsy at our institute between 1976
and 2001, 557 were diagnosed as having IgAN. In total, 267
patients fulfilled the criteria for inclusion and were recruited
to the study. In all cases, the diagnosis of IgAN was based on
a kidney biopsy that showed the presence of dominant or
codominant glomerular mesangial deposits of immuno-
globulin A, as assessed by immunofluorescence.

Clinical data and survival analysis
We retrospectively collected clinical characteristics of the
patients, including age, sex, office blood pressure, level of
urinary protein excretion (g/day), duration of observation
(months), serum creatinine (mg/dl), and 24 hour creatinine
clearance (ml/min), from medical records. Hypertension was
defined by the use of one or more antihypertensive drugs or
blood pressure >140 mm Hg (systolic) or 90 mm Hg (dia-
stolic), or both. In the survival analysis, the primary
endpoint (progressive renal disease) was defined as the date
at which the concentration of serum creatinine was double
that at the time of diagnosis or when the patient underwent
their first haemodialysis. All patients were treated according
to our study group’s standard protocol for patients with
primary glomerulonephritis. Corticosteroids generally were
administered to patients with a urinary protein excretion
.1.0 g/day at the time of renal biopsy, with the exception of
cases with poor renal function (24 hour creatinine clearance
,30 ml/min) and those aged >65 years. Antihypertensive
agents were given in combination with or without ACE
inhibitor or ARB to maintain the blood pressure
,140 mm Hg (systolic) and ,90 mm Hg (diastolic).
Administration of glucocorticoids, antihypertensive agents,
ACE inhibitors, and ARBs also was recorded for each patient.
In total, 114 patients received ACE inhibitors or ARBs, or
both, after the diagnosis and during their clinical course.
About half of the ACE inhibitors prescribed were enalapril
(2.5–10 mg/day; 56 patients); other ACE inhibitors prescribed
included temocapril (1–4 mg/day; n = 19), quinapril (5–
10 mg/day; n = 16), lisinopril (5–10 mg/day; n = 8), captopril
(25–37.5 mg/day; n = 4), and delapril (7.5–30 mg/day;
n = 3). An ARB was prescribed in 36 patients: losartan

(25–50 mg/day) in 16 patients and candesartan (2–8 mg/day)
in 20 patients; 28 patients were given an ACE inhibitor and
an ARB.

Determination of genotypes
Genomic DNA from the peripheral blood cells was isolated
with an automatic DNA isolation system (NA-1000; Kurabo,
Osaka, Japan). The ACE I/D, A-240T, and A2350G genotypes
of the patients were determined in a double blind manner.
The I/D polymorphism in intron 16 of the ACE gene was
assessed by polymerase chain reaction (PCR), as previously
described.8 To avoid mistyping ID heterozygote as DD because
of the preferential amplification of the D allele compared
with the I allele, we amplified DNA from all participants with
the DD genotype by using an I allele-specific primer (59-
TTTGAGACGGGAGTCTCGCTC-39).19ACE A-240T and A2350G
polymorphisms were assessed by allele specific PCR ampli-
fication. Fragments of DNA that contained the SNP region of
the gene were amplified by PCR by using two allele specific
primers and the biotin labelled antisense primers, or vice
versa. The 59-end of the allele specific primers was labelled
with fluorescein isothiocyanate or Texas Red. For the A-240T
polymorphism in the ACE gene, biotin-GTGGGCA
GGCTCGGGTGTT-39 was used as the forward primer and
fluorescein isothiocyanate-AAAGGGCCTCCTCTCTTCAG-39

and Texas Red-GAAAGGG CCTCCTCTCTTCTG-39 as the
reverse primers. For the A2350G polymorphism, fluorescein
isothiocyanate-GACGAATGTGATGGCCAAGT-39 and Texas
Red-GACGAATGTGATGGCCAGAT-39 were used as the
forward primers and biotin-TTGATGAGTTCCACGTATTTCG-
39 as the reverse primer. The second base from the 39-end of
each allele specific primer corresponded to the nucleotide of
each allele, and the artificial mismatch nucleotide was
inserted at the third base (indicated by underlines) to obtain
maximum specificity. The reaction mixture (25 ml) contained
0.02 mg of DNA, 5 pmol of each oligonucleotide primer,
0.2 mM of each deoxynucleoside triphosphate, 2.5 mM
magnesium chloride, and 1 unit of DNA polymerase (rTaq;
Toyobo, Osaka, Japan) in rTaq buffer. The amplification
protocol consisted of an initial denaturation at 94 C̊ for
5 minutes, 35 cycles of denaturation at 95 C̊ for 30 seconds,
annealing at 62.5 C̊ for 30 seconds, an extension at 72 C̊ for
30 seconds; and a final extension at 72 C̊ for 2 minutes.

Table 1 Clinical characteristics of patients with immunoglobulin A nephropathy. Values
are mean (SD)

Characteristic
All patients
(n = 267)

ACEi or ARB

p Value x2
Received
(n = 114)

Not received
(n = 153)

Age (year) 37.0 (SD 13.5) 39.3 (SD 13.8) 35.3 (SD 13.0) 0.0230
Sex (male %) 46.1 48.2 44.4 0.5377 0.380
Urinary protein excretion
(g/day) 1.35 (SD 1.34) 1.51 (SD 1.29) 1.21 (SD 1.37) 0.0104
Serum creatinine (mg/dl) 1.00 (SD 0.62) 0.93 (SD 0.32) 1.05 (SD 0.78) 0.7022
Creatinine clearance (ml/min) 89.2 (SD 33.5) 90.4 (SD 30.6) 88.2 (SD 35.6) 0.4727
Blood pressure (mm Hg)

Systolic 127.9 (SD 18.4) 131.1 (SD 18.2) 125.4 (SD 18.3) 0.0099
Diastolic 77.3 (SD 13.5) 79.3 (SD 13.9) 75.8 (SD 13.0) 0.0562

Incidence of hypertension (%) 36.8 46.0 29.7 0.0069 7.311
Observed period (month) 91.7 (SD 67.6) 93.7 (SD 62.8) 92.0 (SD 62.2) 0.3384

Incidence of PRD (%) 31.1 18.0 40.5 ,0.0001 15.215
Glucocorticoid (%) 27.7 40.4 18.3 ,0.0001 15.574
ACEi or ARB (%) 42.7 100 0
Blood pressure (mm Hg)

Systolic 128.6 (SD 16.6) 132.0 (SD 17.0) 127.4 (SD 17.4) 0.0774
Diastolic 77.6 (SD 11.7) 80.7 (SD 11.8) 76.8 (SD 12.4) 0.1891

ACEi, angiotensin I converting enzyme inhibitor; ARB, angiotensin receptor blocker; PRD, progressive renal
disease.
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Amplified DNA was mixed with streptoavidin conjugated
magnetic beads in a 96 well plate, and after 15 minutes’
incubation at room temperature, the magnetic beads were
collected. The supernatant, which contained the primers not
used in the PCR amplification, was taken out and placed into
a new 96 well white plate that contained 0.01 N sodium
hydroxide, and the samples were excited at 485 nm for
fluorescein isothiocyanate and 584 nm for Texas Red. The
fluorescence emissions for fluorescein isothiocyanate and
Texas Red were measured with an automated chemilumi-
nescent assay system (Toyobo).

Statistical analysis
We used x2 analysis to compare allele frequencies and
categorical variables between the groups. We compared
continuous variables with the Mann-Whitney U-test or
Kruskal-Wallis analysis of variance, and we tested the
Hardy-Weinberg equilibrium by a x2 test with one degree of
freedom. We used the Kaplan-Meier method and Cox
proportional hazards regression model to analyse the course
from renal biopsy to endpoint. Variables that achieved
statistical significance (p,0.05) in the univariate analysis
subsequently were included in a multivariate analysis with a
stepwise forward Cox regression procedure, and the effects of
these covariates were expressed by a hazard ratio. Values of
p,0.05 were considered statistically significant. Haplotype
analysis, which was based on a maximum likelihood method,
was performed with Arlequin (version 2.0; University of
Geneva, Geneva, Switzerland). Pairwise linkage disequili-
brium coefficients were calculated and expressed as D’ = D/D
max or D/D min, according to Thompson et al.20

RESULTS
Clinical characteristics of the patients
Table 1 compares the clinical characteristics of patients who
did and did not receive an ACE inhibitor or ARB. No
differences were noted in sex, serum creatinine, or 24 hour
creatinine clearance at the time of renal biopsy or duration of
follow up between the groups. The age, amount of urinary
protein excretion, and systolic blood pressure were signifi-
cantly higher (p = 0.0230, p = 0.0104, and p = 0.0099, respec-
tively) in patients who received ACE inhibitors or ARBs
compared with those who did not. As the choice of
antihypertensive agents was not controlled but was left up
to each doctor, ACE inhibitors and ARBs tended to be given
to patients with high grade proteinuria. The incidence of
hypertension at the time of renal biopsy was significantly
higher in patients who received ACE inhibitors or ARBs
(x2 = 7.311, p = 0.0069), and a larger number of the patients
also received corticosteroid treatment (x2 = 15.574,
p,0.0001). Although the patients who received ACE inhibi-
tors and ARBs had more severe clinical markers for the
progression of renal dysfunction, the incidence of progressive

renal disease during the observation period was significantly
lower than in patients who did not receive ACE inhibitors or
ARBs (x2 = 15.215, p,0.0001). During follow up, the mean
blood pressure and percentage of cases with blood pressure
,140/90 mm Hg was not different between the groups.

Genotype, allele, and estimated haplotype
frequencies of ACE
Table 2 gives the genotype distributions and allele frequencies
of the ACE A-240T, I/D, and A2350G polymorphisms in
patients with IgAN. The expected frequency of the genotypes,
under the assumption of the Hardy-Weinberg equilibrium,
did not differ from the observed genotype frequencies, and
the genotype distribution of the I/D polymorphism was
consistent with previous reports for the Japanese popula-
tion.21 22 Table 3 also shows estimated haplotype frequencies.
The two most frequent haplotypes, A-I-A and T-D-G,
complemented each other at all three loci and accounted
for 89.6% of the total. These polymorphisms were in tight, but
not complete, linkage disequilibrium. D’ was 0.9017 between
A-240T and I/D, 0.8957 between I/D and A2350G, and 0.8665
between A-240T and A2350G (p,0.0001 in each pair).

Effect of A2350G polymorphism of the ACE gene on
clinical manifestations
Table 4 compares clinical manifestations among each
genotype of ACE A2350G. The patients with the AA
homozygote of the ACE A2350G polymorphism tended to
have higher blood pressures and lower 24 hour creatinine
clearance at the time of renal biopsy than those with
heterozygotes or G allele homozygotes. Moreover, the
incidence of progressive renal disease was higher in patients
with the AA genotype during follow up (x2 = 7.970,
p = 0.0053). No remarkable difference was noted between
patients with the AG genotype and the GG genotype at
baseline with respect to urinary protein excretion, serum
creatinine, 24 hour creatinine clearance, blood pressure, and
incidence of hypertension. In survival analyses, we compared
patients with the AA genotype and those who were
heterozygous or homozygous for the G allele. No significant
association was detected between the other ACE polymorph-
isms investigated (A-240T and I/D) and any clinical
manifestations (data not shown).

Risk factors for progression to progressive renal
disease
During follow up (mean 91.7 (SD 67.6) months), 83/267
(31.1%) patients progressed to progressive renal disease,
while a substantial proportion of the patients had stable renal
function. As a time to event analysis is favoured if a
substantial proportion of patients have stable or slowly
declining renal function, we used the Cox hazard regression

Table 3 Estimated frequencies of haplotypes of ACE
polymorphisms

Haplotype

FrequencyLocus –240 Intron 16 Locus 2350

A D A 0.0215
A D G 0.0020
A I A 0.5523
A I G 0.0347
T D A 0.0100
T D G 0.3415
T I A 0.0158
T I G 0.0226

Table 2 Genotype distributions and allele frequencies of
polymorphisms of ACE

Variable

ACE polymorphism

A-240T I/D A2350G

Genotype AA 99 II 103 AA 87
AT 128 ID 128 AG 142
TT 40 DD 36 GG 38
Total 267 267 267

Allele A 0.610 I 0.625 A 0.592
T 0.390 D 0.375 G 0.408
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model to investigate predictive risk factors for the progressive
renal disease (table 4). In this analysis, a urinary protein
excretion .1.0 g/day, hypertension, no ACE inhibitor or ARB
treatment, and the AA genotype of the ACE A2350G
polymorphism were all identified as independent risk factors
for progression to progressive renal disease. After we adjusted
for other prognostic factors (urinary protein excretion
.1.0 g/day and hypertension), the risk of progressive renal
disease was 3.1 times higher in patients who did not receive
an ACE inhibitor or ARB than in those who did (hazard ratio
3.111 (95% confidence interval 1.797 to 5.385), p,0.0001)
and 1.8 times higher in patients with the AA genotype of ACE
A2350G than in those with other genotypes (hazard ratio
1.794 (1.112 to 2.894), p = 0.0166). None of the other clinical
covariates, including age, sex, corticosteroid therapy, and
other antihypertensive drugs, was a significant risk factor in
the univariate analysis (table 4). No other polymorphisms in
the ACE gene examined (I/D and A-240T) showed any
significant association with the risk of progressive renal
disease. As the A2350G polymorphism was associated most
significantly with the progression to progressive renal
disease, the A2350G genotype was included in the multi-
variate analysis.

Effect of ACE inhibitor, ARB, and ACE A2350G
polymorphism on renal survival
Figure 1A shows renal survival in patients with IgAN who did
and did not receive an ACE inhibitor or ARB. The therapeutic

efficacy of ACE inhibitor or ARB on long term renal survival
was observed by Kaplan-Meier analysis. The mean survivals
of renal function in patients who did and did not receive an
ACE inhibitor or ARB were 197.7 (SD 11.4) and 138.3 (SD
6.7) months, respectively (Figure 1A, Kaplan-Meier, log rank
test x2 = 10.759, p = 0.0010). Figure 1B shows that renal
survival in patients with the AA genotype of ACE A2350G was
worse than in patients with other genotypes, although this
effect was marginal (log rank test x2 = 4.538, p = 0.0332).

Interaction of genotype and treatment with ACE
inhibitor or ARB on renal survival
We stratified patients according to the ACE genotypes to
investigate the interaction between the ACE A2350G geno-
type and the renoprotective effect of ACE inhibitors or ARBs,
and we investigated the effect of ACE inhibitor or ARB on the
long term survival of renal function within each genotype.
Renal survival within patients with the AA genotype of the
ACE A2350G polymorphism was improved significantly by
administration of ACE inhibitor or ARB (Figure 2A, log rank
test x2 = 11.150, p = 0.0008), while this effect was not
statistically significant in patients with the AG or GG
genotypes (Figure 2B, log rank test x2 = 2.266, p = 0.1322).
This was confirmed further by the Cox proportional hazard
analysis performed on patients with each genotype (table 5).
In patients with the AA genotype, no treatment of ACE
inhibitor or ARB was a significant risk factor for progressive
renal disease (hazard ratio 7.473 (2.899 to 19.265),

Table 4 Clinical manifestations in patients with immunoglobulin A nephropathy by genotype of ACE A2350G polymorphism.
Values are mean (SD)

Clinical manifestations

Genotype of ACE A2350G polymorphism

p Value x2AA (n = 87) AG (n = 142) GG (n = 38)

At the time of renal biopsy
Age (year) 37.5 (SD 13.1) 37.4 (SD 14.0) 34.0 (SD 12.0) 0.3838
Sex (male %) 50.8 43.7 44.7 0.5863 1.068
Urinary protein excretion (g/day) 1.47 (SD 1.32) 1.29 (SD 1.41) 1.26 (SD 1.07) 0.3869
Cases with urinary protein .1.0 g/day (%) 37.9 36.6 34.2 0.4459 1.615
Serum creatinine (mg/dl) 1.09 (SD 0.69) 0.98 (SD 0.64) 0.87 (SD 0.27) 0.1176
Creatinine clearance (ml/min) 83.3 (SD 36.2) 90.8 (SD 32.9) 96.6 (SD 26.5) 0.0247
Blood pressure (mm Hg)

Systolic 131.1 (SD 18.8) 127.2 (SD 18.5) 123.4 (SD 16.2) 0.0569
Diastolic 79.2 (SD 14.0) 76.4 (SD 13.4) 76.7 (SD 12.5) 0.3615

Incidence of hypertension (%) 47.1 31.9 31.6 0.0593 5.730
During observation

Observed period (months) 93.7 (SD 62.8) 89.2 (SD 68.1) 96.4 (SD 77.5) 0.6756
Incidence of PRD (%) 42.5 26.4 21.6 0.0159 8.286
Glucocorticoid (%) 29.0 28.9 28.9 0.4105 1.781
ACEi or ARB (%) 37.9 43.7 50.0 0.4295 1.690
Blood pressure (mm Hg)

Systolic 132.0 (SD 17.0) 127.2 (SD 16.5) 126.0 (SD 15.2) 0.0479
Diastolic 80.7 (SD 11.8) 75.7 (SD 11.5) 77.4 (SD 10.9) 0.0147

PRD, progressive renal disease; ACEi, angiotensin I converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Figure 1 Renal survival in patients
with IgAN who did (n = 114) or did not
receive treatment with ACE inhibitor or
ARB (n = 153) (Kaplan-Meier log rank
test, p = 0.0010) (A) and in patients
with IgAN with the AG/GG genotype
(n = 180) or AA genotype (n = 87) of the
ACE A2350G polymorphism who did
receive treatment with ACE inhibitor or
ARB (Kaplan-Meier log rank test,
p = 0.0332) (B).
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p,0.0001), whereas this risk factor was not significant in
those with other genotypes (1.767 (0.876 to 3.567),
p = 0.1119).

DISCUSSION
This study showed the therapeutic efficacy of inhibition of
the renin–angiotensin system on the long term prognosis of
renal function in IgAN independently of blood pressure
control. The genetic polymorphisms of ACE A-240T and I/D
were not associated with the renal prognosis, while A2350G
was associated marginally. Many studies have reported
conflicting results about the association between the ACE
I/D polymorphism and renal prognosis in IgAN.13 Although
the effects of A-240T and A2350G polymorphisms in IgAN
have not been investigated previously, the present data were
in accordance with results from a large scale study on a

Japanese population, which reported that the I/D polymorph-
ism had no significant impact on the renal prognosis of
IgAN.22 The effect of the A2350G polymorphism on renal
survival was statistically significant, but it was marginal
compared with the strong impact of other clinical risk factors
such as proteinuria, hypertension, and no treatment with
ACE inhibitor or ARB.

The therapeutic efficacy of ACE inhibitors or ARBs on the
long term prognosis of renal function was remarkable in
patients with the AA genotype, but not in those with other
genotypes of the ACE gene A2350G polymorphism.

To be able to predict the renoprotective effects of
antihypertensive agents for individual patients with renal
disease is important. Although it already has been reported
that the DD genotype of the I/D polymorphism in the ACE
gene is associated with the therapeutic efficacy of ACE
inhibitors on proteinuria over a relatively short period of
observation in patients with IgAN and diabetic nephro-
pathy,14 23 other studies have reported an opposite association
in patients with diabetic and non-diabetic renal disease.15–17 24

In the present study, whether the effect of ACE inhibitors and
ARBs on long term renal survival (rather than on protei-
nuria) was affected by the ACE genotypes was evaluated, as
this would have more important clinical implications and
because consistent measurements of urinary protein excre-
tion were not always available for each participant. In fact,
we sometimes experienced fluctuations in urinary protein
excretion of up to 50% or more, even in patients who had
stable renal functions over a long time.

We could not completely deny the possibility that the
observed renoprotective efficacy of ACE inhibitors and ARBs
was secondary to the effect of corticosteroid therapy, because
a larger proportion of patients was treated with corticoster-
oids in the group who received treatment with ACE inhibitors
and ARBs. Although the efficacy of steroids on long term
renal function is still a matter of controversy, its antiprotei-
nuric effect has been confirmed by multiple randomised
trials.25–27 This study also could not detect an independent
therapeutic effect of steroids on long term renal survival, and
the results of the Cox proportional hazard regression analysis
show that the efficacy of ACE inhibitors and ARBs was
independent of steroid therapy. Moreover, the proportion of
patients treated with corticosteroids, as well as those who
received ACE inhibitors and ARBs was, at least, no different
among groups with each genotype of the ACE A2350G
polymorphism (table 3). This strongly suggests that differ-
ences in efficacy between genotype groups are not due to the
effect of steroids.

Patients who received ACE inhibitors and ARBs had more
proteinuria and a higher incidence of hypertension at the
time of renal biopsy, which suggests that a substantial
difference in the histological changes between the subgroups

Figure 2 Renal survival curve for
patients with IgAN with the AA
genotype of ACE A2350G
polymorphism that compares patients
who did (n = 33) and did not receive
treatment with ACE inhibitor or ARB
(n = 54) (Kaplan-Meier log rank test
p = 0.0008) (A) and renal survival curve
for patients with IgAN and the AG/GG
genotype of ACE A2350G
polymorphism that compares patients
who did (n = 81) and did not receive
treatment with ACE inhibitor or ARB
(n = 99) (Kaplan-Meier log rank test,
p = 0.1322) (B).

Table 5 Cox proportional hazard model to test
significance of clinical covariates and genotypes of ACE
polymorphisms as predictors of renal survival

Variable p Value
Hazard ratio
(95% CI)

Univariate analysis
Urinary protein excretion
.1.0 g/day

,0.0001 2.961 (1.719 to 5.101)

Hypertension 0.0014 2.102 (1.334 to 3.312)
No administration of
ACEi or ARB

0.0014 2.281 (1.373 to 3.789)

No glucocorticoid therapy 0.4817 0.831 (0.496 to 1.393)
Age 0.1023 1.015 (0.997 to 1.033)
Sex (male) 0.8028 1.057 (0.682 to 1.639)
Genotype

ACE A2350G
GG Referent 1
AG 0.4277 1.363 (0.634 to 2.931)
AA 0.0352 1.599 (1.033 to 2.475)

ACE A-240T
TT Referent 1
AT 0.5490 1.239 (0.614 to 2.500)
AA 0.2755 1.479 (0.732 to 2.987)

ACE I/D
II Referent 1
ID 0.4007 0.732 (0.354 to 1.514)
DD 0.5332 1.163 (0.504 to 2.680)

Multivariate analysis
Urinary protein
excretion .1.0 g/day

,0.0001 3.102 (1.771 to 5.433)

Hypertension 0.0002 2.509 (1.537 to 4.097)
No administration
of ACEi or ARB

,0.0001 3.111 (1.797 to 5.385)

AA genotype of ACE
A2350G

0.0166 1.794 (1.112 to 2.894)

ACEi, angiotensin I converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CI, confidence interval.
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with or without treatment with ACE inhibitors and ARBs
may be detected.

The main purpose of this study was to investigate the
possible role of the ACE gene polymorphisms in the prognosis
of renal function and their interactions with efficacy of
treatment with ACE inhibitors and ARBs. We chose
covariates from clinical manifestations rather than histologi-
cal changes to identify the prognostic factors. Histological
changes correlate strongly with clinical findings, so the
interaction between clinical and histological manifestations
would reduce substantially their statistical significances in
the multivariate analysis. Moreover, histological findings are
much more complex and difficult to quantify and evaluate
accurately.

Angiotensin converting enzyme inhibitors are currently the
best documented inhibitors of the renin–angiotensin system
and are reported to be renoprotective in diabetic and non-
diabetic renal disease.7 28 Angiotensin receptor blockers are
the other inhibitors of the renin–angiotensin system and
have pharmacological properties distinct from those of the
ACE inhibitors. We are not aware of any comparisons of the
long term renoprotective effects of ACE inhibitors and ARBs,
or a combination of both.7 Direct comparisons of the renal
haemodynamic effects in patients with hypertension or renal
diseases gave similar renal vasodilations in both classes of
drugs.29 30 In small studies of patients with IgAN, the
combination of ARB and ACE inhibitor was at least additive
in decreasing protein excretion,31 32 whereas the results of
larger trials still are controversial.33 34 The numbers of
participants who were treated with each drug were not large
enough to analyse the data separately in the present study.
Moreover, we could not completely deny the possibility of
some bias as a result of this being a retrospective study. The
tendency to use ACE inhibitor or ARB treatment in patients
with glomerular diseases has grown stronger during the last
decade. The duration of observation was not different
between patients who did or did not receive ACE inhibitor
or ARB, however, and patients who received treatment with
ACE inhibitor or ARB were rather older than those who did
not. Major potential clinical risk factors for progression of
renal dysfunction, including no treatment with ACE inhibitor
or ARB (which is assumed to be associated with chrono-
logically older patients), were included as covariates in the
Cox proportional hazard regression model. In addition,
although other classes of antihypertensive drugs, such as
diuretics, did not have any independent effect on the renal
prognosis (data not shown), they may interact with the

efficacy of ACE inhibitors or ARBs. Nonetheless, to confirm
the results of the present study, a randomised, controlled,
prospective study with a large scale population of patients on
a fixed medication protocol is needed. To draw conclusions
about the long term renal survival of patients with IgAN in a
prospective study is difficult, because the actual prognosis of
renal function in each case can only be determined after a
long observation period. In fact, a substantial proportion of
our patients had stable renal function, and only one third of
them progressed to progressive renal disease during the mean
observation period of 91.7 months. Even if the bias as a result
of the retrospective nature of the study is taken into account,
therefore, we believe that the Cox hazard regression model
and time to event analysis with the past precise medical
records is an adequate and feasible method for investigating
the long term renal prognosis.

Another limitation of this study is that the association of
the genotype and local activity or concentration of ACE was
not provided. Although we have no data to investigate the
association between ACE genotypes and circulating concen-
trations of ACE in our patients, the G allele at the A2350G
polymorphism was associated most strongly with an
increased concentration of ACE.18 In addition, evidence for
a linkage disequilibrium between the I/D and A2350G
polymorphism in the ACE gene has been found,35 although,
as mentioned above, previous studies have produced con-
flicting evidence for the relation between genotype and
therapeutic efficacy of ACE inhibitors. When we consider the
strong linkage disequilibrium between I/D and A2350G loci,
our results may support the results of van Essen et al and
Parving et al and indicate that patients who have less
circulating ACE tend to respond well to therapy with ACE
inhibition in terms of glomerular injury.15 16 At present, we
have no data to explain the mechanism for the apparent
dissociation between the genetic influence on concentrations
of ACE on one hand and the response to ACE inhibition on
the other. One possible explanation is that serum concentra-
tions of ACE in healthy people may not necessarily reflect
enhanced activity of ACE in local tissue, in particular of
glomerular inflammatory injury. A second possibility is that
the effect of the ACE genotype occurs through a mechanism
other than its effect on serum concentrations of ACE. In
support of this hypothesis is the finding from the EURODIAB
controlled trial of lisinopril in insulin dependent diabetes that
ACE inhibitors also have a beneficial effect on diabetic
retinopathy,36 even though retinopathy, unlikely nephropa-
thy, is not associated with elevated concentrations of ACE.37 38

As indicated by Ueda et al,39 in pragmatic terms, relatively low
doses of drugs that inhibit the renin–angiotensin system may
be enough for patients with low concentrations of ACE and
low levels of angiotensin II, but not enough for full and
sustained inhibition in those with high concentrations of
ACE.

Pairwise linkage disequilibrium between polymorphic loci
in this gene and magnitude of the association between these
markers and circulating concentrations of ACE have been
reported to vary according to ethnicity,40 whether the effect of
the genetic variant investigated in this study is observed in
other ethnic groups remains to be seen.

Conclusion
Polymorphisms in the ACE gene may be a significant genetic
marker for predicting the renoprotective efficacy of renin–
angiotensin inhibition on long term renal prognosis in
Japanese patients with IgAN. Although patients with the
AA genotype of the A2350G polymorphism may be at a
higher risk for progressive renal dysfunction in the absence of
treatment with ACE inhibitors or ARBs, they may also have a
greater response to inhibition of the renin–angiotensin

Table 6 Significance of clinical covariates for patients
with AA or with AG or GG genotype of ACE A2350G
polymorphism by Cox proportional hazard model

Covariate p Value Hazard ratio (95% CI)

Patients with the AA
genotype of ACE A2350G

Urinary protein
excretion.1.0 g/day

0.0147 2.620 (1.209 to 5.680)

Hypertension 0.0007 3.846 (1.766 to 8.377)
No administration
of ACEi or ARB

,0.0001 7.473 (2.899 to 19.265)

Patients with the AG or GG
genotype of ACE A2350G

Urinary protein
excretion .1.0 g/day

0.0059 3.307 (1.412 to 7.743)

Hypertension 0.0120 2.381 (1.210 to 4.689)
No administration
of ACEi or ARB

0.1119 1.767 (0.876 to 3.567)

CI, confidence interval; ACEi, angiotensin I converting enzyme inhibitor;
ARB, angiotensin receptor blocker.
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system in terms of long term prognosis of renal function.
These findings, if confirmed, may have important implica-
tions for clinical care, because ACE inhibitors and ARBs could
be given more positively to patients with IgAN and the AA
genotype at an early stage of the disease. Further study is
needed to confirm our findings and to assess whether
patients with the AG/GG genotype respond to high doses of
inhibitors of the renin–angiotensin system.
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