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iabetic nephropathy is a clinical syndrome characterized by persistent albuminuria, relentless
decline in glomerular filtration rate, raised arterial blood pressure (BP), and high relative morbidity and mortality from cardiovascular disease (1-3). The
pathogenesis of this complication is not fully understood, but
present evidence suggests a multifactorial origin with contributions from genetic factors (4,5), hemodynamic alterations (6,7), metabolic abnormalities (8,9), and various
growth factors, e.g., angiotensin II, as reviewed by Parving et
al. (10). Angiotensin-converting enzyme (ACE) is of key
importance in regulating systemic and glomerular circulation
by converting angiotensin I into angiotensin II and inactivating bradykinin (11). Pharmacological inhibitors of ACE have
a beneficial effect on the initiation and progression of diabetic nephropathy (12-17). Furthermore, an increased
plasma ACE level has been associated with diabetes per se
and microvascular complications in particular (18-21). A
recent study has demonstrated that an insertion(I)/deletion
(D) polymorphism of the ACE gene (ACE/ID) is strongly
associated with the level of circulating ACE and increased
risk of coronary heart disease in nondiabetic patients (22).
Based on these findings, the ACE gene has been suggested as
a candidate gene predisposing to diabetic nephropathy. Two
studies from 1994 dealing with relatively small numbers of
micro- and macroalbuminuric patients with insulin-dependent diabetes mellitus (IDDM) have yielded conflicting results regarding the ACE/ID polymorphism (21,23).
We have studied the relationship between ACE/ID polymorphism and plasma ACE concentration in large groups of
IDDM patients with and without diabetic nephropathy. Since
previous studies have suggested a potential role for the
renin-angiotensin system in the development of proliferative
retinopathy (24), we assessed the possible links among
ACE/ID polymorphism, plasma ACE concentration, and proliferative diabetic retinopathy.
RESEARCH DESIGN AND METHODS

We examined the records of all albuminuric patients attending the
outpatient clinic at Steno Diabetes Center in 1993 who had IDDM and
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Genotypic abnormalities of the renin-angiotensin system
have been suggested as a risk factor for the development of
diabetic nephropathy and proliferative retinopathy. We studied the relationship between an insertion(I)/deletion (D)
polymorphism in the angiotensin-converting enzyme (ACE)
gene in insulin-dependent diabetes mellitus (IDDM) patients with diabetic nephropathy (121 men and 77 women,
age 40.9 ± 10 years, diabetes duration 27 ± 8 years) and in
IDDM patients with normoalbuminuria (118 men and 74
women, age 42.7 ± 10 years, diabetes duration 26 ± 8 years).
A total of 155 patients (40%) had proliferative retinopathy,
and 67 patients (17%) had no diabetic retinopathy. There
was no difference in genotype distribution between IDDM
patients with diabetic nephropathy and those with normoalbuminuria: 63 (32%)/95 (48%)/40 (20%) vs. 67
(35%)/77 (41%)/46 (24%) had DD/ID/II genotypes, respectively. Patients with nephropathy had higher plasma
ACE levels (609 [151-1,504] jjig/1) compared with patients
with normoalbuminuria (428 [55-1,630] |xg/l) (P < 0.001).
Multiple linear regression analysis revealed that the
plasma ACE level in patients with nephropathy is partially
determined by ACE/ID polymorphism, mean arterial blood
pressure, and glomerular filtration rate (r 2 = 0.30, P <
0.001). There was no difference in genotype distribution
between IDDM patients with proliferative retinopathy and
those without diabetic retinopathy: 52 (34%)/74 (48%)/29
(19%) vs. 26 (39%)/25 (37%)/16 (24%) had DD/ID/II genotypes, respectively. There was also no difference in
plasma ACE concentration detected among patients with
no, simplex, or proliferative retinopathy. We conclude
that the ACE/ID polymorphism does not contribute to the
genetic susceptibility to diabetic nephropathy and proliferative retinopathy, whereas the raised plasma ACE concentration may play a role in the initiation and
progression of diabetic nephropathy in Caucasian IDDM
patients. Diabetes 44:489-494, 1995
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TABLE 1
Clinical characteristics of 198 IDDM patients with diabetic nephropathy and 190 IDDM patients with normoalbuminuria

n
Sex(M/W)
Age (years)
Duration of diabetes (years)
BMI (kg/m2)
HbAlc (%)
Smokers (%)
UAER (mg/24 h)
Serum creatinine (ujnol/1)
Glomerular filtration rate (ml • min" 1 • 1.73 m~2)

Normoalbuminuria

198
121/77
40.9 ± 9.6
26.7 ± 7.9
24.0 ± 3.3
9.6 ± 1.5
50

190
118/72
42.7 ± 10.2
25.8 ± 8.5
23.6 ± 2.5
8.5 ± 1.1
42
8
(1-30)
76
(40-116)

796

(16-14,545)
103
(54-684)
75
(10-143)
151 ± 23
86 ± 13
76
0
61 (31)
137 (69)

132 ± 18
76 ± 10
12

P value
NS
NS
NS
NS
<0.001
NS
<0.001

<0.001
<0.001
<0.001
<0.001

67 (35)
105 (55)
18 (10)

Data are means ± SD, median (range), or n (%). Some patients with previously persistent albuminuria receiving antihypertensive
medication had UAER <300 mg/24 h.
diabetic nephropathy and had their glomerular filtration rate measured
during the same year. There were 242 Caucasian patients >18 years old
identified and invited to participate in the study, and 200 patients (83%)
accepted the invitation and were enrolled. ACE genotyping was performed in 198 patients (Table 1). No additional exclusion criteria were
applied. Diabetic nephropathy was diagnosed clinically if the following
criteria were fulfilled: persistent albuminuria of s300 mg/24 h in at least
two of three consecutive 24-h urine collections, presence of retinopathy,
and no clinical or laboratory evidence of kidney or renal tract disease
other than diabetic glomerulosclerosis (25,26).
The 201 previously normoalbuminuric (urinary albumin excretion
rate [UAER] <30 mg/24 h) IDDM patients who were matched for sex,
age, and duration of diabetes were recruited from our outpatient clinic
(Table 1). At baseline all patients had their UAERs measured: 18 patients
had a UAER between 30 and 300 mg/24 h (these patients were asked to
collect three additional urine samples), and 10 patients had persistent
microalbuminuria. ACE genotyping was performed in 190 patients with
persistent normoalbuminuria.
All patients had been dependent on insulin treatment from the time of
diagnosis and received at least two daily injections of insulin. The
experimental design was approved by the local ethics committee, and all
patients gave their informed consent.
Investigations were performed in the morning after an overnight fast.
No antihypertensive treatment was received by 24% of the nephropathic
patients and 88% of the normoalbuminuric patients. All of the remaining
patients were asked to stop their antihypertensive and diuretic treatment 8 days before examination. In patients with nephropathy and
normoalbuminuria, 69 (46%) and 9 (39%), respectively, did not want to
stop their antihypertensive treatment. Plasma ACE levels were determined by an enzyme-linked immunosorbent assay method using a
sandwich combination of monoclonal and polyclonal antibodies (S.D., F.
Savoie, B. Lenoir, and F. Alhenc-Gelas, unpublished data) in all patients
(129 patients with nephropathy and 181 normoalbuminuric patients) not
receiving antihypertensive medication during the last 8 days before
blood samples were drawn.
Lymphocytes were isolated from peripheral blood, and DNA was
prepared by standard techniques (27). Polymerase chain reaction (PCR)
was used to detect the two alleles of the ID polymorphism. DNA was
amplified using primers and PCR-cycling conditions as described previously (28). Subjects were classified, according to the presence or
absence of a 287-bp insertion in intron 16 of the ACE gene, as
homozygous II or DD or heterozygous for ID.
Urinary albumin concentration was determined by enzyme immunoassay (29) from 24-h urine collections. Arterial BP was measured twice
in the right arm after at least 10 min of rest in the supine position, and
the results were averaged. The measurements were performed with a
Hawksley random zero sphygmomanometer (Hawksley & Sons, Lancing,
Sussex, U.K.) and appropriate cuflf size. Diastolic BP (dBP) was re490

corded at the disappearance of Korotkoff sounds (phase V). The
glomerular filtration rate was measured after a single intravenous
injection of 3.7 MBq 51Cr-EDTA at 9 A.M. by determining the radioactivity
in venous blood samples taken 180, 200, 220, and 240 min after the
injection (30). The results were standardized for 1.73 nr body surface
area. Retinopathy was assessed by fundus photography after pupillary
dilatation and graded: nihil, simplex, or proliferative diabetic retinopathy.
Body mass index (BMI) was calculated as weight/height2 (kg/m2).
From venous blood samples, HbAlc was determined by high-performance liquid chromatography (DIAMAT analyzer, Bio-Rad, Richmond,
CA). The normal range of HbAlc in our laboratory is 4.1-6.1%. Serum
creatinine concentration was assessed by a kinetic Jaffe method. Smokers were defined as subjects smoking more than one cigarette, cigar, or
pipe per day; all others were classified as nonsmokers.
Statistical analysis. UAER and serum creatinine and plasma ACE
concentrations were non-normally distributed and values are given as
medians (range); all other values are given as means ± SD.
For normally distributed variables, comparison between groups was
performed by an unpaired Student's t test or analysis of variance. For
non-normally distributed continuous variables, a Mann-Whitney U test
or Kruskal-Wallis test was used for comparison between groups.
A x2 test was used to compare the distribution of ACE genotypes and
alleles in case patients and control subjects and was also used for
comparison between groups of noncontinuous variables. Allele frequencies were estimated by the gene-counting method, and HardyWeinberg equilibrium was checked by a x2 test. Multivariate regression
analyses were performed by introducing all variables showing significant association (P < 0.05) with plasma ACE in univariate analyses. The
R2 value is adjusted for the number of variables introduced into the
model.
A P value (two-sided) of <0.05 was considered statistically significant. All calculations were performed with a commercially available
program, Statgraphics (Manugistics, Rockville, MD).
RESULTS

The group of patients with nephropathy and the normoalbuminuric group were well matched with regard to sex, age,
and duration of diabetes. Clinical data for these patients are
shown in Table 1.
Patients with nephropathy had elevated systolic BP (sBP)
and dBP, raised serum creatinine concentration (P < 0.001),
and reduced glomerular nitration rate (74 ± 34 ml • min" 1 •
1.73 m~2) compared with the normoalbuminuric group.
HbAlc was elevated in the nephropathic group compared
DIABETES, VOL. 44, MAY 1995
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sBP (mmHg)
dBP (mmHg)
Prevalence of antihypertensive treatment (%)
Retinopathy
Nihil
Simplex
Proliferative

Nephropathy
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TABLE 2
Distribution of ACE genotypes in 198 IDDM patients with diabetic
nephropathy and 190 IDDM patients with normoalbuminuria
Genotype
DD
ID
II

IDDM patients with
nephropathy

IDDM patients with
normoalbuminuria

63 (32)
95 (48)
40 (20)

67 (35)
77 (41)
46 (24)

TABLE 4
Clinical characteristics of 155 IDDM patients with proliferative
retinopathy and 67 patients with no signs of diabetic retinopathy
Proliferative No signs of
retinopathy
diabetic
retinopathy P value

n

Data are n (%)

Serum creatinine (|jLmol/l)
sBP (mmHg)
dBP (mmHg)
Prevalence of antihypertensive
treatment (%)

155
89/66
41.0 ± 8.6
28.2 ± 7.9
23.9 ± 3.3
9.6 ± 1.6
45
733
(4-14,545)
99
(59-684)
151 ± 22
86 ± 13

67
41/26
42.0 ± 9.3
25.2 ± 9.1
23.4 ± 2.4
8.4 ± 0.9
50
9
(2-30)
76
(40-103)
132 ± 18
76 ± 11

72

7

NS
NS
<0.01
NS
<0.001
NS
<0.001
<0.001
<0.001
<0.001
<0.001

Data are means ± SD, median (range), or n (%).

linear regression analysis with these parameters revealed
that the plasma ACE level is partially determined by the
ACE/ID polymorphism and also increases with rising mean
arterial BP and declining glomerular filtration rate {R2 [adjusted] = 0.30, P < 0.001), while UAER does not contribute
to the variation in plasma ACE concentration.
Plasma ACE concentration was similar in normoalbuminuric patients with sBP <140 mmHg, dBP <90 mmHg, and
HbAlc <8.4% (median value) compared with patients with
HbAlc >8.4%.
When patients were stratified according to retinopathy
status, we found no difference regarding sex, age, and BMI
between patients with proliferative retinopathy and patients
without retinopathy (Table 4). Patients with proliferative
retinopathy had a longer duration of diabetes (P = 0.01),
higher HbA lc (P < 0.001), elevated sBP and dBP (P < 0.001),
raised UAER (P < 0.001), and increased creatinine concentration (P < 0.001). Diabetic nephropathy was present in 137
(88%) patients with proliferative retinopathy.
There was no difference in ACE genotype distribution and
no
difference in allele frequency (D/I, 0.57/0.43) between
In patients with nephropathy, univariate analyses showed
2
patients
with proliferative retinopathy and without diabetic
that plasma ACE concentration is correlated with UAER (r
= 0.08, P < 0.002), sBP (r2 = 0.12, P < 0.001), dBP {f = 0.09, retinopathy (Table 5). No difference in plasma ACE concenP < 0.001), mean arterial BP (r2 = 0.12, P < 0.001), tration in patients with no, simplex, or proliferative retinopglomerular filtration rate (r2 = 0.15, P < 0.001), and ACE/ID athy was observed either, irrespective of presence or
polymorphism (r2 = 0.13, P < 0.001). Subsequent multiple absence of diabetic nephropathy.
TABLE 3
Plasma ACE in 312 IDDM patients with and without diabetic
nephropathy
Plasma ACE (|j.g/l) with ACE/ID genotype

Nephropathy
(n = 129)
Normoalbumiuria
(n = 181)
P value

DD

ID

II

659
(256-1,504)
479
(130-1,630)
<0.006

609
(336-1,113)
428
(122-1,625)
<0.001

475
(151-874)
363
(55-1,285)
0.06

All patients had stopped their antihypertensive medication at least 8
days before investigation. The P value compared patients with
nephropathy to patients with normoalbuminuria, stratified according to ACE/ID genotypes.
DIABETES, VOL. 44, MAY 1995

DISCUSSION
Our cross-sectional case-control study of Caucasians revealed no difference in the I/D polymorphism in the ACE
TABLE 5
Distribution of ACE genotypes in 155 IDDM patients with
proliferative retinopathy and 67 IDDM patients without diabetic
retinopathy
Genotype
DD
ID
II

IDDM patients with
proliferative retinopathy

IDDM patients with
no retinopathy

52 (34)
74 (48)
29 (19)

26 (39)
25 (37)
16 (24)

Data are n
491
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with patients with normoalbumiriuria (P < 0.001). Patients
with nephropathy had a higher prevalence of proliferative
retinopathy (137 [69%]) compared with patients with normoalbuminuria (18 [10%]; P < 0.001).
There was no difference between the ACE genotype distribution in IDDM patients with diabetic nephropathy and
IDDM patients with normoalbuminuria (Table 2). The risk of
developing nephropathy given an II genotype assessed by
odds ratio (OR) (95% confidence interval [CI]) was 0.80
(0.51-1.27). The frequency of D allele/I allele was 0.56/0.44
for both patients with nephropathy and patients with normoalbuminuria. The distribution of ACE genotypes in case
patients and control subjects was in Hardy-Weinberg equilibrium (NS).
Plasma ACE levels were 597 (130-1,630), 489 (122-1,625),
and 391 (55-1,285) fxg/1 in patients with DD, ID, and II genotypes, respectively (P < 0.001). Irrespective of genotype,
nephropathic patients had higher plasma ACE concentrations (609 [151-1,504] (xg/1) compared with normoalbuminuric patients (428 [55-1,630] |xg/l; P < 0.001) (Table 3).
Plasma ACE concentrations were significantly higher in
nephropathic patients with sBP >140 mmHg (n = 89) (685
[151-1,504]) |xg/l) compared with nephropathic patients with
sBP <140 mmHg (n = 40) (519 [202-916] p.g/1; P < 0.001). In
the same group of patients, plasma ACE concentration was
elevated with dBP >90 mmHg (n = 58) (716 [151-1,504] u.g/1)
compared with a dBP <90 mmHg (n = 71) (566 [235-1,134]
|xg/l; P < 0.001). No difference in plasma ACE concentration
was observed between nephropathic patients with HbAlc
<9.4% (median value) compared with patients with HbAlc

Sex(M/W)
Age (years)
Duration of diabetes (years)
BMI (kg/m2)
HbAlc (%)
Smokers (%)
UAER (mg/24 h)
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ditions, including stroke or myocardial infarction during the
preceding 6 months, were excluded from the study.
Doria et al. (23) investigated 74 IDDM patients with
evidence of nephropathy ranging from microalbuminuria (n
= 33) to overt proteinuria (n = 41) compared with 77
normoalbuminuric IDDM patients. The renal status of each
patient was based on only one measurement of albumin
excretion rate during a 3-h urine collection period. Because
the intra-individual coefficient of variation is very high (3050%), repeated measurements of UAER are requested to
classify patients correctly (26,36,37). The importance of this
recommendation is clearly documented, since 33% (95% CI
24-42) of IDDM patients classified as microalbuminuric
based on a single determination of UAER will be spontaneously normoalbuminuric 5 years later (38). Regression toward the mean will also play a role in patients characterized
as having overt nephropathy based on a single determination
of UAER. The diagnosis of diabetic nephropathy in our study
was based on generally accepted clinical criteria as described above (25,26,36,37).

It should be mentioned that no difference in the ACE/ID
genotype distribution or allele frequency was detected between 175 patients undergoing hemodialysis (46 case patients with diabetic nephropathy) and 136 healthy control
subjects (39). From the present study, we cannot exclude the
possibility that other DNA sequence differences in the ACE
gene may contribute to genetic susceptibility to diabetic
nephropathy in IDDM patients (23).
ACE is an endothelial ectoenzyme that plays a key role in
the renin-angiotensin and kallikrein-kinin systems by activatDemographic data for the 17% of patients with diabetic ing angiotensin I into angiotensin II and inactivating bradynephropathy who did not wish to participate in the present kinin (11). Rigat et al. (33) found that the ID polymorphism
study were similar to data for the patients studied, except for in the ACE gene accounts for half of the phenotypic variance
glomerular filtration rate, which was lower in nonpartici- of plasma ACE and that the plasma ACE level in DD subpants (61 [10-158] vs. 75 [10-143] ml • min" 1 • 1.73 m~2; P < jects was about twice that of II subjects, with ID subjects
0.03), suggesting an unbiased sample. The risk of develop- having intermediate levels. The ACE/ID polymorphism has
ment of diabetic nephropathy in our normoalbuminuric been shown to be a potent risk factor for myocardial
group must be considered to be very low because of the infarction in men formerly considered to be at low risk for
cardiovascular complications (22). The ACE gene polymorlong-standing diabetes.
Originally, Marre et al. (21) reported that the II genotype of phism might exert its effect through modulation of the
the ACE gene is a marker for reduced risk for diabetic circulating and local levels of angiotensin II and bradykinin.
nephropathy in IDDM patients. Patients with the II genotype These two peptide hormones have opposite effects on vashad the lowest level of plasma ACE, in agreement with a cular tonus and smooth muscle cell proliferation. The reninprevious study (33) and the present study. The OR (95% CI) angiotensin system has been suggested to play a role in the
of diabetic nephropathy given a II genotype was 0.22 (0.07- development of diabetic retinopathy and nephropathy
0.65) in the original study (21), 0.72 (0.33-1.56) in a recent (10,24,40-42). Although the ACE/ID polymorphism is probstudy by Doria et al. (23), and 0.80 (0.51-1.27) in the present ably not the locus directly involved in regulating the variabilstudy. Since the methods applied to measuring ACE/ID ity of plasma ACE concentration, it is a strong marker for a
genotype were identical and the statistical analyses were nearby functional locus. In our study of patients with diavery similar, the discrepancy between the three studies must betic nephropathy, only 29% of variation in plasma ACE
be ascribed to differences in the patients studied or to concentration could be explained by ACE/ID polymorphism,
BP, and glomerular filtration rate, suggesting that other
random fluctuation.
Marre et al. (21) studied 62 IDDM patients with incipient genetic and nongenetic factors are involved. The observed
(n = 37) or overt nephropathy (n = 25) compared with 62 elevation of plasma ACE level in patients with diabetic
normoalbuminuric IDDM patients. The patients with incipi- microalbuminuria (19,21) may suggest that plasma ACE
ent nephropathy all had persistent microalbuminuria (at plays a role in the initiation of diabetic nephropathy or at
least two of three consecutive measurements) and normo- least serves as a risk marker for later development of overt
tension, and 43% lacked diabetic retinopathy. The majority diabetic nephropathy. On the other hand, our results suggest
will develop diabetic nephropathy. However, a sizable pro- that plasma ACE is involved in the progression of diabetic
portion of this group of patients will remain microalbuminuric, nephropathy. However, the question of cause or conseand some will spontaneously return to normoalbuminuria quence in this matter can only be answered by prospective
(34,35). Furthermore, patients with a number of other con- longitudinal studies in normoalbuminuric IDDM patients
492
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gene between a large group of IDDM patients with diabetic
nephropathy and a large normoalbuminuric group of IDDM
patients matched for sex, age, and duration of diabetes. The
distributions of the ACE/ID genotypes in case patients and
control subjects were in Hardy-Weinberg equilibrium and in
accordance with the allele frequencies (0.54/0.46, D allele/I
allele) found in the Etude Cas-Temoin de l'lnfarctus du
Myocarde study control group of Caucasian subjects (n =
733) (22). Furthermore, the allele frequencies in 150 nondiabetic patients measured in the Danish part of the Monitoring of Cardiovascular Diseases study (31) revealed allele
frequencies (D/I, 0.55/0.45; T. Hansen, Steno Diabetes Center,
personal communication) comparable to our findings of
0.56/0.44 (D/I). Plasma ACE concentration was related to
genotype and was elevated in the nephropathic IDDM patients, with higher values in patients with advanced diabetic
kidney disease (elevated mean arterial BP and decreased
glomerular filtration rate). This finding confirms and extends
previous findings from studies of IDDM and non-insulindependent diabetes mellitus patients in which increased
plasma ACE level is associated with micro- and macroalbuminuria (19-21). No correlation between plasma ACE concentration and metabolic control was observed in our study.
Plasma ACE concentration was only measured in patients
who had stopped their antihypertensive treatment at least 8
days before the investigation because previous studies have
demonstrated that plasma concentrations of the various
components of the renin-angiotensin system returned to
pretreatment values within 1 week after withdrawal of ACE
inhibition (32).
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followed until development of incipient and overt diabetic
nephropathy.
In diabetic patients, retinopathy is associated with elevated plasma prorenin (24,41), and patients with retinopathy have higher serum ACE levels when compared with
nondiabetic subjects (43). These findings have led to the
thesis that elevated serum ACE (angiotensin II) levels may be
a potential cause of retinal vascular damage in diabetes
(24,42).
In accordance with previous studies (20,21), we found that
proliferative diabetic retinopathy was associated with a long
duration of diabetes and poor metabolic control but not with
ACE/ID polymorphism or plasma ACE concentration. The
confounding effects of incipient and overt nephropathy were
not taken into account in the previous studies that reported
an association between diabetic retinopathy and plasma
ACE concentration (18,43).
Because of our method of selection, half of our patients
had diabetic nephropathy, and since proliferative retinopathy is more prevalent among these patients compared with
other IDDM patients, there was a preponderance of patients
with diabetic nephropathy among patients with proliferative
retinopathy. This preponderance contributes to the differences in UAER, serum creatinine concentration, and BP
between patients with proliferative retinopathy and patients
without retinopathy. In the normoalbuminuric group, 18
patients had proliferative retinopathy. The ACE/ID gene
distribution in these patients was not different from the
distribution in normoalbuminuric patients without retinopathy, but the numbers were small.
We conclude that the ACE/ID polymorphism does not
contribute to the genetic susceptibility to diabetic nephropathy and proliferative retinopathy, whereas the raised
plasma ACE concentration may play a role in the initiation
and progression of diabetic nephropathy in Caucasian IDDM
patients.
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