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Summary Insulin-dependent diabetic (IDDM) pa-
tients with diabetic nephropathy have a highly in-
creased morbidity and mortality from coronary heart
disease. An insertion (I) /deletion (D) polymorph-
ism in the angiotensin-I-converting enzyme (ACE)
gene has been shown to be associated with coronary
heart disease. Therefore, we have investigated the
role of this ACE/ID polymorphism in 198 IDDM pa-
tients with diabetic nephropathy and 190 normoalbu-
minuric IDDM patients. The prevalence of myocar-
dial infarction and other coronary heart disease was
significantly elevated in patients with nephropathy,
19% (38/198) vs 8 % (15/190), p < 0.001. In the ne-
phropathic group 12 of 63 (19 %), 23 of 95 (24 %),
and 3 of 40 (7.5 %) patients with the DD, ID and II
genotypes, respectively had a history of coronary
heart disease, II vs DD and ID, p < 0.05 when com-
pared to nephropathic patients without coronary
heart disease. Multiple logistic regression analysis of
the risk factors associated with coronary heart dis-
ease in univariate analysis revealed that the II geno-

type acts as an independent protective factor against
coronary heart disease, odds ratio II/DD +ID 0.27
(95 % confidence interval 0.07-0.97, p < 0.05). There
was no difference in genotype or allele frequency
(D/T) between patients with and without nephropa-
thy, 0.56/0.44 in both groups, but plasma ACE con-
centration was elevated in patients with nephropathy
609 (151-1504) ng/ml as compared to patients with
normoalbuminuria, 428 (55-1630) ng/ml, p < 0.001.
We suggest that ACE/ID polymorphism may influ-
ence the frequency of life-threatening cardiac compli-
cations in IDDM patients suffering from diabetic ne-
phropathy, a condition characterized by increased
plasma ACE concentration. [Diabetologia (1995) 38:
798-803]
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Approximately 3040 % of all insulin-dependent dia-
betic (IDDM) patients develop diabetic nephropathy
[1]. The excess mortality in diabetic nephropathy is
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mainly due to end stage renal failure and cardiovas-
cular disease [2]. The relative mortality from cardio-
vascular disease is on average increased 40-fold in
IDDM patients with nephropathy compared to the
general population [2]. This increase is highest (186-
fold) among young (25 to 35 years) nephropathic pa-
tients [2]. Abnormalities in well-established cardio-
vascular risk factors (e. g. arterial hypertension, dysli-
pidaemia, smoking, obesity, fibrinolytic activity, and
platelet function) cannot alone account for this find-
ing [3]. IDDM patients with abnormal albumin excre-
tion have increased plasma angiotensin-I-converting
enzyme (ACE) concentration [4, 5]. Recent studies
have demonstrated that an insertion (I)/deletion (D)
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Table 1. Clinical characteristics of 198 IDDM patients with diabetic nephropathy and 190 IDDM patients with normoalbuminuria

Nephropathy Normoalbuminuria p-value

(n=198) (n=190)
Sex (male/female) 121/77 118/72 NS
Age? (years) 40.9+9.6 42.7+10.2 NS
Duration of diabetes® (years) 26.7+79 258485 NS
Body mass index? (kg/m?) 24.0+33 236125 NS
HbA, 2 (%) 9615 85t1.1 < 0.001
Smokers (%) 50% 42 % NS
Urinary albumin excretion rate® (mg/24 h) 796 (16-14545) 8 (1-30)
Serum creatinine® (umol/1) 103 (54-684) 76 (40-116) <0.001
Systolic blood pressure® (mm Hg) 151£23 132118 <0.001
Diastolic blood pressure® (mm Hg) 86113 76 £ 10 < 0.001
Prevalence of antihypertensive treatment (%) 76 % 12% <0.001
Serum total-cholesterol*(mmol/1) 56+1.2 48+09 < 0.001
Serum HDL-cholesterol* (mmol/l) 1.46 £ 0.53 1.56 £ 0.51 =0.07
Serum triglycerides® (mmol/l) 1.22 (0.31-9.87) 0.77 (0.28-3.05) < 0.001

3 Mean * SD; ? Median (range);

¢ Some patients with previously persistent albuminuria receiving antihypertensive medication had a UAE < 300 mg/24 h

polymorphism of the ACE gene (ACE/ID) is strong-
ly associated with the level of circulating ACE and
risk of myocardial infarction and severe coronary
heart disease (CHD) in non-diabetic subjects and
non-insulin-dependent diabetic (NIDDM) patients
[6-8]. Furthermore, the ACE/ID polymorphism
seems to be a potent risk factor of hypertrophic or
ischaemic or idiopathic dilated cardiomyopathy and
sudden death [9, 10]. Therefore, we have investigat-
ed the ACE/ID polymorphism in IDDM patients
with and without diabetic nephropathy and with and
without CHD.

Subjects and methods

Patients. We examined the records of all albuminuric patients
attending the outpatient clinic at Steno Diabetes Center in
1993, who had IDDM and diabetic nephropathy and had their
glomerular filtration rate measured during the same year. A
total of 242 Caucasian patients more than 18 years of age
were identified and invited to participate in the study. Two
hundred patients (83 %) accepted the invitation and were en-
rolled. ACE genotyping was performed in 198 patients (Ta-
ble 1). No additional exclusion criteria was applied. Diabetic
nephropathy was diagnosed clinically based on the following
criteria: persistent albuminuria greater than 300 mg/24 h in at
least two out of three consecutive 24-h urine collections, pres-
ence of retinopathy and no clinical or laboratory evidence of
kidney or renal tract disease other than diabetic glomerulo-
sclerosis [11].

A total of 201 previously normoalbuminuric (urinary albu-
min excretion rate < 30 mg/24 h) IDDM patients matched for
sex, age and duration of diabetes were recruited from our out-
patient clinic (Table 1). At baseline all patients had their uri-
nary albumin excretion rate measured. Eighteen patients had
urinary albumin excretion between 30-300 mg/24 h; they were
asked to collect three additional urine samples and in ten pa-
tients persisting microalbuminuria was detected. ACE geno-
typing was performed in 190 patients with persisting normoal-
buminuria.

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
ethical committee, and all patients gave their informed con-
sent.

Methods. Investigations were performed in the morning after
an overnight fast. Of the nephropathic patients 24 % received
no antihypertensive treatment vs 88 % of normoalbuminuric
patients. All the remaining patients were asked to stop their
antihypertensive and diuretic treatment 8 days before exami-
nation in order to obtain valid results for plasma-ACE concen-
tration. Sixty-nine (46 %) vs 9 (39 %) patients with and without
nephropathy did not want to stop their antihypertensive treat-
ment. Plasma ACE levels were determined by an Elisa meth-
od using a sandwich combination of monoclonal and polyclo-
nal antibodies [12, Danilov et al. unpublished data] in 129 pa-
tients with nephropathy and 181 normoalbuminuric patients.

Lymphocytes were isolated from peripheral blood and
DNA was prepared by standard techniques [13]. Polymerase
chain reaction (PCR) was used to detect the two alleles of the
insertion/deletion polymorphism. DNA was amplified using
primers and PCR cycling conditions as described previously
[14]. Subjects were classified, according to the presence or ab-
sence of a 287 base pair insertion in intron 16 of the ACE
gene, as homozygous II,DD or heterozygous for insertion/de-
letion ID.

Patients were interviewed with the World Health Organiza-
tion (WHO) cardiovascular questionnaire [15]. A 12-lead elec-
trocardiogram (ECG) was recorded and subsequently coded
independently by two trained observers, who were blinded to
the clinical status of the patients, using the Minnesota Rating
Scale [16]. CHD was diagnosed if ECG showed signs of prob-
able myocardial infarction (Minnesota Rating Scale 1.1-2) or
possible myocardial ischaemia (Minnesota Rating Scale 1.3,
4.1-4, 5.1-3 or 7.1), or if patients reported a history either of
angina pectoris, defined in accordance to Rose [17], or of myo-
cardial infarction according to WHO criteria [15] and validat-
ed by hospital records.

Urinary albumin concentration was determined by enzyme
immunoassay {18] from 24-h urine collections. Arterial blood
pressure was measured twice and averaged, on the right arm,
after at least 10 min rest in the supine position. The measure-
ments were performed with a Hawksley random zero sphyg-
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Table 2. Clinical characteristics of 198 nephropathie IDDM patients with and without CHD

Nephropathy with CHD Nephropathy without CHD p-value

(n=38) (n =160)
Sex (men/women) 2117 100/60 NS
Age?® (years) 45.1+9.7 40.0+9.3 <0.003
Duration of diabetes® (years) 29.3+89 26.1+7.6 <0.03
Body mass index? (kg/m*?) 241+39 240+3.1 NS
HbA, 2 (%) 99117 95%15 NS
Smokers (%) 32% 54 % <0.01
Urinary albumin excretion rate® (mg/24 h)° 911 (94-8824) 792 (16-14545) NS
Serum creatinine® (umol/1) 127 (73-684) 96 (54-403) <0.001
Systolic blood pressure? (mm Hg) 160 +23 150+ 22 <0.005
Diastolic blood pressure? (mm Hg) 86112 86113 NS
Prevalence of antihypertensive treatment (%) 95 % 72 % <0.003
Serum total-cholesterol* (mmol/l) 6.1+14 55+1.2 <0.02
Serum HDL-cholesterol® (mmol/l) 1.39+£0.45 1.48 £0.55 NS
Serum triglycerides® (mmol/1) 1.44 (0.74-5.07) 1.19 (0.31-9.87) <0.01

2 Mean + SD; ® Median (range); ¢ Some patients with previously persistent albuminuria receiving antihypertensive medication had
8 p p yp g yp

a UAE <300 mg/24 h

momanometer (Hawksley & Sons Ltd, Lancing, Sussex, UK)
and appropriate cuff size. Diastolic blood pressure was record-
ed at the disappearance of Korotkoff sounds (phase V). Reti-
nopathy was assessed by fundus photography after pupillary
dilatation and graded: nil, simplex or proliferative diabetic re-
tinopathy.

Body mass index (BMI) was calculated as weight (kg)/
height (m)?. From venous blood samples serum cholesterol
and triglycerides were determined enzymatically using
CHOD-PAP and GPO-PAP reagents from Boehringer-Man-
nheim GmbH (Mannheim, Germany). High-density lipopro-
tein (HDL)-cholesterol was determined after precipitation of
apolipoprotein B containing lipoprotein with phosphotungstic
acid [19]. Haemoglobin A, (HbA,,) was measured by high
performance liquid chromatography (DIAMAT Analyzer,
Bio-Rad, Hercules, Calif., USA) (normal range in our labora-
tory is 4.1 —-6.1 %). Serum-creatinine concentration was asses-
sed by a kinetic Jaffe’ method. Smokers (present and former)
were defined as persons smoking more than one cigarette/ci-
gar/pipe per day, all others being classified as non-smokers.

Statistical analysis

Urinary albumin excretion rate, serum creatinine, serum-tri-
glyceride and plasma ACE were non-normally distributed
and values are given as medians (range), all other values are gi-
ven as means * SD.

For normally distributed variables comparison between
groups was performed by an unpaired Student’s -test or analy-
sis of variance (ANOVA). In non-normally distributed contin-
uous variables a Mann-Whitney U-test or Kruskal-Wallis test
were used for comparison between groups.

A chi-square test was used to compare the distribution of
ACE genotypes and alleles in diabetic patients and control
subjects, and was also used for comparison between groups of
non-continous variables. Allele frequencies were estimated by
the gene counting method and Hardy-Weinberg equilibrium
was checked by a chi-square test.

Multiple logistic regression analysis was performed intro-
ducing all variables showing significant association with CHD
in the univariate analyses (p <0.05) (Table 2). Calculations
were performed with commercially available programs, Stat-

graphics (STSC, Rockville, Md., USA) and Statistical Analy-
sis System (SAS, Cary, NC., USA).

Results

The group of patients with nephropathy and the nor-
moalbuminuric group were well-matched with re-
gard to sex, age and duration of diabetes. Clinical
data of all patients are shown in Table 1. Patients
with nephropathy had elevated systolic and diastolic
blood pressure, raised serum creatinine and HbA,
in addition to increased total-cholesterol and trigly-
cerides as compared to patients with normoalbumin-
uria (p <0.001). Nephropathic patients had a higher
prevalence of proliferative retinopathy (137 (69 %))
compared to the normoalbuminuric group (18
(10%)) (p<0.001). There was no difference be-
tween the ACE genotype distribution in IDDM pa-
tients with diabetic nephropathy and IDDM patients
with normoalbuminuria. The distribution of ACE
genotypes in diabetic patients and control subjects
were in Hardy-Weinberg equilibrium (NS). Plasma
ACE levels were 597 (130-1630) ng/ml, 489 (122-
1625) ng/ml and 391 (55-1285) ng/ml in patients with
DD, ID and II genotype respectively, p < 0.001. Pa-
tients with nephropathy had a higher plasma ACE
concentration, 609 (151-1504) ng/ml as compared to
normoalbuminuric patients, 428 (55-1630) ng/ml,
p <0.001. Since only 14 out of 38 patients with CHD
and nephropathy stopped their antihypertensive
medication we did not investigate variation in plas-
ma ACE concentration according to the presence of
CHD.

The prevalence of myocardial infarction and other
coronary heart disease was significantly elevated in
patients with nephropathy, 19 % (38/198) vs 8 % (15/
190), p < 0.001. Seventeen of 198 patients with ne-
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phropathy vs 6 of 190 normoalbuminuric patients had
either ECG signs or a verified history of myocardial
infarction.

Among patients with nephropathy (Table 2), those
patients suffering from CHD were older (p < 0.003)
and had a longer duration of diabetes (p < 0.03) as
compared to patients without CHD. In addition, pa-
tients with nephropathy and CHD had elevated sys-
tolic blood pressure (p =0.005), increased serum
creatinine (p <0.001) and raised total-cholesterol
(p <0.02) and triglycerides (p < 0.01). More nephro-
pathic patients with CHD received antihypertensive
medication but at the time of investigation they
smoked less tobacco than nephropathic patients with-
out CHD (p < 0.01).

Dependence between CHD status and the three
genotypes in nephropathic patients was p = 0.08 by
chi-square test. This revealed a tendency to fewer
cases than expected of CHD in patients with the II
genotype. In patients with nephropathy the frequen-
cy of myocardial infarction and other coronary heart
disease was lower in patients with the II genotype as
compared to the two other genotypes (DD and ID)
(p = 0.04, Table 3). In the nephropathic group there
was no difference between genotypes (DD, ID and
II) regarding sex, age, duration of diabetes, BMI,
blood pressure, urinary albumin excretion rate, crea-
tinine, HbA,, serum lipids or smoking habits. Nor-
moalbuminuric patients with the DD-genotype had
lower diastolic blood pressure (72 +10 mm Hg) as
compared to the normoalbuminuric ID- (79 £ 9 mm
Hg) and Il-genotypes (76 + 11 mm Hg) (p < 0.001)
but were otherwise similar to the two other geno-
types, regarding investigated cardiovascular risk fac-
tors.

Multiple logistic regression analysis of the risk fac-
tors associated with CHD in univariate analysis re-
vealed that the II genotype acts as an independent
protective factor for CHD, odds ratio II/DD +ID
was 027 (95% confidence interval: 0.07-0.97,
p <0.05) (Table 4).

The distribution of ACE-genotypes was not relat-
ed to the presence of CHD in patients with normoal-
buminuria.

In our cross-sectional case control study of Caucasian
male and female IDDM patients, aged 21-73 years
we found that the prevalence of CHD was more
than twice as high in patients with diabetic nephropa-
thy as compared to patients with normoalbuminuria.

This finding cannot be attributed to the ACE/ID
polymorphism, since the ACE/ID genotype distribu-
tion was similar in the two groups. But the observed
elevation in plasma ACE concentration among pa-
tients with nephropathy, and especially among pa-

Table 3. Distribution of ACE/ID genotypes in 198 nephro-
pathic IDDM patients with and without CHD

Genotype/ NephropathicIDDM  Nephropathic IDDM
allele patients with CHD? patients without CHD?
(n=38) (n=160)

DD 12 (32 %) 51(32%)
ID 23 (61 %) 72 (45 %)
I 3(8%) 37(23%)
D-allele 0.62 0.54
I-allele 0.38 0.46

2 IIvs DD + ID; p =0.04

Table 4. Logistic regression analysis of the cardiovascular risk
factors associated with CHD in univariate analysis

Cardiovascular IDDM patients with nephropathy

risk factor (n=198)

Oddsratio 95% CI p-value
Age (A 5 years) 1.24 1.00-1.55 =0.05
Total cholesterol
(A 1 mmol/) 1.39 1.01-1.92 <0.05
Creatinine
(A 10 pmol/1) 1.07 1.03-1.12 <0.001
IIvs DD +ID
genotype 0.27 0.07-0.97 <0.05

CI, Confidence interval

tients with DD or ID genotype suggests an activation
of the renin-angiotensin system, which might play a
role in the pathogenesis of CHD as suggested pre-
viously 7, 8,20-22]. In patients with diabetic nephro-
pathy, thus considered at high risk of CHD, logistic
regression analysis revealed that, despite the pre-
sence of numerous well-known risk factors for CHD,
and in particular modifiable factors such as hyperten-
sion and serum lipids, the II-genotype seems to act as
an independent protective factor against CHD as
compared to the DD and ID genotypes. Absence of
a similar association in patients with normoalbumin-
uria might be due to the small number of patients
with CHD in this group. No association between
genotypes (II, ID, DD) and various cardiovascular
risk factors was found, apart from the unexpected
and unexplained finding that normoalbuminuric pa-
tients with DD genotype had lower diastolic blood
pressure than normoalbuminuric patients with II or
ID genotype. Blood pressure and hypertension have
not been related to ACE/ID polymorphism in pre-
vious studies of non-diabetic subjects {7, 23].

The genotype distributions in nephropathic and
normoalbuminuric patients in our study were in ac-
cordance with the genotype frequencies found in the
Etude Cas-Témoin de I'Infarctus du Myocarde (EC-
TIM) control group (0.54/0.46, D/I-allele frequen-
cy)[7] and in 150 non-diabetic patients measured in
the Danish part of the MONICA study (0.55/0.45, D/
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I-allele frequency) (personal communication,
T.Hansen, Steno Diabetes Center). Plasma concen-
tration of ACE was related to the genotype [6] and
was raised in the nephropathic IDDM patients, as de-
monstrated previously [24].

Our findings are complementary to the original
studies in non-diabetic patients [7] and NIDDM pa-
tients [8], and confirm and extend the findings of No-
mura et al. [25], who in 175 Japanese patients on
haemodialysis (46 patients with diabetic nephropa-
thy) found that 4 of 30 (13%), 4 of 64 (6%), and
none of 81 patients with DD, ID and II genotypes, re-
spectively, had a history of myocardial infarction. The
prevalence of the I-allele is much higher (64 %) in the
Japanese population than in Caucasians (approxi-
mately 46 %) [7].

Ruiz et al.[8] studied 132 patients with NIDDM
with either myocardial infarction or severe coronary
stenosis verified by coronary angiography, and 184
NIDDM patients with no history of CHD. They
found a significant association between the DD-
genotype and myocardial infarction or severe coron-
ary stenosis, odds ratio 1.83.

Originally, Cambien et al.[7] found the DD geno-
type to be a potent risk factor for myocardial infarc-
tion in Caucasian men, aged 25-64 in the ECTIM
study. The overall increase in risk was modest, with
an odds ratio of 1.34 in patients with the DD geno-
type. But when a subgroup analysis was carried out
in a low risk group of patients with BMI less than 26
kg/m? and ApoB level less than 125 mg/dl the DD
genotype assumed much greater importance, with an
odds ratio of 3.2. In the corresponding high risk
group the ACE/ID polymorphism does not seem to
be associated to myocardial infarction, odds ratio 1.1
(NS).

Apart from coronary artery disease the ACE/ID
polymorphism has recently been associated with left
ventricular hypertrophy and also with hypertrophic,
ischaemic or idiopathic dilated cardiomyopathy [9,
10, 26]. Thus, the ACE/ID polymorphism is involved
in two entirely different clinical disorders — CHD
and primary cardiomyopathy. The ACE/ID poly-
morphism might exert its pathogenic effect through
variation in plasma ACE concentration. As demon-
strated by Rigat et al.[6] plasma ACE levels in DD-
subjects were twice that of II-subjects with ID-sub-
jects having intermediate levels. Half of this phenoty-
pic variance could be accounted for by the poly-
morphism, probably through a tight linkage to a near-
by functional locus. A similar association was found
in the present study. Another pathogenic factor was
investigated by Alderman et al.[20], who reported an
association between plasma renin activity and risk of
myocardial infarction — but the findings have been
challenged in normotensive subjects [27]. Moreover,
the effect of the renin-angiotensin system need not
entirely be through activation of plasma systems, but

also through activation of local tissue renin systems
in the heart and arteries implicated in regulation of
arterial tonus, vascular smooth muscle cell prolifera-
tion and cardiac myocyte hypertrophy [21]. Perhaps
pharmacological intervention with, e.g., ACE inhibi-
tors, which has proven effective in reducing morbid-
ity and mortality after myocardial infarction and in
congestive heart failure [28-30}, acts through modifi-
cation of expression of this genetic risk factor.

It has been suggested, that the ACE/ID poly-
morphism is associated not only with risk of develop-
ing CHD and cardiomyopathy, but also with prog-
nosis in these conditions [9, 31, 32]. An increased ear-
ly mortality associated with the DD-genotype could
explain the lack of association between myocardial
infarction and DD genotype in the high risk groups
studied by Cambien et al. [7] and Bghn et al. [33].
This suggestion is supported by two independent stu-
dies of parental history of fatal and/or early myocar-
dial infarction, indicating that the DD genotype is as-
sociated with an increased risk of both {22, 34], and by
a case-control study of fatal cases of definite and pos-
sible myocardial infarction, which has documented
that the insertion polymorphism is a risk factor for
fatal myocardial infarction and sudden death [32].

If the death rate of DD individuals was increased
in a population, a selective decrease in frequency of
the DD-genotype with increasing age would be ex-
pected, as demonstrated in a group of severely hyper-
tensive patients by Morris et al.[35]. This phenomen-
on was not present in the normotensive control
group of their study. In our study no difference in
genotype distribution was observed between the old-
est tertile as compared to the youngest tertile of ei-
ther the nephropathic or the normoalbuminuric pa-
tients. Furthermore, the distribution of the ACE/ID
genotypes in diabetic patients and control subjects in
our study was in Hardy-Weinberg equilibrium. Since
we found no evidence suggesting that the ACE/ID
polymorphism is involved in the pathogenesis of dia-
betic nephropathy [36], we assume that the ACE/ID
polymorphism does not play a role in selection of pa-
tients progressing from microalbuminuria to overt
nephropathy. Thus, these findings do not suggest a
preferential loss of DD individuals in our high-risk
patients with diabetic nephropathy.

We suggest that ACE/ID polymorphism may influ-
ence the frequency of life-threatening cardiac compli-
cations in IDDM patients suffering from diabetic ne-
phropathy, a condition characterized by increased
plasma ACE concentration.
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