
544 DIABETES CARE, VOLUME 23, NUMBER 4, APRIL 2000

Sustained hyperglycemia is necessary
for the development of diabetic
n e p h ro p a t h y, but does not alone

account for the occurrence of this disease
(1). Diabetic nephropathy clusters in fami-
lies (2), which can imply a here d i t a ry trait
for this complication. This is further sup-
p o rted by the fact that the incidence of dia-
betic nephropathy peaks during the second
decade of type 1 diabetes and declines there-
after (i.e., when genetically susceptible indi-
viduals are supposed to be already aff e c t e d ) .

We have recently found that familial
h y p e rtension and familial card i o v a s c u l a r
disease (CVD), independently of each
o t h e r, are overre p resented among adoles-
cents with type 1 diabetes and micro a l b u-
minuria (3). This may indicate that
d i ff e rent genetic predispositions for these
conditions are associated with incre a s e d
risk for diabetic renal disease.

The insertion/deletion (I/D) polymor-
phism of the ACE gene may be involved in
the pathogenesis of CVD (4,5). Plasma lev-
els of ACE are strongly determined by the
I/D genotype, with the lowest levels found
in patients with the II genotype and the
highest levels in those with the DD geno-
type. ACE levels in plasma are elevated in
patients with type 1 diabetes, part i c u l a r l y
in micro- and macroalbuminuric subjects
(6). In addition, the inhibition of the re n i n -
angiotensin system, which has a pro f o u n d
influence on renal hemodynamics and
blood pre s s u re (BP) regulation, re t a rds the
p ro g ression of microalbuminuria and the
rate of decline in the glomerular filtration
rate after the onset of diabetic nephro p a t h y
(7,8). Thus, the ACE gene has been a nat-
ural candidate in association analyses in
clinical case-control studies re g a rd i n g
incipient or overt diabetic nephro p a t h y.
Results from such studies have been diverg-
ing (6,9–11), but a recent meta-analysis
shows an association between nephro p a t h y
and the D-allele (12). It is still unknown,
though, whether this allele may be involved
in initiation and/or pro g ression of the dis-
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O R I G I N A L  A R T I C L E

O B J E C T I V E — To investigate the influence of the insertion/deletion polymorphism of the
ACE gene on the pro g ression of early diabetic glomerulopathy in patients with and without
a n t i h y p e rtensive treatment (AHT).

RESEARCH DESIGN AND METHODS — T h e re were 30 microalbuminuric patients
with 5 years of type 1 diabetes who had renal biopsies taken at baseline and after 26–48
months of follow-up. Of the 30 patients, 13 (4 with II genotype and 9 with ID and DD geno-
types) were randomized to AHT (enalapril or metoprolol) during the study. The ACE genotype
was determined by a polymerase chain reaction. Glomerular structural changes were measure d
by stereological methods.

R E S U LT S — Of the patients, 8 had the II genotype, 19 had ID genotype, and 3 had DD geno-
type. During the study, basement membrane thickness, matrix star volume, and the overall dia-
betic glomerulopathy index were increased in patients with ID and DD genotypes only (P
0.001, P = 0.01, P 0.001, respectively). Among those with ID and DD genotypes, pro g re s-
sion of basement membrane thickening and diabetic glomerulopathy index were increased in
those without AHT, as compared with the antihypertensive treated patients (P 0.001, P =
0.02, respectively). In multivariate analysis, the ACE genotype had an independent influence
on the pro g ression of basement membrane thickening (P = 0.01), when AHT (P 0.001) and
the mean HbA1 c during the study (P 0.001) were also taken into account. ACE genotype
tended to be independently associated with the diabetic glomerulopathy index (P = 0.05).

C O N C L U S I O N S — Microalbuminuric type 1 diabetic patients carrying the D-allele have
an increased progression of diabetic glomerulopathy. Presence of this allele and no AHT
seems to enhance this process. Larger studies are needed to confirm the clinical significance
of our findings.
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ease. Furt h e rm o re, the use of micro a l b u-
minuria or end-stage renal failure as clinical
end points may suffer from a misclassifica-
tion of disease or survival bias. There f o re, in
the present longitudinal study of young
m i c roalbuminuric type 1 diabetic patients
with and without antihypertensive tre a t-
ment (AHT), we wanted to investigate the
influence of the I/D polymorphism of the
ACE gene on the pro g ression of diabetic
renal structural lesions that underlie the
development of clinical nephro p a t h y.

RESEARCH DESIGN AND 
M E T H O D S

Subjects
We included 30 patients 15 years old
with 5 years of type 1 diabetes and with
persistent microalbuminuria (i.e., 1 5
µg/min in at least two of three consecutive
o v e rnight urine samples) in this study.
Patients were re c ruited in two diff e re n t
departments of pediatrics in Stockholm
(n = 13) and Oslo (n = 17). They were
e n rolled in two diff e rent studies re g a rd i n g
the effect of AHT (13) and intensive insulin
t reatment (14) on the pro g ression of dia-
betic glomeru l o p a t h y. The two patient
g roups had similar age (18.8 ± 2.1 vs. 20.1
± 3.5 years), duration of diabetes (11.1 ±
3.4 vs. 11.4 ± 2.5 years), and degree of
m i c roalbuminuria (31 [19–160] vs. 30
[15–194] µg/min). All participants had
fundus photography perf o rmed before the

s t u d y. Simplex retinopathy (one or more
m i c ro a n e u rysms or hemorrhages) was
p resent in 10 of the Stockholm patients and
14 of the Oslo patients. None had pro l i f e r-
ative changes and no patient was pre-
scribed a low-protein diet.

Procedure
All subjects had two renal biopsies per-
f o rmed with 26- to 48-month interv a l s .
Immediately after the baseline re n a l
b i o p s y, the Stockholm patients were ran-
domly allocated to treatment with either
an ACE inhibitor (enalapril 20 mg/day, n= 7)
or a beta-blocker (metoprolol 100 mg/day,
n = 6). The Oslo patients were random-
ized to either conventional insulin tre a t-
ment (two or multiple subcutaneous
injections daily, n = 9) or continuous
insulin infusion (n = 8) (14). None of the
Oslo patients received AHT.

The HbA1 c, albumin excretion rate,
and BP were measured every second (14)
or every third month (13).

The HbA1 c was analyzed by high-per-
f o rmance liquid chromatography methods
(Auto-A; Kyoto-Diaiichi, Kagaku, Kobe,
Japan [13] and Bio-Rad, Richmond, CA
[14]). Reference levels were 4.0–6.0% and
4.3–6.1%, re s p e c t i v e l y. The AER was ana-
lyzed by an immunoturbidimetric method
(15), from timed overnight urine samples
f rom all patients.

Systolic and diastolic BPs were mea-
s u red by an automatic device (DINAMAP;

Critikon, Johnson-Johnson, Tampa, FL)
(13) or by a conventional merc u ry sphyg-
momanometer (14).

The baseline renal biopsy s-angiotensin
c o n v e rting enzyme (s-ACE) levels were
analyzed in all patients in the same labora-
t o ry, and thereafter every 6 months in the
Stockholm patients (13) using a radio-
immunoassay method (Buhlman Laborato-
ries AG, Basel, Switzerland). The re f e re n c e
level was 18–55 U/ml.

DNA analysis
At baseline, a blood sample was collected
and later used for the analysis of I/D poly-
morphism of the ACE gene. DNA was iso-
lated from frozen EDTA-full blood samples
using the Puregene kit (Gentra Systems,
Minneapolis, MN). The isolated DNA sam-
ples were subjected to genotyping of the
ACE-polymorphism by polymerase chain
reaction (PCR), as previously described
(16). PCR was perf o rmed with 1 µg DNA
using sense oligo 5 - C T G G A G A C C A C T C
C C AT C C T T T C T- 3 and anti-sense oligo
5 - G AT G T C G C C AT C A C AT T C G T C A G AT- 3
as primers, in a 20-µl solution containing
3 mmol/l MgCl2, 50 mmol/l KCl, 10
mmol/l Tris-HCl, pH 8.4, 0.1 mg/ml
gelatin, 0.5 mmol/l each of dNTP (Gibco-
BRL) and 2U Taq polymerase (Gibco-BRL,
Rockville, MD). Amplification was per-
f o rmed with 32 cycles at 94°C for 45 s, 55°
for 45 s, and 45 s at 73°C. The PCR pro d-
ucts were separated by gel electro p h o re s i s
in a 2% agarose gel containing ethidium
b romide. The primers were situated out-
side of an I/D area in intron 16 of the ACE
gene, hereby giving rise to PCR products of
either 490 bp (insertion allele) or 190 bp
(deletion allele). All individuals were geno-
typed twice with identical re s u l t s .

Morphometric methods
Ultrasound guided transcutaneous re n a l
biopsies were taken using an automatic
device with an 18-gauge needle (Pre c i s i o n
Cut TM AB; Becton Dickinson, Franklin
Lakes, NJ and Biopsy; Bard, Covington,
GA, respectively). The tissue was immedi-
ately fixed in 2% glutaraldehyde in a mod-
ified Ty rodes buffer and delivered to the
E l e c t ron Microscopy Laboratory in Aarh u s ,
Denmark. There it was sectioned into
smaller blocks, dehydrated, and embed-
ded into Epon (TAAB Laboratories, Alder-
maston, Berkshire, U.K.) (13) or into
Vestopal (Serva Feinbiochemica, Heidel-
b e rg, Germany) (14). The same morpho-
metric methods were used for all patients

Table 1—Clinical data at baseline in patients with the II genotype and the ID and DD genotypes

II genotype ID and DD genotypes

n 8 2 2
Sex (M/F) 3 / 5 1 4 / 8
Age (years) 20.6 ± 5.4 19.2 ± 1.7
Duration of diabetes (years) 11.5 ± 3.2 11.2 ± 2.8
Insulin tre a t m e n t

Continuous subcutaneous insulin infusion 2 6
Conventional insulin tre a t m e n t 6 1 6
AER (median [range]) (µg/min) 29 (18–160) 31 (15–194)

A n t i h y p e rtensive tre a t m e n t
N o n e 4 1 3
B e t a - b l o c k e r 0 6
A C E I 4 3

S-ACE (U/ml) 21.4 ± 4.2 25.6 ± 6.4*
Mean HbA1 c ( % ) 9.0 ± 1.3 9.0 ± 1.8
BP (mmHg)

Mean systolic 122 ± 12 126 ± 9
Mean diastolic 77 ± 8 79 ± 7

Data are n ,means ± SD, or medians (range). Mean HbA1 c, systolic BP, and diastolic BP denote mean values dur-
ing study. *P = 0.05.
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and all of the samples were analyzed at the
same laboratory.

Quantitative structural data were
obtained by electron microscopy using
strictly systematic independent sampling of
g l o m e ruli. Serial 1-µm-thick sections were
cut, picked up on slides, and stained with
toluidine blue. The first section of the block,
having full tissue, was the baseline section.
Thin sections for electron microscopy were
cut in new-appearing glomeruli in the block,
i.e., sampling independent of glomeru l a r
size and morphology. The levels for thin sec-
tioning were pre d e t e rmined to be at 50 µm
and multiples thereof from the baseline sec-
tion, i.e., with a random independent posi-
tion within the glomeruli. In each of thre e
new-appearing glomeruli the first three lev-
els were used for electron micro s c o p y. 
Quantitation by electron micro s c o p y. Tw o
levels of magnification were used. At low
magnification ( 2,300), the entire glomeru-
lar profile was photographed to produce pho-
tomontages, i.e., three complete cro s s - s e c t i o n s
w e re obtained in each of three glomeruli. On
the montages, the mesangial volume fraction
(Vv [mes/glom]) was estimated with an 8:1
grid and a point distance between fine points
of 8 µm. At high magnification ( 9 , 8 0 0 ) ,
a subsample of the area ( 24%) was pho-
tographed in the largest of the three profiles in
each glomerulus. On the micrographs, the
basement membrane thickness (BMT) was
estimated by orthogonal intercepts (17), and
the matrix volume fraction within the

mesangium volume fraction (Vv [mat/mes])
was estimated with a 2:1 grid. Finally, matrix
star volume was measured by classifying
point-sampled intercepts in a pre d e t e rm i n e d
d i rection (18).

Statistical methods
Due to a small number of patients with the
DD genotype, subjects with the ID and DD

genotypes were treated together in the sta-
tistical analyses. Comparisons between
patients with II versus ID and DD geno-
types w e re perf o rmed by unpaired Stu-
d e n t ’s t test. Before comparisons, - v a l u e s
of morphometric measures were adjusted
for follow-up time and calculated per 24
months, assuming a linear change. When
comparing baseline and follow-up data,
p a i red Student’s t test was used. To evaluate
the relative influence of ACE genotype on
morphometric changes, multiple re g re s-
sion analyses were perf o rmed using ACE
genotype as a dichotomized variable, i.e.,
I I /  ID  and  DD ( 0/ 1) .  AHT was
dichotomized as yes/no (0/1). Data are pre-
sented as means ± SD, except for AER, in
which case median (range) is given.

R E S U LT S — Eight patients had the II
genotype, 19 had the ID genotype, and 3
had the DD genotype. The allele fre q u e n c i e s
w e re 0.58 for I and 0.42 for D. No statisti-
cally significant deviation was found fro m
the expected genotype distribution accord-
ing to the Hard y - We i n b e rg equilibrium.

Follow-up time was similar between
genotype groups. Age, sex, and duration of
diabetes did not differ between patients
with II genotype and ID and DD genotypes.
AHT (either the ACE inhibitor enalapril 20
mg/day or the beta-blocker metoprolol 100
mg/day) was used during follow-up in 50%
of patients with the II genotype and 41% of

Figure 1—BMT at baseline and follow-up in 8 patients with the II genotype and 22 patients with the
ID and DD genotypes (control mean 350 ± 51 nm). , Patients with AHT; , patients without AHT. 

Figure 2—Matrix star volume at baseline and follow-up in 8 patients with the II genotype and 22
patients with the ID and DD genotypes (control mean 14.2 ± 4.8 mµ3). , Patients with AHT; ,
patients without AHT.
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patients with the ID and DD genotypes. At
baseline (before treatment) AER was simi-
lar between groups, whereas s-ACE was
higher in the ID and DD group (Table 1).
At final follow-up median, AER was 11
(6–134) µg/min in the II genotype gro u p
and 14 (4–187) µg/min in the ID and DD
genotype group (P = 0.32).

Mean HbA1 c and mean systolic and
diastolic BPs, calculated from measure-
ments every 6 months, were similar in
patients with the II and ID and DD geno-
types (Table 1).

Morphological results
B M T, matrix star volume, and overall DGP
index, i.e., index DGP (BMT/10 V v
(mat/glom) % matrix star volume) were
similar at baseline but increased during
follow-up in patients with ID and DD
genotypes only (Figs. 1–3). Vv(mes/glom)
and Vv(mat/glom) did not increase in any
g roup (Table 2). The increase in BMT over
24 months was significantly higher in ID
and DD genotypes as compared with II
genotype (P = 0.01), and so was the
i n c rease in index DGP over 24 months
(P = 0.03). The increase in matrix star vol-
ume over 24 months tended to be higher
in patients with ID and DD genotypes
(P = 0.09).

In patients with ID and DD genotypes,
an increased pro g ression in basement
membrane thickening (P 0.001) and in

index DGP (P = 0.02) was seen in patients
without AHT, as compared with those with
AHT (Figs. 1 and 3). Thus, to study the
independent relationship between the
ACE genotype and BMT over 24 months
and index DGP over 24 months, multi-
ple re g ression analyses were perf o rm e d ,
also including AHT and mean HbA1 c d u r-
ing the study as independent variables. It
was found that mean HbA1 c (P 0 . 0 0 1 ) ,
no AHT (P 0.001), and ID and DD
genotype (P = 0.01) had independent sig-
nificant influences on BMT over 24
months. When using DGP-index as the
dependent variable, only mean HbA1 c h a d
a significant influence on this morpho-
metric measure (P = 0.01). ACE genotype
and AHT tended to have an independent
influence on the change in DGP-index (P =
0.05 and 0.07, re s p e c t i v e l y ) .

C O N C L U S I O N S — We have pre v i-
ously demonstrated that improved meta-
bolic control, as well as AHT, may re t a rd
the development of glomerular stru c t u r a l
changes in microalbuminuric type 1 dia-
betic patients (13,14). To evaluate the pos-
sible additional role of genetic s u s c e p t i b i l i t y,
we have now extended the study of these
patients by investigating the relative influ-
ence of the I/D ACE-gene polymorphism
on the pro g ression of diabetic glomeru-
l o p a t h y. Despite the small number of
patients, we find that those hetero z y g o u s
or homozygous for the D-allele show an
i n c reased pro g ression in BMT and overall
diabetic glomerulopathy index. To our
knowledge, such data have not been pre-
sented earlier. However, our results are in
agreement with several (6,9) but not all
(10,11) clinical studies, using either pro-
gression of microalbuminuria or decline
in glomerular filtration rate as end points.
In addition, in the meta-analysis by Fuji-
sawa et al. (12) that included 4,773 dia-
betic patients, it was suggested that the
D-allele has a major impact on suscepti-
bility for n e p h ro p a t h y.

Our data also indicate that the influence
of the D-allele is independent of AHT, at least
on the pro g ression of BMT. More impor-
t a n t l y, young microalbuminuric patients het-
e ro- or homozygous for the D-allele, but
without AHT, seem to have a more marked
p ro g ression of diabetic glomerulopathy dur-
ing a 2-year period than those with AHT. It
is noteworthy that the structural changes at
baseline were in the same range in the two
s u b g roups. This observation is compatible
with the idea that the ACE-polymorphism
may not be associated with the initialization
of nephro p a t h y. Ta rnow et al. (19) have pre-
viously suggested that the ACE-inhibitor cap-
topril may have a less re n a l - p rotective eff e c t
in macroalbuminuric type 1 diabetic patients
with the D-allele. In that study, the degree of
albuminuria was unchanged despite capto-

Figure 3—Overall index DGP at baseline and follow-up in 8 patients with the II genotype and 22
patients with the ID and DD genotypes (control mean 58.2 ± 8.8). , Patients with AHT; , patients
without AHT. 

Table 2—Baseline and follow-up structural data in patients with the II genotype and the ID and
DD genotypes

II genotype ID and DD genotypes

B a s e l i n e F o l l o w - u p B a s e l i n e F o l l o w - u p

BMT (nm) 584 ± 123 590 ± 126 600 ± 77 686 ± 131*
Vv(mes/glom) (%) 21.6 ± 5.4 21.9 ± 4.4 20.7 ± 2.3 21.4 ± 3.5
Vv(mat/glom) (%) 11.9 ± 2.7 13.0 ± 3.4 12.1 ± 2.6 12.5 ± 2.3
Matrix star volume (µm3) 26.9 ± 8.8 30.0 ± 13.9 26.6 ± 7.1 35.4 ± 15.6†
Index DGP 96.7 ± 25.0 102.0 ± 26.6 99.2 ± 11.6 116.7 ± 8.1*

Data are means ± SD. *P 0.001; †P = 0.01.
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pril treatment in patients with the DD geno-
type. In contrast, the results from the pre s e n t
study indicate that patients carrying the
D -allele and receiving any AHT (either beta-
blocker or ACE-inhibitor) acquire a re t a rd e d
p ro g ression of BMT and overall diabetic
g l o m e ru l o p a t h y, as compared with those
without AHT. However, based on this
s t u d y, any conclusive answer re g a rding the
e ffect of such treatment on patients with
the DD genotype alone cannot be drawn
due to the small number of these patients.
In addition, our patients were in an early
phase of diabetic renal disease with only
minimal mesangial expansion that did not
p ro g ress over the study period. It may be
speculated that the stage of nephropathy is
decisive for the response to AHT in patients
with diff e rent ACE genotypes. More o v e r,
the number of patients treated with ACE-
inhibitor in our study is low.

A poor long-term metabolic control is a
well-known risk factor for diabetic
n e p h ropathy (1). As expected, in our mor-
phological study, mean HbA1 c during fol-
low-up was a significant determinant for the
p ro g ression of BMT and overall DGP. These
results are compatible with those of Barn a s
et al. (9) who found that the 10-year mean
H b A1 c and DD genotype were independent
risk factors for the prevalence of diabetic
n e p h ro p a t h y.

The increased pro g ression of diabetic
g l o m e ru l o p a t h y, seen in our patients with
ID and DD genotypes, may be ascribed to
either the I/D ACE-gene polymorphism
itself or to adjacent disease mutations, e.g.,
1 Dd e polymorphism (20). Clearly, several
other putative genetic markers not investi-
gated in this study may also be involved in
the pro g ression of glomerulopathy (20).
F u rt h e rm o re, this is a small study combin-
ing two patient groups and data must be
re g a rded with some caution. On the other
hand, the precise morphological parame-
ters may justify results of rather small
series. A main finding of interest is that
young type 1 diabetic patients with micro-
albuminuria carrying the D-allele and not
receiving AHT are at higher risk for pro-
g ression of diabetic glomeru l o p a t h y. Our
results need to be confirmed by other larg e -
scale studies, also taking other putative
confounders into account. This must hap-
pen before an analysis of ACE-gene poly-
morphism in young normotensive type 1
diabetic patients, at the very early stage of
m i c roalbuminuria, can be accepted as a
simple tool for deciding who will benefit
most from AHT.
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