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Modulation of the Renal Response to ACE Inhibition
by ACE Insertion/Deletion Polymorphism During
Hyperglycemia in Normotensive, Normoalbuminuric

Type 1 Diabetic Patients

Laurent Weekers,' Béatrice Bouhanick,? Samy Hadjadj,>* Yves Gallois,” Ronen Roussel,®”
Franck Pean,” Amos Ankotche,® Gilles Chatellier,® Francois Alhenc-Gelas,” Pierre J. Lefebvre,’

and Michel Marre®”

ACE inhibition protects kidney function, but ACE insertion/
deletion (I/D) polymorphism affects renal prognosis in type 1
diabetic patients. ACE genotype may influence the renal
benefits of ACE inhibition. We studied the impact of ACE I/D
polymorphism on the renal hemodynamic changes induced by
ACE inhibition in type 1 diabetes. We studied renal hemody-
namics (glomerular filtration rate [GFR], effective renal
plasma flow [ERPF], filtration fraction [GFR/ERPF], mean
arterial pressure [MAP], and total renal resistances [MAP/
ERPF)) repeatedly during normoglycemia and then hypergly-
cemia in 12 normotensive, normoalbuminuric type 1 diabetes
and the II genotype (associated with nephroprotection)
versus 22 age- and sex-matched subjects with the ACE D
allele after three randomly allocated 2- to 6-week periods
on placebo, 1.25 mg/day ramipril, and 5 mg/day ramipril in a
double-blind, cross-over study. During normoglycemia, the
hemodynamic changes induced by ramipril were similar in
both genotypes. During hyperglycemia, the changes in-
duced by ramipril were accentuated in the II genotype
group and attenuated dose dependently in the D allele
group (treatment-genotype interaction P values for ERPF,
0.018; MAP, 0.018; and total renal resistances, 0.055).
These results provide a basis to different renal responses
to ACE inhibition according to ACE genotype in type 1
diabetes.Diabetes 54:2961-2967, 2005
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he cardiovascular and vital prognoses of type 1

diabetic patients are conditioned by their renal

status (1). The glomerular hypertension respon-

sible for diabetic nephropathy results from an
interaction between preglomerular capillary vasodilata-
tion provoked by hyperglycemia and individual postglo-
merular resistances (2). These resistances depend on
vasoconstriction due to angiotensin 2 (3). The intrarenal
production of angiotensin 2 from angiotensin 1 depends on
the availability of ACE. ACE activity can be modulated
pharmacologically by ACE inhibitors and genetically by a
267-bp insertion/deletion (I/D) polymorphism in intron 16
of the ACE gene (4). ACE inhibition can prevent or slow
the progression of diabetic nephropathy (5-7). The ACE II
genotype (the genotype associated with the lowest ACE
levels) is associated with a reduced risk of diabetic
nephropathy in type 1 diabetes (8-10).

The effect of ACE I/D polymorphism on the benefits
obtained with ACE inhibition in terms of kidney function
in patients with type 1 diabetes is therefore an important
issue. In one study on proteinuric type 1 diabetic patients,
the ACE DD genotype was found to be associated with a
more rapid decrease in glomerular filtration rate (GFR) on
captopril (11). In another study, on normo- or microalbu-
minuric, normotensive type 1 diabetic patients, the II
genotype was associated with a more rapid decrease in
urinary albumin excretion (UAE) on lisinopril (12). How-
ever, the mechanisms by which the ACE I/D polymor-
phism affects renal response to ACE inhibition remain
unclear.

In this study, we investigated whether the renal hemo-
dynamic changes induced by high glucose concentrations
during ACE inhibition differ in type 1 diabetic patients with
the ACE II genotype and in those with the ACE D allele.
We studied renal hemodynamic responses to graded doses
of ramipril (an ACE inhibitor) in normotensive, nor-
moalbuminuric type 1 diabetic patients selected on the
basis of ACE genotype. During this proof-of-concept study,
we investigated renal hemodynamics in conditions of
normo- and hyperglycemia, because hyperglycemia causes
glomerular capillary hypertension, which leads to ne-
phropathy (13), and because we could relate these
changes to ACE I/D genotypes (14).
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RESEARCH DESIGN AND METHODS

The participants were selected from type 1 diabetic patients attending the
Diabetic Clinic of Angers University Hospital (France). The inclusion criteria
were age of <50 years; men or women with mechanical contraception; onset
of type 1 diabetes before the age of 35 years; normal blood pressure (<140/80
mmHg); normal UAE (<30 mg/24 h); no proliferative retinopathy; no chronic
disease other than type 1 diabetes; and no treatment other than insulin. We
asked patients to consent to genotyping for ACE I/D polymorphism. Those
selected as case subjects or control subjects were then asked to participate in
the study described below. For ethical reasons, none of the patients were
informed of their own ACE genotype. The study protocol was reviewed by the
local ethics committee, and all patients gave written informed consent.

The patients selected as case subjects had the II genotype. Each case
subject was matched with two control subjects carrying the D allele for age
(=5 years), sex, and diabetes duration (=5 years), because several cross-
sectional studies (15-17) and follow-up studies (8—10) have shown that the
ACE D allele has a dominant effect on the risk for nephropathy.

We compared two doses of ramipril, a low dose (1.25 mg/day) and the usual

dose (b mg/day), with placebo in a randomized, double-blind, cross-over
experiment. Study drugs were given once per day in the morning, for
treatment periods of 2—-6 weeks, separated by 4-week washout periods. The
doses of ramipril used were chosen based on previous studies (18,19). The
durations of the minimal treatment period (2 weeks) and of the washout
period (4 weeks) were selected based on previous studies, to ensure steady
ACE inhibition and the absence of carry-over effects (20). At the end of each
treatment period, we investigated renal hemodynamics in the patients and the
changes in renal hemodynamics induced by hyperglycemia, as described
below.
Determinations. The protocol used for renal hemodynamic studies has been
described elsewhere (14). Briefly, participants were admitted to the center for
clinical investigations the evening before the study. They were asked to collect
their urine during the 24 h before admission and to bring it to the hospital with
them for urinary sodium and albumin measurements. Patients ate their
evening meal at the hospital, and their regular dose of insulin was adminis-
tered subcutaneously. They received an intravenous infusion of regular insulin
overnight, according to a published algorithm (21). At 7 A.m., blood was
sampled from patients in the supine position for the determination of serum
ACE activity, plasma active renin and aldosterone levels, and HbA,. (A1C).
They were then given tablets corresponding to the placebo or ramipril and
asked to drink tap water regularly thereafter to obtain forced diuresis of
~10-15 ml/min. Once diuresis was established, a primed intravenous infusion
of '*Liodothalamate and '*'I-labeled hippurate was initiated. This infusion
was continued throughout testing. Thus, the tracer clearances were calculated
from their urine concentrations divided by their plasma concentrations,
multiplied by urine flow. There were six consecutive 30-min clearance
periods. During the first three periods, the morning insulin infusion rate was
kept constant, such that plasma glucose concentration remained close to
normal (~5 mmol/l, “normoglycemia” period). We then infused exogenous
glucose for 10 min to achieve high blood glucose levels, while keeping the
insulin infusion rate constant, for the remaining three 30-min clearance
periods (~15 mmol/l, “hyperglycemia” period).

The renal clearance of '*’Iiodothalamate was assumed to be equal to GFR
and that of '*'I-labeled hippurate to effective renal plasma flow (ERPF). The
ERPF value was not corrected for renal hippurate extraction, because it has
been reported that ACE inhibition does not affect renal extraction coefficients
in a given individual (22). Mean arterial pressure (MAP) was measured
automatically (Dinamap, Critikon, FL) every 5 min, and values were averaged
for each clearance period. We calculated filtration fraction by dividing GFR by
ERPF. Total renal resistances (TRRs) were calculated by dividing MAP by
ERPF. The renal hemodynamics values for the normoglycemia period were
calculated as a mean of the values for the second and third clearance periods,
and those of the hyperglycemia period were calculated as a mean of the values
for the fifth and sixth clearance periods (14). In our laboratory, the intraindi-
vidual coefficient of variations were 5 = 1, 7 = 1, and 2 * 1% for GFR, ERPF,
and MAP, respectively (obtained from nine type 1 diabetic subjects).

Serum ACE activities were measured enzymatically (23), plasma active
renin was determined by immunoradiometry (24), plasma aldosterone con-
centration by radioimmunoassay (25), plasma glucose concentration by
enzymatic assay, and A1C levels by high-performance liquid chromatography
(Diamat; Bio-Rad, Ivry-sur-Seine, France). Urinary albumin and sodium con-
centrations were measured by nephelometry (26) and flame spectrometry,
respectively.

Statistical analysis. Results are presented as means = 1 SD or median
(range). Because no previous study was available for power calculation, we
used previously observed differences in renal hemodynamics during hypergly-
cemia between II and non-II patients (14). Taking an a-risk of 5% and a B-risk
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TABLE 1
Clinical and biological characteristics of the study participants,
at baseline

Genotype (n) I (12) non-II (22) P
Age (years) 30 (7) 31 (6) NS
Sex (men/women) 6/6 11/11 NS
Diabetes duration

(years) 12.0 = 9.3 144 +5.9 NS
BMI (kg/m?) 23.6 = 2.6 23.6 = 3.5 NS
A1C %) 8311 8.7+ 1.0 NS
SBP (mmHg) 123 = 14 118 = 10 NS
DBP (mmHg) 66 =9 66 = 7 NS

Data are means * SD. DBP, diastolic blood pressure; SBP, systolic
blood pressure.

of 90%, we would need 12 case subjects to show a difference in TRR. For
technical reasons, assessments were not completed in two patients with the D
allele. We therefore present results for 12 case subjects with the II genotype
and 22 control subjects. We used nonparametric tests to analyze the global
effects of genotype (Mann-Whitney U test), of ramipril dose (Kruskal-Wallis),
and of their interaction (Mantel-Haenszel test). We separately tested, within
each genotype, the dose dependence of the effect of ramipril (Kruskal-Wallis),
and, within each ramipril dose, the genotype effect (Mann-Whitney U test).

RESULTS

Baseline characteristics of the participants. The par-
ticipants’ characteristics are given in Table 1. No differ-
ences according to genotype were observed. Baseline
BMIs and A1C levels were similar at the start of each
treatment period and at the time of the renal hemodynam-
ics study (data not shown). The urinary sodium excretions
were 149 *+ 35 for the II participants vs. 162 * 36 mmol/24
h for the non-II ones at baseline (NS); they remained not
different with 1.25 mg/day ramipril (146 = 65 vs. 165 = 40
mmol/24 h) and 5 mg/day ramipril (161 = 50 vs. 163 = 35
mmol/24 h). However, UAE values were lower for II
participants than for D allele carriers at baseline: 3 mg/24 h
(range 2-4) vs. 6 (2-23); P = 0.0052. These UAE values
were reduced to 3 mg/24 h (2-24) in the II patients and to
3 mg/24 h (2-19) in the non-II patients by treatment with
1.25 mg/day ramipril. UAE values of 3 mg/24 h (2-6) were
recorded in the II participants on 5 mg/day ramipril versus
3 mg/24 h (2-71) in the D allele carriers. No order effect
was observed in this cross-over study for these results or
for any of the variables analyzed below.

Changes in serum ACE activity and plasma active
renin and aldosterone levels (Table 2). Baseline serum
ACE activities were lower in the II participants than in the
others. Ramipril treatment had a strong effect on plasma
ACE concentration, regardless of genotype. This effect
was observed with the lower dose of ramipril in all groups.
Plasma active renin levels were similar in both groups at
baseline. They rose very significantly on ramipril treat-
ment (P < 0.0001); plasma active renin levels were slightly
lower in II patients than in patients with the D allele for
treatment with 5 mg/day ramipril. Plasma aldosterone
levels were similar in all groups; they were not affected by
treatment, genotype, or treatment X genotype interaction.
Kidney function during renal hemodynamics study
(Table 3)

Changes induced by treatments during normoglyce-
mia (Table 3, left panel). At baseline, kidney function
during normoglycemia was similar in the two groups. GFR
was not affected by genotype, treatment dose, or their
interaction. ERPF increased slightly with ramipril dose,
independently of genotype. The filtration fraction de-
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TABLE 2
Changes in serum ACE activity, plasma active renin, and aldosterone levels according to ACE I/D genotype, treatment dose, and
interaction
P
Ramipril non-II Global
Variable (daily dose) I (n=12) (n = 22) Genotype effect genotype effect
ACE activity (units/l) Placebo 187 26 = 10 0.0077
1.25 mg 7T*+2 107 0.1301 0.1349
5mg 5=+2 6=+3 NS
Treatment effect (P) <0.0001 <0.0001
Global treatment effect <0.0001 NS*
Active renin (pg/ml) Placebo 75 * 3.3 9.0 £39 NS
1.25 mg 15.1 = 9.0 17.6 = 10.1 NS 0.0812
5mg 16.3 = 11.6 26.2 = 14.8 0.0335
Treatment effect (P) 0.0131 <0.0001
Global treatment effect <0.0001 NS*
Aldosterone (pg/ml) Placebo 311 = 167 253 + 136 NS
1.25 mg 319 = 178 278 = 178 NS NS
5mg 290 *+ 176 318 * 268 NS
Treatment effect (P) NS NS
Global treatment effect NS NS*

Data are means = SD. NS, P > 0.20. P values are global effects of genotype (Mann-Whitney U test), of ramipril doses (Kruskal-Wallis), and
of their interaction (Mantel-Haenszel). P values within each genotype: treatment effect (Kruskal-Wallis). P values within each ramipril dose

are genotype effect (Mann-Whitney U test). *P values for interaction.

creased (P = 0.0130) with increasing ramipril dose, with
no effect of genotype. There was no interaction between
genotype and treatment. MAP was reduced by treatment,
but not significantly so. Baseline TRR values did not differ
according to genotype. TRR decreased significantly on
ramipril treatment (P = 0.030); this response was geno-
type independent.

Hyperglycemia-induced changes according to treat-
ment and genotype (Table 3, right panel and Fig. 1).
Changes in GFR during hyperglycemia were not signifi-
cantly affected by treatment dose or genotype, and no
genotype-treatment interaction was observed. Conversely,
the increase in ERPF during hyperglycemia seen in the II
participants was potentiated by ramipril, whereas it was
attenuated in the non-II participants (P = 0.018 for treat-
ment-genotype interaction). No significant change in filtra-
tion fraction was seen during hyperglycemia, regardless of
treatment, genotype, or their interaction.

MAP decreased in the II participants, but not in the
non-II participants, during hyperglycemia. This difference
in MAP response was exacerbated by increasing the dose
of ramipril (P = 0.0342 for the genotype effect, P = 0.0749
for the treatment effect, P = 0.018 for treatment-genotype
interaction). Hyperglycemia provoked a decrease in TRR
in the II participants, which was potentiated by ramipril
dose; this was not the case in the non-II participants (P =
0.1058 for the genotype effect, NS for the treatment effect,
and P = 0.055 for the genotype-treatment interaction).

DISCUSSION

This study shows that the beneficial effects of ACE inhi-
bition on the renal circulation of type 1 diabetes subjects
depend on ACE I/D polymorphism, during hyperglycemic
surges. After increases in blood glucose levels, individuals
with the ACE II genotype increased their ERPF and
decreased MAP and TRR (variables indicating beneficial
changes in intraglomerular hydraulic pressure [2]) to a
greater extent than those carrying the ACE D allele. These
findings provide a rationale to explain the smaller long-
term renal benefits of ACE inhibition in type 1 diabetic
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patients with the ID or DD ACE genotypes than in those
with the II genotype (11,12). In humans, it is not possible
to measure intraglomerular pressures directly. However,
changes in renal hemodynamics can be estimated by
assessing changes in ERPF and MAP and by calculating
TRR.

The maximum dose of ramipril used in this study was 5
mg/day. The ATLANTIS (Alteplase Thrombolysis for Acute
Noninterventional Therapy in Ischemic Stroke) study dem-
onstrated a dose-dependent effect of ramipril on kidney
function in normotensive type 1 diabetic subjects with
microalbuminuria, using the same doses as used here (19).
The GISEN (Gruppo Italiano di Studi Epidemiologici in
Nefrologia) study also demonstrated a nephroprotective
effect of 5 mg/day ramipril (27). A dose of 10 mg/day
ramipril has also been shown to have a cardioprotective
effect (28,29). The renal hemodynamic effects of 10 mg/day
ramipril were not assessed. However, we found that 1.25
mg/day ramipril decreased albuminuria without affecting
cardiovascular outcome (30), suggesting that the renal
effects of ramipril may begin at lower doses than the
cardiovascular effects (30).

Ramipril had a more pronounced hypotensive effect
during hyperglycemia in the participants with the II geno-
type than in the others. This is consistent with previous
findings concerning kidney function and blood pressure in
type 1 diabetic subjects selected on the basis of ACE
genotype, studied during hyperglycemia (31), and during
infusions of angiotensins 1 and 2 (32). During normogly-
cemia, ramipril had a dose-dependent effect on renal
hemodynamics that did not differ with genotype. This is
consistent with the previously reported lack of effect of
the ACE I/D polymorphism on the hypotensive response to
renin inhibition in healthy volunteers (33).

In the II genotype participants, hyperglycemia enhanced
the decrease in intraglomerular pressure due to ACE
inhibition in a dose-dependent fashion. The opposite effect
was seen in participants carrying the ACE D allele: renal
circulatory changes due to ACE inhibition were strictly
similar to those in the II participants during normoglyce-
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FIG. 1. Hyperglycemia-induced changes in renal hemodynamic variables, according to ACE I/D polymorphism. Data are means, and error bars are

SE. [, II patients; B, non-II patients. *Genotype effect (Mann-Whitney U test); **Treatment effect (Kruskal-Wallis);

#Etreatment-gene

interaction effect (Mantel-Haenszel interaction). A: GFR (*P = NS; **P = 0.1367; ***P = (0.183). B: ERPF (*P = NS; **P = NS; ***P = (0.018).
C: Filtration fraction (FF) (*P = NS; **P = NS; ***P = NS). D: MAP (*P = 0.0344; **P = 0.075; ***P = 0.018). E: TRRs (*P = 0.106; **P = NS;

#4P = 0,055).

mia, but these beneficial changes were attenuated by
increases in plasma glucose levels. How hyperglycemia
interferes with the renal response to ACE inhibition must
be discussed. There is evidence to suggest that the renin-
angiotensin system is highly active during hyperglycemia
in the renal circulation of subjects with type 1 diabetes
(34,35). We and others (14,31,32) have demonstrated that
these renal hemodynamic changes are greater in subjects
carrying the ACE D allele than in those with the II

DIABETES, VOL. 54, OCTOBER 2005

genotype. Intraglomerular capillary hydraulic pressure,
the main determinant of renal failure (36), is largely
conditioned by interaction between the vasodilatory ef-
fects of nitric oxide (NO) and the vasoconstrictive effects
of angiotensin 2. However, the vasoconstrictive effect of
angiotensin 2 on the arterioles efferent from glomeruli is
detectable even at very low angiotensin 2 concentrations
in experimental conditions (3,37), whereas the NO-depen-
dent vasodilatation of the arterioles afferent to the glomer-
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uli is amplified by local angiotensin 2 levels in a dose-
dependent manner (37). This phenomenon may account
for the impact of the ACE D allele on renal circulation in
type 1 diabetes (14,31,32). The well-known endothelial
dysfunction observed in people with diabetes is primarily
explained by a low capacity for NO-dependent vasodilata-
tion (38), as a direct consequence of hyperglycemia (39).
However, chronic ACE inhibition restores NO-mediated
endothelial function in patients with type 1 diabetes (40).
Thus, the beneficial effect of ACE inhibition on intraglo-
merular hydraulic pressure, through the vasodilatation of
the arterioles efferent from glomeruli, may be counterbal-
anced in type 1 diabetic patients by an increase in the
NO-dependent vasodilatation of the arterioles afferent to
glomeruli. In this case, people with type 1 diabetes and the
ACE D allele would not benefit fully from high doses of
ACE inhibitors during periods of hyperglycemia. Con-
versely, those with the ACE II genotype would not be
adversely affected, because their renal circulation param-
eters have already been shown to be insensitive to hyper-
glycemia (14). Finally, ACE inhibition increases the level
of bradykinin, a stimulator of NO release, in addition to
suppression of angiotensin 2 production (41). Unfortu-
nately, changes in angiotensin 2 and bradykinin concen-
trations within the renal circulation cannot be measured in
humans, and the changes in serum ACE activities induced
by low or high doses of ACE inhibitors do not reflect the
actual changes occurring within the vascular wall (42).

We believe our findings to be of clinical relevance. ACE
inhibitors are currently the only evidence-based treatment
for the prevention or treatment of diabetic nephropathy in
patients with type 1 diabetes (5-7). Intensified insulin
treatment is currently recommended for most type 1
diabetic patients (43), and this is supported by the Diabe-
tes Control and Complications Trial (DCCT) and its fol-
low-up studies (44,45). Nonetheless, most individuals with
type 1 diabetes remain hyperglycemic most of the time
(44). The lower efficiency of ACE inhibition in hyperglyce-
mia than in normoglycemia in type 1 diabetic patients with
a high genetic risk for kidney disease is therefore impor-
tant for patient care. Some investigators have suggested
that angiotensin 2 subtype 1 receptor antagonists could be
used to prevent or to treat diabetic nephropathy in type 1
diabetic patients, in conditions in which ACE inhibition is
not feasible (43). Interestingly, the anti-albuminuric effect
of these drugs is independent of ACE I/D polymorphism
(46). However, angiotensin 2 subtype 1 receptor antago-
nists have not been demonstrated to block renal disease in
type 1 diabetes.

ACKNOWLEDGMENTS

This study was supported by the French Ministry of Health
(Projet Hospitalier de Recherche Clinique 1999) and by the
Association Diabete Risque Vasculaire (Paris, France).
L.W. has received a research grant from the Belgian
Diabetes Association. F.P. has received a grant from the
European Union (EURAGEDIC Project QLG-2002-06149).

We thank all the diabetic participants and the nurses/
staff involved in this study. Study drugs and placebo were
supplied by Aventis-France (Paris, France). We thank
Francoise Defrance (Bichat Hospital, Paris, France) and
Vanessa Laneuze (Poitiers Hospital, Poitiers, France) for
their greatly appreciated secretarial assistance. Alex Edel-
man & Associates checked the English text.

2966

REFERENCES

1. Rossing P, Hougaard P, Borch-Johnsen K, Parving HH: Predictors of
mortality in insulin dependent diabetes: 10 year observational follow up
study. Br Med .J 313:779-784, 1996

. Hostetter TH, Rennke HG, Brenner BM: The case for intrarenal hyperten-
sion in the initiation and progression of diabetic and other glomerulopa-
thies. Am J Med 72:375-380, 1982

3. Hall JE, Guyton AC, Jackson TE, Coleman TG, Lohmeier TE, Tripoddo NC:
Control of glomerular filtration rate by renin-angiotensin system. Am J
Physiol 233:F366-F372, 1977

. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F: An

insertion deletion polymorphism in angiotensin I conversion enzyme

accounting for half the variance of serum enzyme levels. J Clin Invest

86:1343-1346, 1990

Marre M, Chatellier G, Leblanc H, Guyenne TT, Menard J, Passa P:

Prevention of diabetic nephropathy with enalapril in normotensive diabet-

ics with microalbuminuria. Br Med J 297:1092-1095, 1988

Lewis E, Hunsicker L, Bain R, Rhode R: The effect of angiotensin-

converting-enzyme inhibition on diabetic nephropathy. N Engl J Med

329:1456-1462, 1993

. ACE Inhibitors in Diabetic Nephropathy Trialist Group: Should all patients
with type 1 diabetes mellitus and microalbuminuria receive angiotensin-
converting enzyme inhibitors? A meta-analysis of individual patient data.
Ann Intern Med 134:370-379, 2001

. Boright AP, Paterson AD, Mirea L, Bull SB, Mowjoodi A, Scherer SW,

Zinman B: Genetic variation at the ACE gene is associated with persistent

microalbuminuria and severe nephropathy in type 1 diabetes: the DCCT/
EDIC Genetics Study. Diabetes 54:1238-1244, 2005
Hadjadj S, Belloum R, Bouhanick B, Gallois Y, Guilloteau G, Chatellier G,
Alhenc-Gelas F, Marre M: Prognostic value of angiotensin-I converting
enzyme I/D polymorphism for nephropathy in type 1 diabetes mellitus: a
prospective study. J Am Soc Nephrol 12:541-549, 2001
10. Rudberg S, Rasmussen LM, Bangstad H-J, Osterby R: Influence of inser-
tion/deletion polymorphism in the ACE-I gene on the progression of
diabetic glomerulopathy in type 1 diabetic patients with microalbuminuria.
Diabetes Care 23:544-548, 2000

11. Parving H-H, Jacobsen P, Tarnow L, Rossing P, Lecerf L, Poirier O,
Cambien F: Effect of deletion polymorphism of angiotensin converting
enzyme gene on progression of diabetic nephropathy during inhibition of
angiotensin converting enzyme: observational follow-up study. Br Med J
313:591-594, 1996

12. Penno G, Chaturvedi N, Talmud PJ, Cotroneo P, Manto A, Nannipieri M,
Luong L-A, Fuller JH, EUCLID Study Group: Effect of angiotensin-convert-
ing enzyme (ACE) gene polymorphism on progression of renal disease and
the influence of ACE inhibition in IDDM patients: findings from the
EUCLID randomized controlled trial. Diabetes 47:1507-1511, 1998

13. Hostetter TH, Troy JL, Brenner BM: Glomerular hemodynamics in exper-
imental diabetes mellitus. Kidney Int 19:410-415, 1981

14. Marre M, Bouhanick B, Berrut G, Gallois Y, Le Jeune JJ, Chatellier G,
Menard J, Alhenc-Gelas F: Renal changes on hyperglycemia and angioten-
sin-converting enzyme in type 1 diabetes. Hypertension 33:775-780, 1999

15. Marre M, Jeunemaitre X, Gallois Y, Rodier M, Chatellier G, Sert C,
Dusselier L, Kahal Z, Chaillous L, Halimi S, Muller A, Sackmann H,
Bauduceau B, Bled F, Passa P, Alhenc-Gelas F: Contribution of genetic
polymorphism in the renin-angiotensin system to the development of renal
complications in insulin-dependent diabetes: Genetique de la Nephropa-
thie Diabetique (GENEDIAB) study group. J Clin Invest 99:1585-1595,
1997

16. Marre M, Bernadet P, Gallois Y, Savagner F, Guyene TT, Hallab M,
Cambien F, Passa P, Alhenc-Gelas F: Relationships between angiotensin I
converting enzyme gene polymorphism, plasma levels, and diabetic retinal
and renal complications. Diabetes 43:384-388, 1994

17. Tarnow L, Gluud C, Parving HH: Diabetic nephropathy and the insertion/
deletion polymorphism of the angiotensin-converting enzyme gene. Neph-
rol Dial Transplant 13:1125-1130, 1998

18. Marre M, Hallab M, Billiard A, Le Jeune JJ, Bled F, Girault A, Fressinaud P:
Small doses of ramipril to reduce microalbuminuria in diabetic patients
with incipient nephropathy independently of blood pressure changes.
J Cardiovasc Pharmacol 18 (Suppl. 2):S165-S168, 1991

19. O'Hare P, Bilous R, Mitchell T, O’Callaghan CJ, Viberti GC: Low-dose
ramipril reduces microalbuminuria in type 1 diabetic patients without
hypertension: results of a randomized controlled trial. Diabetes Care
23:1823-1829, 2000

20. Thuillez C, Richer C, Giudicelli JF: Pharmacokinetics, converting enzyme
inhibition and peripheral arterial hemodynamics of ramipril in healthy
volunteers. Am J Cardiol 59:38D-44D, 1987

[\

'S

o

s

3

o]

©

DIABETES, VOL. 54, OCTOBER 2005



L. WEEKERS AND ASSOCIATES

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

White NH, Skor D, Santiago JV: Practical closed-loop insulin delivery: a
system for the maintenance of overnight euglycemia and the calculation of
basal insulin requirements in insulin-dependent diabetics. Ann Intern Med
97:210-213, 1982

Visscher CA, de Zeeuw D, de Jong PE, Sluiter WJ, Huisman RM: Drug-
induced changes in renal hippurate clearance as a measure of renal blood
flow. Kidney Int 48:1617-1623, 1995

Danilov S, Savoie F, Lenoir B, Jeunemaitre X, Azizi M, Tarnow L,
Alhenc-Gelas F: Development of enzyme-linked immunoassays for human
angiotensin I converting enzyme suitable for large-scale studies. J Hyper-
tens 14:719-727, 1996

Menard J;, Guyenne TT, Corvol P, Pau B, Simon D, Roncucci R: Direct
immunometric assay of active renin in human plasma. J Hypertens 3
(Suppl.):S275-S278, 1985

Pham-Huu-Trung MT, Corvol P: A direct determination of plasma aldoste-
rone. Steroids 24:587-588, 1974

Marre M, Claudel JP, Ciret P, Luis N, Suarez L, Passa P: Laser immunon-
ephelometry for routine quantification of urinary albumin excretion. Clin
Chem 33:209-213, 1987

Ruggenenti P, Perna A, Gherardi G, Gaspari F, Benini R, Remuzzi G: Renal
function and requirement for dialysis in chronic nephropathy patients on
long-term ramipril: REIN follow-up trial. Gruppo Italiano di Studi Epide-
miologici in Nefrologia (GISEN). Ramipril efficacy in nephropathy. Lancet
352:1252-1256, 1998

Heart Outcomes Prevention Evaluation Study Investigators: Effects of an
angiotensin-converting enzyme inhibitor, ramipril, on cardio-vascular
events in high-risk patients. N Engl J Med 342:145-153, 2000

Heart Outcomes Prevention Evaluation Study Investigators: Effects of
ramipril on cardiovascular and microvascular outcomes in people with
diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy.
Lancet 355:253-259, 2000

Marre M, Lievre M, Chatellier G, Mann JF, Passa P, Menard J: Effects of low
dose ramipril on cardiovascular and renal outcomes in patients with type
2 diabetes and raised excretion of urinary albumin: randomised, double
blind, placebo controlled trial (the DIABHYCAR study). Br Med J 328: 495,
2004

. Miller JA, Scholey JW, Thai K, Pei YP: Angiotensin converting enzyme gene

polymorphism and renal hemodynamic function in early diabetes. Kidney
Int 51:119-124, 1997

Luik PT, Hoogenberg K, Kerstens MN, Beusekamp BJ, De Jong PE,
Dullaart RP, Navis GJ: The influence of the ACE (I/D) polymorphism on
systemic and renal vascular responses to angiotensins in normotensive,
normoalbuminuric type 1 diabetes mellitus. Diabetologia 46:1131-1139,
2003

Lachurie ML, Azizi M, Guyene TT, Alhenc-Gelas F, Menard J: Angiotensin-
converting enzyme gene polymorphism has no influence on the circulating
renin-angiotensin-aldosterone system or blood pressure in normotensive
subjects. Circulation 91:2933-2942, 1995

DIABETES, VOL. 54, OCTOBER 2005

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

44.

45.

46.

Osei SY, Price DA, Laffel LM, Lansang MC, Hollenberg NK: Effect of
angiotensin II antagonist eprosartan on hyperglycemia-induced activation
of intrarenal renin-angiotensin system in healthy humans. Hypertension
36:122-126, 2000

Miller JA: Impact of hyperglycemia on the renin angiotensin system in
early human type 1 diabetes mellitus. J Am Soc Nephrol 10:1778-1785,
1999

Brenner BM, Meyer TW, Hostetter TH: Dietary protein intake and the
progressive nature of kidney disease: the role of hemodynamically medi-
ated glomerular injury in the pathogenesis of progressive glomerular
sclerosis in aging, renal ablation, and intrinsic renal disease. N Engl J Med
307:652—-659, 1982

Ito S, Arima S, Ren YL, Juncos LA, Carretero OA: Endothelium-derived
relaxing factor/nitric oxide modulates angiotensin II action in the isolated
microperfused rabbit afferent but not efferent arteriole. J Clin Invest
91:2012-2019, 1993

Pieper GM: Review of alterations in endothelial nitric oxide production in
diabetes: protective role of arginine on endothelial dysfunction. Hyperten-
sion 31:1047-1060, 1998

Du XL, Edelstein D, Dimmeler S, Ju Q, Sui C, Brownlee M: Hyperglycemia
inhibits endothelial nitric oxide synthase activity by posttranslational
modification at the Akt site. J Clin Invest 108:1341-1348, 2001

O’Driscoll G, Green D, Rankin J, Stanton K, Taylor R: Improvement in
endothelial function by angiotensin converting enzyme inhibition in insu-
lin-dependent diabetes mellitus. J Clin Invest 100:678—-684, 1997

. Ruschitzka F, Noll G, Luscher TF: Angiotensin converting enzyme inhibi-

tors and vascular protection in hypertension. J Cardiovasc Pharmacol 34
(Suppl. 1):S3-S12, 1999

Chobanian AV, Hope S, Brecher P: Dissociation between the antiathero-
sclerotic effect of trandolapril and suppression of serum and aortic
angiotensin-converting enzyme activity in the Watanabe heritable hyper-
lipidemic rabbit. Hypertension 25:1306-1310, 1995

Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving
HH, Steffes MW: Nephropathy in diabetes. Diabetes Care 27 (Suppl.
1):S79-S83, 2004

Diabetes Control and Complications Trial/Epidemiology of Diabetes Inter-
ventions and Complications Research Group: Retinopathy and nephropa-
thy in patients with type 1 diabetes four years after a trial of intensive
therapy. N Engl J Med 342:381-389, 2000

DCCT Research Group: Effect of intensive therapy on the development and
progression of diabetic nephropathy in the Diabetes Control and Compli-
cations Trial. Kidney Int 47:1703-1720, 1995

Andersen S, Tarnow L, Cambien F, Rossing P, Juhl TR, Deinum J, Parving
HH: Long-term renoprotective effects of losartan in diabetic nephropathy:
interaction with ACE insertion/deletion genotype? Diabetes Care 26:1501—
1506, 2003

2967



