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Summary

Background Renal disease in people with insulin-
dependent diabetes (IDDM) continues to pose a major
health threat. Inhibitors of angiotensin-converting enzyme
(ACE) slow the decline of renal function in advanced renal
disease, but their effects at earlier stages are unclear, and
the degree of albuminuria at which treatment should start
is not known.

Methods We carried out a randomised, double-blind,
placebo-controlled trial of the ACE inhibitor lisinopril in
530 men and women with IDDM aged 20–59 years with
normoalbuminuria or microalbuminuria. Patients were
recruited from 18 European centres, and were not on
medication for hypertension. Resting blood pressure at
entry was at least 75 and no more than 90 mm Hg
diastolic, and no more than 155 mm Hg systolic. Urinary
albumin excretion rate (AER) was centrally assessed by
means of two overnight urine collections at baseline, 6,
12, 18, and 24 months.

Findings There were no differences in baseline
characteristics by treatment group; mean AER was 8·0
�g/min in both groups; and prevalence of
microalbuminuria was 13% and 17% in the placebo and
lisinopril groups, respectively. On intention-to-treat
analysis at 2 years, AER was 2·2 �g/min lower in the
lisinopril than in the placebo group, a percentage
difference of 18·8% (95% CI 2·0–32·7, p=0·03), adjusted
for baseline AER and centre, absolute difference 2·2
�g/min. In people with normoalbuminuria, the treatment
difference was 1·0 �g/min (12·7% [�2·9 to 26·0], p=0·1).
In those with microalbuminuria, however, the treatment
difference was 34·2 �g/min (49·7% [–14·5 to 77·9],
p=0·1; for interaction, p=0·04). For patients who
completed 24 months on the trial, the final treatment
difference in AER was 38·5 �g/min in those with
microalbuminuria at baseline (p=0·001), and 0·23 �g/min
in those with normoalbuminuria at baseline (p=0·6). There
was no treatment difference in hypoglycaemic events or in
metabolic control as assessed by glycated haemoglobin.

Interpretation Lisinopril slows the progression of renal
disease in normotensive IDDM patients with little or no

albuminuria, though greatest effect was in those with
microalbuminuria (AER �20 �g/min). Our results show
that lisinopril does not increase the risk of hypoglycaemic
events in IDDM.

Lancet 1997; 349: 1787–92
See Commentary page 1784

Introduction
Rates of morbidity and mortality continue to be higher
among people with insulin-dependent diabetes mellitus
(IDDM) than in the general population.1,2 Much of this
increased risk results from renal and cardiovascular
complications of IDDM; a strong predictor of these
complications is the appearance of even small amounts of
protein (mainly albumin) in the urine.3,4 Blood pressure is
an important modifiable risk factor for the progression of
renal disease.5 Of all antihypertensive agents, inhibitors
of angiotensin-converting enzyme (ACE) are regarded as
particularly effective in limiting renal-disease progression,
because of possible beneficial influences on kidney
function, which are separate from the effects on systemic
blood pressure.6 ACE inhibitors significantly limit the
progression of renal disease in patients with
macroalbuminuria,7 and, at the time our trial was
designed, there were indications that this beneficial effect
also occurred in patients with microalbuminuria.8,9 If
ACE inhibitors can slow the relentless decline of renal
function in patients with microalbuminuria, it is
reasonable to investigate whether use of ACE inhibitors
in patients with normoalbuminuria may also be
beneficial. However, previous trials of ACE inhibitors in
normoalbuminuric patients are few,10–12 and have either
lacked power,12 or have not been designed as randomised
and controlled.10,11 Consequently, the degree of
albuminuria at which treatment with ACE inhibitors
should start is unclear.

We carried out, therefore, a 2-year randomised,
placebo-controlled trial of the ACE inhibitor lisinopril in
patients with both normoalbuminuria and
microalbuminuria. Our aim was to assess whether early-
stage intervention in patients without hypertension would
limit progression of renal disease, and whether this effect
differed according to degree of albuminuria.

Methods
The EURODIAB controlled trial of lisinopril in insulin
dependent diabetes (EUCLID) was a double-blind, randomised,
parallel-design clinical trial of lisinopril and placebo in 18
European centres. The trial was done according to the

Vol 349 • June 21, 1997 1787

Articles

Correspondence to: Dr Nish Chaturvedi, EURODIAB,
Department of Epidemiology and Public Health, University College,
London WC1E 6BT, UK

*Writing committee, study organisation, and participants listed at
end of article



THE LANCET

reason; death; any major morbid event or hospital admission for
any reason; and any abnormal laboratory value associated with
signs or symptoms or requiring treatment. Hypoglycaemic
events were defined as events requiring the assistance of another
person. Withdrawal from treatment could result from a serious
adverse event or from the patient’s wishes. Whenever possible,
those who had withdrawn were encouraged to attend the final
study visit.

Blood and urine samples were sent to the laboratory of the
Royal London Hospital, UK. Laboratory investigators were
given the identification number only of the patient. Urine
albumin was estimated by the particle-enhanced
immunoturbidimetric assay,13 which was also used for
calculation of AER. We estimated HbA1c by an EIA with
monoclonal antibody raised against HbA1c (Dako Ltd, Ely, UK);
the normal range for this assay is 2·9–4·8%.14

We estimated from the EURODIAB study15 that 40% of
patients in our study population would have microalbuminuria
(AER �20 �g/min). The rate of change of AER per month for
this population in the placebo group was estimated to be 1·9
�g/min/month (SD 10). With 90% power and 5% significance,
500 patients would be required in total (250 in each group) for
us to detect a difference in AER change per month of 
3 µg/min/month between treatment and placebo groups.

Data were analysed at the coordinating centre. The
randomisation code was kept at Zeneca Pharmaceuticals for the
duration of the study, and access to it was allowed only when
the final data had been received by the coordinating centre. The
rate of change in AER was the primary endpoint of the study,
and was derived with a summary measures approach,16–18 by
calculation of the regression through the origin estimate for each
patient (S Senn: personal communication). The mean of the two
AERs from the overnight urine collections at each available visit
was plotted, and a regression line drawn between these points.
The slope of this line is equivalent to the rate of change in AER.
This technique is similar to that of least-squares estimation, but
applies sequentially increasing weights, beginning with 0 for the
baseline measurement, 1 for the first follow-up measurement,
and so one to each successive observation, so that the final
observation has the greatest weight. The baseline measurement
is used as a covariate in the analysis. This method has
advantages over least-squares estimation in that all follow-up
data contribute to the model, and is particularly applicable to
growth curves that have a substantial plateau period. Analysis of
covariance was used to measure the treatment effect on rate of
change in AER, and successive terms for baseline AER and
centre were added to the model, as stated in the protocol.
Further adjustments were made for other potential confounders,
such as sex, duration of diabetes, and glycaemic control.
Interactions with treatment for key confounders—such as

Declaration of Helsinki. All centres obtained approval from local
ethics authorities, and obtained written consent from
participants.

Men and women aged between 20 and 59 years who had
IDDM—which we defined as a diagnosis before age 36 and the
need for continuous insulin therapy within a year of diagnosis—
were recruited if resting blood pressure was at least 75 and no
more than 90 mm Hg diastolic, and no more than 155 mm Hg
systolic. Women were only eligible if they were postmenopausal
or using medically accepted contraceptives.

Exclusion criteria included a history of renal-artery stenosis,
cardiac-valve obstruction, or accelerated hypertension; recent
(within the previous 3 months) myocardial infarction, coronary
bypass surgery, stroke, or congestive cardiac failure; abnormal
renal function—a plasma creatinine of more than 150 �mol/L
(>1·8 mg/dL) in the previous 6 months, persistent proteinuria
(Albustix positive or an albumin excretion rate [AER] >250
�g/min) or persistent haematuria (“stick” positive haematuria)
on three occasions within the previous 12 months; or postural
hypotension, medication that affects blood pressure, a previous
idiosyncratic reaction to ACE inhibitors, or seropositivity for
hepatitis B or HIV.

At the initial visit, blood pressure was taken twice after 5 min
rest with a random zero sphygmomanometer; we used the
average of these readings to assess eligibility. Eligible patients
were issued with 1 month’s supply of placebo tablets, and made
two consecutive timed overnight urine collections just before the
randomisation visit, 1 month after the initial visit.

At the randomisation visit, blood pressure was measured
twice to ensure it conformed to entry criteria. The patient was
allowed to continue if a tablet count revealed that 70% or more
of the medication had been taken. We used a Nephur test strip
(Boehringer Mannheim) to test each urine collection for
infection. Patients with positive tests were treated and repeated
urine collections.

Randomisation was stratified by centre and albuminuric
status. To assess the latter, we used a Micral strip (Boehringer
Mannheim) to test each urine collection for albumin.
Provisional assignment was made to the normoalbuminuric
group if the average of the two results indicated that albumin
concentration was below 15 mg/L. Patients with higher average
concentrations were assigned to the microalbuminuric group for
randomisation. Local investigators telephoned the coordinating
centre with the provisional albuminuric status, and were given
an identification number that matched numbers on pill boxes.
Patients were randomly assigned to lisinopril or placebo with a
block size of four. Separate schemes were created for each
stratum (microalbuminuric and normoalbuminuric), with a
FORTRAN computer program validated against the SAS
RANUNI random-number generator. This scheme was
generated by Zeneca Pharmaceuticals, so that both the
coordinating centre and the local investigators were unaware of
the allocation. Sealed envelopes were supplied to each centre
and the coordinating centre so that the code could be broken in
an emergency.

At randomisation, clinical measurements included blood
pressure, height, and weight, and blood samples were taken for
measurement of glycated haemoglobin (HbA1c). Separate
aliquots of urine from the two overnight collections were frozen
with the blood samples, and sent to a central laboratory for
analysis.

Patients were re-examined at 1, 3, 6, 12, 18, and 24 months
after randomisation. We assessed HbA1c and AER every 6
months, the latter by two overnight urine collections. Blood
pressure was measured at each visit. No change was made to the
patients’ diet, and diabetes control was managed according to
usual clinical practice. Tablet counts were done at each visit to
assess compliance. The starting dose was either 10 mg of
lisinopril or matching placebo per day, which could be increased
to 20 mg at 3 months and at subsequent visits to achieve a target
blood pressure of less than 75 mm Hg diastolic.

We asked about adverse events at each visit. Serious adverse
events were defined as: withdrawal for any serious medical
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albuminuric status, sex, glycaemic control, duration of diabetes,
and blood pressure—were also tested. AER was positively
skewed and log transformed effectively for parametric analysis.
Mean rates of change in AER were compared by treatment
group to derive an absolute and relative treatment difference in
AER at 2 years. Cox’s proportional-hazards modelling was used
by treatment group to compare rates of progression 
to microalbuminuria or macroalbuminuria from
normoalbuminuria. All analyses were done by intention to treat
unless otherwise stated.

Results
530 patients were randomly assigned active treatment
(265) or placebo (figure 1). Factors associated with
severity of diabetes and likelihood of complications, such
as glycaemic control and duration of diabetes, showed a
broad distribution within the study sample (table 1).
HbA1c ranged from 2·5% to 14·4%, and diabetes
duration from 1 to 51 years. However, there were no
between-group differences in baseline measures (table 1).

At 1 month, mean diastolic blood pressure was
74 mm Hg on active treatment and 77 mm Hg on
placebo (p=0·0001). This blood-pressure difference was
maintained throughout the rest of the trial (figure 2).
Mean HbA1c was similar in the two groups for the
duration of the trial (figure 2).

The intention-to-treat analysis required that baseline
AER and at least one follow-up AER were available.
Thus, data on 244 patients in the treatment group and
246 in the placebo group were available for analysis. The
difference in mean AER between placebo and treatment
groups increased during the study (figures 2 and 3); after
2 years, AER was 2·2 �g/min lower in the treatment than
in the placebo group (adjusted for baseline AER and
centre, as per protocol). The crude relative treatment
difference in AER at 2 years was 24% (95% CI
4·1–39·8%; p=0·02). When adjustment was made for
baseline AER and centre, this difference persisted; at 2
years, AER was 18·8% lower in the lisinopril than in the
placebo group (2·0, 32·7; p=0·03). These values did not
significantly alter when adjustment was made for sex and
baseline HbA1c.

We adjusted for diastolic blood pressure at 1 month to
assess whether the effects of lisinopril on AER could be
accounted for by its effects on blood pressure. This
adjustment reduced the percentage difference in AER at
2 years to 17·3% (0·2, 31·5; p=0·05). Adjustment for
systolic blood pressure at 1 month instead of diastolic
had identical results.

A second per-protocol analysis was also done, which
excluded patients who violated the protocol, or who
withdrew (n=20 and 82, respectively). The percentage
treatment difference in rate of change in AER, adjusted
for baseline AER and centre, was now 20·1% (4·3, 33·3;
p=0·02).

The effect of treatment differed according to baseline
AER (p=0·001 for interaction with AER as a continuous
variable). Among patients who were normoalbuminuric
at baseline, AER at 2 years was 12·7% (�2·9 to 26·0;
p=0·1) lower in the treatment than in the placebo group,
whereas this difference was 49·7% (�14·5 to 77·9;
p=0·1) in the microalbuminuric group (adjusted for
baseline AER and centre, p=0·04 for the interaction).
Absolute treatment differences were 1·0 �g/min in the
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Placebo (n=265) Lisinopril (n=265)

Median (IQR ) age in years 33 (28–41) 33 (27–40)

Median (IQR) diabetes duration in years 13 (9–20) 13 (8–19)

M/F 167/98 155/110

Median (IQR) body-mass index (kg/m2) 24·3 (22·9–26·3) 24·3 (22·8–26·0)

Median (IQR) blood pressure (mm Hg)
Diastolic 80 (77–83) 79 (76–84)
Systolic 121 (114–130) 122 (116–130)

Geometric mean (IQR) AER* (µg/min) 8·0 (4·7–14·0) 8·0 (4·4–14·8)

Number with
Normoalbuminuria 227 (86%) 213 (80%)
Microalbuminuria 34 (13%) 45 (17%)
Macroalbuminuria 2 (1%) 4 (2%)

Median (IQR) HbA1c (%)† 7·0 (6·0–8·4) 6·9 (5·6–8·2)

*Data missing for two patients in placebo group and three patients in lisinopril group.
†10–90th centiles=4·9–10·0% for placebo group; 4·8–9·8% for lisinopril group.

Table 1: Baseline characteristics by treatment status

Figure 2: Blood pressure HbA1c and AER over time
Vertical bars show SDs.
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with a mean AER of 20 �g/min or higher on two
consecutive visits or at their final visit by treatment
group. 18 (8%) of 227 patients in the placebo group and
13 (6%) of 213 in the lisinopril group progressed to an
AER of 20 �g/min or higher. The rate ratio for
progression in placebo versus lisinopril groups was 1·30
(95% CI 0·64–2·70; p=0·5).

Interactions with centre, sex, initial glycaemic control,
duration of diabetes, and initial blood pressure were also
tested. Only the interaction with sex was statistically
significant (p=0·04). When men and women were
examined separately, the treatment difference in AER at
2 years was 0·40 �g/min (p=0·6) in men, and 6·52
�g/min (p=0·01) in women. At baseline, the most
striking difference between the sexes was in mean AER.
Women in both groups had slightly higher AERs than
men (7·5 vs 9·0 µg/min in men and women in the
placebo group, p=0·2; and 7·2 vs 9·3 �g/min in the
lisinopril group, p=0·09). These mean values are derived
from different distributions of AER by sex; although 27%
of all men at baseline had an AER of 4 �g/min or less,
only 13% of women had an AER in this category.
Baseline AER is a clear determinant of treatment effect,
and further inclusion of a baseline AER by treatment
interaction rendered the sex-by-treatment interaction
non-significant (from p=0·04 to 0·1).

Patients withdrew for various reasons, including a wish
not to continue with the trial, pregnancy, and major
operations or illnesses unconnected with trial medication.
There were 477 minor adverse events (266 in the
lisinopril group, and 211 in the placebo group), and 108
serious adverse events (56 in the lisinopril group, and 52
in the placebo group). There were ten reports of
hypoglycaemic episodes in eight people in the placebo
group, and 12 reports in 12 people in the lisinopril
group. The only major difference in adverse events
between groups was cough; seven episodes reported in
seven individuals in the placebo group, and 24 episodes
in 21 individuals in the lisinopril group.

Compliance with trial medication was 95% at the
beginning of the study and 90% at the end. Data for the
calculation of compliance were missing for 9% of those
who attended visits. Compliance did not vary
significantly by treatment group or sex.

Discussion
We show that the ACE inhibitor lisinopril slows the
progression of AER in a mixed population of
normoalbuminuric and microalbuminuric normotensive
IDDM patients. After 2 years, AER was 18·8% lower on
active treatment than on placebo—an absolute difference
of 2·2 �g/min. Our findings apply to IDDM patients with
a broad range of glycaemic control and duration of
diabetes, and the treatment effect did not appear to differ
according to the key confounders, except sex and

normoalbuminuric group, and 34·2 �g/min in the
microalbuminuric group (figure 3). A stratified analysis
(table 2) showed little treatment benefit at baseline AERs
of 5 �g/min and below; above this value, the treatment
effect increased substantially.

A separate analysis was done to compare actual mean
AER at the 2-year visit, adjusted for baseline AER and
centre. Thus, only patients who attended the final visit
are included in this analysis (figure 1). Among patients
with normoalbuminuria at baseline, the treatment
difference in mean AER was 0·23 �g/min (p=0·6);
among those with microalbuminuria at baseline, the
difference was 38·5 �g/min (p=0·001; figure 4).

Progression to microalbuminuria or macroalbuminuria
was assessed by exclusion of patients with an AER of 20
�g/min or higher at baseline, and by comparison of those

1790 Vol 349 • June 21, 1997

AER (�g/min) Placebo/treatment % difference in AER p
(n) (95% CI)

<5 72/82 �3·3 (�35·9 to 21·5) 0·8
5–<10 89/81 21·3 (�1·9 to 39·3) 0·07
10–<20 47/41 18·8 (�25·1 to 44·7) 0·4
20–200 34/39 49·7 (�14·5 to 77·9) 0·1

% difference is percentage by which AER is lower in lisinopril than in placebo group,
adjusted for baseline AER as continuous variable and centre.

Table 2: Treatment effect (lisinopril vs placebo) at different
baseline AER values

Figure 4: Albumin excretion rate (AER) over time in EUCLID by
initial microalbuminuric status

Figure 3: Absolute treatment difference (placebo-lisinopril) in
AER (�g/min) adjusted for baseline AER and centre and
according to albuminuric status



THE LANCET

baseline albuminuric status. The sex difference seems to
be explained by the sex difference in AER at baseline.
There was little beneficial effect in those who started the
trial with an AER of 5 �g/min or less; but those who
started with microalbuminuria (AER �20 �g/min)
benefited more from lisinopril than did those in the
normoalbuminuric range. Thus, after 2 years, the
absolute and relative treatment differences in AER were
34·2 �g/min (49·7%) in the microalbuminuric group; and
1·0 �g/min (12·7%) in the normoalbuminuric group. The
treatment difference for microalbuminuric people was not
statistically significant, since the number of people in this
subgroup was small; nevertheless, the final AER in the
lisinopril group is about half that in the placebo group,
which suggests this difference may represent an important
clinical effect. We must emphasise that the prevalence of
microalbuminuria in this trial was much smaller than
anticipated (15 vs 40%), and smaller than that on which
the study power was calculated.

Studies of microalbuminuric patients have shown large
changes in AER after 6 weeks,19 1 year, 2 years20,21 and 4
years,9 despite the small number of study participants in
some cases. The choice of statistical test to analyse the
primary endpoint may account for some of the variability
in magnitude of treatment effect in our study, and for the
variability of results between studies. Many studies
presented a comparison of mean AER at the final visit as
the main outcome,20 thus including only patients who
completed the study, and producing a more optimistic
result than a true intention-to-treat analysis. This effect is
confirmed when we compare our findings in the
microalbuminuric subgroup by these different
approaches. A true intention-to-treat analysis, with a
summary measures approach, produces a result in
microalbuminuric patients that is clinically important but
not statistically significant. However, a simple comparison
of mean AER at the final visit—as in other studies—
produces a statistically significant effect. It is interesting
that a combination of the two trials with the largest
participant numbers20,21 showed a more modest treatment
difference (about 33 �g/min,22 a result close to our own)
in AER than earlier, smaller studies.

Previous studies of normoalbuminuric patients had
conflicting results. A comparison of ten IDDM patients
with eight non-diabetic participants showed a statistically
significant difference in AER of 1·3 �g/min after 3
months’ treatment.11 By contrast, an uncontrolled
antihypertensive study of 11 diabetic patients on enalapril
showed a clinically significant fall of AER from 50·5 to
12·2 mg/24 h, which was dismissed because it was not
significant.10 Similarly, a randomised controlled trial of
enalapril in 18 people, 12 of whom were
normoalbuminuric, showed a treatment difference in
AER of 31·4 �g/min at 3 months—again not significant in
conventional terms, and results for the normoalbuminuric
group12 were not presented separately. None of these
earlier studies confom to the design requirements of
adequately-powered, double-blind, randomised,
controlled, clinical trials. Although the absolute treatment
effect we have shown in AER in normoalbuminuric
people is small, this effect represents a 13% relative
difference in 2 years. Furthermore, a stratified analysis
shows that much of this beneficial effect occurs in patients
with AER above 5 �g/min. This treatment difference may
be of clinical importance in limiting the progression of
renal disease, and reducing the proportion of people who

ultimately require renal-replacement therapy.
There are indications that ACE inhibitors may improve

insulin sensitivity,23,24 possibly resulting in an increased
number of hypoglycaemic events in people with
diabetes.25 These findings have been vigorously
challenged.26,27 Criticism mainly targeted the case-control
study design, notoriously prone to bias. In our
randomised controlled trial, one of the largest of an ACE
inhibitor in people with IDDM, there was no treatment
difference in hypoglycaemic events or glycaemic control
throughout the study. The EUCLID study provides clear
evidence, therefore, that ACE inhibitors do not increase
the risk of hypoglycaemia in people with IDDM.

We conclude that lisinopril is of clinical benefit to
people with IDDM who have early signs of renal disease
without hypertension. The greatest clinical effect is
observed in those with microalbuminuria (AER �20
�g/min), but the exact threshold at which to start
treatment requires long-term follow-up to assess the
impact of a modest protective effect in those with
normoalbuminuria, particularly those with AER greater
than 5 �g/min. Long-term follow-up of micro-
albuminuric patients is also required to measure the full
impact of ACE inhibitor therapy on outcomes such as
renal-replacement therapy, and mortality. It is clear,
however, that care guidelines for people with IDDM
should now include the treatment of early-stage renal
disease with ACE inhibitors, even in normotensive
patients.
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