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Abstract
Study objective-To assess the effectiveness of

inhibition of angiotensin converting enzyme in pre-
venting diabetic nephropathy.
Design-Randomised follow up study of normo-

tensive diabetics with persistent microalbuminuria
(30-300 mg/24 hours) treated with enalapril or its
matched placebo for one year. Double blind for first
six months, single blind for last six months.
Setting-Diabetic clinic in tertiary referral centre.
Patients-Treatment group and placebo group

each comprised 10 normotensive diabetics with
persistent microalbuminuria.
Interventions-Treatment group was given enala-

pril 20 mg daily and controls matched placebo.
Patients were given antihypertensive treatment after
one year.
End point-Albumin excretion, arterial pressure,

and renal function.
Main results-In last three months of trial three of

10 patients taking placebo had diabetic nephropathy
(albumin excretion >300 mg/24 hours). No patients
taking enalapril developed nephropathy and five
showed normal albumin excretion (<30 mg/24
hours) (p=0O005, Mann-Whitney test). Mean
arterial pressure was reduced by enalapril through-
out study (p<0005) but increased linearly with
placebo (p<005). Albumin excretion decreased
linearly with enalapril but not placebo. An increase
in albumin excretion with placebo was positively
related to the increase in mean arterial pressure
(r=0.709, p<005, Spearman's rank test). With
enalapril total renal resistances and fractional
albumin clearances improved progressively (time
effect, p=0.0001).

Conclusion-Inhibition of angiotensin converting
enzyme prevents development of nephropathy in
normotensive diabetics with persistent micro-
albuminuria. This may be due to reduction in
intraglomerular pressure and to prevention of in-
creased systemic blood pressure. Future studies
should compare long term effects of inhibitors
of converting enzyme with other antihypertensive
drugs.
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Introduction
Diabetic nephropathy is defined as the onset of

persistent proteinuria with raised blood pressure in
patients with chronic diabetes mellitus.' The life
expectancy in such patients is reduced by a high risk of
renal failure or cardiovascular disease, or both.' 2 The
condition is preceded by incipient diabetic nephro-
pathy,3 which is characterised by persistent micro-
albuminuria -that is, an albumin excretion rate above
normal values but below those giving positive results
on dipstick testing. Abnormalities of the haemo-
dynamics within the kidney, resulting in glomerular
hyperfiltration, can be detected from the onset of
diabetes and may be determinants in the development
of diabetic nephropathy.45

Several types of intervention have been proposed to
prevent the onset of persistent proteinuria in diabetics.
Strict metabolic control achieved with portable insulin
pumps can reverse glomerular hyperfiltration due to
poor metabolic control,6 but at least two years' treat-
ment must be given to prevent diabetic nephropathy

from developing. Also the selection criteria proposed
for this treatment make large scale treatment of insulin
dependent diabetics difficult.8 Restriction of dietary
protein can reduce albumin excretion in diabetics,9 but
clinical data do not suggest that patients can comply
with such a diet for long periods. Conversely, early
antihypertensive treatment can alter the course of
albumin excretion at the stage of incipient diabetic
nephropathy.'
We have shown by a six month randomised, placebo

controlled, double blind study that a reduction in
blood pressure by inhibition of angiotensin converting
enzyme reduces albumin excretion in normotensive
diabetics with persistent microalbuminuria. " We
followed up all of these patients to one year to
observe the effects of long term inhibition of angio-
tensin converting enzyme in preventing the develop-
ment of diabetic nephropathy.

Patients and methods
PATIENTS AND STUDY PROTOCOL

Two groups of 10 ambulant patients were entered
into the study if they were aged 20-60; had had
diabetes for more than five years; were not obese; had
persistent microalbuminuria (albumin excretion rate
30-300 mg/24 hours recorded twice or three times over
three months)'2 but no hypertension (according to the
criteria of the World Health Organisation)13; and their
metabolic control was stable, with a total haemoglobin
Alc concentration below 10%. Details of their indi-
vidual characteristics and treatments have been pub-
lished." The dietary instructions and antidiabetic
treatment at the beginning of the trial remained
unchanged during the follow up.

After a three month pretreatment period the patients
were allocated in pairs to receive treatment for one year
with either 20 mg enalapril daily or its matched
placebo. The randomisation schedule and the instruc-
tions given to the patients have been reported."
The patients were entered into the study over six
months. The 10 patients entered into the trial first were
followed up double blind; two had persistent protein-
uria and blood pressures above 140/90 mm Hg at
the end of the one year treatment. As antihyperten-
sive treatment must be instituted promptly in such
patients'4-'6 the double blind code was disrupted, and
the two patients, who had been treated with placebo,
were given antihypertensive drugs. Therefore, the last
10 patients recruited were followed up blind during the
last six months of the trial. One of them, who
developed persistent proteinuria, was given antihyper-
tensive treatment after one year of treatment with
placebo.

During both the pretreatment and treatment periods
mean arterial pressure and albumin excretion rate were
measured monthly and total glycated haemoglobin
every two months. Kidney function was investigated at
the end of the pretreatment period and after six and 12
months of treatment.

METHODS

Mean arterial pressure was measured with patients
supine every three minutes for 30 minutes with an
automatic device (Dinamap, Critikon, Florida, United
States; cuff size 23-13x 13 cm) between 0900 and
1100. Albumin excretion rate was measured by radio-
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immunoassay on 24 hour samples of urine.'7 Values
below 30 mg albumin/24 hours were considered to be
in the normal range, and values of 30-300 mg albumin/
24 hours or >300 mg albumin/24 hours to represent
persistent microalbuminuria or persistent macro-
albuminuria respectively if obtained twice or three
times over three months. Values greater than 300 mg
albumin/24 hours indicated clinical proteinuria.'
Total glycated haemoglobin was measured with a
Cordis kit (mean control value 6-1 (SD) 0-5%).
To assess kidney function the patients reported,

fasting, at 0700. Constant diuresis was induced by
progressive water loading, and after at least one hour
of constant diuresis glomerular filtration rate and
effective renal plasma flow were estimated by urinary
clearances of iodothalamate labelled with iodine-125
and hippurate labelled with iodine-131 (Amersham
Laboratories), respectively.'8 The values were adjusted
to a body surface area of 1-73 M2. The filtration fraction
was calculated as glomerular filtration rate/effective
renal plasma flow, and the total renal resistances were
calculated as mean arterial pressure during clearance/
effective renal plasma flow. Serum albumin concen-
tration was measured by laser nephelometry. The
fractional albumin clearance was calculated as urinary
albumin clearance/glomerular filtration rate. Plasma
glucose concentration was measured with a glucose
oxidase method during the clearance studies and
recorded as a mean of six measurements. The mean
(range) control values of all variables have been
reported. "

Urinary sodium and serum potassium concentra-
tions were measured with flame photometry and
urinary urea by a urease method. Total and active renin
concentrations were measured by direct immunoradio-
metry'9 in samples of plasma collected with the patients
supine on the day of testing kidney function.

STATISTICAL ANALYSIS

Results are expressed as means (SEM), or as median
and range values. Effects of the treatment and its
duration were assessed by two way repeated measures
analysis of variance. When a significant interaction
between duration and treatment was found the results
were assessed separately in each group by one way
repeated measures analysis of variance. As linear
regression was not a valid method for this study we
assessed the linearity of any relation between duration
of treatment and the other criteria by analysis of
variance; the program of the biomedical programs

TABLE i-Measurements of weight and biochemical variables during trial in nornnotensive diabetics
receiving enalapril or placebo

Time during trial (months)

0 6 12

Median (range) weight (kg):
Placebo 70 (46-98) 71 (46-97) 70 (46-95)
Enalapril 67 (45-85) 67 (46-87) 68 (44-85)

Median (range) serum potassium (mmol/l):
Placebo 4-0 (3-6-4 3) 4-1 (3-7-4-7) 4-0 (3-7-4-2)
Enalapril 4-1 (3 7-5 2) 4-1 (3-8-4-9) 4 0 (3-8-4-7)

Median (range) urinary sodium (mmol/24h):
Placebo 98 (66-161) 113 (66-152) 118 (52-179)
Enalapril 102 (66-182) 105 (66-170) 105 (72-175)

Median (range) urinary urea (mmol/24h):
Placebo 228 (148-720) 228 (160-697) 240 (125-702)
Enalapril 249 (132-578) 279 (141-521) 291 (126-493)

Mean (range) plasma glucose (mmol/l):
Placebo 7-3(4-1-11-2) 8-3(4-6-11-5) 7-6(4-3-11-2)
Enalapril 6-6(4-8-10-2) 6-7(4-6-11-0) 7 6(5-1-9-7)

Mean (range) haemoglobin (%):
Placebo 8-2 (6-2-9-6) 8-4 (7-2-10-5) 8-8 (7-0-9-7)
Enalapril 8-1 (7-0-9-7) 8-3 (6-6-11-4) 8-3 (7 2-9-8)

Mean (range) active renin (pmol/l):
Placebo 0-5 (0-1-0-9) 0 5(0 1-1 0) 0-4(0-1-0-7)
Enalapril 0-6 (0-2-1-2) 1-2 (0-4-9-3)* 2-1 (0-7-10 2)*

Total renin (pmolUl):
Placebo 6-4 (3-7-9 4) 5-7 (3-0-11-0) 6-4 (2-8-11-6)
Enalapril 6-6 (2 3-20 5)* 13-4 (5-5-30 5)* 16-8 (6-0-28-7)*

*p<0.01 Placebo (n= 10) v enalapril (n= 10).

statistical package was used for all of the analyses.20
When the variance of the groups was unequal the
original data were logarithmically transformed before
the analysis. The correlation between two variables
was estimated by Spearman's rank test. A non-para-
metric (Mann-Whitney U) test was used to compare
the occurrence of diabetic nephropathy between the
groups.

Results
As shown in table I weight, serum concentration of

potassium, urinary excretion of sodium and urea, and
mean plasma concentrations of glucose and HbAic did
not vary either between the two groups or within each
group throughout the study. The concentrations of
active and total renin were significantly increased in the
group receiving enalapril.
Albumin excretion was identical in both groups

during the pretreatment period (analysis of variance
F18=0-37, p>01) but was significantly lower during
the treatment with enalapril than placebo (F18=5 -08,
p= <0 05). There was a significant interaction between
duration and treatment (F898=4-24, p<O0OOOl). The
change in albumin excretion was analysed in each
group; with placebo the duration of treatment was
significant, but the change was not linear, and with
enalapril the rate declined significantly and linearly
with time (fig 1, upper panels). During the last three

. Placebo

Time effect: p=YOl
Enalaprl

Lirvearityt NS Time effect: p< 0 05
Linearity: p=00l

1300 300

100oi 100

E 30~ 30-

-Time effect: NS Timeeffect:P>05.
L ~'E;ineetity: p< 0.05 Linearity: NS

., .05 . , .. ........95

~100-

0, .3 -6 12 0 3 6 9 12
Time (months)

FIG 1-Median (range) logarithm ofalbumin excretion (upper panels)
and mean (SEM) arterial pressure (lowerpanels) in 10 patients treated
with placebo (left panels) and 10 treated with enalapril (right panels).
Shaded areas correspond to range andSEM values respectively

months of the study three of the 10 patients receiving
placebo had persistent macroalbuminuria, and the
seven others continued to have persistent micro-
albuminuria. None of the 10 patients receiving
enalapril had persistent macroalbuminuria; five con-
tinued to have persistent microalbuminuria and five
showed normal albumin excretion in two or all of
the three measurements (Mann-Whitney U test,
p=O OOS).
Mean arterial pressure was identical between the

groups during the pretreatment period (FI8=0 10;
p>O05) and it was significantly lower during treatment
with enalapril than placebo (Fl8= 10-43, p<0 005). A
significant interaction occurred with the duration of
treatment (FI98=2 16, p<005). The mean arterial
pressure increased linearly with placebo but was
not significantly changed with enalapril (fig 1, lower
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panels). Mean albumin excretion and
pressure were calculated in all patients fol
ment period and for the last three montl
With placebo, but not enalapril, the diffe,
variables between these two periods wa:,
correlated (fig 2).

±1000-

07

E
0

0

u
x

.E
-0

u
0

-0

02-

+100-
(

0
0

+101
-20 -10 0

101. Mean difference in arterial prE

10100 0
0

0
FIG 2-Relation between the indivi'dual differences
pressure and in albumin excretion rate between pretr
last three months of trial in 10 patients receiving plo
receiving enalapri'l (0).

Placebo: r=0-71, p<0-05. Enalapril: r=0-00,I
rank test)

Table II shows kidney function in pa
the trial. The glomerular filtration ra
significantly with placebo over the on
period but not with enalapril. Conversely
renal plasma flow rose increasingly and
with time with enalapril but not with plz
quently, the filtration fraction decreased v
but this was not significant. The total rer
decreased progressively and significantl
pril and the fractional albumin clearar
significantly with time, whereas it wor
cantly with placebo.

Discussion
This study shows that long term

angiotensin converting enzyme in diabe
sistent microalbuminuria but without
can prevent the diabetic nephropathy
otherwise with conventional antidiabet
The glomerular permeability to albumin,
ances of the renal vasculature improve(
with time with enalapril. Conversely, pr
parallel increases in albumin excretic

mean arterial arterial pressure occurred with placebo. Thus we
,rthe pretreat- cannot state that inhibition of angiotensin converting
is of the trial, enzyme has a specific effect on albumin excretion by
,rence in these reducing pressure within the glomeruli independently
ssignificantly of its effects on systemic blood pressure.'

The changes in albumin excretion could be attri-
buted solely to changes in blood pressure or inhibition
of the converting enzyme, or both. Other factors that
may have affected these variables are changes in

o 0 weight,2' protein intake,22 sodium balance, or meta-
bolic control.23 These were discounted as weight,
excretion of urea and sodium, and HbA1c and mean

plasma glucose concentrations were constant through-
out the study. Also our results cannot be explained by

D the high variability in albumin excretion24 as this
o variable was measured before and during treatment.

We have reported reduced albumin excretion and
blood pressure after six months of treatment to inhibit

o angiotensin converting enzyme." This might have
been the consequence of the physical reduction in
hydraulic pressure proxlimal to the glomerular base-

I +10 ment membrane as the differences between the treated
essure (mm Hg) patients and controls were significantly related to the

type of treatment, but its duration was not significant.
In incipient diabetic nephropathy albumin excretion
and fractional albumin clearance can be reduced by a
rapid decrease in blood pressure-that is, over hours of
observation.2' Short term manipulation- of the haemo-
dynamics within the kidney can have similar conse-
quences through redistribution of renal plasma flow
with the opening up of additional glomeruli and

in mean arterial capillary loops. This may explain the results of giving
reboen(0)rand to patients with incipient diabetic nephropathy a prosta-aceb(0 an 10 glandin inhibitor26 and the acute renal effects of
NS. (Spearman's captopril.21 We have given patients with incipient

diabetic nephropathy enalapril for a short (four day)
period, and they did not show significant changes in

Itients during their fractional albumin clearance, though their mean
ite decreased arterial pressure was reduced and their effective renal
Le year study plasma flow was increased.2" Conversely, alburmin
', the effective excretion and fractional albumin clearance improved
I significantly progressively in the present study during the follow
acebo. Conse- up. These results can be explained only by a
vith enalapril, progressive amelioration of the permeability of the
nal resistances glomerular basement membrane to albumin. This is
ly with enala- consistent with the observations of Zatz et al in diabetic
nce improved rats during an experimental study of similar design.29
'sened signifi- This study shows that inhibition of converting

enzyme improved kidney function during the course
of diabetic nephropathy, but changes in renal
morphology were not studied. Alterations in structure
and function in diabetic nephropathy can be disso-

inhibition of ciated from each other, although mesangial expansion
-tics with per- and glomerulosclerosis are usually related to albumin
hypertension excretion and glomnerular ifiltration rate.30 The progres-
that occurs sive amelioration of total renal resistances and of

tic treatment. fractional albumin clearance reported here may be
and the resist- explained by accompanying changes in kidney mor-
d increasingly phology. In diabetic rats the increases in glomerulo-
rogressive and sclerosis and albumin excretion were reduced by
)n and mean inhibition of converting enzyme.

TABLE li -Median (range) measures ofkidney function duri'ng trial in normotensive diabeti'cs receiving enalapril orplacebo*

Glomerular filtration rate Effective renal plasma flow Filtration fraction Total renal resistances Fractional albumin clearance
(ml/min/ll-73Min) (ml/min/Il-73 in2) (x 10-) (mm Hg/mt/mmn) (X 10-6)

Placebo Enalapril Placebo Enalapril Placebo Enalapril Placebo Enalapril Placebo Enalapril

OMont.h 129(104-195) 131 (90-158) 564 (458-858) 547 (347-722) 225 (192-243) 250(186-349) 0-19 (0-11-0-45) 0-23 (0-14-0-34) 11-4(4-0-44-5) 18-6(3-7-64-0)
6 Months 122 (94-164) 137 (104-180) 603 (362-827)' 538 (432-852) 214 (190-264) 226 (168-354) 0-20 (0- 12-0-47) 0-18 (0- 10-0-23) 24-8 (6-2-56-8) 5-6 (2-4-46-4)
12 Months 109 (80-192) 124 (110-234) 568 (308-869) 684 (381-1204) 221 (183-260) 199 (152-318) 0-19 (0- 12-0-38) 0-14 (0-09-0-28) 41-9 (4- 1-219-7) 3-6 (2-0-13-9)
Time effect Fl, 3-75 1-12 0-81 9-68 0-08 2-83 0-11 16-41 9-20 40-90

p <0-05 >0-1I >0-1I 0-001 >0-5 >0-05 >0-5 0-0001 0-01 0-001
Tail probability (p):
Betweengroup >0-1 >0-5 >0-1I >0-1 <0-05
Timemiteraction 0-05 0-001 >0-1I 0-01 <0-001

*For both groups n= 10.
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In our study albumin excretion and mean arterial
pressure rose in parallel during treatment with placebo
for one year and were significantly correlated. This is
consistent with observations on similar patients who
did not receive antihypertensive treatment for two
years,7 but in both studies the diabetics with persistent
microalbuminuria and hypertension were eliminated.
Thus too few patients with persistent microalbumin-
uria were studied to estimate the incidence of diabetic
nephropathy. Also the means by which inhibition of
converting enzyme can modify this incidence requires
studies ofmany patients. Nevertheless, microalbumin-
uria in diabetics is associated with a significant increase
in blood pressure compared with controls.3 32 Taken
together these data support the view that a slight rise in
blood pressure occurs in diabetics together with micro-
albuminuria progressing to macroalbuminuria and
suggest that antihypertensive treatment should be
instituted early in diabetics compared with normo-
glycaemic hypertensive patients.33
We cannot conclude from our results whether the

observed reduction in albumin excretion can be related
to reduction of blood pressure systemically or to
reduction of that within the glomeruli specifically due
to inhibition of the converting enzyme. In azotemic
diabetics the addition of captopril to conventional
antihypertensive treatment has been claimed to give
short term reduction in heavy proteinuria without any
further reduction in blood pressure.34 On the other
hand, another study on treatment ofhypertension with
captopril in diabetic nephropathy showed that a reduc-
tion in urinary albumin excretion was accompanied by
a reduction in blood pressure.35 In non-diabetic rats
proteinuria due to hypertension was prevented by
enalapril but not by conventional antihypertensive
triple treatment, though blood pressure was reduced
equally in both treatments.36 Conversely, Bank et al
presented experimental evidence against the hypo-
thesis of increased glomerular pressure as a deter-
minant in initiating diabetic nephropathy but showed
in the same study that lowering blood pressure to
hypotensive values in diabetic rats protected against
early diabetic nephropathy.37
No data are yet available in human diabetics in

favour of a beneficial effect of inhibition of converting
enzyme on albumin excretion independently of its
hypotensive effect. Studies in diabetics with micro-
alburninuria should compare the long term effects of
inhibitors ofangiotensin converting enzyme with those
of other antihypertensive drugs.
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