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Abstract
Objective-To assess the effectiveness of angio-

tensin converting enzyme inhibition in preventing
the development of diabetic nephropathy (albumi-
nuria >300 mg/24 h).
Design-Open randomised controlled study of

four years' duration.
Setting-Outpatient diabetic clinic in tertiary

referral centre.
Patients-44 normotensive (mean blood pressure

127/78 (SD 12/10)mm Hg) insulin dependent diabetic
patients with persistent microalbuminuria (30-300
mg/24 h).
Interventions-The treatment group (n=21) was

initially given captopril (25 mg/24 h). The dose was
increased to 100 mg/24 h during the first 16 months
and thiazide was added after 30 months. The
remaining 23 patients were left untreated.
Main outcome measures-Albuminuria, kidney

function, development of diabetic nephropathy
(albuminuria >300 mg/24 h), and arterial blood
pressure.

Results-Clinical and laboratory variables were
comparable at baseline. Urinary excretion ofalbumin
was gradually reduced from 82 (66-106) to 57 (39-85)
mg/24 h (geometric mean (95% confidence interval))
in the captopril treated group, whereas an increase
from 105 (77-153) to 166 (83-323) mg/24 h occurred in
the control group (p<005). Seven of the untreated
patients progressed to diabetic nephropathy, whereas
none of the captopril treated patients developed
clinical overt diabetic nephropathy (p<005).
Systemic blood pressure, glomerular filtration rate,
haemoglobin Alc concentration, and urinary ex-
cretion of sodium and urea remained practically
unchanged in the two groups.
Conclusions-The findings suggest that angio-

tensin converting enzyme inhibition postpones the
development of clinical overt diabetic nephropathy
in normotensive insulin dependent diabetic patients
with persistent microalbuminuria.

Introduction
Roughly 35% of all insulin dependent diabetic

patients develop diabetic nephropathy. This clinical
syndrome is characterised by persisent albuminuria
>300 mg/24 h, a relentless decline in the glomerular
filtration rate, and raised arterial blood pressure.' 2 The
mortality in patients suffering from diabetic
nephropathy is up to 100 times that of the age and sex
matched background population, and this is mainly
due to an enormous excess of deaths from end stage
renal disease.' Arterial hypertension enhances the
development of diabetic glomerulopathy, and anti-
hypertensive treatment reduces albuminuria and
diminishes the rate of decline in the glomerular
filtration rate, thereby postponing end stage renal

failure in patients with diabetic nephropathy.4-6
During the past decade the prognosis of diabetic
nephropathy has improved substantially, probably as a
consequence of early and aggressive antihypertensive
treatment.7 Nevertheless, diabetic nephropathy is
still the single most important cause of end stage
renal disease in the Western World, accounting for
over a quarter of all end stage renal disease in the
United States. Thus there is an urgent need to evaluate
treatments which may delay or even prevent the
development of diabetic nephropathy in the sub-
population at risk.
The insulin dependent diabetes mellitus subpopu-

lation at risk may now be identified fairly accurately by
the detection of microalbuminuria. Longitudinal
studies have shown that raised urinary albumin
excretion below the level of clinical albuminuria- so
called microalbuminuria-strongly predicts the de-
velopment of nephropathy in insulin dependent
diabetes.9 12 The prevalence of microalbuminuria,
defined as urinary albumin excretion between 30 and
300 mg/24 h,'3 was around 20% in a large diabetic
clinic.'4 "5 The development and progression of micro-
albuminuria is associated with poor metabolic
control.'4-'7 We have found that near normal blood
glucose control achieved with insulin pumps can delay
the development of diabetic nephropathy and thus
preserve a normal and stable glomerular filtration
rate in patients with persistent microalbuminuria."
Unfortunately, severe and even lethal side effects-
for example, hypoglycaemia and ketoacidosis-are
reported more often. 18-20
A small increase in arterial blood pressure is an

early and common finding in patients with micro-
albuminuria.'2 '4 1621 A rise in systemic blood pressure
transmitted to the glomerular capillary network results
in glomerular hypertension,22 which has also been
shown in most normotensive rats with streptozotocin
induced diabetes.23 A link between raised intra-
glomerular pressure and albuminuria and the develop-
ment and progression of diabetic renal disease has been
reported.24 25 Acute reduction of systemic blood
pressure in normotensive patients with persistent
microalbuminuria reduces urinary albumin excretion,26
probably owing to a reduction in intraglomerular
pressure. In diabetic Wistar rats angiotensin converting
enzyme inhibition reduces glomerular hypertension,
restricts the increase in urinary albumin excretion, and
slows the development of glomerular structural
lesions.23
We report a four year prospective randomised

controlled trial aimed at evaluating the effect of
angiotensin converting enzyme inhibition on the
development of diabetic nephropathy in normotensive
insulin dependent diabetic patients with persistent
microalbuminuria. Captopril was chosen because it is
effective and well tolerated in hypertensive patients
with diabetic nephropathy.
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Patients and methods
We examined the records of all insulin dependent

diabetic patients with microalbuminuria (n=220)
above the age of 17 visiting the outpatient clinic
at Hvid0re hospital in 1985.'42! From this population
we identified all patients (n= 130) aged under 50
whose onset of diabetes was before the age of 41, whose
duration of diabetes was five to 30 years, whose
diastolic blood pressure was below 95 mm Hg, and who
had no other disease. These patients were asked to
provide three 24 hour urine samples. If urinary
albumin excretion in at least two out of three con-
secutive sterile urine samples collected was in the range
30-300 mg/24 h the patients fulfilled the criteria for
persistent microalbuminuria. 3Thirty six patients had
median values <30 mg/24 h and 23 patients median
values >300 mg/24 h (that is, diagnostic of nephro-
pathy); 14 patients with persistent microalbuminuria
received diuretics or other antihypertensive drugs; and
five patients were pregnant or planned to get pregnant.
The remaining 52 patients with persistent micro-
albuminuria were asked to participate in the study and
45 accepted. All had an average of three or more
consecutive blood pressure readings below 160/95 mm
Hg, a glomerular filtration rate >90 ml/min/1 73 Mi,
and otherwise normal findings on urine analysis.
All gave informed consent, and the study was approved
by the scientific ethics committee of Copenhagen
County.
The 45 patients were matched in pairs (n=22) with

respect to urinary albumin excretion, blood pressure,
haemoglobin Alc concentration, and glomerular
filtration rate and one of each pair then assigned
at random to receive either captopril (n=22) or no
blood pressure lowering agent (n=23). Shortly after
randomisation one woman (urinary albumin excretion
132 mg/24 h at baseline) in the captopril group was
excluded because of abuse of pain relieving tablets for
chronic headache. Treatment with captopril was aimed
at preventing the expected rise in arterial blood
pressure and, if possible, reducing the diastolic blood
pressure by 5 mm Hg. The initial dose was 25 mg/24 h,
taken as 12 5 mg at 0700 and 12 5 mg at 1800. The
mean diastolic blood pressure was evaluated at six, 12,
and 24 months. If the desired effect was not achieved
the dose of captopril was subsequently doubled. The
maximum dose was set at 100 mg/24 h, and thereafter
bendrofluazide could be added. Throughout the study
all patients continued with their usual diabetic diet
without sodium, protein, or energy restriction. All
patients were receiving at least two daily injections of
highly purified insulin. Supplementation with potas-
sium chloride accompanied treatment with diuretics
during the last six months of the study.

All patients were seen by the same observer (ERM)
in the outpatient clinic at 0, 1, 3, 6, 9, 12, 16, 20, 24,
28, 30, 32, 34, 36, 40, 44, and 48 months. Blood
pressure was measured on the right arm after 10
minutes' rest in the supine position. A Hawksley
random zero device was used and the sounds monitored
to the nearest 2 mm Hg. Diastolic blood pressure was
measured at the point ofdisappearance ofthe Korotkoff
sounds (phase V). At 36 months a 24 hour profile of
ambulatory systemic blood pressure was measured
by a portable recorder (TM-2420, Takeda Medical,
Tokyo).28 Systolic and diastolic blood pressure and
pulse rate were measured at 15 minute intervals
throughout the day and at 30 minute intervals during
the night. Mean hourly blood pressure and average
blood pressure during the 24 hours were calculated, all
measured values being given the same weight. Two
patients in each group did not wish to participate in this
part of the study.
Two 24 hour urine collections were obtained at each

visit. Urinary albumin concentration was measured by

radioimmunoassay29 in all urine samples. The assay has
a sensitivity of 0 5 mg/l and a coefficient of variation of
9%. The day to day coefficient of variation for 24 hour
urinary albumin excretion in individual patients is
around 50%. " The completeness of the urine collection
was evaluated by measuring creatinine excretion in
each urine sample. Diabetic nephropathy was diagnosed
clinically if persistent albuminuria developed in a
patient with otherwise normal urine and no clinical or
laboratory evidence of kidney or urinary tract disease
other than diabetic glomerulosclerosis. At follow up
persistent albuminuria was defined as a geometric
mean urinary albumin excretion exceeding 300
mg/24 h based on at least six consecutive urine
collections during six months of observation.

Renal clearance studies were performed at 0 time, 6
months, and 1, 2, 3, and 4 years with the patients
supine between 0800 and 1330. Blood pressure was
measured as previously described. Thereafter, patients
in the treatment group received their current dose of
captopril and diuretics. Patients had their usual break-
fast and morning insulin at 0930 and drank 200 ml tap
water per hour during the procedures.

Plasma volume was estimated (at 0830) from the rate
of disappearance of intravenously injected human
serum albumin labelled with iodine-125 (code MIAK;
Institute of Atomic Energy, Kjeller, Norway).3' The
glomerular filtration rate and extracellular fluid volume
were measured after a single intravenous injection of
3.7 MBq chromium-51 labelled EDTA (at 0900) by
determining the radioactivity in venous blood samples
taken 5, 7, 10, 15, 30, 45, 60, 90, 120, 150, 180, 200,
220, and 240 minutes after the injection.32 3 Normal
values in normoalbuminuric insulin dependent diabetic
patients are glomerular filtration rate 122 (SD 17)
ml/min/1 73 m2 and extracellular fluid volume 13 1
(0 9) 1/1-73 m2.-w Urine was collected during the
clearance period for measuring the albumin concen-
tration. Fractional albumin clearance was calculated as
albumin clearance divided by the simultaneously
measured glomerular filtration rate. If urinary tract
infection or appreciable ketonuria was present ap-
propriate treatment was given and the clearance study
postponed for two weeks.

Blood glucose concentration was measured hourly
during the four hour clearance period by using a
reflectance meter (Reflomat; Boehringer-Mannheim,
Ingelheim, West Germany). In a few patients sup-
plementation with a 10 g glucose drink or 2-4 IU
neutral insulin injection (Actrapid) intravenously was
necessary in order to keep the blood glucose concen-
tration between 4 and 15 mmol/l during the clearance
study. Haemoglobin A1c concentration (normal range
4-1-6- 1%)35; serum creatinine, electrolyte, albumin,
total cholesterol, high density lipoprotein cholesterol,
and triglyceride concentrations; and leucocyte count
were measured during each investigation by con-
ventional laboratory techniques. Plasma samples for
determination of active renin3 and angiotensin 137 and
angiotensin II8 concentrations were collected at 1000
and after at least one hour in the supine position. These
hormones were measured only at 0, 6, and 24 months
because of limited capacity. The two 24 hour urine
samples collected at 0, 6, 12, 24, 36, and 48 months
were analysed for sodium and urea concentrations by
conventional techniques. Protein intake was calculated
as 6-25 times total urinary nitrogen excretion (24 hour
urinary urea nitrogen excretion plus non-urea nitrogen
excretion estimated to 2 g/day per patient).3940
Ophthalmoscopy was carried out on dilated pupils at
least every 12 months.

STATISTICAL ANALYSIS

Results are expressed as means and standard
deviation (SD) or range. Values for urinary albumin
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excretion, fractional urinary albumin clearance, and
plasma activities of active renin and concentrations of
angiotensin I and angiotensin II were logarithmically
transformed before analysis of their positively skewed
distribution and the geometric means with ranges
given. The main results are given with 95°'o confidence
intervals. Paired and unpaired Student's t tests were
used for comparisons within and between the groups.
The best polynomial fit for the time course of urinary

albumin excretion, blood pressure, fractional albumin
clearance, and glomerular filtration rate was sought
with analysis of variance. The best fit was linear in all
cases, and the slope of a fitted line to the data was
measured by the regression coefficient estimated by
least squares. The individual slopes of the two groups
were compared by Student's t test. All patient data
were included in the analysis. In four patients the last
values of blood pressure and urinary albumin excretion
before pregnancy or antihypertensive treatment were
used.

Because of the logarithmic transformation of data
the mean relative changes a year in urinary albumin
excretion and fractional albumin clearance were
calculated as follows: the antilogarithm of the slope was
subtracted by 1 and thereafter timed with 100%. The
possible confounding influence of imbalance between
the two groups in the four matching factors on urinary
albumin excretion at follow up and the annual change
in urinary albumin excretion was tested by analysis of
covariance. Correlations were calculated with stepwise
multiple linear regression analysis. A p value of <0 05
was considered significant (two tailed).
A prestudy calculation of the required sample size

and observation period was performed, based on the
following assumptions: an expected increase in diastolic
blood pressure and urinary albumin excretion of 4 mm
Hg and 30% a year respectively in the control group
and 0 mm Hg and 10% a year in the captopril treated
group; and inclusion of all eligible patients from the
clinic. With (c set to 0 05, [3 set to 0-10, and 21
patients in each group the required observation period
was two years.

Results
The baseline values in the two groups are given in

tables I and II. Baseline diastolic blood pressure was
below 90 mm Hg in all but one patient in each group.
The initial dose of captopril (25 mg/24 h) was doubled
at nine and 16 months and thereafter kept constant at
100 mg/24 h. After 30 months 2 5 mg bendrofluazide
was added in the treatment group (fig 1). After 24
months seven patients deviated from the protocol.
Owing to oedema formation one patient in the control
group (case 20) and two patients in the captopril group
(cases 27 and 30) had treatment initiated with frusemide
(80-160 mg/24 h); one patient in the control group (case

TABLE I -Clinical and laboratory data at baseline in normotensive
insulin dependent diabetic patients witth persistent microalbtminuria.
Except where stated otherwisefigures are means (SD in parentheses) or
geometric meanis (ranges in parentheses)

Control Captopril
group group

Noofpatients(FlM) 23(12 11 21 (10/11)
Age (years) 27 (8) 31 (8)
Duration of diabetes (years) 17 (5) 19 (7)
Fractional albumin clearance
(x 10) 11-4(0 9-67) 8-8(2-4-72)

Glomerular filtration rate (ml/min) 129 (18) 126 (24)
Haemoglobin Al, (%) 8-3 (1-4) 8-4 (1-4)
Insulin dose (IU/kg/24 h) 0-63 (0-21) 0-66 (0-15)
Energy intake (MJ/24 h) 7-8 (2 0) 7-4 (1 9)
Protein intake (g/24 h) 79 (19) 76 (23)
Body mass index (kg/mi) 23-7 (2 4) 22-9 (2 1)
Urinary sodium excretion (mmolU24 h) 194 (79) 174 (58)
No with retinopathy (none/background/

proliferative) 0/20/3 3/15/3

TABLE II -Initial and four year follow up values of urinary albumin
excretion and arterial blood pressure in captopril and control groups.
Individual values are means of at least two tneasurements

Urinary albumin excretion
(mg/24 h) Blood pressure (mm Hg)

(ase
No Baseline Four year follow up Baseline Four year follow up

Control group
1 141 298 134/80 143/92
2 236 176 130/81 129/85
3 68 87 123/71 126/77
4* 133 19494 122/82 151/105
5 130 140 104/66 106/67
6 165 277 127/86 129/87
7 54 2119t 125/81 148/98
8 73 32 136/89 128/78
9 64 112 127/72 114/77
10 169 61 125/68 116/75
1 1 32 41 115/71 142/72
12 100 108 155/93 128/70
13 144 88 133/78 121/61
14 117 41644 121/80 142/89
1 5 7 1 30 128/87 123/88
16t 190 64 112/70 108/56
17 57 123 127/80 115/65
18 34 13 120/62 110/59
19 282 343:t 117/79 116/75
20t 168 7354 117/77 118/79
21 165 4704 123/71 113/67
22 137 9204 129/67 120/65
23 34 13 120/80 122/67

Geometric
mean 105 166 125/77 125/76

Captopril group
24 68 45 112/69 109/65
25 78 21 117/78 107/69
26 90 105 123/82 106/79
27 204 40 125/87 120/75
28 197 90 152/83 121/61
29 159 57 132/85 122/81
30 54 235 134/75 129/80
31 174 63 126/73 123/81
32 66 27 122/80 109/69
33 46 146 146/72 164/72
34 89 269 120/81 129/78
35 67 145 120/63 111/63
36 81 59 151/91 151/78
37 197 37 127/84 118/71
38 48 21 117/76 116/66
39 77 25 126/71 115/76
40 100 87 131/87 127/80
41 33 78 141/88 160/87
42 54 30 130/87 117/70
43t 60 9 118/70 100/50
44 70 96 123/72 114/71

Geometric
mean 82 57 128/78 122/73

*Last values before antihypertensive treatment.
tLast values before pregnancy.
tClinical nephropathy present, with mean urinary albumin excretion
exceeding 300 mg/24 h based on six consecutive urine collections during six
months of observation.

4) developed hypertension (World Health Organisation
criterion; blood pressure > 160/95 mm Hg) and began
treatment with frusemide (160 mg/24 h); and three
patients (cases 16, 20, and 43) became pregnant.
During pregnancy and lactation captopril was
discontinued.

Urinary excretion of albumin was gradually reduced
from 82 (66 to 106) to 57 (39 to 85) mg/24 h (geometric
mean (95% confidence interval)) in the captopril
treated group whereas an increase from 105 (77 to 153)
to 166 (83 to 323) mg/24 h occurred in the control
group (p<005). After 16 months urinary albumin
excretion was persistently lower in the captopril treated
group than in the controls (p<0 05; fig 1). From the
24th month the change in urinary albumin excretion
from baseline was persistently lower in the captopril
group than in the controls (p<OOS). Table III
compares the mean annual changes in urinary albumin
excretion, fractional urinary albumin clearance, blood
pressure, and glomerular filtration rate between the
two groups. Urinary albumin excretion and fractional
albumin clearance had fallen by an average of 9% and
16% a year over the four years in the captopril treated
group whereas rises of 8% and 6% a year were found in
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the controls. Arterial blood pressure measured as
usually performed in a clinical setting remained
constant throughout the four years, with no difference
between the groups (fig 1; table III). The annual
decline in the glomerular filtration rate in the captopril
and control groups was small (1 4 and 0 6 ml/min),
with no differences between the groups (table III).

Seven of the untreated patients had progressed to
diabetic nephropathy compared with none of the
captopril treated group (p<0-05; table II). Of the
seven patients developing nephropathy, one had had a
baseline urinary albumin excretion value below 60
mg/24 h, three baseline values of 60-150 mg/24 h, and
three baseline values above 150 mg/24 h (table II). In
these seven patients the mean increase in urinary
albumin excretion was 27% a year (-3% to 57%o (95%
confidence interval)). The mean rate of decline in their
glomerular filtration rate was 4 0 (-1 to 9) ml/min a
year (p=0 08) and their mean increase in blood
pressure 2 (-I to 5)/1 (-I to 3) mm Hg a year. Two of
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FIG I -Time course ofmean arterial blood pressure, urinary albumin
excretion, fractional albumin clearance, and glomerularfiltration rate
in nonnotensive insulin dependent diabetic patients with micro-
albuminunra. Twenty one patients received captopril (0) and 23
served as untreated controls (0). Ordinates of urinary albumin
excretion and fractional albumin clearance are log scales. Bars are
SEM

[ABLE IV-Plasma values of active renin, angiotensin I, and
angiotensin II in normotensive insulin dependent diabetic patients with
microalbuminuria receiving captopril or no hypotensive treatment.
Figures are geometric means (ranges)

Dose of captopril (mg/24 h)

0 25 100

Renin mIU/I ):
Captopril group 46 (9-106) 82 (10-363)* 133 (31-630)***
Control group 43 (16-134) 43 (21-122) 48 (14-166)

Angiotensin I (pmol'I
Captoprilgrotup 21 (15-42) 59(13-593)* 154 (34-1106)***
Conrol group 26 (12-80) 25 (12-135) 41 (16-129)

Aingiotensin II (pnol/l):
Captopril grotup 6 8 (4-18) 4 2 (2-12)** 2-3 (1-8)***
Control group 7 5 (3-36) 7-7 (2-30) 6-0 (2-36)

Captopril group z, controls: *p<005., **p<001, ***p<0 001.

these patients had a substantial decline in their
glomerular filtration rate (5 and 15 ml/min a year). In
the captopril treated group no patient had a substantial
decline in the glomerular filtration rate.
The renin-angiotensin system showed a suppressed

plasma concentration of angiotensin II and increased
values of angiotensin I and renin in the captopril
treated group, indicating substantial inhibition of
angiotensin converting enzyme activity (table IV).
Metabolic control and urinary excretion of urea did not
differ between the two groups at any time during the
study (fig 2). No significant changes were observed in
the body weight, plasma volume, extracellular fluid
volume, serum lipid concentrations, or leucocyte
count (table V). Serum potassium concentration and
urinary excretion of sodium remained constant during
captopril treatment, with a minor decline after diuretics
were added.

During treatment with both captopril and thiazide
the ambulatory 24 hour blood pressure profiles showed
significantly lower diastolic pressure at 0900 and
between 1900 and 2300. At 2100, 2300, and 0100 the
systolic blood pressure was significantly lower. At other
times no significant differences could be detected in
systolic or diastolic blood pressure (fig 3). From the
total area below the curve the average blood pressure
during the 24 hours may be calculated. The mean of 24
hour average blood pressures was 124/71 (SD 14/5)
mm Hg during treatment. Neither systolic nor diastolic
blood pressure differed significantly from the values in
the untreated patients (mean 127/75 (13/8) mm Hg).
The individual values of urinary albumin excretion

and blood pressure (measured as usually performed in
a clinical setting) at baseline and follow up are given in
table II. The significant difference between the two
groups in urinary albumin excretion at follow up and in
the annual change in urinary albumin excretion (table

10-

Haemoglobin 9-
Ajc(%)

Urinary
urea
excretion
(mmol/24 h)

5001
400]
300J

TABLE i -Annual changes in urinary albumin excretion, fractional unrnary albumin clearance, arterial
blood pressure, and glomerular filtration rate within and between captopril and control groups. Figures are
means (95% confidence intervals)

Captopril Control Group
group group difference

Urinary albumin excretion (% relative change) -9 (-18 to 1) 8 (-2 to 20) 18 (3 to 32)*
Fractional urinary albumin clearance (% relative change) - 16 (-30 to 2) 6 ( -6 to 19) 22 (I to 44)*
Systolic blood pressure (mm Hg) -0-4 (-I to 1) -0-3 (-1 to 1) 0-1 (-1 to 2)
Diastolic blood pressure (mm Hg) -1-0 (-2 to 0) -0-7 (-2 to 0) -0-2 (-I to 1)
Glomerular filtration rate (ml/min) - 1 4 ( -2 to 0) -0-6 ( -3 to 1) 0-8 (- 1 to 3)

Captopril group v controls: *p<0.05.

Urinary
sodium
excretion
(mmol/24 h)

250

200-

150-

100-
0 6 12 24 36 48

Months
FIG 2-Mean haemoglobin Al, concentrations, urinary urea excretion,
and urinary sodium excretion in nonnotensive insulin dependent
diabetic patients with microalbuminuria. Twenty one patients received
captopnrl (0) and 23 served as untreated controls (0). Bars are SEM
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FIG 3-Mean 24 hour blood pressure profiles in normotensive insulin
dependent diabetic patients with microalbuminuria (19 patients given
captopril and thiazide (0), 21 untreated controls (0)). Bars areSEM

TABLE v-Initial and four year follow up values in normotensive
insulin dependent diabetic patients with microalbuminuria receiving
captopril or no hypotensive treatment. Figures are means (SD)

Four year
Baseline follow up

Bodv weight (kg):
Captopril group
Control group

Extracellular fluid volume (11 -73 m2):
Captopril group
Control group

Plasma volume (11-73 mi):
Captopril group
Control group

Serum potassium (mmol/l):
Captopril group
Control group

Leucocvte count (x 109/1):
Captopril group
Control group

Serum total cholesterol (mmolUl):
Captopril group
Control group

High density lipoprotein cholesterol (mmol/l):
Captopril group
Control group

Serum triglyceride (mmolUl):
Captopril group
Control group

67-5 (9)
68-9 (11)

14-5 (2-4)
14-0 (2-0)

66-7 (9)
69-8 (12)

14-3 (2-1)
14-3 (2 8)

2-75 (0-5) 2-86 (0-4)
2-77 (0-4) 2-81 (0-5)

4-1 (0- 3) 3-8 (0-5)
4-0 (0-4) 3-9 (0-3)

8-4 (2)
7-4 (2)

5-06 (1-1)
5-11 (1-3)

1-30 (0-3)
1-36 (0-6)

0-97 (0-2)
1-25 (0-7)

7-1 (2)
6-6 (2)

5-03(1-1)
5-01 (0-9)

1-47 (0-3)
1-33 (0-4)

0-84 (0-5)
1-25 (0-8)

III) persisted (p<00l, p<005) when the possible
confounding influence of imbalance in baseline values
of urinary albumin excretion, diastolic blood pressure,
haemoglobin Alc concentration, and glomerular
filtration rate was tested by analysis of covariance. The
change in urinary albumin excretion in the control
group was correlated with the change in mean blood
pressure during the study but not with baseline urinary
albumin excretion, baseline blood pressure, baseline
glomerular filtration rate, or mean haemoglobin Alc
concentration during the study. There was no correlation
between the change in glomerular filtration rate and
baseline urinary albumin excretion, change in urinary
albumin excretion, baseline blood pressure, mean
blood pressure, or mean haemoglobin Al, concentration
during follow up. No side effects occurred, and all 21
patients in the treatment group were continuing with
captopril and diuretics.

Discussion
In this four year prospective randomised controlled

study of normotensive insulin dependent diabetic
patients with persistent microalbuminuria angiotensin
converting enzyme inhibition with captopril reduced
urinary albumin excretion while leaving systemic
blood pressure and the glomerular filtration rate
essentially unchanged. More important, progression to
diabetic nephropathy was prevented in the treatment
group whereas seven out of 23 control patients pro-
gressed to nephropathy with an annual decline in the
glomerular filtration rate of 4 ml/min. These results

were obtained despite failure to achieve our treatment
goal. We strived to obtain a reduction in diastolic blood
pressure by increasing the dose of captopril to 100
mg/24 h and adding a diuretic, but did not succeed.
Our results confirm and extend those of Marre et al.4

They found that enalapril (20 mg/day) for one year
induced a progressive reduction in urinary albumin
excretion in 10 normotensive diabetic patients with
persistent microalbuminuria. Three ofthe 10 untreated
diabetics developed persistent albuminuria. Both
insulin dependent and non-insulin dependent diabetic
patients were enrolled in that study.
The reduction in urinary albumin excretion observed

in our series was not caused by a decrease in the
glomerular filtration rate or serum albumin concen-
tration as the changes in fractional albumin clearance
were proportional to the fall in urinary albumin
excretion. Several studies have shown that tubular
protein reabsorption-as estimated, for example, with
li2 microglobulin-is normal in patients with micro-
albuminuria.'242 We emphasise that haemoglobin Alc
concentration, serum cholesterol and triglyceride con-
centrations, protein intake, urinary sodium excretion,
and body weight remained nearly identical in the two
groups during the four years. Energy, sodium, and
protein restriction was not applied in our study.
Treatment with prostaglandin inhibitors was avoided.
Analysis of covariance showed that the imbalance in
the four matching factors at baseline did not affect the
observed differences in urinary albumin excretion
between the two groups. Thus we can rule out these
confounding factors. 18 43 44

Though systemic blood pressure was unchanged
both during angiotensin converting enzyme inhibition
and after the addition of diuretics in our study, Marre
et al found a significant drop.4' This disparity may well
be explained by the higher systemic blood pressure at
baseline and the lower urinary sodium excretion in the
study of Marre et al. We measured blood pressure at
least six hours after the last antihypertensive dose. The
possibility that blood pressure might have been
depressed during the remainder ofthe day was excluded
by the ambulatory 24 hour profiles.
The significant effect on urinary albumin excretion

was shown with angiotensin converting enzyme
inhibition alone. Adding diuretics in the captopril
group possibly reduced 24 hour urinary albumin
excretion a little further (NS), but a longer observation
period will be necessary before the clinical relevance of
adding diuretics can be evaluated.

MECHANISMS OF ANTIPROTEINURIC EFFECT

The observed antiproteinuric effect of angiotensin
converting enzyme inhibition may be due either to
reduced efferent arteriolar resistance leading to
diminished glomerular capillary hydraulic pressure or
to enhanced intrinsic selectivity of the glomerular
barrier wall, or to both. The slow and gradual reduction
in microalbuminuria observed during angiotensin
converting enzyme inhibition in this and other studies4'
suggests a progressive reduction in the permeability of
the glomerular barrier to protein. In diabetic rats
converting enzyme inhibition prevents the develop-
ment of albuminuria and restricts mesangial volume
expansion and focal glomerulosclerosis.234' This effect
was associated with a reduction of the raised intra-
glomerular pressure, but in another model of experi-
mental chronic renal disease inhibition of angiotensin
II attenuated the accumulation of macromolecules in
the mesangium independently of changes in intra-
glomerular pressure.46 Inhibition of glomerular basal
membrane thickening with converting enzyme in-
hibition in diabetic rats has also been described.47

Morelli et al have studied the sieving profile of
neutral dextran during angiotensin converting enzyme
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inhibition (enalapril) in 16 normotensiv-e insulin
dependent diabetic patients with urinary albumin
excretion exceeding 50 [ig/min.4" Angiotensin con-
verting enzyme inhibition for 90 days significantly
reduced the fractional dextran clearance and systemic
blood pressure. Using a heteroporous model of the
glomerular barrier and assuming either slightly reduced
or unchanged transglomerular pressure, Morelli et al
suggested that inhibiting converting enzyme enhances
barrier size selectivity. The potential impact of angio-
tensin converting enzyme inhibition on charge selective
properties remains to be elucidated.
Morphometric studies have shown a strong relation

between mesangial expansion and the clinical mani-
festations of diabetic nephropathy'9 and an inverse
correlation between the glomerular filtration rate and
the glomerular filtration surface.50 A recent morpho-
metric study found that insulin dependent diabetic
patients with microalbuminuria and hypertension or
reduced creatinine clearance, or both, have established
abnormalities of the glomerular structure, including
fractional mesangial expansion.5' This clearly indicates
that microalbuminuria in association with other signs
of renal dysfunction can be a marker of diabetic
glomerulopathy. The authors, however, also reported
that microalbuminuria without these functional
abnormalities is not a marker of underlying glomerular
lesions5' and so must be regarded as a predictor of the
later development of diabetic nephropathy as originally
suggested.9-12
At baseline all patients in our study were normo-

tensive and had a normal or slightly increased glomerular
filtration rate. The suggestion that the development of
clinical, overt diabetic nephropathy is a valid scientific
end point is supported by the five to eight years' follow
up of our prospective trials of 50 patients randomised
to intensified treatment with insulin pumps or un-
changed conventional insulin treatment.2" A significant
reduction in the glomerular filtration rate (3-0
ml/min/year) was found in those patients who de-
veloped clinical nephropathy defined as in this study,
whereas the glomerular filtration rate remained normal
or supranormal for at least five to eight years in those
who did not progress to diabetic nephropathy.2' In this
study the rate of decline in the glomerular filtration rate
was 4 0 ml/min/year in patients developing diabetic
nephropathy and 0-9 ml/min/year in patients not
developing overt albuminuria.

Conclusion
We conclude that angiotensin converting enzyme

inhibition postpones the development of diabetic
nephropathy in normotensive insulin dependent
diabetic patients with persistent microalbuminuria.
Longer follow up, however, is mandatory to see if this
will result in preservation of the normal glomerular
filtration rate and improved survival without severe
side effects before angiotensin converting enzyme
inhibition can be advocated in these patients.

This study was supported by grants from the Danish
Medical Research Foundation and the Danish Diabetes
Association.
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Assessment of blood echogenicity as an alternative measure to
erythrocyte sedimentation rate

Timo Kallio

Abstract
Objective-To determine the relation between

erythrocyte sedimentation rate and blood echo-
genicity and whether measurement of erythrocyte
sedimentation rate could be replaced by measure-
ment of blood echogenicity in monitoring acute
phase reactions.
Design-Simultaneous measurement of echo-

genicity of flowing blood and erythrocyte sedimen-
tation rate in blood samples and comparison of
results.
Setting-A radiological department in a university

hospital.
Subjects-83 patients with a suspected venous

thrombosis and 36 healthy volunteers.
Main outcome measures-Correlations between

the erythrocyte sedimentation rate, packed cell
volume, and echogenicity of flowing blood.
Results-Blood echogenicity correlated poorly

with the packed cell volume, but strongly correlated
with the erythrocyte sedimentation rate (when the
packed cell volume was within reference limits)
(correlation coefficient = 0.73). Blood samples with
a greatly raised erythrocyte sedimentation rate were
highly echogenic. Only one ofthe 30 samples with an
erythrocyte sedimentation rate below 10 mm in first
hour had a higher echogenicity than the least
echogenic sample of the 19 with a sedimentation rate
above 30 mm in first hour.

Conclusions-Echogenicity of flowing blood
correlates with the erythrocyte sedimentation rate
and its measurement may compete with conventional
methods for evaluating the long term changes
in acute phase reactions. Also, it has the added
advantage that non-invasive in vivo measurements of
blood echogenicity may become possible.

Introduction
The plasma concentration of macromolecules

increases during the acute phase response to infection.
This enhances the aggregation of red blood cells,
raising the amount of sedimentation.' The rate of
erythrocyte sedimentation is used as a universal routine
screening test and a measure of the progress of some
inflammatory diseases. The reliability of the test is
hampered by its dependence on packed cell volume
and lack of specificity; several methods have been
developed to overcome these disadvantages, but none
has gained wide use.2

Erythrocyte aggregation causes appreciable variabil-
ity in ultrasonic scattering by blood.46 The echogenicity

of erythrocytes is related to the size of the aggregates.7
Alanen and I have developed a method for measuring
the echogenicity of flowing blood in vitro.8 In the
present study I examined the relation between
the erythrocyte sedimentation rate and blood echo-
genicity.

Materials and methods
By a standard method (with a Vacutainer, Becton

Dickinson, France) 15 ml of venous blood was drawn
from each of 139 subjects into heparinised evacuated
containers. Subjects comprised 101 patients with a
presumptive diagnosis of venous thrombosis in the leg
and 38 healthy volunteers. The blood was stored at
room temperature. All of the tests were completed
within two hours.
The erythrocyte sedimentation rate of the samples

was measured by the Guest method (with a Dispette,
Guest Medical and Dental Products, Switzerland),
which correlates well (r>0 9) with the Westergren
method.9 The packed cell volume of each sample was
also determined.
The echogenicity of the undiluted samples was

measured by a computerised method8: a calibrated
peristaltic pump established a flow of 3 8 mm/s in a
measuring chamber with a diameter of 5 mm, corre-
sponding to a shear rate of 4/s. Ultrasonic echoes were
registered with a single crystal unfocused 6 MHz
transducer. Each recording lasted for four seconds and
produced 20 A-mode curves, which were digitised at
20 MHz and transferred to the computer memory and
stored on floppy discs for further analysis by integration

A-mode AND-conversion Computer
ultrasound 20 MHz analysis
6 MHz

Transducer

Sample inPump waterbath

Flowing blood

FIG 1- Ultrasonic method for measuring blood echogenicity
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