
separate system of private health care, non-orthodox
health care as provided by this group of practitioners is
not deflecting appreciable demand away from the
NHS, partly because of the range of problems treated
and the scale on which care is provided but mainly
because most patients using non-orthodox care have
not turned their backs on conventional care. In this
way non-orthodox health care seems to be used more
often as a supplement to than as a substitute for
conventional care. If, however, legitimate patient
needs are being met by this group of practitioners and
without evidence of greater detriment than ensues
from conventional treatment the system of non-
orthodox health care that they provide may best be
described as having a complementary role to play in
health care in the 1990s.
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Comparison between perindopril and nifedipine in hypertensive
and normotensive diabetic patients with microalbuminuria

Melbourne Diabetic Nephropathy Study Group

Abstract
Objective-To compare the efficacy of angio-

tensin converting enzyme inhibition with calcium
antagonism in diabetic patients with microalbumin-
uria.
Design-Randomised study of diabetic patients

with microalbuminuria treated with perindopril or
nifedipine for 12 months and monitored for one or
three months after stopping treatment depending on
whether they were hypertensive or normotensive.
Patients were randomised separately according to
whether they were hypertensive or normotensive.

Setting-Diabetic clinics in three university
teaching hospitals.
Patients-50 diabetic patients with persistent

microalbuminuria. In all, 43 completed the study: 30
were normotensive and 13 hypertensive; 19 had type
I diabetes and 24 had type II diabetes.
Interventions-For 12 months 20 patients were

given perindopril 2-8 mg daily and 23 were given
nifedipine 20-80 mg daily.
Main outcome measures-Albumin excretion rate,

blood pressure, and glomerular filtration rate.
Results-Both perindopril and nifedipine signifi-

cantly reduced mean blood pressure. During treat-
ment there was no significant difference between
those treated with perindopril and those treated with
nifedipine with respect to albuminuria or mean blood
pressure. Stopping treatment with both drugs was
associated with a sustained increase in albuminuria
and mean blood pressure. There was a significant
correlation between mean blood pressure and albu-
minuria and also between the reduction in mean
blood pressure and the decrease in albuminuria
during treatment with both drugs. In hypertensive
patients both drugs caused significant decreases in
mean blood pressure and albuminuria. In normo-
tensive patients there was no significant reduction in
albuminuria with either regimen.
Conclusions-In diabetic patients with microalbu-

minuria blood pressure seems to be an important
determinant of urinary albumin excretion. Perindo-
pril and nifedipine have similar effects on urinary
albumin excretion, both preventing increases in

albuminuria in normotensive patients and decreas-
ing albuminuria in hypertensive patients.

Introduction
A proportion of patients with diabetes show modest

increases in urinary albumin excretion without being
positive for proteinuria on dipstick testing.' This con-
dition is known as microalbuminuria and is considered
to represent an early stage of diabetic nephropathy
because patients with microalbuminuria often subse-
quently develop established diabetic nephropathy
and overt proteinuria.'4 Preventing or retarding
the progression of microalbuminuria to proteinuria
may delay or reduce the risk of end stage renal failure
due to diabetes.
Over the past decade studies in patients with various

forms of renal disease have suggested that antihyper-
tensive treatment may ameliorate glomerular injury.'-'
Some of these studies have suggested that angiotensin
converting enzyme inhibitors may confer a benefit
additional to conventional antihypertensive treatment
in retarding the glomerulopathy associated with renal
ablation8 or streptozocin induced diabetes.9 There is
also some experimental evidence that dihydropyridine
calcium antagonists may improve renal function or
reduce proteinuria in several models of glomerular
injury.'°0 In humans clinical trials have indicated
that antihypertensive treatment retards the rate of
decline in renal function and reduces proteinuria
in hypertensive diabetic subjects with established
nephropathy.'2 13 Also, albuminuria was shown to
decrease during separate studies with conventional
antihypertensive agents'4 and with the angiotensin
converting enzyme inhibitor enalapril'5 in micro-
albuminuric diabetic subjects. Several studies have
been performed over the relatively short period of two
to eight weeks that have directly compared angiotensin
converting enzyme inhibitors with other antihyperten-
sive agents in either normotensive'6 or hypertensive'7
diabetic patients with microalbuminuria.
The primary aim of the present study was to com-

pare the effects of the angiotensin converting enzyme
inhibitor perindopril (Servier, Neuilly, France) with
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those of the calcium antagonist nifedipine (Bayer,
Wuppertal, Germany) on urinary albumin excretion in
microalbuminuric diabetic patients over 12 months.
As it has recently been suggested that antihypertensive
treatment may have a role not only in hypertensive but
also in normotensive diabetic patients5 16 the study was
designed to stratify patients as hypertensive or normo-
tensive.

Patients and methods
STUDY PROTOCOL

All patients aged between 18 and 65 years attending
the diabetic clinics at three of the teaching hospitals of
the University of Melbourne (Austin, Repatriation
General, and St Vincent's Hospitals) were invited to
participate in the study. Overnight samples ofurine for
measurement of albumin concentration were taken. If
at least two out of three measurements of rate of
albumin excretion were between 20 [ig/min and
200 ig/min (the range defined as indicating micro-
albuminuria'8) the patient qualified for entry into the
study. Patients were excluded if they had non-diabetic
renal disease, appreciable renal impairment (serum
creatinine concentration ¢r0-2 mmol/l), cardiac failure,
severe hypertension (diastolic blood pressure 120
mm Hg), or concurrent systemic disease. Patients with
poor diabetic control (haemoglobin Al >12%), a
serum potassium concentration >5 mmol/l, or urinary
tract infections were also excluded. If patients were
taking antihypertensive drugs this treatment was
stopped and repeat estimations of urinary albumin
excretion were performed. Patients were classified as
having type I diabetes if they had persistent ketonuria
and weight loss on presentation as well as insulin
dependency within one month of diagnosis as defined
by the National Diabetes Data Group.'9
Once patients had been classified as having micro-

albuminuria, overnight collections of urine were
repeated and albumin excretion measured. If micro-
albuminuria was confirmed patients were invited to
participate in the study, which entailed them being
randomised to take either perindopril or nifedipine for
one year. Hypertensive and normotensive subjects
were randomised separately by using random number
tables in blocks of four. The randomisation was
performed by a pharmacist who had no information
about individual patients except for the absence or
presence of hypertension. Hypertension was defined
according to World Health Organisation criteria as
systolic blood pressure ¢ 160 mm Hg and diastolic
blood pressure Bn95 mm Hg when measured after five
minutes in the supine position.)0 The aim of treatment
was to reduce blood pressure in hypertensive subjects
to less than 160/90 mm Hg whereas in normotensive
subjects the aim was to reduce diastolic blood pressure
by more than 5 mm Hg. The approval of the ethics
committee was obtained from each of the teaching
hospitals and informed consent was obtained from all
participants.

Figure 1 outlines the protocol after entry into the
study. The doses of each drug were doubled on a
weekly basis until the maximal dose was achieved or
the desired reduction in blood pressure was realised.

Initia
screen

Albumin
excretion rate v-
Glomerular
filtration rate
Blood
pressure

FIG 1-StudyI

Perindopril was titrated from 2 mg daily up to a
maximum of 8 mg daily. Nifedipine in the slow release
form was started at a dose of 10 mg twice daily and
increased up to a maximum of40 mg twice daily. Three
patients who were unable to tolerate nifedipine alone
because of tachycardia and flushing were also given
25 mg of the c blocker atenolol. Systolic and diastolic
blood pressures were measured before the start of
treatment and then after one, three, six, nine, and 12
months of treatment. Treatment was stopped and
blood pressure was measured one month later at month
13. In normotensive patients a repeat evaluation was
performed three months after treatment was stopped
(month 15). It was considered unethical to stop
antihypertensive treatment for a prolonged period in
hypertensive patients, and therefore they began taking
antihypertensive drugs again after month 13. Two
timed overnight urine collections were performed at
baseline and after 12 months of treatment. Further
timed overnight urine collections were performed after
one, three, six, and nine months of treatment and one
and three months after treatment was stopped. Blood
was sampled at baseline, at months three, six, nine,
and 12 oftreatment and one month after treatment was
stopped for measurement of haemoglobin Al con-
centration, plasma angiotensin converting enzyme
activity, and plasma renin activity. At baseline, after 12
months of treatment, and one month after stopping
treatment glomerular filtration rate was measured by
using radioactive labelling. Clinical side effects and
urea and electrolyte concentrations were monitored at
each visit to the clinic.

METHODS

Blood pressure was measured by using an automated
sphygmomanometer (Dinamap, Critikon, Florida,
United States). Urinary albumin excretion was
measured by radioimmunoassay.2' Human albumin
(Sigma, St Louis, Missouri) was iodinated by the
chloramine T method.22 The detection limit of the
assay was 15-6 ng/ml and the interassay coefficient
of variation was 7-3% (n=37) at a concentration of
30 mg/l. All estimations of albumin concentration were
performed in the endocrinology laboratory of Austin
Hospital. Albumin excretion rate was calculated
from the following equation: albumin excretion rate=
urinary albumin concentration x volume of urine/time
of urine collection. Haemoglobin Al concentration
was measured by high performance liquid chromato-
graphy (Biorad Diamat, Richmond, California).
Plasma renin activity was measured by radioimmuno-
assay,23 and plasma angiotensin converting enzyme
activity was measured by a fluorometric technique.24
Glomerular filtration rate was measured by a single
injection technique with technetium-99m diethylene-
triaminepenta-acetic acid.25

STATISTICS

The study required 34 patients to have an 80%
power at the 5% level (two tailed) to detect a 30%
difference in albumin excretion rate between patients
treated with perindopril and those treated with nifedi-
pine, assuming a coefficient of variation of 30% for
albumin excretion rate in each group.26 Fractional
albumin clearance was calculated as the quotient ot

Titration renal albumin clearance and glomerular filtration rate.
period Stop Data for albumin excretion rate and fractional albumin
f 0e' Months treatment clearance were analysed after logarithmic transforma-

Al Months39 1 tion and are given as geometric means and 95%Ing 6 1 13 15 confidence intervals.27 At baseline and at month 12 the
< ,<- / < > means of the two urinary albumin estimations were

calculated. Statistical analysis was performed with
V/ V/ V' the Statview SE and Graphics package (Brainpower,

/ V/ V V V v' I/V VI/ V Calabasas, California) with an Apple Macintosh IIx
protocol. Ticks indicate serial measurements computer. The major comparison made was between
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patients treated with perindopril and those treated
with nifedipine. The main outcome measures were
albumin excretion rate and mean blood pressure. The
method of summary measures was used to assess
responses of each individual subject to treatment with
either drug.28 The summary measure used was the
mean ofeach of the outcome measures. To compare the
effect of treatment the mean values before and during
treatment (months 1-12) were determined for mean
blood pressure and albumin excretion rate. To study
the effect of stopping treatment the mean values for the
three months before stopping treatment (months 9 and
12) and three months after stopping treatment (months
13 and 15) were determined. Statistical analysis for
each of the summary measures was performed by
Student's t test. Correlations were performed by linear
regression analysis, with changes in urinary albumin
excretion calculated as the difference between albumin
values at baseline and during treatment, expressed
logarithmically, and changes in blood pressure were
calculated as the difference between mean blood
pressure levels before and during treatment.
To study the relation between blood pressure and

albuminuria further, sliding means were calculated for
albumin excretion rate (geometric mean) and blood
pressure during drug treatment by using the Cricket
Graph 1.3 package (Cricket Software, Malvern, Penn-
sylvania, United States). As previously described,
values ofalbumin excretion rate were ranked according
to the mean blood pressure measured at the same
time.29 The geometric mean was calculated for values
of albumin excretion rate for ranked measurements
1-19, and the mean of the corresponding mean blood
pressures was calculated. Calculations were then made
on ranked measurements 2-20, and so on. The sliding
means were joined to form curves for patients treated
with nifedipine and those treated with perindopril (see
fig 3). Spearman rank coefficients were obtained for
the correlations between sliding means of albumin
excretion rate and mean blood pressure.
As one of the most important issues is the potential

role of these drugs in normotensive patients the
study included separate randomisation of normoten-

TABLE i-Characteristics of diabetic patients randomised to receive
either petindopnil or nifedipine. Figures are mean (range) values unless
otherwzise stated

Perindopril Nifedipine Total
(n= 23) (n= 27) (n= 50)

Age at diagnosis (years) 38 (7-61) 34 (2-63) 36 (2-63)
Age at randomisation (years) 50 (18-66) 50 (24-66) 50(18-66)
Duration of diabetes (years) 11(2-34) 16 (2-57) 14 (2-57)
Sex (M/F) 17/6 18/9 35/15
No with type I diabetes 9 10 19
No with type II diabetes 14 17 31

sive patients, allowing a separate analysis within the
normotensive cohort comparing subgroups of patients
treated with nifedipine or perindopril. Although it was
not viewed as a primary aim of the study, we believed
that it would be of clinical importance to determine
whether patients with type I diabetes responded differ-
ently to antihypertensive treatment than those with
type II diabetes. Therefore, a separate comparison was
made between these two types of patients.

Results
POPULATION CHARACTERISTICS

At the initial screening 70 patients were classified as
having microalbuminuria. Repeat screening showed
that 10 patients had normoalbuminuria and nine had
macroproteinuria. One patient died. Of the 50 patients
who entered the study, four withdrew for personal
reasons, one attempted suicide, one had a myocardial
infarction, and one died of pneumonia three weeks
after entry. These seven patients who did not complete
the study comprised four patients randomised to
perindopril and three randomised to nifedipine; six of
them were normotensive.

Table I gives the data for the clinical characteristics
of the 50 patients randomised in this study. There
was no significant difference in age, age at diagnosis,
and duration of diabetes between patients given perin-
dopril and those given nifedipine. There were no
significant differences in any clinical variable between
hypertensive and normotensive patients. Patients with
type I diabetes were younger and had had a longer
duration of diabetes than those with type II diabetes.

Forty three patients completed the study, 31 men
and 12 women, with mean age 49 years (range 18-65
years), and mean duration of diabetes of 14 years
(range 2-56 years). Of these 43 patients, 19 had type I
diabetes and 24 had type II diabetes, with 20 patients
receiving perindopril and 23 receiving nifedipine.
Thirty patients were defined as normotensive and 13 as
hypertensive. As seven out of the 50 patients who were
randomised withdrew from the study before month 3
(five of these withdrew before month 1) the following
results include data only on the 43 patients who
completed the 12 month study protocol.

BLOOD PRESSURE

Antihypertensive treatment reduced mean blood
pressure by 7 mm Hg in the total cohort (t=5-16,
df=42, p=0-001) (table II). Both drugs significantly
reduced mean blood pressure (for perindopril, t=5 -16,
df= 19, p=0-0001; for nifedipine, t=4-36, df=22,
p=0*0003). The mean blood pressure during treat-
ment was similar with nifedipine (99 mm Hg) and
perindopril (97 mm Hg). Stopping antihypertensive

TABLE iI-Mean blood pressure and albumin excretion rate (95% confidence interval) in diabetic patients treated with perindopril (n=20) or nifedipine (n=23)

Perindopril Nifedipine

During After During After
During months 9-12 stopping During months 9-12 stopping

Baseline treatment of treatment treatment Baseline treatment of treatment treatment

Blood pressure (mm Hg) 102 (97 to 107) 97 (94 to 101) 95 (91 to 98) 121 (116 to 126) 108 (102 to 113) 99 (95 to 103) 99 (95 to 104) 110 (102 to 118)
Albumin excretion rate ([g/min) 34 (27 to 43) 27 (19 to 37) 24 (15 to 37) 44 (28 to 71) 41 (29 to 58) 32 (21 to 50) 33 (21 to 51) 54 (36 to 82)

TABLE iti-Mean blood pressure and albumin excretion rate (950% confidence interval) in normotensive diabetic patients treated with perindopril or nifedipine

Perindopril Nifedipine

During After During After
During months 9-12 stopping During months 9-12 stopping

Baseline treatment of treatment treatment Baseline treatment of treatment treatment

Blood pressure (mm Hg) 99 (96 to 103) 96 (92 to 100) 93 (90 to 97) 121 (115 to 126) 99 (95 to 103) 94 (90 to 97) 93 (89 to 97) 102 (92 to 113)
Albumin excretion rate ([tg/min) 34 (26 to 45) 27 (19 to 40) 25 (15 to 42) 46 (27 to 80) 31 (18 to 52) 32 (18 to 56) 33 (18 to 60) 48 (28 to 84)

BMJ VOLUME 302 26 JANUARY 1991212

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.302.6770.210 on 26 January 1991. D
ow

nloaded from
 

http://www.bmj.com/


treatment was associated with a rise in mean blood
pressure in the total cohort (t=7-5, df=42, p=0 00001).

ALBUMINURIA

There was no significant difference in urinary
albumin excretion between patients receiving perindo-
pril and those receiving nifedipine in the total cohort
before or during the 12 month treatment period (table
II). Stopping treatment was associated with an increase
in urinary albumin excretion in the total cohort (t=
4- 14, df=42, p=0 0002) with no significant difference
between those receiving perindopril and those receiv-
ing nifedipine.

Data on fractional albumin clearance also did not
show any significant difference between nifedipine and
perindopril before or after 12 months of treatment
(mean (95% confidence interval) baseline values were
6-7x 106 (5-1 to 9-5 x 10') in those taking perindopril
and 7-6x 10-6 (5-6 to 12- lx 10-6) in those taking nifedi-
pine, and at month 12, 5-7x 106 (3-6 to 10- 1 x 10k) and
7-Ox 10-6 (4-5 to 14-2x104). In individual patients
during the 12 months of treatment there was a
significant correlation between the change in mean
albumin concentration from baseline to values during
treatment and the change in mean blood pressure from
baseline to values during treatment (r=0-37, p=0016)
(fig 2), with no significant difference between the two
drug groups.
There was a significant correlation between the

sliding means of mean arterial pressure and albumin
excretion rate during the 12 month treatment period
with both drugs (perindopril, r=0-43, p<0001; nife-
dipine, r=0-63, p<0001). The relation between mean
arterial pressure and albumin excretion rate was not
significantly different in patients treated with either
perindopril or nifedipine (fig 3).

SUBGROUP ANALYSIS

In the normotensive cohort treatment significantly
reduced mean blood pressure by 4 mm Hg over the 12
months (for perindopril, t=3-83, df=29, p=0-0006,
and for nifedipine, t=2-15, df=16, p=0047) (table
III). After stopping treatment mean blood pressure
rose by 19 mm Hg (t=6-37, df=29, p=0-0001) with
the increase in mean blood pressure more pronounced
in those treated with perindopril, who had higher mean
blood pressures than those treated with nifedipine
(t=3-46, df=28, p=0002). There was no significant
change in albumin excretion rate over the 12 month
treatment period (t=0-87, df=29, p=039) and
no significant difference in albumin excretion rate
between patients treated with perindopril and those
treated with nifedipine. Albuminuria increased signifi-
cantly after stopping either drug (t=2-92, df=29,
p=0007), with no difference between the two treat-
ment groups.

In the 13 hypertensive patients antihypertensive
treatment reduced mean blood pressure (t=4-12,
df= 12, p=0-0014) and albumin excretion rate (t=2-93,
df= 12, p=0-013). After stopping treatment in the
hypertensive patients the mean blood pressure after
one month rose by 15 mm Hg (t=3-9, df= 12,
p=0002) and the albumin excretion rate increased
(t=3-63, df= 12, p=0003).
There was no significant difference in albumin

excretion rate between patients with type I diabetes
and those with type II diabetes before or during the
12 month treatment period (mean (95% confidence
interval) value in those with type I diabetes at baseline
37-3 (27-9 to 49-9) [ig/min and in those with type II
diabetes 37-2 (26-8 to 51-4) [ig/min; during treatment
the values were 25-2 (18-0 to 35-2) ig/min and 32-7
(21-7 to 49-5) [tg/min. A rise in albumin excretion rate
after stopping treatment was detected in those with
type II diabetes but not in those with type I diabetes
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(values at months 9 and 12 in those with type I diabetes
23-8 (16-3 to 34-9) [tg/min and at months 13 and 15,
27-8 (18-8 to 41-0), compared with 31-1 (18-9 to
51-2) [.g/min and 76-4 (52-8 to 110-7) [tg/min in those
with type II diabetes (t=3-9, df=41, p=0 0004).

GLYCAEMIC CONTROL, RENIN-ANGIOTENSIN SYSTEM,
AND RENAL FUNCTION

Glycaemic control was assessed according to haemo-
globin Al concentration and did not change over the
study period, with no significant difference between
subjects given perindopril and those given nifedipine
(table IV). Plasma angiotensin converting enzyme
activity was reduced (t=6-6, df= 19, p<0-001) and
plasma renin activity was increased (t=4-1, df=17,
p<0-001) in those receiving perindopril, and after
stopping treatment plasma angiotensin converting
enzyme activity rose to above baseline levels in those
receiving perindopril (t=3-2, df= 16, p<0-01). There
were no significant changes in plasma renin activity
or angiotensin converting enzyme activity in those
treated with nifedipine.
Within the total cohort there was a wide variation in

glomerular filtration rate. The rate was not signifi-
cantly different before, during, or after treatment
(table IV). Neither drug influenced glomerular fil-
tration rate significantly. Twenty one of the 43 patients
had a baseline glomerular filtration rate exceeding
135 ml/min/1-73 m2-that is, hyperfiltration.30 In the
patients with hyperfiltration the glomerular filtration
rate fell significantly with either treatment (from 186
(167 to 204) at baseline to 161 (135 to 187) ml/min/
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TABLE IV- Variables in diabetic patients randomised to receive either pen ndopril or nifedipine measured at
baseline, during 12 months' treatment, and after stopping treatment. Figures are mean (95% confidence
interval) values

After stopping
Baseline During treatment treatment

Haemoglobin Al (0):
Perimdopril 8-9 (8-1 to 9-6) 9-2 (8-3 to 10-1) 9-0 (8-1 to 9-9)
Nifedipine 9-0 (8-3 to 9 6) 8-9 (8-1 to 9-6) 9-1 (8-2 to 10-0)

Plasma angiotensin converting enzyme (nmol/ml/min):
Perindopril 38-9 (32 6 to 43-1) 22-6*t (19-6 to 25-6) 46-9t (39-5 to 54-4)
Nifedipine 39-1 (31-7 to 45-7) 37-8 (32-0 to 43 4) 39-0 (32-0 to 46-0)

Plasma renin (ng/ml/h):
Perindopril 4-1 (2-8 to 5-3) 7-4*t (5.6 to 9.2) 2-9 (2-0 to 4-6)
Nifedipine 3-6 (1-4 to 5-7) 2-8 (2-1 to 3-6) 1-7 (1-2 to 2 1)

Glomerular filtration rate (ml/min/I 73m2):
Perindopril 138 (112 to 162) 123 (90 to 156)t 115 (88 to 130)
Nifedipine 150(123 to 178) 136(123 to 171)t 144(119 to 169)

*p<O-Ol Compared with those treated with nifedipine. tp<O-Ol Compared with baseline values.
tValues at 12 months.

1-73 m2 at month 12; t=2-8, df=20, p=0-01). In the
remaining patients with a glomerular filtration rate
between 60 and 135 ml/min/1-73 m2 there was no
change in the rate with either treatment (96 (85 to 107)
at baseline and 92 (72 to 113) ml/min/1 -73 m2 at month
12; t=0-7, df= 18, p=0 47).

SIDE EFFECTS

No patient developed hyperkalaemia or cough when
receiving perindopril. Five patients developed peri-
pheral oedema and six complained of flushing and
tachycardia when receiving nifedipine, which was
severe enough in three patients to require a small dose
of atenolol.

Discussion
This study shows that long term antihypertensive

treatment influences both albuminuria and blood
pressure in microalbuminuric diabetic patients. In
hypertensive patients antihypertensive treatment
reduced mean blood pressure by 12 mm Hg and
albuminuria decreased significantly over the 12 month
treatment period. In normotensive patients the effects
were less clear, with mean blood pressure falling by
only 5 mm Hg and albuminuria showing no significant
fall during treatment. However, both hypertensive and
normotensive patients showed a significant rise in
albuminuria one month after stopping treatment, with
the rise persisting in normotensive patients at month
15.
Based on the results of this study it is not clear

whether antihypertensive treatment has altered the
natural course of diabetic microalbuminuria. Previous
studies have suggested that the rate of increase of
microalbuminuria in diabetic patients is about 15-30%
per year.3' 32 Our studies in 13 patients who progressed
from microalbuminuria to macroalbuminuria have
shown that the rate of increase of albumin excretion
rate may range from 20% to 50% per year when
analysed over a mean interval of seven years.33 In the
study by Marre et al 10 normotensive microalbumin-
uric patients with either type I or type II diabetes with a
basal albumin excretion rate of 100 mg/24 h showed an
increase in albumin excretion rate of at least 50%
during 12 months of treatment with placebo. These
data suggest that the sustained rise in albumin
excretion rate in normotensive patients in the present
study after stopping antihypertensive treatment after
12 months represents a rise to levels which might have
been predicted if treatment had not intervened.
The mechanism of the relation between albumin

excretion rate and blood pressure remains unclear. The
most likely explanation is that arterial pressure is one of
the determinants of intraglomerular pressure and that
blood pressure is one of the factors that influence the
magnitude of the albumin leak through an already
porous glomerular membrane. If this is the explana-

tion, reducing blood pressure, while temporarily
lowering the rate of albumin leak, might have no long
term effect in reducing the rate of progression of the
disease process. On the other hand, it is also possible
that in addition to influencing the magnitude of the
glomerular protein leak high arterial pressure might be
a factor which contributes to the progression of the
lesion in diabetic nephropathy. There is some support
from animal studies that high blood pressure con-
tributes to ultrastructural changes occurring in the
glomerulus,3 and that these can be minimised by
treatment with various antihypertensive drugs.33 To
determine whether reduction of blood pressure delays
or prevents the onset of diabetic nephropathy will
entail much larger and longer trials that are placebo
controlled.
Edwards has suggested that angiotensin converting

enzyme inhibitors selectively reduce efferent arteriolar
resistance and so cause a larger reduction in glomerular
capillary pressure than other antihypertensive drugs.36
Experimental data have been conflicting as to the
capacity of angiotensin converting enzyme inhibitors
to confer a specific advantage over other antihyperten-
sive drugs in preventing or retarding glomerulopathy.
In the model of subtotal nephrectomy in non-diabetic
rats Anderson et al suggested that angiotensin
converting enzyme inhibitors are more effective in
ameliorating glomerular injury than the equipotent
hypotensive regimen of reserpine, hydralazine, and
hydrochlorothiazide (triple therapy).8 This advantage
of angiotensin converting enzyme inhibition has not,
however, been confirmed in a recent study by Yoshida
et al.S In the model of diabetes induced by streptozo-
cin a recent study suggested a preferential benefit of
captopril over triple therapy in preventing proteinuria
and glomerulosclerosis.9 In contrast, in a model in
which streptozocin induced diabetes was induced in
spontaneously hypertensive rats the combination of
hydralazine and metoprolol was as effective as enalapril
in preventing albuminuria, glomerular basement
membrane thickening, and glomerular hypertrophy.35
The role of calcium antagonists in experimental
renal disease is not as well characterised, although
recently in several experimental models of nephro-
pathy calcium antagonists have been shown to reduce
proteinuria and retard glomerular morphological
injury.'0I' In addition, in a model combining genetic
hypertension and streptozocin induced diabetes the
calcium antagonists diltiazem and nifedipine have been
reported to decrease proteinuria.37

Previous studies comparing the effects of different
classes of antihypertensive drugs in diabetic patients
with various stages of diabetic renal disease have been
short term, the duration of treatment generally being
six to eight weeks.'629 In hypertensive patients with
type I diabetes with macroproteinuria Parving et al
observed that captopril reduced proteinuria and
retarded the rate of decline in glomerular filtration
rate.38 Although no patients treated with alternative
antihypertensive drugs were evaluated concurrently in
that study, a retrospective comparison between those
treated with captopril and a cohort treated with a
combination of hydralazine, a 13 blocker, and a diuretic
showed similar reduction in proteinuria and rate of
decline in renal function.'2 This suggests a lack of a
specific advantage of angiotensin converting enzyme
inhibitors in diabetic patients with macroproteinuria.
In contrast, Bjorck et al suggested a specific advantage
of the angiotensin converting enzyme inhibitor
enalapril over the 13 blocker metoprolol in reducing
proteinuria in type I diabetic patients with macro-
proteinuria.'9 However, the duration of that study was
only eight weeks, and reduction in blood pressure with
enalapril was significantly greater than with metoprolol.
In another study over four weeks the diuretic hydro-
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chlorothiazide was equivalent to captopril in reducing
albuminuria in diabetic patients with macroprotein-
uria. In a recent study the calcium antagonist
diltiazem was similar to the angiotensin converting
enzyme inhibitor lisinopril in reducing proteinuria in
hypertensive patients with type II diabetes who had
proteinuria in the nephrotic range.
The role of antihypertensive drugs in microalbumin-

uric diabetic patients is less well characterised. In a
prospective study in six men with type I diabetes with
microalbuminuria, metoprolol reduced albuminuria
by about 17% per year.'4 Marre et al reported that
enalapril reduced urinary albumin excretion over 12
months in 10 patients with either type I or type II
diabetes," although changes were highly variable
within each patient.4' In a study over six weeks
in a small number of patients with type I diabetes
captopril reduced albuminuria whereas nifedipine
increased albumin excretion rate.'6 Perindopril has
been reported to reduce microalbuminuria in diabetic
patients with hypertension to a similar degree to that
observed in the hypertensive patients in the present
study.42 A similar reduction in microalbuminuria in
non-insulin dependent hypertensive diabetic patients
was observed after two weeks of treatment with either
the calcium antagonist nicardipine or enalapril. ' No
specific advantage was observed with either class of
antihypertensive drug in that study. The series in
the present study, although larger than previously
reported, is still too small to exclude possible signifi-
cant differences between the angiotensin converting
enzyme inhibitor perindopril and the calcium channel
blocking drug nifedipine.
As might be expected, perindopril increased plasma

renin activity and reduced plasma angiotensin con-
verting enzyme activity, and there was an increase in
plasma angiotensin converting enzyme activity after
stopping treatment. The sharp rise in blood pressure
after stopping perindopril suggests that prolonged
inhibition of angiotensin converting enzyme, with a
reduction in angiotensin II concentration, may lead
to the development of other compensatory vaso-
constrictor mechanisms. Stopping treatment would
then allow blood pressure to rise once angiotensin II
concentrations are restored. A rise in blood pressure on
stopping nifedipine also occurred in hypertensive
patients but not in normotensive patients, suggesting
that long term treatment with nifedipine may lower the
level to which blood pressure is regulated.

In this study there was no significant change in
glycaemic control during 12 months of antihyperten-
sive treatment. No differences in glycaemic control
were noted between patients receiving perindopril and
those receiving nifedipine either at baseline or during
treatment. This suggests that the effects on albumin
excretion rate could not be explained by variations in
glycaemic control.

Although it is possible that the effects of antihyper-
tensive treatment on albumin excretion rate may
parallel the course of renal function, as already shown
in patients with established diabetic nephropathy,'2 no
data exist to show whether this also applies to patients
with diabetic microalbuminuria. This may be because
the glomerular filtration rate may be either normal or
raised in the microalbuminuric phase of nephropathy,
and any fall in glomerular filtration rate over short
intervals (such as 12 months) may represent either a
correction of hyperfiltration (beneficial effect) or the
onset of nephron loss (detrimental effect). In the
present study we observed that over 12 months there
was a reduction in glomerular filtration rate in patients
with hyperfiltration but no significant change in
glomerular filtration rate in patients with normal
renal function. The possibility that these changes in
glomerular filtration rate are related to treatment with

drugs needs to be considered as a recent study sug-
gested that two weeks of treatment with enalapril was
associated with a reduction in glomerular filtration rate
in diabetic patients with hyperfiltration. No such
effects were observed in patients with a normal
glomerular filtration rate.43 In the present study
the changes in glomerular filtration rate in the
patients with hyperfiltration were observed with
both drugs.

In conclusion, reduction of blood pressure in hyper-
tensive microalbuminuric diabetic patients seems to be
associated with a reduction in albuminuria. However,
in the normotensive patients, in whom significant
reductions in blood pressure are difficult to achieve,
antihypertensive treatment may also prevent or retard
the progression of albuminuria. Whether the effects on
albumin excretion rate in microalbuminuric patients
will ultimately be linked to rates of decline in renal
function remains to be determined.
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Oxygen desaturation in apparent
and relative polycythaemia

M Messinezy, S Aubry, G O'Connell,
D F Treacher, T C Pearson

Daytime hypoxaemia is known to cause secondary
polycythaemia with an increased red cell mass.
Occasionally, the arterial hypoxaemia can be shown
only during sleep.' Less well recognised is the associ-
ation between arterial hypoxaemia and apparent or
relative polycythaemia (both ofwhich are characterised
by a raised packed cell volume but normal red cell
mass) shown in a recent restrospective study.2 Our
prospective study was designed to examine this
association further and include investigations during
sleep.

Patients, methods, and results
We studied 16 patients (13 men and three women;

mean age 57 years, range 31-75 years). They were
consecutive referrals to this department with confirmed
raised packed cell volumes (greater than 0-51 in men
and greater than 047 in women) and normal red cell
masses-that is, less than 125% of their predicted
mean normal value.' Seven had relative polycythaemia
(plasma volume less than 87-5% of their predicted
mean normal value) and nine apparent polycythaemia
(normal plasma volume). The following observations
were recorded: daytime arterial oxygen saturation and
carboxyhaemoglobin measured in a radial artery blood
sample taken when the patient was sitting (ABL2
Radiometer, Copenhagen), oxygen saturation measured
by pulse oximetry when stabilised in sitting and supine

positions (Ohmeda BIOX 3700) and routine lung
function measured by spirometry, lung volume, and
carbon monoxide transfer factor. A sleep study with
readings of oxygen saturation and heart rate by pulse
oximetry, nose-mouth air flow, and observation by a
sleep laboratory technician (SA) was performed in all
patients for over five hours.

Four patients (two with relative and two with
apparent polycythaemia) had appreciable oxygen
desaturation during sleep (table) and these were the
only patients with reduced oxygen saturation values of
less than 92% by daytime pulse oximetry (all four when
supine and only one when sitting).4 Only one of these
four patients and none of the remaining 12 had low
daytime oxygen saturation measured in an arterial
blood sample. The fall in oxygen saturation during
sleep in these four patients related to hypoventilation
as none had appreciable apnoea scores. Two of these
four patients and three of the remaining 12 showed
appreciable impairment of respiratory function-that
is, forced expiratory volume in 1 second less than 70%
of the predicted value or carbon monoxide transfer
value less than 75% of the predicted value, or both.
One ofthe four patients with reduced oxygen saturation
values and nine of the remaining 12 were classified as
cigarette smokers on the basis of history and carboxy-
haemoglobin concentrations.
None of a control group of 16 age and sex matched

haematology outpatients without polycythaemia had
oxygen saturation values less than 92% when tested by
supine oximetry.

Comment
Four of 16 consecutive patients with polycythaemia

but normal red cell mass had evidence of appreciable
nocturnal oxygen desaturation due to hypoventilation.

Data for the four patients with arterial oxygen desaturation

Daytime Oxygen saturation
arterial measured bv pulse % Total test time Forced Carbon
oxygen oximetry (%) Packed Red cell Plasma at saturation expiratory monoxide

Case saturation cell mass volume Carboxyhaemoglobin <90% from volume in 1 s transfer factor
No (9/o) Sitting Supine volume (% predicted) (% predicted) (%) sleep study (% predicted) (% predicted)

1 97 91 88 0 53 114 99 1 0 79 99 96
2 95 95 90 0-52 110 98 0 9 5 95 >90
3 91 93 86 0 54 106 80 3-9 54 29 42
4 94 92 89 0 52 93 84 1-2 8 50 >90
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