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Abstract
Objective-To investigate whether captopril has any
effect on microalbuminuria induced by exercise in
normotensive diabetic patients with early stage
nephropathy.
Design-Randomised, double blind, crossover

trial.
Setting-Outpatient department.
Patients-22 diabetics with stage II nephropathy

(urinary albumin excretion rate <20 [tg/min; 15 with
type I diabetes and seven with type II), 32 patients
with stage III nephropathy (urinary albumin excre-
tion rate 20-200 tg/min; 14 with type I diabetes and
18 with type II), and 10 normal subjects.
Interventions-Four exercise tests on a cycle

ergometer: the first two under basal conditions and
the third and fourth after subjects had received
captopril (two 25 mg doses in 24 hours) or placebo
(two tablets in 24 hours).
End Point-Exercised until 90% of maximum

heart rate achieved.
Measurements and main results-Mean urinary

excretion one hour after the first two exercise tests
was 21 [tg/min in normal subjects, 101 [tg/min in
diabetic patients with stage II nephropathy, and
333 [tg/min in those with stage III nephropathy.
Similar results were obtained after placebo. After
captopril the urinary excretion rate one hour after
exercise was significantly decreased in diabetics with
stage II (36 tg/min) and stage III (107 tg/min) disease
compared with placebo but not in normal subjects.
Systolic and diastolic pressures were similar in the
three groups after placebo and captopril had been
given.

Conclusions-Captopril significantly reduces
microalbuminuria induced by exercise in normo-
tensive diabetics without affecting systemic blood
pressure. Captopril may reduce renal intracapillary
pressure.

Introduction
Diabetic nephropathy is one of the main causes

of increased morbidity and mortality in diabetic
patients.' 2 Even before the onset of the clinical syn-
drome of diabetic nephropathy, which is characterised
by persistent proteinuria, progressive decline in
glomerular filtration rate, and increased arterial blood
pressure (stage IV of diabetic nephropathy), there is a
"silent" period of variable duration during which
diabetic patients have only microalbuminuria-that is,
their mean urinary albumin excretion rate is signifi-
cantly higher (20-200 Fg/min) than that in normal
subjects but is detectable only by radioimmunological
methods.'

Physical exercise can induce an abnormal increase in
the urinary albumin excretion rate in diabetics with
microalbuminuria while resting (stage III)'; it can also
induce microalbuminuria in diabetics who do not
excrete protein while resting (stage II) and therefore
can disclose an early stage of renal disease. Recent
studies have shown that chronic inhibition of angio-
tensin converting enzyme may reduce baseline micro-
albuminuria in normotensive diabetic patients; such
inhibition could be effective in slowing the progression
of diabetic nephropathy.' The aim of our study was to
investigate the short term effect of the angiotensin
converting enzyme inhibitor captopril on micro-
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albuminuria induced by exercise in normotensive
patients who had type I and type II diabetes with or
without microalbuminuria at rest.

Subjects and methods
The patients in this study were selected from 500

diabetic patients according to the following criteria:
age 15-55; stable body mass index (weight (height)2
<25 kg/m2); supine blood pressure < 160/95 mm Hg;
urinary albumin excretion rate 0-200 [tg/min in
samples assessed weekly during the three months
before the study; and no cardiovascular, hepatic, or
systemic disease. The patients were not taking any
drug other than for treatment of their diabetes. Owing
to the high variability of urinary albumin excretion rate
in individual patients only patients who had variations
within 15% of their average rate, measured by weekly
assays in the three months before the study, were
included.6

Fifty four patients were admitted to the study and
were divided into two groups according to urinary
albumin excretion rate at rest. Twenty two had a
urinary albumin excretion rate of <20 [tg/min (stage II
diabetic nephropathy); they comprised 12 men and 10
womtn, age range 16-44; 15 had type I diabetes and
seven type II. Thirty two patients had a urinary
albumin excretion rate of 20-200 [tg/min (stage III
diabetic nephropathy); they comprised 20 men and 12
women, age range 18-50; 14 had type I diabetes and 18
type II. Ten normal subjects (six men, four women,
age range 18-40) served as controls.

All patients gave their informed consent to the
study. All patients with type I diabetes received
conventional insulin treatment (mean dose 49 (SD 16)
U/day); patients with type II diabetes were treated with
oral hypoglycaemic agents and diet. Three months
before and during the study the patients and controls
were instructed to follow a diet of about 8-6 MJ/day
comprising 50% carbohydrates, 35% lipids, and 15%
proteins with no restriction in sodium intake.

STUDY PROTOCOL AND METHODS

Patients performed four physical exercise tests at
intervals of 72 hours. For each test they attended the
outpatient department at 8 am with a 24 hour urine
sample collected the previous day for measurement
of urinary albumin excretion rate and creatinine
concentration. A blood sample was taken for routine
haematochemical tests and urine was collected.
Patients remained recumbent for one hour and drank
500 ml of water. At 9 am a blood sample was taken for
measurement of plasma renin activity and plasma
aldosterone concentration and an exercise test on
a cycle ergometer was performed. Workload was

TABLE I-Clinical characteristics of subjects grouped according to baseline urinary albumin excretion rate.
I alues are means (SD)

Diabetic paticnts Diabetic patients
with stage II with stage III

Normal subjects nephropathy* nephropathyt
(n= 10) (n=22) n=32)

Age)vears) 30 7) 35 (8) 40 (9)
Sex 6MN, 4F 12M\, 10F 20M, 12F
Body mass index ()kg/m ) 22 (4) 23 (3) 23 (4)
SNystolic blood pressure (mm Hg) 128 (18) 135 (16) 141 (20)
Diastolic blood pressure (mm Hg) 83 (9) 86 (8) 90 (9)
Heart rate (beats/m) 79 9 82 (8) 77 (6)
Plasma renin activity (nmol/Uh) 0-53 (0 11) 0 56 (0 17) 0-42 (0-14)
Serum aldosterone (pmolIl) 233 (47) 214 (61 ) 216 (58)
No of patients with:

Insulin dependent diabetes 15 14
Non-insulin dependent diabetes 7 18

Duratioin of diabctes (months) 63 ( 12) 87 (18)
HaemoglobiniAl,(%) 4-1 (0 9) 7 8)13) 8-1(1-2)
Serum crcatiinine )O[mol/l) 71 )13) tmol/I 79 (18) pmol/l 83 (28) ltmol/I
Creatinine clearance (m/min) 129 (24) 134 (19) 121 (28)

*Urinarfy albumin excretion rate <20 jig/min. tUrinary albumin excretion rate 20-200 jig/min.

increased by 30 W every two minutes until 90% of the
theoretical maximal heart rate was achieved. This
workload was maintained for five minutes. During the
test blood pressure was measured every two minutes
and after the test another blood sample was taken for
measurement of plasma renin activity and aldosterone
concentration.
When heart rate and blood pressure had returned to

basal values (after 10 to 20 minutes) the patients voided
and a sample of urine was taken for assay of albumin
concentration. The patients remained recumbent for
one hour and drank 500 ml water. At the end of this
period they voided again and total diuresis was calcu-
lated and samples for measurement of albumin and
creatinine concentrations were taken. Blood glucose
concentrations were monitored at rest, at the end of
exercise, and 30, 60, and 90 minutes after the end of
exercise. Patients were then asked to collect their urine
until 8 am the next day for albumin and creatinine
assays. The patients were always followed up by the
same investigator.
The first two physical exercise tests were performed

under basal conditions to evaluate the reproducibility
of the duration of exercise and of the urinary albumin
excretion rate after exercise. In all of the patients the
difference in albumin excretion between the first two
exercise tests was not greater than 15%. The third and
fourth exercise tests were performed two hours after
the last dose of captopril (two 25 mg doses in 24 hours)
or placebo (two tablets in 24 hours) given according to a
randomisation schedule in a double blind crossover
design.

ASSAYS

Commercial radioimmunoassay kits were used to
measure albumin concentration (Sclavo, Siena, Italy;
intra-assay coefficient of variation 5%, interassay co-
efficient of variation 6 5%, sensitivity limit 0 1 mg/l),
plasma renin activity (Sclavo, Siena, Italy), and plasma
aldosterone concentration (Sorin, Saluggia, Italy).
Haemoglobin Alc concentration was measured by
a chromatographic method (Biodata, Roma, Italy;
normal range 3-6%). Urinary sodium, potassium, and
creatinine concentrations were measured with flame
photometry. Plasma glucose concentration was deter-
mined by the glucose oxidase method (Beckman II
glucose analyser).

STATISTICAL ANALYSIS

Analyses of variance and covariance were used to
compare percentage increases and absolute values of
exercise induced albuminuria and of systolic and
diastolic blood pressures within the same group in the
different experimental conditions and among the three
groups in the same experimental conditions.7 Linear
regression was used to assess the relation between
exercise induced albuminuria and systolic blood pres-
sure. The standard paired or unpaired t test was used
for other calculations. All calculations were performed
with the biomedical data programs (BMDP) package
on an IBM AT computer. All data are expressed as
means (standard deviation), and all reported p values
are two sided.

Results
Table I shows the clinical data on the subjects

studied. Diabetic patients with stage III nephropathy
had a longer duration of the disease and were older than
those with stage II nephropathy. Metabolic control was
equally good in both groups. All other variables were
similar in the three groups.

EXERCISE TESTS UNDER BASAL CONDITIONS

No significant difference among the three groups
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was observed in blood pressure initially and at the end
of the first two exercise tests (table II). At the end of
these exercise tests the mean urinary albumin excretion
rate was increased significantly in each group (normal
subjects t=15 21, df=9, p<0O001); patients with
stage II nephropathy t=17 49, df=21, p<0O001; and
patients with stage III nephropathy t= 39, df= 31,
p<0001) (table II). The increase in urinarv albumin
excretion rate, expressed as percentage variation, was
significantly greater in the diabetic patients with stage
II nephropathy than in the normal subjects (154(54)%Yo
v 82(27)%; t=4, df=30, p<0001) and in the diabetics
with stage III disease than in those with stage II disease
(250(35)% v 154(54)%; t=7 94, df=52, p<0O001).
Similar increases were seen in the urinary albumin
excretion rate one hour after exercise (normal subjects
169(82)0/,, patients with stage II disease 505(101)tto,
and patients with stage III disease 607(106)%). The
urinary albumin excretion rate 24 hours after the
exercise tests was similar to the baseline rate in all
groups. In normal subjects no correlation between the
urinary albumin excretion rate one hour after exercise
and increases in blood pressure induced by exercise
was found, but such a correlation was present in
diabetics with stage II and stage III nephropathy
(r=0 544, p<001, and r=0-744, p<0001, respec-
tively).

Plasma renin activity after exercise was 1-16 (0-28)
nmol/l/h in the normal subjects, 1 22 (0 28) nmol/l/h
in patients with stage II nephropathy, and 0 83
(0-28) nmol/l/h in patients with stage III nephropathy.
Plasma aldosterone concentration was 405 (50) pmol/l
in the normal subjects, 416 (119) pmol/l in patients
with stage II disease, and 472 (133) pmol/l in patients
with stage III disease. All these increases were signifi-
cant (p<0O001) in all groups but not among groups.

EXERCISE TESTS AFTER CAPTOPRIL AND PLACEBO

The third exercise test was performed by 31 subjects
who had been given captopril and 33 subjects who had
been given placebo. Compared with values seen under
basal conditions, urinary albumin excretion rate and
blood pressure before exercise were slightly lower in
each group, although not significantly, after captopril
compared with placebo, and heart rate was slightly but
not significantly increased in all groups. The increase
in blood pressure with exercise was slightly lower only
after captopril (table II).

Immediately after exercise the urinary albumin
excretion rate was significantly lower with captopril
compared with placebo when expressed both as an
absolute value (56(27) ig/min v 115(65) Ag/min for all
the diabetics; t=1062, df=53, p<0001) and as a

percentage increase from the baseline value (76(41)"%, z'
211(64)% for all the diabetics (t=13 43, df=53,
p<0-001); percentage increase after captopril in
patients with stage II nephropathy 93(52)% (t=5 45,
df=21, p<0001) and in those with stage III disease
64(26)% (t=35-38, df=31, p<0001)). This decrease
was significantly related to basal plasma renin activity
in patients with stage II and stage III nephropathv
(r=0-62, p<001 and r=0-64, p<0-01, respectively).
One hour after exercise the urinary albumin excre-

tion rate was further decreased both in the whole group
of diabetic patients (78(39) FIg/min after captopril v
239 (121) [ig/min after placebo, t=13 25, df=53,
p<0001; percentage increase 150(65)% z' 590(152)'Y,
t=23, df=53, p<0001) and, as a percentage increase,
in those with stage II nephropathy (143(65)0,, l=
11 08, df=21, p<0-001) and stage III disease
(154(66)%Y,, t=23 58, df=31, p<0-001). Table II shows
the absolute values. After 24 hours the urinary albumin
excretion rate was similar to baseline values in all
groups. In the normal subjects the increase in the
urinary albumin excretion rate immediately after and
one hour after exercise was similar after captopril and
after placebo (table II).

Analysis of variance and covariance showed a signifi-
cant decrease in the urinary albumin excretion rate
after captopril when either basal urinary albumin
excretion rate or systolic blood pressure during peak
exercise were used as covariates (F=24-66, df= 1,60,
p<0-001, and F=21-46, df=1,60, p<0001, respec-
tively). No correlation was seen between urinary
albumin excretion rate one hour after exercise and
increases in blood pressure induced by exercise in
patients with either stage II or stage III nephropathv
who had been given captopril (fig).

Plasma renin activity was significantly higher
(p<001) in all groups after captopril both before and
at the end of exercise when compared with values after
placebo and under basal conditions. No significant
difference in increases in plasma renin activity was seen
among the three groups. Plasma aldosterone concen-
trations were similar to those seen after no treatment.
After placebo all values of variables were similar to
those recorded after no treatment.

Discussion
Our results show that short term administration of

the angiotensin converting enzyme inhibitor captopril
is associated with a reduction in albumin excretion
after exercise in normotensive patients who have type I
and type II diabetes and whose renal function is
normal, whether these patients have normal albu-

TABLE iI-Mean (SD) blood presszure and urt ana albumin excretion rate before and after exercise tests in niormal suibjects atnd diabetic patients basally (two tests done) and afier
captopril or placebo given in random order

Diabetic patients D)iabetic paticnts
Normal subjects with stagc II nephropath\ with stage III nephropathy

(n= 10) (n=22) (n--32)

No Af'ter After No Af'ter Af'ter No After Af'ter
treatment captopril placebo treatment captopril placebo treatmcnt captopril placebo

Systolic blood pressurc mm Ilg,)
Baseline 128(18) 122(20) 130(21) 135 16) 129)18) 134(15) 141('20) 137(21) 140(18)
Immediatelyaftcrexercise 177(36)* 17328X)* 178(29)* 185(22)* 180)22)* 187)25)- 191(22)* 185(25)* 190)(26)*
lHourafterexercise 120(17) 122(17) 122(15) 130 (18) 128(20) 129(16) 137(,21) 135(19) 137(17)
24Hoursafterexercise 127(17) 128(18) 131(18) 134(16) 127)17) 135(15) 140(20) 137(18) 139(18)

D)iasbolic blood pressuire (mm Hg)
Baseline 83)9) 80(9) 828) 86(8) 82(7) 85(7) 90(9) 86(8) 88)(8)
Immediately after exercisc 98)(12)* 94 9)* 99)11)* 105)(10)* 102 9'* 106 12)* 108 (9)* 10(14 0)* 107(11)*
I Hourafterexercisc 77 8) 77 7) 78(8) 84)(6) 83 1)9 83)6', 87(9) 85(7) 86)9)
24 Hours after exercise 8X1 8) 78 (6 80 (8) 87 7) 83 7)1 82 7) X8 (7) 88 868)7()

Urinar- albuimin exc-retion rate qig)mn1'?
Bas6ine 8(3) 9 3) 8(3) 16(3) 15(2) 16)3) 48(9) 46(10) 48'()10)
Immediatlev after exercise 14 (4)* 13 (3)* 15 (4)* 40 (7)** 28 ('6)**t 41 (8)** 166 )24)** 75 (17)**t 172 (28)**
I Hourafterexercise 21 (5)** 17(4)** 22(5)** 101 (20)** 36(8)**t 99(19)** 333 (45)** 107(19)**t 345 (47)**
24Hoursaftcrexercise 9(3) 8(3) 8(,3) 15('4) 14)(4) 16)4) 45(10) 47(9) 46( 11)

*p<OOI; **p<0OOI Compared with baseline values. tp<00l; tp<0001 (,ompared with no treatment and placebo.
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minuria at rest (stage II nephropathv) or have baseline
microalbuminuria (stage III nephropathv).

In diabetics with stage II nephropathv micro-
albuminuria induced by exercise mav be an early
marker of renal disease; in diabetics with stage III
nephropathv microalbuminuria after exercise might be
studied to monitor the progression of the nephropathv
and might enable the effects of various drug treatments
to be better evaluated.4 "' The precise mechanisms
responsible for the abnormal albuminuria induced by
exercise in diabetic patients who have renal disease
remain to be clarified. Probablv the increase in
svstemic blood pressure during exercise and conse-
quently the higher intraglomerular filtration pressure
in diabetic patients, who already have structural
changes in the glomerulus, induce increased excretion
of albumin."'

Several workers have reported that only diabetic
patients with stage III nephropathy have a significant
increase in blood pressure induced by exercise com-
pared with normal subjects, and albumin excretion
induced by exercise was significantly correlated with
systolic blood pressure in these patients.4' 2In our
study all diabetic patients were normotensive, and
increases in blood pressure during exercise were
similar in diabetics with stage II or stage III nephro-
pathy and normal subjects. Both under basal con-
ditions and after placebo had been given a significant
correlation between albuminuria and the increase in
blood pressure induced bv exercise was found in both
diabetics with stage III nephropathy and to a lesser
degree in those with stage II disease. This correlation
suggests that in diabetic patients a change in capillary
permeability is probably found at an early stage of the
disease."

Normalisation of albuminuria induced by exercise in
diabetic patients who have stage II renal disease has
been seen after continuous subcutaneous administra-
tion of insulin with portable pumps.9 "' This normali-
sation may be due to regression of structural lesions in
the kidney, although the effects of strict metabolic
control -on urinary albumin excretion rate in type I
diabetes are still controversial.'
A decrease in baseline and exercise induced micro-

albuminuria has been reported in hypertensive
diabetic patients with incipient proteinuria given

long term treatment with the selective Ji blocker
metoprolol. '-' Hommel et al reported that urinary
albumin excretion decreased when diabetic patients
were given short term treatment with clonidine. 9 Long
term treatment with converting enzyme inhibitors has
recently been shown to induce a significant decrease in
baseline urinary albumin excretion rate in normo-
tensive diabetic patients with stage III and stage IV
nephropathyv' Such inhibition could be effective in
slowing the progression of diabetic nephropathy.'
Our data show that short term inhibition of angio-

tensin converting enzyme significantly decreases
exercise induced microalbuminuria in normotensive
diabetic patients without affecting substantially either
basal blood pressure or increases in blood pressure
induced bv exercise. The mechanisms by which this
effect is obtained are still to be clarified. Even the mild
reduction in systemic blood pressure seen when an
angiotensin converting enzyme inhibitor is given can
affect the urinarv albumin excretion rate. The renin
angiotensin svstem is well known, however, not only to
be implicated in regulation of svstemic blood pressure)'
but also to have an important role in regulating renal
microcirculation." We therefore hypothesise that
the primary effect of angiotensin converting enzyme
inhibition on the urinarv albumin excretion rate
in normotensive diabetic patients is a decrease in
intraglomerular capillarv pressure not dependent on
variations in systemic blood pressure." Moreover,
some experimental evidence suggests that inhibition
of angiotensin converting enzyme can reduce micro-
albuminuria in diabetic patients by decreasing
glomerular permeability to albumin.
No definitive conclusions can be drawn from our

data, but no significant difference in increases in
blood pressure was seen between diabetic and normal
subjects when exercise was performed after captopril
had been given. In addition, the correlation observed
basally and after placebo between the increases in
blood pressure and microalbuminuria induced by
exercise was not found with captopril. Thus we suggest
that increased excretion of albumin after exercise as
well as baseline microalbuminuria in diabetic patients
may be affected by angiotensin converting enzyme
inhibition either through a reduction in renal intra-
capillary pressure not dependent on a decrease in
systemic blood pressure or through a decrease in
glomerular permeability to albumin. Our data clearly
indicate that the decrease of urinary albumin excretion
rate after exercise with captopril is independent of the
baseline urinary albumin excretion rate and the peak
blood pressures during exercise.
The finding that short term angiotensin converting

enzyme inhibition can reduce exercise induced micro-
albuminuria in normotensive diabetic patients with
stage II nephropathy to that of normal subjects
suggests that progression of nephropathy in this early
phase could also be slowed by captopril. Further long
term studies on this important point are in progress.
Undoubtedly these results should be interpreted with
caution; firstly, we do not yet know whether all
diabetics with stage II nephropathy with exercise
induced microalbuminuria will develop baseline
microalbuminuria4; and, secondly, it is not clear
whether the reduction in microalbuminuria indicates a
reduction in structural glomerular lesions.
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Abstract
To examine the hypothesis that the pattern of
cervical cancer is changing data on women present-
ing with the disease over 34 years were studied
retrospectively. During 1953-86, 2628 women with
cervical cancer were referred to a large tertiary
referral hospital in Sydney; 418 were aged 35 or less.
During the period of review the proportion of young
women with the disease increased from under 9% in
the 1950s and 1960s to about 25% in the 1970s and
1980s; a similar but less pronounced trend was
apparent for the whole of New South Wales in the
1970s and 1980s. The prevalence of less common
morphological types of cervical cancer increased
throughout the period, particularly in the young.
Pelvic lymph node metastases were identified in
younger patients with stage Ib and Ila tumours more
commonly in the later years of the study, suggesting
that the disease was becoming more severe. Overall
rates of recurrence improved over time, but an
apparent increase in early recurrences was observed
in young patients with lb and Ila tumours and
without nodal disease. The results suggest that
the clinical and pathological behaviour of cervical
cancer changed over the period of review.

Introduction
For some years gynaecologists managing cervical

cancer have thought that the pattern of the disease has
been changing. The use of Papanicolaou smears had
led to earlier detection of clinical and preclinical lesions
so that fewer patients were presenting with locally
advanced disease. More recently, however, the disease
has become more common and apparently more severe
among young women. Epidemiological reports in the
past 15 years have mostly confirmed this impression
and indicated that cervical cancer is now both more
common and associated with an increasing mortality in
younger women.' '7 The proportion of cases of cervical
cancer in young women varies in different reports,
from 7-14% in Scandinavia to up to 25% in a small
series from the United States. 1X-2" These variations

presumably reflect differing referral, demographic,
geographic, racial, and social patterns.
To check the validity of theories on the increase in

cervical cancer in younger women we analysed the
patterns of cervical cancer in patients admitted to
a large tertiary referral hospital in Sydney during
1953-86.

Patients and methods
The study comprised 2628 patients with cervical

cancer admitted to King George V Hospital, Sydney,
for part or all of their primary treatment during
1953-86. The histological characteristics ofthe tumours
were reviewed by two gynaecological pathologists (PR
and PB). Tumours were classified into the following
types: adenocarcinomas and keratinising, non-kera-
tinising, small cell squamous, adenosquamous,
undifferentiated small cell (oat cell), adenoid cystic or
adenoid basal, and unclassified carcinomas.

Radical hysterectomy with pelvic lymphadenectomy
was the preferred treatment for stage lb and IIa
disease and some early stage Ilb tumours. During
1953-69, surgery was usually preceded by intracavitary
radium treatment. Those women with node metastases
generally received postoperative external pelvic radio-
therapy. From the early 1970s all lymphoid tissue was
embedded in paraffin blocks and step sectioned six
times to permit improved detection of microscopic
metastases. Radical pelvic irradiation (external and
intracavitary) was generally used for stage IIb to stage
IV tumours.

Preclinical cancers were defined as those requiring
colposcopically directed punch or cone biopsy to estab-
lish the diagnosis and those clinically unrecognised or
unsuspected lesions found on routine histological
examination of uteruses or cervices removed for
supposed benign disease. These preclinical cancers
were subdivided into a microinvasive subgroup, in
which the tumour had penetrated less than 5 mm into
the stroma measured from the surface of the cervical
epithelium, and an occult subgroup, in which invasion
exceeded this limit, irrespective of the volume of the
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