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Efficacy of atenolol and captopril in reducing risk of
macrovascular and microvascular complications in type 2

diabetes: UKPDS 39

UK Prospective Diabetes Study Group

Abstract

Objective: To determine whether tight control of
blood pressure with either a 8 blocker or an
angiotensin converting enzyme inhibitor has a specific
advantage or disadvantage in preventing the
macrovascular and microvascular complications of
type 2 diabetes.

Design: Randomised controlled trial comparing an
angiotensin converting enzyme inhibitor (captopril)
with a B blocker (atenolol) in patients with type 2
diabetes aiming at a blood pressure of

<150/ <85 mm Hg.

Setting: 20 hospital based clinics in England,
Scotland, and Northern Ireland.

Subjects: 1148 hypertensive patients with type 2
diabetes (mean age 56 years, mean blood pressure
160/94 mm Hg). Of the 758 patients allocated to tight
control of blood pressure, 400 were allocated to
captopril and 358 to atenolol. 390 patients were
allocated to less tight control of blood pressure.

Main outcome measures: Predefined clinical end
points, fatal and non-fatal, related to diabetes, death
related to diabetes, and all cause mortality. Surrogate
measures of microvascular and macrovascular disease
included urinary albumin excretion and retinopathy
assessed by retinal photography.

Results: Captopril and atenolol were equally effective
in reducing blood pressure to a mean of

144/83 mm Hg and 143/81 mm Hg respectively, with
a similar proportion of patients (27% and 31%)
requiring three or more antihypertensive treatments.
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More patients in the captopril group than the atenolol
group took the allocated treatment: at their last clinic
visit, 78% of those allocated captopril and 65% of those
allocated atenolol were taking the drug (P <0.0001).
Captopril and atenolol were equally effective in
reducing the risk of macrovascular end points. Similar
proportions of patients in the two groups showed
deterioration in retinopathy by two grades after nine
years (31% in the captopril group and 37% in the
atenolol group) and developed clinical grade
albuminuria =300 mg/1 (5% and 9%). The proportion
of patients with hypoglycaemic attacks was not different
between groups, but mean weight gain in the atenolol
group was greater (3.4 kg v 1.6 kg).

Conclusion: Blood pressure lowering with captopril
or atenolol was similarly effective in reducing the
incidence of diabetic complications. This study
provided no evidence that either drug has any specific
beneficial or deleterious effect, suggesting that blood
pressure reduction in itself may be more important
than the treatment used.

Introduction

Most randomised controlled trials of treatment for
hypertension in patients with diabetes have evaluated
blood pressure lowering in comparison with a conven-
tionally treated group of patients who had higher
blood pressure.' These trials mainly used a single agent
rather than comparing blood pressure lowering with
different agents.
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We reported results from the hypertension in
diabetes study, part of the United Kingdom prospec-
tive diabetes study, in the accompanying paper.” Tight
control of blood pressure with either an angiotensin
converting enzyme inhibitor or  blocker resulted in a
reduced risk of both macrovascular and microvascular
complications in hypertensive patients with type 2
diabetes. The risk of any diabetes related end points
was reduced by 24%, strokes by 44%, and microvascu-
lar end points by 37%.*

Studies with angiotensin converting enzyme
inhibitors in hypertensive patients with type 1 diabetes
have usually reported a decrease in urinary albumin
excretion,” * and some have reported prevention of an
increase in such excretion.” These studies have not
assessed whether the reduction in albuminuria was due
to blood pressure lowering or to the use of an
angiotensin converting enzyme inhibitor in itself.
Chan et al have suggested that enalapril may have a
greater effect than nifedipine in reducing albuminuria,’
but neither their study nor other studies have been suf-
ficiently large or had long enough follow up to evaluate
the effect of treatment on clinical complications.

Both angiotensin converting enzyme inhibitors
and B blockers have been thought to have specific
potential advantages. Studies of angiotensin convert-
ing enzyme inhibitors in diabetic patients have raised
the possibility of a specifically beneficial effect in
preventing microvascular disease in the kidneys. These
agents are also effective in decreasing mortality from
heart failure in non-diabetic subjects.” Treatment with
B blockers has a protective effect on cardiac mortality
after myocardial infarction," and since this is the major
cause of death in patients with type 2 diabetes prophy-
lactic treatment with B blockers may be advisable. In
addition, B blockers are effective in treating heart
failure."

In this paper we report the results of a direct com-
parison of the treatment of hypertension in patients
with type 2 diabetes with the angiotensin converting
enzyme inhibitor captopril and the B blocker atenolol
on the development of clinical complications of
diabetes.

Subjects and methods

Hypertensive patients with type 2 diabetes were
studied in the hypertension in diabetes study, which
was introduced in a factorial design to the UK
prospective diabetes study in 1987 to 20 of the 23 cen-
tres. Full details of this study, including the recruitment
and randomisation procedure, are reported in the
accompanying paper.” A total of 1148 patients (637
men (55%)) with a mean (SD) age of 56 (8) years were
recruited for this study during 1987-91." Table 1 shows
the biometric and biochemical characteristics of
patients at allocation to captopril or atenolol.

Figure 1 in the accompanying paper shows that two
thirds of the patients (758) were randomly allocated
tight control of blood pressure aiming for a blood
pressure of <150/<85 mm Hg by the coordinating
centre; 400 patients were randomly allocated to capto-
pril and 358 to atenolol’ The small imbalance in the
numbers of patients allocated to these two treatments
occurred by chance as the randomisation was not
blocked. The other 390 patients were randomly

Table 1 Characteristics of patients allocated captopril or atenolol
at time of randomisation to hypertension in diabetes study. Values
are numbers (percentages) of patients unless stated otherwise

Captopril Atenolol
(n=400) (n=358)
Mean (SD) age (years) 56.3 (8.1) 56 (8.2)
Men 205 (51) 205 (57)
Ethnic group:
White 349 (87) 302 (84)
Afro-Caribbean 30 (8) 32 (9)
Asian Indian 18 (4) 21 (6)
Other 3(1) 3(1)
Mean (SD) body mass index (kg/m?) 29.8 (5.6) 29.7 (5.3)

Median (interquartile range) fasting
plasma glucose (mmol/l)

7.4 (6.1109.2) 7.3 (6.1109.2)

Mean (SD) haemoglobin A, (%) 6.9 (1.6) 7.0 (1.8)
Mean (SD) blood pressure (mm Hg):

Systolic 159 (20) 159 (19)

Diastolic 94 (10) 93 (10)
Receiving hypertensive treatment 145 (36) 131 (37)
Smoking:

No of patients 395 351

Non-smoker 152 (38) 129 (37)

Ex-smoker 160 (41) 134 (38)

Current smoker 83 (21) 88 (25)
Urinary albumin (mg/1)*:

No of patients 344 297

=50 56 (16) 58 (20)

=300 8 (2) 10 (3)
Retinopathy:

No of patients 323 294

20 20 or worse 76 (24) 67 (23)

35 35 or worse 23 (7) 22 (6)
Mean (SD) cholesterol (mmol/l):

Total 55 (1.2) 54 (1.1)

HDL 1.10 (0.26) 1.11 (0.28)

LDL 3.6 (1.1) 3.6 (1.0

Geometric mean (1SD interval)
triglyceride (mmol/l)

Median (interquartile range) duration
of diabetes (years)

Treatment for diabetes:

16(0.91027) 1.5 (0.9102.6)

26(101042) 2.7 (1.0 10 43)

No of patients 318 275
Diet 92 (29) 83 (30)
Sulphonylurea 121 (38) 79 (29)
Metformin 22 (7) 19 (7)
Combined oral hypoglycaemic agents 15 (5) 13 (5)
Insulin 64 (20) 80 (29)
Other 4(1) 1(0)

HDL=high density lipoprotein.
LDL=low density lipoprotein.
*Corrected to urinary creatinine concentration of 8 mmol/I.

allocated less tight control of blood pressure, aiming at
a blood pressure of <180/<105 mm Hg but avoiding
treatment with angiotensin converting enzyme inhibi-
tors or B blockers.”

Captopril was usually started at a dose of 25 mg
twice daily, increasing to 50 mg twice daily, and
atenolol at a daily dose of 50 mg, increasing to 100 mg
if required. If the blood pressure control criteria were
not met in the tight control group despite maximum
allocated treatment other agents were added, the
suggested sequence being frusemide 20 mg daily
(maximum 40 mg twice daily), slow release nifedipine
10 mg (maximum 40 mg) twice daily, methyldopa
250 mg (maximum 500 mg) twice daily, and prazosin
1 mg (maximum 5 mg) thrice daily.
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Fig 1 Median systolic and diastolic blood pressure over nine years
in patients allocated angiotensin converting enzyme inhibitor and
blocker in group assigned to tight control of blood pressure and in
patients in group assigned to less tight control

Clinical end points

Twenty one clinical end points were aggregated for
analysis. The three predefined primary outcome analy-
ses were the time to the occurrence of (@) a first clinical
end point related to diabetes; (b)) death related to
diabetes; and (¢) death from all causes. Four additional
clinical end point aggregates were used to assess the
effect of treatments on different types of vascular
disease in secondary outcome analyses. These were
myocardial infarction, stroke, amputation or death
from peripheral vascular disease, and microvascular
complications.

Subclinical, surrogate variables included urinary
albumin concentration, with microalbuminuria
defined as a concentration =50 mg/l1 and clinical
grade albuminuria as =300 mg/]; retinopathy, with
progression defined by a two step change in modified
ETDRS (early treatment of diabetic retinopathy study)
final grade assessed on retinal photographs; and visual
acuity, with deterioration defined as a deterioration of
three lines in the ability to read an ETDRS chart with
the better eye.”

Primary analysis was on an intention to treat basis.
Patients allocated to tight control of blood pressure
with captopril were compared with those allocated to
atenolol. Life table analyses were performed with log
rank tests, and hazard ratios were obtained from Cox’s
proportional hazards models and used to estimate
relative risks. For the primary and secondary outcome
analyses of clinical end point aggregates, 95%
confidence intervals are quoted. For single end points
99% confidence intervals are quoted to make
allowance for potential type 1 errors. Similarly, 99%
confidence intervals are used for assessment of
surrogate variables that were measured at triennial
visits. Mean (SD), geometric mean (1SD interval), or
median (interquartile range) values have been quoted
for the biometric and biochemical variables, using

BM] VOLUME 317 12 SEPTEMBER 1998 www.bmj.com

Wilcoxon, ¢, or y* tests for comparison. Risk reductions
were derived from frequency tables. Survival function
estimates were calculated using the product limit
(Kaplan-Meier) method. Blood pressure control was
assessed in the cohort with nine years of follow up.
Further details of the analyses used are described in
the accompanying paper.’

Results

Blood pressure control

The patients allocated to captopril and to atenolol both
had the same mean (SD) blood pressure 159 (20)/93
(10) mm Hg at randomisation to blood pressure
control policy. Over nine years those allocated to cap-
topril or atenolol had similarly reduced blood
pressures, 144 (14)/83 (8) mm Hg and 143 (14)/81 (7)
mm Hg respectively (fig 1). The differences (95% confi-
dence interval) between the groups given captopril or
atenolol were 1 (-1 to 3)/1 (0 to 2) mm Hg, with no
significant difference for systolic pressure and a
clinically small difference for diastolic pressure
(P=10.02). Those allocated to less tight control of blood
pressure, which did not include captopril or atenolol,
had a mean blood pressure of 154 (16)/87 (7) mm Hg
over nine years (fig 1).

Compliance with allocated treatment

Compliance was similar between the two groups over
the first four years but subsequently more patients in
the atenolol group than in the captopril group discon-
tinued taking their allocated treatment (P <<0.0001).
The difference in compliance was mostly because
impaired peripheral circulation or bronchospasm
occurred in the patients taking atenolol (table 2). Four
per cent of patients allocated captopril discontinued
the treatment because of a cough. Of the five patients
in whom captopril was withdrawn because of a rise in
creatinine concentration, one eventually required renal
replacement, but the initial rise in creatinine had
occurred before captopril treatment was started.
During the study patients assigned captopril and aten-
olol took their treatment for 80% and 74% respectively
of the total person years of follow up. Figure 2 shows
that increasing numbers of blood pressure lowering

Table 2 Reasons for non-compliance with allocated treatment in
group under tight control of blood pressure. Values are numbers
(percentages) of patients; patients may have had more than one
reason for not complying with allocated treatment

Captopril Atenolol
(n=400) (n=358) P value

No of patients who were not 88 (22) 125 (35) <0.0001
compliant*

Cough 16 (4) 0 <0.0001
Increased creatinine 5(1) 0 0.064
Intermittent claudication or cold feet 0 15 (4) <0.0001
Bronchospasm 0 22 (6) <0.0001
Impotence 1(0) 6(2) 0.057
Gastrointestinal symptoms 8(2) 5(1) 0.59
Feeling dizzy, tired, or unwell 14 (4) 16 (5) 0.58
Depression 1(0) 1(0) 1.0
Headache 9(2) 3(1) 0.15
Allergic reaction 7 (2) 2(1) 0.18
Other 36 (9) 57 (16) 0.0039

*At last clinic visit.
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No of antihypertensive drugs:

W e 1 0

Captopril

Patients receiving antihypertensive treatment (%)

Patients receiving antihypertensive treatment (%)
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Fig 2 Proportion of patients over nine years who required no drugs,
one drug, two drugs, or three or more drugs for treating
hypertension to attain target blood pressure

agents were required to obtain the tight blood pressure
control target of <150/<85mm Hg. A similar
proportion of patients were taking three or more
agents in the two groups (27% in the captopril group
and 31% in the atenolol group). Nifedipine was used in
24% of person years of follow up in those allocated to
less tight control of blood pressure, in 36% in those
allocated to atenolol and 27% in those allocated to
captopril.

Primary outcome measures

The incidence of end points related to diabetes, which
include macrovascular and microvascular complica-
tions, was similar in hypertensive patients with type 2
diabetes allocated to either captopril or atenolol treat-
ment (figs 3 and 4). The incidence of diabetic deaths
and all cause mortality was also similar in both groups
(figs 4 and 5).

Secondary outcome measures

Macrovascular disease

There was no difference in the incidence of myocardial
infarction or strokes between the groups assigned P
blocker or angiotensin converting enzyme inhibitor
(figs 4 and 6). There were no differences in any of the
single clinical end points, including heart failure and
angina (fig 7). Neither was there a difference when all
end points relating to macrovascular disease were

aggregated.

Microvascular disease

There was no difference in the incidence of aggregate
microvascular clinical end points between the groups
allocated B blocker or angiotensin converting enzyme
inhibitor (figs 4 and 6). Similar proportions of patients
required retinal photocoagulation, progressed to renal
failure, or required an amputation, which can arise
from a combination of macrovascular and microvascu-
lar disease.

Surrogate end points

Microvascular disease

Retinopathy—The progression of retinopathy was
similar in those allocated to captopril and atenolol; at
nine years 37% in the group assigned captopril
(59/160) and 37% in that assigned atenolol (52/140)
had deteriorated by two or more steps of retinopathy
compared with 51% in the group assigned to less tight
control of blood pressure (78/152). There was no
difference between the captopril and atenolol groups
in the deterioration of visual acuity by one letter on the
ETDRS chart reduction.

Renal failure—The progression of albuminuria was
similar in those allocated to captopril and atenolol. The
proportion of patients who at nine years had a urinary
albumin concentration =50 mg/1 were 31% (48/153)
and 26% (38/146) (P = 0.31) and who had clinical pro-
teinuria =300 mg/l were 5% (7/153) and 10%
(14/146) (P=0.090) respectively. There was also no
difference in plasma creatinine concentrations or in
the proportion of patients who had a twofold increase
in creatinine concentration from randomisation. The
surrogate indices of neuropathy and autonomic
neuropathy were not different between the allocations.

Macrovascular disease

There was no difference in the proportion of patients
who developed a silent infarction, shown in an electro-
cardiogram. Similarly, there was no difference in
non-specific T waves or ST abnormalities, cardio-
megaly assessed by electrocardiography or chest
radiography, or peripheral vascular disease assessed by
Doppler blood pressure recordings or absent periph-
eral pulses (data not shown).

50
— Less tight blood pressure control
— Captopril | 5 _

40 — Atenolol }P =04

30

Patients with events (%)

0o 1 2 3 4 5 6 7 8 9
X . Years from randomisation
No of patients at risk:
Captopril 400 327 257 124
Atenolol 358 314 237 112

Fig 3 Kaplan-Meier plots of proportion of patients with any clinical
end point, fatal or non-fatal, related to diabetes
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Absolute risk
Patients with aggregate (events per 1000
end points patient years)

Captopril Atenolol

Clinical end point (n=400) (n=358) Captopril Atenolol
Any diabetes related end point 14 118 533 484
Deaths related to diabetes 48 34 15.2 12.0
All cause mortality 75 59 23.8 20.8
Myocardial infarction 61 46 20.2 16.9
Stroke 21 17 6.8 6.1
Peripheral vascular disease 5 3 16 11
Microvascular disease 40 28 13.5 104

P Relative risk for
value captopril (95% Cl)
0.43 1.10 (0.86 to 1.41) 10—
0.28 1.27 (0.82t0 1.97) -
0.44 1.14(0.81t0 1.61) —10—
0.35 1.20 (0.82 t0 1.76) 00—
0.74 1.12(0.59t0 2.12) —1o—
0.59 1.48 (0.35t0 6.19) @
0.30 1.29 (0.80t0 2.10) 10—

0.1 1 10
Favours captopril Favours atenolol

Fig 4 Numbers of patients who attained one or more clinical end points in aggregates representing specific types of clinical complications,

with relative risks comparing captopril with atenolol

20
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—— Captopril
—— Atenolol } P=028
15

Patients with events (%)

0 1 2 3 4 5 6 7 8 9
Years from randomisation
No of patients at risk:
Captopril
Atenolol

400 383 328
358 346 303
Fig 5 Kaplan-Meier plots of proportion of patients who died of

disease related to diabetes (myocardial infarction, sudden death,
stroke, peripheral vascular disease, and renal failure)

172
154

Other treatment effects

Glycated haemoglobin (haemoglobin A, )—Over the first
four years of follow up the patients allocated to
atenolol had a higher mean glycated haemoglobin
(haemoglobin A, ) concentration than those allocated
captopril (7.5% (1.4%) v 7.0% (1.4%), P=0.0044),
although over the second four years the values were
similar (8.4% (1.5%) and 8.3% (1.7%) respectively).
After four years of follow up 66% of the patients
allocated to atenolol were receiving an additional
glucose lowering treatment since randomisation
compared with 53% in those allocated to captopril
(P=0.0015). This difference was also present at eight
years, with 81% and 71% respectively requiring an
additional treatment (P = 0.029).

Hypoglycaemia—There was no overall difference in
the rates of hypoglycaemia in the captopril and
atenolol groups. In patients allocated to and taking
angiotensin converting enzyme inhibitors and B block-
ers and those in the group assigned to less tight control
of blood pressure the cumulative proportions of
patients who reported minor or major hypoglycaemic
reactions were 41%, 41%, and 43% respectively and in
those who reported a major hypoglycaemic episode

BM] VOLUME 317 12 SEPTEMBER 1998 www.bmj.com

6.5%, 5.6%, and 4.4%. There were no fatal hypoglycae-
mic events in patients allocated to these treatments.

Weight gain—The patients allocated to atenolol
gained more weight than those allocated to captopril
(mean weight gain 3.4 (8.0) kg v 1.6 (9.1) kg over nine
years, P=0.020).

Lipid  concentrations—There were no consistent
trends in concentrations of triglyceride, total choles-
terol, or high density lipoprotein cholesterol over nine
years.

Discussion

Our accompanying paper showed that tight control of
blood pressure with either captopril or atenolol in
hypertensive patients with type 2 diabetes significantly
reduced the risk of fatal and non-fatal macrovascular
and microvascular complications over nine years of

— Captopril
— Atenolol

o
()

Microvascular (P = 0.30)

o

Proportion of patients with events

o
()

Stroke (P = 0.74)

o

Proportion of patients with events

o 1t 2 3 4 5 6 7 8 9 0 1 2 3
Years from randomisation

4

Myocardial infarction (P = 0.35)

Heart failure (P = 0.66)

5 6 7 8 9
Years from randomisation

Fig 6 Kaplan-Meier plots of proportion of patients who developed microvascular end points
(mostly retinal photocoagulation), fatal and non-fatal myocardial infarction (including sudden

death), fatal and non-fatal strokes, and heart failure
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Absolute risk
Patients with clinical (events per 1000
end points patient years)

Captopril Atenolol

(n=400) (n=358) Captopril Atenolol
Clinical end point

Fatal myocardial infarction 35 24 1.1 85
Non-fatal myocardial infarction 30 21 10.0 7.7
Sudden death 8 3 25 1.1
Heart failure 12 9 3.9 32
Angina 20 25 6.6 9.3
Fatal stroke 4 5 13 1.8
Non-fatal stroke 17 12 5.6 43
Death from peripheral vascular disease 1 0 0.3 0.0
Amputation 5 3 16 11
Death from renal failure 0 2 0.0 0.7
Renal failure 4 4 1.3 14
Retinal photocoagulation 37 24 12.4 8.8
Vitreous haemorrhage 2 1 0.6 0.4
Blindness in one eye 10 8 3.3 29
Cataract extraction 19 17 6.3 6.2
Death from hyperglycaemia 0 0 0.0 0.0
Death from hypoglycaemia 0 0 0.0 0.0
Fatal accident 1 0 0.3 0.0
Death from cancer 1 18 3.5 6.3
Death from any other specified cause 13 5 41 1.8
Death from unknown cause 2 2 0.6 0.7

P Relative risk for
value captopril (99% CI)

031 1.31(0.6610259) —e—
035  1.30(0.63t02.71) N P

018  242(0.42t013.82) ® >
066  1.21(0.39t03.78) — e

027  0.72(0.33t0156) —e—

062  0.72(0.1310 4.06) o

051  1.28(0.49103.38) Lo

059  1.48(0.23109.71)

090  0.91(0.15105.64)
020  1.40(0.7110 2.74) —lo—
062  1.83(0.081042.98) <

(]
A4

082  1.12(033103.79) o—
098  1.01(0431t02.39) S N
012 0.55(021t0148) SN

0.099 2.33 (0.60 t0 9.02) -
0.91 0.89 (0.07t011.73)

o
y

0.1 1 10
Favours captopril Favours atenolol

Fig 7 Numbers of patients who attained individual end points, with relative risks comparing captopril with atenolol

follow up.* This paper compares, within the patients
allocated to tight blood pressure control, captopril and
atenolol. Both treatments reduced blood pressure to
the same extent and were similarly effective in reducing
the risk of macrovascular and microvascular complica-
tions of diabetes.

Microvascular disease

These results are interesting given the current debate
over whether any specific class of antihypertensive
agents, and angiotensin converting enzyme inhibitors
in particular, might be more effective than others in
protecting against renal disease.' " '* In this study the
proportion of patients who developed albuminuria
=50 mg/1, proteinuria (=300 mg/1), a twofold increase
in plasma creatinine concentration, end stage renal
failure, or progression of retinopathy was similar in the
groups assigned captopril or atenolol.

The increase in plasma creatinine concentration,
which led to captopril treatment being withdrawn in five
patients, may have been partially due to unrecognised
renal artery stenosis, which seems to be particularly
common in type 2 diabetes.” Nevertheless, none of
these patients developed acute renal failure, and in the
one who developed chronic renal failure and eventually
required dialysis the initial increase in plasma creatinine
concentration had happened before the introduction of
captopril. Moreover, mean plasma creatinine concentra-
tion as well as the incidence of renal failure was similar
in the captopril and atenolol groups. Contrary to recent
suggestions,® our data do not support the need for rou-
tine screening with imaging techniques for renal artery
stenosis of patients with type 2 diabetes before the intro-

duction of angiotensin converting enzyme inhibitors,
although measurement of plasma creatinine concentra-
tion before and after the start of treatment remains
advisable.

Macrovascular disease
The patients allocated to either captopril or atenolol
had a reduced risk of death related to diabetes and
stroke compared with the group assigned to less tight
control of blood pressure. The incidence of myocardial
infarction and of heart failure was similar in the capto-
pril and atenolol groups. The negative inotropic effect
of B blockers might have been expected to increase the
incidence of heart failure, but the protection against
heart failure was as great for atenolol as for captopril.
This suggests that the beneficial effect of  blockade on
autonomic control of ventricular function and myocar-
dial energy balance predominated.” A trend to fewer
sudden deaths with the B blockers than with the angio-
tensin converting enzyme inhibitor was not significant.
A specific beneficial effect of angiotensin converting
enzyme inhibitors in diabetic patients has been
questioned in an extensive review, which found no
evidence for it.” The similar effect of captopril and aten-
olol on clinical end points suggests either that both B
blockers and angiotensin converting enzyme inhibitors
have specific beneficial effects or that the decrease in
blood pressure is the important factor and not the type
of treatment. The diabetic subgroup of the systolic
hypertension in the elderly programme also showed
prevention of myocardial infarction by blood pressure
lowering, the initial treatment being a thiazide (chlortha-
lidone), with 20% of patients also taking atenolol."”
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In the hypertension in diabetes study the use of a
long acting calcium antagonist, nifedipine, was recom-
mended as the second blood pressure lowering agent
in the group assigned to less tight control of blood
pressure and as the third agent in the group assigned
to tight control. In view of the possibility, as yet
unproved, of an increased risk of myocardial infarction
in type 2 diabetes with a calcium channel blocker com-
pared with an angiotensin converting enzyme inhibi-
tor,"” we noted that nifedipine was used in 24% of
person years of follow up in those allocated to less tight
control of blood pressure, 36% in those allocated to
atenolol, and 27% in those allocated to captopril. As
the group assigned to tight blood pressure control had
a trend to a reduced risk for myocardial infarction
compared with the group assigned to less tight control,
the data do not support the contention that calcium
channel blocking agents are potentially harmful."®

Side effects

The development of cold feet, intermittent claudica-
tion, or bronchospasm in some patients was the main
reason for the slightly lower rate of compliance for
atenolol. However, a similar proportion of patients
assigned the two drugs developed peripheral vascular
disease, had absent foot pulses on examination, or had
amputations.

The patients given atenolol gained 1.8 kg more
weight than those given captopril over nine years, and
they had higher glycated haemoglobin concentrations
over the first four years.

These surrogate indices of risk of macrovascular
disease have been thought to be potentially harmful,
but in practice results from this study show that those
allocated to atenolol had a reduced risk of cardiac
events.

Choice of antihypertensive agents

Angiotensin converting enzyme inhibitors have been
recommended for treatment of hypertension in type 1
or type 2 diabetes on the basis of studies showing a
reduction in urinary albumin concentration or preven-
tion of an increase in urinary albumin concentration in
comparison with untreated control groups. In most
studies patients treated with angiotensin converting
enzyme inhibitors had a lower blood pressure than the
control group,” * and this alone may have been the
main factor in decreasing capillary perfusion, reducing
transcapillary leakage of albumin, and, in the long
term, decreasing the damage to both capillaries and
arteries. Similarly, studies of angiotensin converting
enzyme inhibitors in patients with normal blood press-
ure have evaluated patients whose blood pressures are
in the upper range of normal values, although not
above an arbitrary definition of hypertension.” "’ The
small decrease in blood pressure in the group given
angiotensin converting enzyme inhibitors may have
been sufficient to decrease urinary albumin excretion.
Lewis et al studied diabetic patients with nephropathy
and reported that an angiotensin converting enzyme
inhibitor decreased progression to end stage renal fail-
ure and delayed the increase in plasma creatinine con-
centration.”” However, the results may have been
confounded because the group given angiotensin con-
verting enzyme inhibitors also had lower blood
pressures than the control group and urinary albumin
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® This study showed that an angiotensin
converting enzyme inhibitor (captopril) or a B
blocker (atenolol) gave similar reductions in
blood pressure in hypertensive patients with
type 2 diabetes

® 'To achieve target blood pressures additional
antihypertensive agents were often required

® The two drugs were equally effective in reducing
the risk of non-fatal and fatal diabetic
complications, death related to diabetes, heart
failure, and progression of retinopathy

® Those given atenolol gained slightly more
weight and showed a slightly greater increase in
glycated haemoglobin concentrations, but this
did not affect the reduction in clinical end
points

® The suggestion that angiotensin converting
enzyme inhibitors have a specific renal
protective effect in the treatment of type 2
diabetes is not supported

excretion was mismatched at baseline. Although some
studies have discounted the minor difference in blood
pressure attained with angiotensin converting enzyme
inhibition in normotensive patients,” small differences
in blood pressure can affect cardiac and stroke
outcome, both in the general population”* and in
patients with type 2 diabetes.” This suggests that it may
be advantageous to treat even slight increases in blood
pressure.

In conclusion, this paper shows that atenolol and
captopril are equally effective and safe in lowering
blood pressure and reducing the risk of fatal and non-
fatal macrovascular and microvascular complicationsin
patients with type 2 diabetes.
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Cost effectiveness analysis of improved blood pressure
control in hypertensive patients with type 2 diabetes:

UKPDS 40

UK Prospective Diabetes Study Group

Abstract

Objectives: To estimate the economic efficiency of
tight blood pressure control, with angiotensin
converting enzyme inhibitors or p blockers, compared
with less tight control in hypertensive patients with
type 2 diabetes.

Design: Cost effectiveness analysis incorporating
within trial analysis and estimation of impact on life
expectancy through use of the within trial hazards of
reaching a defined clinical end point. Use of resources
driven by trial protocol and use of resources in
standard clinical practice were both considered.
Setting: 20 hospital based clinics in England,
Scotland, and Northern Ireland.

Subjects: 1148 hypertensive patients with type 2
diabetes from UK prospective diabetes study
randomised to tight control of blood pressure
(n="758) or less tight control (n=390).

Main outcome measure: Cost effectiveness ratios
based on (a) use of healthcare resources associated
with tight control and less tight control and treatment
of complications and (b) within trial time free from
diabetes related end points, and life years gained.
Results: Based on use of resources driven by trial
protocol, the incremental cost effectiveness of tight
control compared with less tight control was cost
saving. Based on use of resources in standard clinical
practice, incremental cost per extra year free from end
points amounted to £1049 (costs and effects discounted
at 6% per year) and £434 (costs discounted at 6% per
year and effects not discounted). The incremental cost
per life year gained was £720 (costs and effects
discounted at 6% per year) and £291 (costs discounted
at 6% per year and effects not discounted).

Conclusions: Tight control of blood pressure in
hypertensive patients with type 2 diabetes
substantially reduced the cost of complications,
increased the interval without complications and
survival, and had a cost effectiveness ratio that
compares favourably with many accepted healthcare
programmes.

Introduction

Hypertension in people with type 2 diabetes is
associated with an increased risk of macrovascular
complications. The systolic hypertension in the elderly
programme showed the effectiveness of improved
blood pressure in reducing the incidence of stroke and
myocardial infarction in a diabetic subgroup of elderly
patients (mean age 70 years) with type 2 diabetes, but
no data on microvascular complications or on younger
patients were available.! The cost effectiveness of
treatments based on antihypertensive drugs and educa-
tion has been estimated for different general popula-
tion groups, but these analyses have mainly been based
on models and lack information on effectiveness and
use of resources from long term trials, and none has
considered hypertensive patients with type 2 diabetes.”"
The hypertension in diabetes study reported in this
paper, provides, for the first time, both the clinical infor-
mation on microvascular and macrovascular complica-
tions, and the information on use of resources
associated with treatment and managing complications,
thereby allowing the cost effectiveness of tight blood
pressure control in patients with type 2 diabetes to
be assessed.”

BM] VOLUME 317 12 SEPTEMBER 1998 www.bmj.com



