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Eff ects of a fi xed combination of perindopril and indapamide 
on macrovascular and microvascular outcomes in patients 
with type 2 diabetes mellitus (the ADVANCE trial): 
a randomised controlled trial
ADVANCE Collaborative Group*

Summary
Background Blood pressure is an important determinant of the risks of macrovascular and microvascular complications 
of type 2 diabetes, and guidelines recommend intensive lowering of blood pressure for diabetic patients with 
hypertension. We assessed the eff ects of the routine administration of an angiotensin converting enzyme (ACE) 
inhibitor-diuretic combination on serious vascular events in patients with diabetes, irrespective of initial blood 
pressure levels or the use of other blood pressure lowering drugs.

Methods The trial was done by 215 collaborating centres in 20 countries. After a 6-week active run-in period, 
11 140 patients with type 2 diabetes were randomised to treatment with a fi xed combination of perindopril and 
indapamide or matching placebo, in addition to current therapy. The primary endpoints were composites of major 
macrovascular and microvascular events, defi ned as death from cardiovascular disease, non-fatal stroke or non-fatal 
myocardial infarction, and new or worsening renal or diabetic eye disease, and analysis was by intention-to-treat. The 
macrovascular and microvascular composites were analysed jointly and separately. This trial is registered with 
ClinicalTrials.gov, number NCT00145925.

Findings After a mean of 4·3 years of follow-up, 73% of those assigned active treatment and 74% of those assigned 
control remained on randomised treatment. Compared with patients assigned placebo, those assigned active therapy 
had a mean reduction in systolic blood pressure of 5·6 mm Hg and diastolic blood pressure of 2·2 mm Hg. The 
relative risk of a major macrovascular or microvascular event was reduced by 9% (861 [15·5%] active vs 938 [16·8%] 
placebo; hazard ratio 0·91, 95% CI 0·83–1·00, p=0·04). The separate reductions in macrovascular and microvascular 
events were similar but were not independently signifi cant (macrovascular 0·92; 0·81–1·04, p=0·16; microvascular 
0·91; 0·80–1·04, p=0·16). The relative risk of death from cardiovascular disease was reduced by 18% (211 [3·8%] 
active vs 257 [4·6%] placebo; 0·82, 0·68–0·98, p=0·03) and death from any cause was reduced by 14% (408 [7·3%] 
active vs 471 [8·5%] placebo; 0·86, 0·75–0·98, p=0·03). There was no evidence that the eff ects of the study treatment 
diff ered by initial blood pressure level or concomitant use of other treatments at baseline.

Interpretation Routine administration of a fi xed combination of perindopril and indapamide to patients with type 2 
diabetes was well tolerated and reduced the risks of major vascular events, including death. Although the confi dence 
limits were wide, the results suggest that over 5 years, one death due to any cause would be averted among every 
79 patients assigned active therapy. 

Introduction 
Prevention of the vascular complications of type 2 
diabetes mellitus is a global health priority. By 2030, an 
estimated 350 million people will be living with diabetes 
worldwide.1 Most people with this condition will die or be 
disabled as a consequence of vascular complications. In 
patients with diabetes and hypertension, all the main 
classes of antihypertensive drugs seem to reduce the 
risks of stroke and coronary heart disease.2 Moreover, 
there is evidence that more intensive treatment, targeting 
lower blood pressure values, confers greater protection 
against these macrovascular outcomes.3 Angiotensin 
converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers have also been shown to reduce the 
risk of development or progression of diabetic 
nephropathy.4 Additionally, there is some evidence that 

more intensive therapy, targeting lower blood pressure 
values, confers greater protection against diabetic eye 
disease.5

These fi ndings suggest that prevention strategies 
designed to increase the use of treatments for lowering 
blood pressure, and to improve levels of blood pressure 
control, could produce worthwhile reductions in the risks 
of macrovascular and microvascular complications of 
diabetes. Traditional strategies set arbitrary blood 
pressure levels at which treatment is initiated and 
arbitrary goals against which treatment should be titrated. 
This strategy neglects those diabetic patients without 
what is typically defi ned as hypertension, and yet for 
whom blood pressure remains an important determinant 
of their risk of vascular disease.6 Additionally, this strategy 
is usually resource-intensive, needing multiple patient 
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visits, careful monitoring of both blood pressure and 
side-eff ects, and the coordination of complex drug 
regimens. Perhaps partly as a consequence of such 

complexity, surveys of blood pressure control indicate 
that few patients receiving antihypertensive drugs achieve 
recommended goals for blood pressure.7–10 

An alternative approach, to increase the use and 
eff ectiveness of treatment for lowering blood pressure in 
patients with diabetes, is to add a fi xed-dose combination 
of blood pressure lowering drugs irrespective of initial 
blood pressure level or the use of other antihypertensive 
drugs.11 This approach is more inclusive and less 
resource-intensive than the target-setting strategy. 
Although this approach might not produce the largest 
blood pressure reductions possible, it will shift the entire 
distribution of blood pressure values down in patients 
with diabetes, with minimum requirements for titration 
and, potentially, with fewer side-eff ects.12

The Action in Diabetes and Vascular disease: preterAx 
and diamicroN-MR Controlled Evaluation (ADVANCE) 
trial was designed to assess the eff ects on vascular disease 
of such an approach using a fi xed combination of the 
ACE inhibitor, perindopril, and the diuretic, indapamide, 
in a diverse population of patients with type 2 diabetes 
and a broad range of blood pressure values. Using a 
factorial design, the study will also assess the eff ects on 
the same outcomes of an intensive gliclazide MR-based 
glucose lowering regimen (aiming for a haemoglobin A1c 
[HbA1c] level of 6·5% or lower) compared with standard 
glucose control. Follow-up in the glucose arm of the 
study will be completed in December, 2007. Here we 
report the principal results from the blood pressure 
lowering arm of the study, completed in June, 2007.

Methods
ADVANCE is a randomised controlled trial done by 
215 collaborating centres in 20 countries from Asia, 
Australasia, Europe, and North America. Approval for 
the trial was obtained from the institutional ethics 
committee of each centre and all participants provided 
written informed consent. Detailed study methods are 
published elsewhere13 and are described here in brief. 
This trial is registered with ClinicalTrials.gov, number 
NCT00145925.

Participants
Patients were potentially eligible if they had been 
diagnosed with type 2 diabetes mellitus at the age of 
30 years or older and were aged 55 years or older at entry 
to the study. Potentially eligible patients also needed to 
have at least one of the following: a history of major 
cardiovascular disease (stroke, myocardial infarction, 
hospital admission for transient ischaemic attack, 
hospital admission for unstable angina, coronary 
revascularisation, peripheral revascularisation, or 
amputation secondary to vascular disease), or at least 
one other risk factor for cardiovascular disease. Such 
risk factors were defi ned by the presence of at least one 
of the following: a history of major microvascular disease 
(macroalbuminuria [urinary albumin-creatinine ratio 

1737 (13.5%) withdrew during run-in
    394 (3.1%) ineligible
    391 (3.0%) patient decision
    269 (2.1%) poor compliance
    238 (1.8%) cough
       99 (0.8%) dizziness or hypotension
     133 (1.0%) other suspected intolerance
    186 (1.4%) other reasons
        27 (0·2%) serious adverse events

Scheduled end of follow-up
       4 (0·1%) with vital status unknown
  408 (7·3%) dead
5157 (93%) alive
4908 (88%) with assessment at final visit
4081 (73%) adherent to randomised treatment

11 140 randomised 

5571 randomised to placebo5569 randomised to perindopril-indapamide

11 lost to follow-up4 lost to follow-up

Scheduled end of follow-up
      11 (0.2%) with vital status unknown
   471 (8·5%) dead
5089 (91%) alive
4863 (87%) with assessment at final visit
4143 (74%) adherent to randomised treatment

12 877 registered

Randomised treatment

Active (n=5569) Placebo (n=5571)

Age (years), mean (SD) 66 (6) 66 (7)

Female, n (%) 2366 (43%) 2369 (43%)

Age when diabetes fi rst diagnosed (years), mean (SD) 58 (9) 58 (9)

Previous vascular disease

History of major macrovascular disease, n (%) 1798 (32%) 1792 (32%)

   History of myocardial infarction, n (%) 678 (12%) 656 (12%)

   History of stroke, n (%) 502 (9%) 520 (9%)

History of major microvascular disease, n (%) 568 (10%) 584 (10%)

   History of macroalbuminuria†, n (%) 197 (4%) 204 (4%)

   History of microvascular eye disease‡, n (%) 389 (7%) 404 (7%)

Blood pressure control

Systolic blood pressure (mm Hg), mean (SD) 145 (22) 145 (21)

Diastolic blood pressure (mm Hg), mean (SD) 81 (11) 81 (11)

History of currently treated hypertension, n (%) 3802 (68%) 3853 (69%)

Other major risk factors

Current smokers, n (%) 804 (14%) 878 (16%)

Serum total cholesterol (mmol/L), mean (SD) 5·2 (1·2) 5·2 (1·2)

Serum HDL cholesterol (mmol/L), mean (SD) 1·3 (0·3) 1·3 (0·4)

Urinary albumin:creatinine ratio (µg/mg), median (IQR) 15 (7 to 40) 15 (7 to 40)

Microalbuminuria, n (%) 1441 (26%) 1421 (26%)

Serum creatinine (μmol/L), mean (SD) 87 (23) 87 (26)

Serum haemoglobin A1c concentration (%), mean (SD) 7·5 (1·6) 7·5 (1·6)

Body-mass index (kg/m2), mean (SD) 28 (5) 28 (5)

*Characteristics of participants recorded at the fi rst (registration) visit, before active run-in. †Urinary 
albumin-creatinine ratio>300 μg/mg. ‡Proliferative diabetic retinopathy, retinal photocoagulation therapy, macular 
oedema, or blindness in one eye thought to be caused by diabetes.

Table 1: Baseline* characteristics of randomised participants

Figure 1: Trial profi le
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>300 µg/mg], proliferative diabetic retinopathy, retinal 
photocoagulation therapy, macular oedema, or blindness 
in one eye thought to be caused by diabetes), current 
cigarette smoking, total cholesterol more than 
6·0 mmol/L, HDL cholesterol less than 1·0 mmol/L, 
microalbuminuria (urinary albumin-creatinine ratio 
30–300 μg/mg), diagnosis of type 2 diabetes mellitus 
made 10 years or more before entry, or age 65 years or 
older at entry. Patients with an indication for an ACE 
inhibitor were eligible for inclusion, unless they had a 
specifi c indication for an ACE inhibitor other than 
perindopril at a maximum dose of 4 mg a day. There 
were no blood pressure criteria for inclusion.

Patients were ineligible if, in the opinion of the 
investigator, they met any of the following exclusion 
criteria: a defi nite indication for, or contraindication to, 
any of the study treatments or the HbA1c target (≤6·5%); 
a defi nite indication for long-term insulin therapy at 
study entry; or current participation in another clinical 
trial. 

Procedures
Potentially eligible participants entered a 6-week 
pre-randomisation run-in period during which they 
received a fi xed combination tablet consisting of 
perindopril (2 mg) and indapamide (0·625 mg). All other 
treatments were continued at the discretion of the 
responsible physician, with the exception of 
ACE-inhibitors; participants taking an ACE-inhibitor 
other than perindopril had this treatment withdrawn and 
were off ered substitution with open-label perindopril at a 
dose of 2 mg or 4 mg a day. Those who adhered to, and 
tolerated, the run-in study drugs were randomly assigned, 
in a double-blind fashion, to combined perindopril (2 mg) 
and indapamide (0·625 mg) or matching placebo. After 
3 months, the doses of randomised therapy were doubled 
to 4 mg for perindopril and 1·25 mg for indapamide, or 
matching placebo. Study treatments were allocated using 
a central, computer-based, randomisation service 
accessible by internet, telephone, and facsimile. 
Randomisation was stratifi ed by study centre, history of 
macrovascular disease, history of microvascular disease, 
and background use of perindopril at baseline. The use 
of concomitant treatments during follow-up, including 
blood pressure lowering therapy, remained at the 
discretion of the responsible physician with two 
exceptions—the use of thiazide diuretics was not allowed, 
and open-label perindopril, to a maximum of 4 mg a day, 
was the only ACE-inhibitor allowed, thus ensuring that 
the maximum recommended dose of 8 mg for perindopril 
could not be exceeded by patients randomly assigned to 
active treatment. However, if at any time another ACE 
inhibitor or a thiazide diuretic was thought to be defi nitely 
indicated, study treatment could be withdrawn and 
alternate open-label treatment provided.

Participants were seen 3, 4, and 6 months after 
randomisation, and subsequently, every 6 months. At study 

Registration visit End of follow-up

Active Placebo Active Placebo

Blood pressure lowering drugs

Perindopril, n (%) 490 (9%)† 449 (8%)† 2128 (45%) 2591 (55%)

Other ACE-I, n (%) 1914 (34%) 1969 (35%) 232 (5%) 213 (5%)

ARB, n (%) 289 (5%) 320 (6%) 453 (10%) 618 (13%)

β blockers, n (%) 1344 (24%) 1385 (25%) 1492 (31%) 1671 (35%)

Calcium antagonists, n (%) 1669 (30%) 1758 (32%) 1531 (32%) 2040 (43%)

Thiazides, n (%) 786 (14%) 808 (15%) 158 (3%) 217 (5%)

Other diuretics, n (%) 596 (11%) 577 (10%) 673 (14%) 749 (16%)

Other BP lowering drug, n (%) 700 (13%) 683 (12%) 463 (10%) 638 (14%)

Any BP lowering drug, n (%) 4166 (75%) 4200 (75%) 3634 (74%) 4024 (83)%

Other drugs

Aspirin, n (%) 2445 (44%) 2449 (44%) 2680 (56%) 2574 (55%)

Other antiplatelets, n (%) 236 (4%) 269 (5%) 292 (6%) 269 (6%)

Statins, n (%) 1538 (28%) 1608 (29%) 2126 (44%) 2132 (45%)

Other lipid modifying drugs, n (%) 472 (9%) 464 (8%) 394 (8%) 309 (7%)

Gliclazide-MR, n (%) 433 (8%)‡ 432 (8%)‡ 2228 (47%) 2189 (46%)

Other sulphonylurea, n (%) 3570 (64%) 3520 (63%) 1467 (31%) 1491 (32%)

Metformin, n (%) 3399 (61%) 3352 (60%) 3321 (69%) 3390 (72%)

Any oral hypoglycaemic drug (%) 5082 (91%) 5047 (91%) 4438 (90%) 4422 (91%)

Insulin, n (%) 80 (1%) 79 (1%) 1581 (33%) 1431 (30%)

ACE-I=angiotensin converting enzyme inhibitor. ARB=angiotensin receptor blocker. BP=blood pressure. *Treatments 
at the fi rst (registration) visit; participants entered the active run-in phase after this visit. †Percentage taking 
perindopril at the fi rst (registration) visit; by the randomisation visit 47% were taking open-label perindopril in both 
groups. ‡Percentage taking gliclazide-MR at the fi rst (registration) visit; by randomisation visit 49% were taking 
gliclazide-MR in both groups.

Table 2: Concomitant treatments at baseline* and during follow-up
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Figure 2: Mean systolic and diastolic blood pressure during run-in on active treatment and after 
randomisation to active treatment or placebo
∆=average diff erence between randomised groups during follow-up. R=randomisation. 
Per-ind=perindopril-indapamide.
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visits, information on adherence to, and tolerability of, 
study treatments, blood pressure, blood glucose, HbA1c, 
lipid levels, and occurrence of study outcomes was 

obtained. Blood pressure was recorded as the mean of two 
measurements made after the patient was rested for at 
least 5 min in the seated position, using a standardised 
automated sphygmomanometer (Omron HEM-705CP, 
Tokyo, Japan). Additional information was obtained at the 
2-year and 4-year follow-up visits, and included the urinary 
albumin-creatinine ratio, a formal retinal examination, a 
mini mental state examination, and a quality of life 
assessment. 

The primary study outcomes were composites of major 
macrovascular and microvascular events. Major 
macrovascular events were cardiovascular death, non-fatal 
myocardial infarction, or non-fatal stroke. Major 
microvascular events were new or worsening nephropathy 
[development of macroalbuminuria, doubling of serum 
creatinine to a level of at least 200 µmol/L, need for renal 
replacement therapy, or death due to renal disease] or 
retinopathy [development of proliferative retinopathy, 
macular oedema, or diabetes-related blindness, or retinal 
photocoagulation therapy]). 

The secondary outcomes included all-cause mortality, 
cardiovascular death, major coronary events (death due to 
coronary heart disease [including sudden death] and 
non-fatal myocardial infarction), total coronary events 
(major coronary events, silent myocardial infarction, 
coronary revascularisation, or hospital admission for 
unstable angina), major cerebrovascular events (death due 
to cerebrovascular disease or non-fatal stroke), and total 
cerebrovascular events (major cerebrovascular events, 
transient ischaemic attack, or subarachnoid haemorrhage). 
Other secondary outcomes were heart failure (death due 
to heart failure, hospitalisation due to heart failure, or 
worsening New York Heart Association class), peripheral 
vascular disease, new or worsening nephropathy, new or 
worsening retinopathy, development of microalbuminuria, 
visual deterioration, new or worsening neuropathy, 
cognitive function, dementia, and hospitalisations. Results 
for all pre-specifi ed outcomes are reported.

An Endpoint Adjudication Committee, masked to 
treatment allocation, reviewed source documentation for 
all individuals who had a suspected primary endpoint or 
who died during follow-up. Outcomes were coded 
according to the 10th revision of the International 
Classifi cation of Diseases. An independent Data and 
Safety Monitoring Committee reviewed unblinded data 
at yearly intervals throughout follow-up. This committee 
was charged with informing the study investigators if, at 
any time, there emerged evidence, beyond reasonable 
doubt, of a diff erence between randomised groups in 
survival or evidence that was likely to materially alter the 
management of patients with diabetes.

Statistical analysis
ADVANCE was originally designed to provide at least 
90% power to detect a 16% or greater reduction in the 
relative risks of both major macrovascular events and 
major microvascular events using a 5% two-tailed test 
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Figure 3: For patients assigned active treatment or placebo, cumulative incidence of (A) combined major 
macrovascular or microvascular outcomes and (B) all-cause mortality
 Vertical broken lines indicate 24-month and 48-month study visits, at which additional information on 
microvascular events (measurement of urinary albumin-creatinine ratio and retinal examination) was obtained. 
For outcomes relating to these measurements, event times were recorded as the visit date. The curves were 
truncated at Month 57, by which time 99% of events had occurred. The eff ects of treatment (hazard ratios and 
p-values) were estimated from unadjusted Cox proportional hazard models that used all available data.
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with equal numbers allocated to active blood pressure 
treatment and placebo. Half-way through follow-up, the 
overall event rates (in active and placebo groups 
combined) were lower than expected. To enhance the 
statistical power of the trial to detect plausible treatment 
eff ects, two amendments dated Nov 30, 2005, were made 
to the study protocol: fi rst, analyses of the primary 
outcomes were extended to include consideration of 
major macrovascular and microvascular events jointly 
as well as separately; and second, treatment and 
follow-up in the blood pressure arm was extended by 
12 months.

Thus, the protocol pre-specifi ed that the composite of 
major mascrovascular and microvasular outcomes would 
be included in the analyses of the primary outcomes. All 
analyses would also be by intention to treat. The eff ects of 
treatment on the primary and secondary endpoints were 
estimated from unadjusted Cox proportional hazard 
models. For participants with more than one outcome 
event during follow-up, survival time to the fi rst relevant 
endpoint was used in each analysis. Participants were 
censored at their date of death or, for those still alive at the 
end of follow-up, the date of their last visit. Patients with 
an unknown vital status were censored when they were 
last known to be alive. Relative risk reductions are 
described in the text and fi gures as percentage reductions 
([1–hazard ratio]×100). Diff erences between randomised 
groups during follow-up, in blood pressure and other 
continuous variables, were estimated from linear mixed 
models. Numbers needed to treat were calculated as 
reciprocals of the absolute risk diff erences with their 
normally-approximated 95% CIs.14 All p values were 
calculated from two-tailed tests of statistical signifi cance 
with a Type I error rate of 5%. As is common practice in 
the analysis of data from large scale trials in which all 
major outcomes are reported (many of which are 
correlated), no adjustment for multiple statistical testing 
was done.15 

Separate estimates for treatment eff ects were obtained 
among subgroups of participants defi ned by age, sex, 
history of vascular disease, ancillary treatments, blood 
pressure, and HbA1c at study entry. No subgroup 
analyses were pre-specifi ed. Homogeneity of treatment 
eff ects for both categorical and continuous variables 
was tested by adding interaction terms to the relevant 
Cox models. All analyses were done using SAS 

version 9.1.

Role of the funding source
ADVANCE was funded by grants from Servier and the 
National Health and Medical Research Council of 
Australia. The sponsor of the study had no role in study 
design, data collection, data analysis, data interpretation, 
or writing of the report. The corresponding author had 
full access to all data in the study. The Management 
Committee had fi nal responsibility for the decision to 
submit for publication.

Results
12 877 potentially eligible participants were registered, 
1737 (13·5%) were subsequently withdrawn during the 
6-week active run-in period, and 11 140 (86·5%) were 
randomised (fi gure 1). As would be expected in a 
population of this size, there was good balance between 
randomised groups across a range of characteristics at 
entry (tables 1 and 2). Around a third of patients had a 
history of major macrovascular disease and about 10% 
had a history of major microvascular disease at baseline 
(table 1). The mean entry blood pressure of randomised 
patients was 145/81 mm Hg and 41% had a blood pressure 
less than 140 mm Hg systolic and 90 mm Hg diastolic. At 
randomisation, 47% of patients were receiving treatment 
with open-label perindopril (2–4 mg a day). Additionally, 
47% of patients were receiving anti-platelet therapy, 35% 
were receiving cholesterol lowering drugs, and 91% were 
receiving oral hypoglycaemic agents at baseline (table 2).

The mean duration of follow-up was 4·3 years 
(24 005 patient-years in the active treatment group and 

Combined macro+micro

 Macrovascular

 Microvascular

All deaths

 Cardiovascular death

 Non–cardiovascular disease death

Total coronary events

 Major coronary events

 Other coronary events*

Total cerebrovascular events

 Major cerebrovascular events

 Other cerebrovascular events†

Total renal events

 New or worsening nephropathy

 New microalbuminuria

Total eye events

 New or worsening retinopathy

 Visual deterioration

Hazard ratio

0·5 1·0 2·0

 9% (0 to 17)

 8% (–4 to 19)

 9% (–4 to 20)

 14% (2 to 25)

 18% (2 to 32)

 8% (–12 to 24)

 14% (2 to 24)

 11% (–6 to 24)

 14% (–1 to 27)

 6% (–10 to 20)

 2% (–18 to 19)

 21% (–6 to 41)

 21% (15 to 27)

 18% (–1 to 32)

 21% (14 to 27)

 5% (–1 to 10)

 –1% (–18 to 15)

 5% (–1 to 10)

(15·5%)
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Figure 4: Eff ects of study treatment on deaths, coronary events, cerebrovascular events, renal events, and eye 
events
*Other coronary events=unstable angina requiring hospitalisation, coronary revascularisation or silent myocardial 
infarction. †Other cerebrovascular events=transient ischaemic attack (including amaurosis fugax) or subarachnoid 
haemorrhage. Black squares=point estimates (with area proportional to number of events); horizontal 
lines=95% CI. Diamonds=point estimate and 95% CI for overall eff ects. Vertical broken lines=point estimates for 
overall eff ect, within categories.
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23 845 patient-years in the placebo group) and the 
range was from less than 1 month to 5·6 years. During 
follow-up, randomised treatment was continued for 
20 001 patient-years (83%) in the active treatment group 
and 20 849 patient-years (87%) in the placebo group. At 
the end of follow-up, 4081 (73%) patients in the active 
treatment group and 4143 (74%) patients in the placebo 
group were adherent to randomised therapy. The main 
reasons for permanent discontinuation were participant 
decision or inability to attend clinic visits (active 521 
[9·4%], placebo 635 [11·4%]), cough (active 184 [3·3%], 
placebo 72 [1·3%]) and hypotension or dizziness (active 
69 [1·2%], placebo 22 [0·4%]), and serious adverse events 

(active 67 [1·2%], placebo 66 [1·2%]). Serious suspected 
adverse drug reactions were reported in 47 (0·8%) patients 
randomised to active treatment and 31 (0·6%) patients 
allocated placebo, including fi ve cases of angioedema 
(three active, two placebo), none of which was fatal.

Over the duration of follow-up, blood pressure was 
reduced by an average of 5·6 (SE 0·2) mm Hg systolic 
and 2·2 (SE 0·1) mm Hg diastolic in patients assigned 
active treatment compared with those assigned placebo 
(fi gure 2).

At the end of follow-up, mean levels of HbA1c (6·9%), 
fasting plasma glucose (7·2 mmol/L), total cholesterol 
(5·0 mmol/L) and HDL cholesterol (1·0 mmol/L) were 
not diff erent between randomised groups (all p>0·1). 
Fewer participants randomised to active treatment were 
taking other blood pressure lowering therapy (including 
background perindopril) at the fi nal visit, compared with 
those allocated placebo (74% vs 83%) but use of lipid 
modifying therapy, antiplatelet medication, and glucose 
lowering treatments (including insulin) was similar 
(table 2). The large increase in insulin use during 
follow-up in both treatment groups mainly indicates the 
intensifi ed glucose lowering regimen being studied in 
the other factorial arm of the trial.

1799 participants had a major macrovascular or a major 
microvascular event during follow-up: 861 (15·5%) in the 
active treatment group and 938 (16·8%) in the placebo 
group (relative risk reduction 9% [95% CI 0–17%; 
p=0·041]; fi gure 3). On this basis, we estimated that one 
participant in every 66 (95% CI 34–1068) assigned active 
treatment would avoid at least one major macrovascular 
or microvascular event over 5 years. The proportional 
eff ects of active treatment on major macrovascular 
outcomes (relative risk reduction 8% [95% CI –4 to 19%; 
p=0·16]) and major microvascular outcomes (9% [–4 to 
20%; p=0·16]) were similar, though not separately 
signifi cant.

Data for vital status at the end of follow-up were missing 
for only 15 randomised participants (fi gure 1). During the 
study 879 participants died: 408 (7·3%) in the active 
treatment group and 471 (8·5%) in the placebo group 
(relative risk reduction 14% [95% CI 2–25], p=0·025; 
fi gure 3). Over 5 years, one death in every 79 (95% CI 
43 to 483) patients assigned active treatment was 
estimated to have been averted. This reduction in total 
mortality was mainly due to a reduction in cardiovascular 
deaths (3·8% vs 4·6%; relative risk reduction 18% [95% 
CI 2 to 32%], p=0·027) in participants assigned active 
treatment, with no signifi cant diff erence between 
randomised groups in non-cardiovascular deaths (3·5% 
vs 3·8%; 8% [–12 to 24%], p=0·41). 

Signifi cantly fewer total coronary events occurred in 
participants randomly assigned to active treatment 
compared with those assigned placebo (8·4% vs 9·6%; 
14% [2–24%], p=0·020; fi gure 4). Over 5 years, one patient 
in every 75 (95% CI 41–453) assigned active treatment 
would have avoided at least one coronary event. There 

Number (%) of patients
with event

Placebo
(n=5571)

Perindopril–
indapamide
(n=5569)

Favours
perindopril–
indapamide

Favours
placebo

Relative risk
reduction 
(95% CI)

Age (years)
<65 325 346
≥65 536 592

Sex
 Men
 Women
SBP (mm Hg)
<140
≥140

History of hypertension*
 No
 Yes
HbA1c (%)

≤7·5
 >7·5
History of macrovascular disease
 No
 Yes
History of microvascular disease
 No
 Yes
Treatment with any BP lowering drugs
 No
 Yes
Treatment with open-label perindopril
 No
 Yes
Treatment with statins
 No
 Yes
Treatment with anti-platelet drugs
 No
 Yes
Combined macro+micro

Hazard ratio

0·5 1·0 2·0
 

 6% (–10 to 19)
 11% (0 to 21)

 10% (–1 to 20)
 8% (–7 to 21)

 10% (–5 to 23)
 9% (–2 to 19)

 9% (–17 to 29)
 9% (0 to 18)

 9% (–4 to 20)
 11% (–1 to 22)

 12% (1 to 22)
 5% (–10 to 18)

 11% (1 to 20)
 –1% (–23 to 18)

 6% (–15 to 24)
 10% (0 to 19)

 10% (–3 to 21)
 8% (–4 to 20)

 10% (0 to 19)
 8% (–10 to 23)

 11% (–2 to 22)
 7% (–5 to 18)
 9% (0 to 17)

(14·4%)
(16·2%)

(17·0%)
(13·3%)

(13·1%)
(17·2%)

(12·7%)
(16·0%)

(12·4%)
(19·9%)

(13·2%)
(20·2%)

(13·4%)
(33·6%)

(12·6%)
(16·4%)

(14·1%)
(17·0%)

(15·8%)
(14·5%)

(13·7%)
(17·4%)
(15·5%)

(15·2%)
(18·0%)

(18·6%)
(14·5%)

(14·5%)
(18·6%)

(13·8%)
(17·5%)

(13·5%)
(22·0%)

(14·8%)
(21·1%)

(14·9%)
(33·2%)

(13·3%)
(18·0%)

(15·6%)
(18·3%)

(17·3%)
(15·6%)

(15·3%)
(18·6%)
(16·8%)

594
344

341
597

136
802

456
481

559
379

744
194

183
755

455
483

687
251

454
484
938

546
315

309
552

121
740

406
451

498
363

670
191

177
684

417
444

638
223

408
453
861

Figure 5: Eff ects of study treatment on combined major macrovascular or microvascular events in subgroups 
of participants defi ned by characteristics at baseline
 *History of hypertension=blood pressure lowering drugs used at baseline, or systolic pressure >140 mm Hg or 
diastolic blood pressure >90 mm Hg at study entry. Vertical broken line=point estimate for overall eff ect.
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was no signifi cant diff erence between randomised 
groups in either total cerebrovascular events (relative risk 
reduction 6% [95% CI –10 to 20%], p=0·42) or heart 
failure (2% [–20 to 19%], p=0·86). 

Active treatment was associated with a signifi cant 21% 
reduction in all renal events (95% CI 15–27%, p<0·0001), 
with a borderline signifi cant reduction in new or 
worsening nephropathy (3·3% vs 3·9%; relative risk 
reduction 18% [–1 to 32%], p=0·055) and a signifi cant 
reduction in the development of microalbuminuria 
(19·6% vs 23·6%; 21% [14–27%]; p<0·0001). Over 5 years, 
one patient in every 20 (95% CI 15–30) assigned active 
treatment would have avoided one renal event (mostly 
the onset of new microalbuminuria). There was no 
signifi cant diff erence between randomised groups in the 
rate of new or worsening retinopathy (relative risk 
reduction –1% [–18 to 15%], p=0·94), including the need 
for retinal photocoagulation (–14% [–41 to 8%], p=0·23).

There was also no signifi cant eff ect of active treatment 
on any of the other secondary outcomes of visual 
deterioration (relative risk reduction 5% [95% CI –1 to 
10%]; p=0·10), new or worsening neuropathy (1% [–5 to 
7%]; p=0·68), cognitive function (2% [–9 to 12%], p=0·72), 
dementia (–4% [–64% to 33%], p=0·85), and total 
hospitalisations (–3% [–9% to 3%], p=0·39).

The eff ects of study treatment on the combined major 
macrovascular and microvascular outcome were broadly 
consistent across a range of participant subgroups 
defi ned by baseline characteristics (p for heterogeneity 
all >0·1; fi gure 5). Additionally, there was no evidence of 
an interaction between the eff ect of treatment and 
baseline systolic blood pressure considered as a 
continuous variable (p>0·5). Similarly, there was no 
evidence of heterogeneity of treatment eff ects between 
the same subgroups for other outcomes including total 
mortality, cardiovascular death, total coronary events, 
total cerebrovascular events, and microalbuminuria (data 
not shown).

Discussion
In ADVANCE, the routine administration of a fi xed 
combination of perindopril and indapamide to a broad 
range of patients with type 2 diabetes reduced the risk of 
death and the risk of major macrovascular or 
microvascular events. The separate reductions in 
macrovascular and microvascular events were similar 
but were not independently signifi cant. There were 
signifi cant reductions in total coronary and renal events, 
but not in total cerebrovascular or diabetic eye events. 
The benefi ts were achieved against a background of 
medical care that, by the end of follow-up, included 
non-study drugs for lowering blood pressure for more 
than three-quarters of participants, and one or more 
glucose lowering agents for more than 90%, including 
insulin for a third of patients. The eff ects of the study 
drugs seemed to be independent of the use of ancillary 
treatments at baseline, including ACE inhibitors, which 

were provided to about half the study participants. There 
was no evidence that the eff ects of study drugs were 
dependent on initial blood pressure, HbA1c, age, sex, or 
vascular disease history.

Over an average of 4·3 years of follow-up, the risk of a 
major macrovascular or microvascular event was reduced 
from 16·8% to 15·5%, suggesting that for every 
66 patients commencing long-term treatment with 
perindopril and indapamide, one patient would avoid at 
least one major vascular event in 5 years as a direct 
consequence of study treatment. The major contributor 
to the 9% overall reduction in the risk of major 
macrovascular or microvascular events was an 18% 
reduction in the risk of death from cardiovascular disease, 
which largely accounted for the 14% reduction in total 
mortality. Although eff ects of blood pressure lowering 
agents on total mortality have rarely been seen in 
individual trials in patients with hypertension16 or 
diabetes,17 meta-analyses have previously confi rmed that 
drugs for lowering blood pressure can improve survival.3,18 
From the results of ADVANCE, it seemed that over 
5 years, one death would be averted in every 79 patients 
commencing treatment with the study drugs.

ADVANCE was initially designed to detect reductions 
of about 16% in the relative risk of each of the major 
macrovascular and microvascular outcomes, assuming 
yearly event rate of 3% in the placebo group for each. 
However, the actual event rate for the two outcomes 
combined was only 4% per year, which is much lower 
than the event rates seen in previous large trials of blood 
pressure lowering regimens in type 2 diabetes.17,19 
Although the results suggest that the eff ects of treatment 
are probably smaller than initially anticipated, the upper 
confi dence limits remain consistent with true eff ects of 
this size, for both the combined and individual primary 
outcomes. No adjustments were made for multiple 
statistical testing,15 but the results for the primary study 
outcomes seem to be both internally and externally 
consistent. The estimates for treatment eff ect were 
mostly in the same direction for other events not included 
in the primary outcomes (fi gure 4) and for the combined 
primary outcome, were similar in multiple subgroups 
defi ned by characteristics at baseline (fi gure 5).

Additionally, treatment eff ects on coronary events, 
cardiovascular death, and total mortality in ADVANCE 
were broadly consistent with eff ects seen in earlier 
meta-analyses of placebo-controlled trials of ACE-
inhibitor-based regimens in populations including 
individuals with and without diabetes.3,20,21 Although there 
was no signifi cant eff ect of study treatment on 
cerebrovascular events, the CIs for the treatment eff ect in 
ADVANCE overlap with those described in the 
meta-analyses. Given that previous epidemiological and 
clinical trial evidence does not predict heterogeneity 
between diabetic and non-diabetic subgroups in the 
relative eff ects of blood pressure lowering on stroke,2,6 
ADVANCE results are not likely to indicate any real 
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diff erences in the treatment response of those with and 
without diabetes. The greater use of calcium channel 
blockers in the placebo group (43% at the end of 
follow-up) than the active treatment group (32% at the 
end of follow-up) might be relevant, but the play of 
chance remains the most likely explanation for the 
absence of any clear eff ect of study treatment on 
cerebrovascular outcomes.

Study treatment in ADVANCE produced a one-fi fth 
reduction in the development of microalbuminuria. This 
result is consistent with other data indicating that ACE 
inhibitors, compared with placebo or calcium antagonists, 
are eff ective in preventing the development of 
microalbuminuria.4 Treatment with ACE inhibitors has 
also been shown to be eff ective in reducing progression 
to macroalbuminuria,4 and the reduction in the incidence 
of new or worsening nephropathy in ADVANCE, albeit 
of borderline statistical signifi cance, is entirely consistent 
with these data. Such eff ects of treatment are important 
in view of the high risk of progression to end stage renal 
failure and premature death in patients who develop 
diabetic nephropathy, as well as the emerging evidence 
of substantial cardiovascular risks associated with 
progression of renal impairment.22,23

There was no evidence that active treatment in 
ADVANCE reduced the incidence of new or worsening 
microvascular eye disease, including that defi ned by 
retinal photocoagulation. This fi nding contrasts with 
those of the United Kingdom Prospective Diabetes Study 
(UKPDS),5 in which there was a one-third reduction in 
microvascular eye disease (largely the result of a reduction 
in retinal photocoagulation) in patients randomised to 
more intensive antihypertensive therapy. However, the 
ADVANCE results are consistent with the fi ndings of the 
Heart Outcomes Prevention Evaluation (HOPE) study in 
the subgroup of participants with diabetes,17 among 
whom there was no signifi cant reduction in the use of 
laser photocoagulation after treatment with ramipril. The 
use of laser photocoagulation is a specifi c, but insensitive, 
marker for progression of retinal microvascular disease 
that is undoubtedly aff ected by variation in treatment 
practice and health care access. In ADVANCE, the use of 
laser photocoagulation was much less frequent (0·6% 
per year for those assigned placebo) than in previous 
studies (1·7% per year in UKPDS and 2·2% per year in 
HOPE). The low rate of laser photocoagulation in 
ADVANCE limited the power of the study to detect 
plausibly moderate eff ects of study treatment on this 
outcome. Further data for the potential eff ects of study 
treatment on retinopathy will be available from analyses 
of retinal photographs obtained in a subgroup of 
participants in ADVANCE.24

The fi xed combination regimen used in ADVANCE 
was well tolerated. During the pre-randomisation run-in 
period, in which all potentially eligible patients received 
active treatment, only 3·6% were withdrawn because of 
suspected side-eff ects. After an average of 4·3 years of 

follow-up post-randomisation, adherence to active 
treatment was 73%, only 1% less than adherence to 
placebo. This fi nding indicates that a short course of 
active treatment identifi es the small proportion of 
patients who are intolerant. Among all others, treatment 
can be continued long-term, with adherence comparable 
to that seen with placebo. This result has important 
practical implications for health services delivery, since 
only one follow-up visit is needed to establish a patient’s 
suitability for long-term treatment with this regimen. 
Thereafter, follow-up visits can be maintained at 
3–6-month intervals with minimum requirement for 
titration. This simple strategy, with its attendant 
reductions in vascular events and death, should prove 
practical and aff ordable in most clinical circumstances, 
and might have special relevance in those primary health 
care settings where there are practical barriers to 
providing individually titrated treatment regimens for 
patients with diabetes.

The consistency of the relative eff ects across subgroups 
indicate that the absolute benefi ts conferred by treatment 
will be established mainly by each patient’s future risk of 
vascular complications, rather than their initial level of 
blood pressure alone. These results support the provision 
of treatment, not on the basis of arbitrary cutoff s for 
blood pressure, but rather on assessment of vascular 
risk, which is raised in patients with type 2 diabetes, even 
in the absence of hypertension. However, a 9% reduction 
in combined macrovascular and microvascular events, 
including an 18% reduction in cardiovascular deaths, 
represents only partial reversal of the doubling of fatal 
and non-fatal vascular risks typically conferred by 
diabetes in both Asian and white populations.25,26 Further 
reductions in blood pressure might confer even larger 
reductions in risk.3 Considering that less than half of all 
participants in ADVANCE were treated with a statin, an 
increase in the use of these agents would be expected to 
produce substantial additional reductions in macro-
vascular events.27,28 Additionally, greater use of antiplatelet 
drugs might further reduce these risks, although for the 
primary prevention of vascular events in patients with 
diabetes, this reduction remains to be proven in 
randomised trials.29 Reduction of blood glucose levels 
with regimens based on sulphonylureas or insulin have 
been shown to reduce microvascular eye complications, 
but there remains uncertainty about the eff ects of such 
treatment on microvascular renal complications, as well 
as macrovascular complications of diabetes.19,30 Follow-up 
in the glucose lowering arm of ADVANCE will end in 
December, 2007, and the results will provide further 
evidence about the eff ects of intensive glucose control on 
these and other outcomes.

In summary, the results of ADVANCE indicate that the 
routine administration of a fi xed combination of 
perindopril and indapamide to a broad range of patients 
with diabetes reduces the risks of death and major 
macrovascular or microvascular complications, irre-
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spective of initial blood pressure level or ancillary 
treatment with the many other preventive treatments 
typically provided to diabetic patients today. The study 
treatment was well tolerated, needed little monitoring or 
titration and is, therefore, suitable for use in a wide range 
of clinical circumstances worldwide. If the benefi ts seen 
in ADVANCE were applied to just half the population 
with diabetes worldwide, more than a million deaths 
would be avoided over 5 years. For these reasons, there is 
now a case for considering such treatment routinely for 
patients with type 2 diabetes.
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(Aff  2nd Hospital of Hebei Medical University), L Hu, F F Jiang, Y Wu 
(Aff  3rd Hospital of Jiang Xi Medical University), M W Chen, Y He, T 
R Pan, M G Yang, Q Zhang (Aff . Hospital Of Anhui Medical 
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University), M X Gong, L X Shi, D R Wu, H J Zhuang (Aff . Hospital of 
Guiyang Medical College), Y F Bi, Y H Chen, L Q Gu, G Ning, 
L Z Zhang (Aff  Ruijin Hospital of Shanghai 2nd Med. Univ), H J Fu, 
H B Li, S Y Yuan (Beijing Tongren Hospital), F Y Jia, F Y Shi, G S Tian 
(Baotou Iron and Steel Corporation’s Hospital), S Q Liu, J Zhang 
(Beijing Anzhen Hospital of Capital Medical University), J L Tang, 
S Y Wang, Y X Wang, J X Zhu (Beijing Hypertension League Institute), 
J Y Cui, J Geng, R B Jia, L Qin, H Y Wang (Bin Zhou City People’s 
Hospital), J G Jin, X M Li, X P Lu, W B Wang (Capital Steel Hospital, 
Beijing), L Y Zhang, X L Cen, Y S Mao (Cardio-Cerebrovascular Disease 
Preventing and Treatment Study Centre Of Ningbo City), M Y Bai, 
B L Hu, R C Shen (Cardiovascular Institute & Fu Wai Hospital), 
X M Wu, L Q Zhang (Cardiovascular Institute of Shanxi Province), 
C Z Wang, Z R Zheng (Center Hospital of Aviation of China, Beijing 
361 Hospital), C L Li, H Tian, S T Yan (Center of Endocrinology, 
Chinese PLA General Hospital, Beijing 301 Hospital), Y Y Lin, Z M Liu, 
Y Q Shi, W Tang (Chang Zheng Hospital of Shanghai), S T Zhang, S J 
Zhu (Clinical Trial Center, Shandong Academy Med. Sciences), H Ge 
(Dept of Cardiology, Beijing 306 Hospital), B X Guo, X J Xing (Dept of 
Cardiology, Red Cross Hospital, Shenyang City), C H Ni, A H Wang, 
Z R Xu (Dept of Endocrinology, Beijing 306 Hospital), Y Gao, X H Guo, 
P H Jia (First Hospital of Peking University), X J Li, Y H Wu, H L Yu 
(First Hospital of Huaxi Medical University), H X Zhang, Y H Zhou 
(Hebei Academy of Medical Sciences), A Q Li, L P Shi (Hospital of 
Kailuan Tangshan), F H Lu, Q Tian, Y X Zhao (Institute of 
Cardiovascular Disease, Shandong Academy of Medical Sciences), T 
Chen, D Shu (Institute of Gerontology of Benxi City), R W Bian, L 
Chen, J Li (Jiangsu Institute of Geriatrics, Nanjing), H Ru, S H Zhang 
(Huaxin Hospital, Beijing), J Li, D M Yu, Z Zhang (Metabolic Disease 
Hospital of Tianjin Medical University), L L Shen, W G Wang (No.1 
Hospital of Lian Yungang City), TJ Zhang, S Zhu (No.1 Municipal 
Hospital Chengdu), Y Q Bao, W P Jia, H Zhang (No.6 Renmin Hospital 
of Shanghai City), Y L Jing, J Yang (Peking Union Medical College 
Hospital), Y J Li, F Zhang (Qingdao Municipal Hospital), S L Chu, X Y 
Wang (Shanghai Hypertension Institute), F R Gao, X W Gao, J C Zhou 
(The Institute of the Aged Gerontology of Inner Mongolia Autonomous 
Region Hospital), Q Li, S W Wang, Y Xiang, J C Zhang (The Second 
Affi  liated Hospital of Harbin Medical University), W P Li, M Sun, H Y 
Zhou (Xiang-ya Hospital, Hunan Medical University), L J Ren (The fi rst 
Remin Hospital in Yang Quan City), H B Ma, H R Zhang (Zhu Ma Dian 
City Center Hospital); CZECH REPUBLIC (7 centres, 209 
participants)—P Kraml, National Advisor (Faculty Hospital Kralovske 
Vinohrady, Praha), J Rybka, L Svestka, L Kucharova, (Batova Nemocnice, 
Zlin), M Komrskova, J Bartikova (Diabetologicka ambulance, Pisek), M 
Honka, R Benesova (Fakultni Nemocnice, Ostrava), T Sechser, E Jirsova, 
J Kriz, P Girman, D Kobrova, H Balabanova, J Slepickova (IKEM Praha), 
J Brezina (Interni Ambulance, Melnik), F Patek, F Kulic, P Pozivilova, 
M Tupa (Masarykova Nemocnice, Usti nad Labem), L Dohnalova, 
I Podiukova, P Tiser, J Cerna, R Zackova (Nemocnice Ceske 
Budejovice). ESTONIA (2 centres, 155 participants)—R Kaasiku, T 
Podar, I Sulkovskaja, T Vinogradova (Department of Medicine, Tartu), T 
Jurgenson, U Kaasik, A Vork (Tallinn Central); FRANCE (9 centres, 196 
participants)—N Bedos-Chevallier, E Benamo, O Figon, M Gros, F 
Latil-Plat, P Rubin, J Sevilla (CH Avignon - Hôpital Henri Duff aut), C 
Boch, M Chagnoux, J-M Darocha, M Dougny, T Khodabandehlou, C Le 
Devehat, J Pinel, C Vanhoutte, M Vimeux (CH Nevers), B Bouhanick, I 
Marty, C Pelle (CHU Angers), A-M Bekherraz, O Cochereau, P Kouadio, 
D Le Barazer, M-A Marre, O Teston, I Vukusic (CHU Bichat, Paris), 
N Bedos-Chevallier, D Dietz, A-M Maubon, M-A Rodier (CHU Hôpital 
Caremeau, Nimes), J-F Blickle, P Koch, G Loeb, D Paris-Bockel (CHU 
Hôpital Civil, Strasbourg), P Bohme, P Drouin, M Popieul, O Ziegler 
(CHU Hôpital Jeanne d’Arc, Nancy), C Demer, F Duengler, D Gendre, S 
Hadjadj, V Laneuze, R Marechaud, C Monpouet, M-A Riviere, 
V Rouff aud Magre (Hôpital Jean Bernard la Miletrie, Poitiers), 
J-F Hespel, A-M Robert (Hôpital Pontchaillou, Rennes); GERMANY 
(2 centres, 327 participants)—M Hanefeld, E Henkel, C Kohler, 
D Lehmann, B Matschke, P Ott, A Pahner, U Stier, 
T Temelkova-Kurktschiev (Centre for Clinical Studies GWT, TU 
Dresden), B Andratschke-Gentsch, G Bueschges, P Markhof, G Meier, 
M Nischwitz, S Schmid, C Von Schacky (Preventive Cardiology Med.
Klinik, Munich); HUNGARY (12 centres, 434 participants)—L Koranyi, 

National Advisor (Heart Centre Foundation-DRC Ltd, Balatonfüred), 
G Jermendy, S Melegh, J Nadas (Bajcsy Zsilinszky Kórház, Budapest), 
C Csongradi, G Kasa, T Kozma, M Tarko, F Trajter, M Zsolt (BAZ 
Megyei Kórház/Borsod Couty Hospital, Miskolc), L Koranyi, B Kovacs, 
E Kulcsar, V Iso (Heart Centre Foundation-DRC Ltd, Balatonfüred), 
L Deak, Z Kovacs, G Rumi (Kaposi Mór Kórház , Kaposvár), E Domotor, 
T Fuleki, Z Munster, N Szanyi (MAV Kórház, Budapest), M Dudas, 
A Gyimesi, E Luda, R Varga (Pándy Kálmán Megyei Kórház, Gyula), 
I Csapo, J Fovenyi, I Hermanyi, G Kolev, E Rako (Peterfy, Budapest), 
T Hidvegi, C Mate, I Nemeth, B Szeri, B Vegh Cenki (Petz Aladár 
Megyei Kórház, Gyôr), M Herold, B Sarman, A Somogyi (Sote II. Számú 
Belgyógyászati Klinika, Budapest), M Balsay, Z Bencsik, T Korodi, 
E Ory, M Sereg (Szent György Hospital, Székesfehérvár), Z Hohmann, 
Z Lengyel, P Voros (Szent István Kórhäz, Budapest), Z Bujtor, E Oblian, 
T Oroszlan, F Tarnok (Zala Megyei Önkormányzat Kórháza, 
Zalaegerszeg); INDIA (4 centres, 471 participants)—R Anand, S Das, 
G Karthikeyan, R Lakshmy, N Naik, K S Reddy, S Sen, N Tandon (All 
India Institute of Medical Sciences, Delhi), M Ahmed, M Ali, 
A Anjaneyulu, K Naidu, K Raju, L Rao, N Reddy, P Reddy, B Sethi, (Care 
Hospital, Hyderabad), P Joshi, S Kumbhalmar, K Lokhande, P Rathod, 
S Sable (Government Medical College, Nagpur), K Karkuzhali, 
S Mariyam, V Mohan, S Poongothai, G Premalatha, J Salomi, V Selvi, 
R Srinivasan, R Visalatchi (Madras Diabetic Research 
Foundation);IRELAND (5 centres, 441 participants)—M Ashraf, 
J Barton, J Chong, M Courcy, M Elfadil, C Kelly (Ballinasloe Hospital, 
Co. Galway), B Aloul, C Collier, E Dolan, C Foley, B Gallagher, B Gusau, 
L Hacke, E Ho, B Maguire, A Stanton, C Thompson, M Twohill 
(Beaumont Hospital, Dublin), R Firth, A Gribben, S Hoashi, M Joyce, 
H O’Loughlin, S Rizvi, B Wade (Mater Hospital, Dublin), A Brennan, 
D Byrne, M Cullen, A Khamis, M Murphy, M Ryan (St James Hospital, 
Dublin), M Bell, C Bramhill, C Campbell, N Corredia, L Cullen, 
J Gibney, T Kyaw Tun, K Mullan, D Owens, N Phelan, C Tan, G Tomkin 
(Tallaght Hospital, Dublin); ITALY (1 centre, 21 participants)—P Galli, 
G Mancia, F Paleari, V Vilei, C Whisstock (Ospedale San Gerardo, U.O. 
Diabetologia, Milan); LITHUANIA (3 centres, 118 participants)—
R Babarskienie, I Milvidaite (Institute of Cardiology, Kaunas), 
A Gintautaite, R Sirvyte, G Varoneckas (Palanga Institute of 
Psychophysiology and Rehabilitation), V Grizas, J Marcinkeviciene, 
V Tumyniene, D Vasiliauskas, G Vytautas (Private Cardiological Clinic, 
Kaunas); MALAYSIA (5 centres, 236 participants)—K Hla, A Kalairajah, 
C Krishnan, S Nayar, L Ramanathan, G Singh (Hospital Ipoh), 
R Abdullah, W Bakar, N Kamaruddin, A Loganathan, F Majid, 
N Mansor, Z Mohamed, N Mustafa, H Nawawi, N Nor, K Subramaniam, 
M Sulaiman, G Tse-Seng, K Yusoff  (Hospital Putrajaya), N Aziz, 
G Eng Leong, C Gaik Kin, H Jeremiah, A Khir, S Lim, M Mumtaz 
(Penang Medical College), A Abdul Rashid, R Alias, S Bahari Ismail, 
W bt Wan Mohamad, R bt Zainal-Abidin, K Daud, R Doud, A-A Ismail, 
H Masandid, M Mohamed, M Mumtaz, S Wahab, W Wan Bebakar 
(Universiti Sains Malaysia, Kota Bharu), H Fen Lee, Y Kim Heoh, L Moi 
Heng, R Pendek, I Shah B Ismail, C Siew Pheng (University of Malaya 
Medical Centre, Kuala Lumpur); NETHERLANDS (10 centres, 
630 participants)—K Asten, M Alhaki, J. van den Berg van Putten, 
B Bierman, H Boer, R Bredemeijer, F Durian, A Jansen, P Muilwijk, 
J Muilwijk-Vermeer, W Opstelten, S Ponteyn-Rose, C Sluijters, 
C Sumajow, J Swart, D Tavenier, L van Oort (ANDROMED Baarn), 
P Blokzyl-Mol, H Bulk, D Faber-Mollema, T Leutscher, D Mulder, 
R Ottema, C Prins, E Soer, J Tiebesl (ANDROMED Groningen), 
M Fierkens, P Jaspers, Y Koster (ANDROMED Oost), T Bell, C Geerts, 
C Gieskes, H Jalloh-Vos, G Pegt, D Ramautarsing, W Schenk, 
W van Kempen, A van Kempen, J van Meurs, C Vink (ANDROMED 
Rotterdam), W Venekamp (Atrium Brunssum), L Bie, 
D Hollander-Bosboom, J Keyzer, A Lieverse, B Lokhorst, A Rompen, 
S Sanders, G ten Berge-Lammens, A van Foreest-Bruggink, M Vrugt 
(Diagnostisch Centrum Eindhoven/Justus Medical Research), 
I Boerema-Zikkenheiner, S de Haan-Zwart, R Timmerman, P Viergever 
(Gemini Ziekenhuis, Den Helder), W Bossen, B Elzinga, W Janssen, 
M Knot, A Prins (Martini Ziekenhuis, Groningen), 
L Boonman-de Winter, J Bosser-van Rijckevorsel, M de Zwaan-Herfst, 
E Erdtsieck-Ernste, M Froger-Nuyten, E Jonk-Smulders, A Off ringa, 
A van der Smissen-van Meel, M van Veen (Stichting Huisartsen 
Laboratorium, Etten Leur), C Bonekamp, M Scholten, S van der Meer, 
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R van Kuppevelt (Tollenslaan/Zeist); NEW ZEALAND (8 centres, 
504 participants)—C Florkowski, R McEwan, P McGregor, R Scott, 
C Strey (Christchurch Hospital), S Brown, R Leikis, R Luke (Hawkes 
Bay), J Baker, R Clarke, A Dissanayake, S Gunatilaka, J Leary, I Rosen, 
M Te Whiu (Middlemore Hospital, Auckland), S Austin, J Singh, 
G Ward (North Shore Hospital, Auckland), G Carswell, S Cruz, P Dixon, 
D Nesdale, H Snell (Palmerston North Hospital), C Barker, A Burton, 
J Doran, F Gale, M Hammond, M Hills (Timaru Hospital), F Bartley, 
P Dunn, A Johnstone, D McLeod, E Reda, A Waterman (Waikato 
Hospital), T Clarke, P Cresswell, C Eagleton, A Ferguson, A-M Gallen, 
L Kent, J Krebs, I Rosemergy, C Ross, R Smith (Wellington Hospital); 
PHILIPPINES (4 centres, 136 participants)—N Calletor, G Capulong, 
P de la Pena, C Fabros, M Galan, M Que (East Avenue Medical Centre, 
Quezon City), J Agra, C Alcantara, G Avila, L Delos Santos, L Guzman, 
M Licaros, A Panelo, C Solfelix (Institute for Studies in Diabetes 
Foundation, Marikina City), J Aragon, M Capuli-Isidro, A Daria, 
L Del Rosario, C Derpo, C Gonzales, E Lim, A Litonjua, 
C Narvacan-Montano, T Obrero, J Oreal, R Pallera, E Pipo, C Pollisco, 
S Trinidad (Makati Medical Center, Manila), C Jimeno, M Lim-Abraham, 
A Manansala, N Nicodemus (Philippine General Hospital, Manila); 
POLAND (17 centres, 604 participants)—A Januszewicz, National 
Advisor (Instytut Kardiologii,Warsaw), K Kawecka-Jaszcz, M Klocek, 
A Mazur, (I Klinika Kardiologii CM UJ, Krakow), C Bloch, M Blaszczyk, 
P Jedrzejczak, E Ziolkowska-Trzcinka (I Oddział Chorob Wewnetrznych 
Szpital Miejski, Kutno), A Szczeklik, R Nizankowski, M Frolow, 
M Makowski, T Petriczek (Il Katedra Chorob Wewnetrznych CM UJ, 
Krakow), J Sieradzki, T Klupa, I Trznadel-Morawska (Katedra i Klinika 
Chorob Metabolicznych CM UJ, Krakow), T Grodzicki, B Gryglewska, 
B Wizner (Katedra i Klinika Chorob Wewnetrznych i Gerontologii CM 
UJ, Krakow), B Wyrzykowski, E Orlowska-Kunikowska, M Przezdziak 
(Katedra i Klinika Nadcisnienia Tetniczego i Diabetologii AM, Gdansk), 
A Wiecek, J Chudek, B Czerwienska, R Ficek, T Nieszporek (Katedra i 
Klinika Nefrologii, Endokrynologii i Chorob Przemiany Materii SI.AM), 
W Piwowarska, U Czubek, B Nessler, P Latacz, (Klinika Choroby 
Wiencowej, Krakow), J Loba, L Czupryniak, M Pawlowski, 
M Saryusz-Wolska (Klinika Diabetologii, Lodz), W Ruzyllo, J Kadziela, 
B Norwa-Otto, M Skwarek (Klinika Kardiologii Ogolnej/Intytyt 
Kardiologii, Warsaw), J Gluszek, A Tykarski, A Boruczkowska, 
T Kosicka, B Krasinska, A Wichrowska (Klinika Nadcisnienia Tetniczego 
i Chorob Naczyn AM, Poznan), S Czekalski, A Simachowicz, 
A Wasik-Olejnik (Klinika Nefrologii AM, Poznan), B Gornikiewicz 
–Brzezicka, M Ciesielska, A Ganska , (NZOZ Poradnia Endokrynologii 
i Nadcisnienia Tetniczego, Elblag), E Bandurska-Stankiewicz, 
U Tarasiewicz (Osrodek Diabetologii I Zaburzen Metabolizmu WSZ, 
Olsztyn), E Trzepla, M Chlebus, A Najwa, B Zapecka-Dubno (Poliklinika 
SPCSK,Warsaw), M Steuer, E Steuer (PULS MED,Katowice), 
W Dworzanski, K Michalczyk, J Pikula, E Tylec (Wojewodzki Szpital 
Specjalistyczny, Radom); RUSSIA (7 centres, 164 participants)—
R Bogieva, I Chazova, D Duishvili, V Gornostaev, M Kanishay, 
V Moiseev, V Mychka (Cardiology Research Complex, Moscow), 
A Aleksandrov, T Kravchenko, I Martyanova, V Vilkov (Endocrinology 
Research Centre, Cardiology, Moscow), N Galitsyna, M Shestakova, 
N Zaytseva (Endocrinology Research Centre, Nephrology, Moscow), 
A Babenko, A Volkova, A Zalevskaya (Pavlov’s Medical University, 
St Petersburg), Z Kaverzina, I Martyanova, D Nebieridze, R Oganov, 
S Tolpygina (Research Centre, Moscow), V Dorofeikov, F Gugova, 
A Konrady, A Kurbanovna, E Shlyakhto, N Zvartau (Research Institute, 
St Petersburg), T Dmitrova, A Fremovceva, I Kobalava, A Sirotkina 
(Russian People’s Friendship University, Moscow); SLOVAKIA 
(12 centres, 458 participants)—I Balažovjech, National Advisor (Fakultná 
Nemocnica, Bratislava), L Strbova, B Krahulec, H Horvathova, 
R Lahitova, J Sukeova (Fakultná Nemocnica, Bratislava), M Mokan, 
L Sutarik, D Pridavkova, S Smatanova (Fakultná Nemocnica, Martin), 
V Spisak, E Simkova, D Stranankova (Interne oddelenie A—NsP, 
Zilina), L Ruffi  ni, J Morsky, E Tataiova (Kardiologicka Ambulancia, 
Rimavska Sobota), Z Mikes, S Krcmery, (Klinika Geriatrie LFUK, 
Bratislava), P Sefara, M Sedlakova, A Jurcina, P Spurny, L Hricova, 
M Marcinova, E Szokeova (Klinika gerontologie a geriatrie, Košice), 
M Snincak (Letecka Vojenska Nemocnica, Košice), J Nociar, A Banikova, 
K Micko, M Gaziova, M Pivkova, B Rajtukova (Nemocnica s 
Poliklinikou, Lucenec), G Sojka, V Ambrovicova, J Antolik, A Cibulkova, 

L Ondrusova, (Nemocnica s poliklinikou, Levice), J Sirotiakova, 
P Minarik, M Hranai, M Rac, M Korpasova, O Moravcikova, 
M Porubska, (Nemocnica s poliklinikou, Nitra), J Mazur, P Sulej, 
M Moravcova (NsP-JIS, Dolny Kubin), K Belesova, L Beles, G Jakabova, 
M Zelinska (Poliklinika Vychod, Košice); UNITED KINGDOM 
(22 centres, 1324 participants)—M Bruce, A De Vries, J Furnace, 
C Jamieson, M Macleod, P McDonald, S Ross (Aberdeen Royal 
Infi rmary), J Bright, D Darko, D Hopkins (Central Middlesex Hospital), 
G Beevers, S Handel, V Karthikeyan, G Lip, J Partridge, Z Townend, 
R Watson (City Hospital, Birmingham), M Appleby, R Donnelly, 
A-M Dwyer, T Gibson, A Scott (Derbyshire Royal Infi rmary), B Fisher, 
J Gray, J McKenzie, G Paice (Glasgow Royal Infi rmary), A Baksi, 
J Bartlett, D Hogan, S Moody, Z Thomas, E Whittingstall, P Wilson (St 
Mary’s Hospital, Isle of Wight), S Jackson, L Meakin, L Walwyn, 
B Williams (Leicester Royal Infi rmary), S Chandran, S Heslop, A Joshi, 
J Vora, F Westwell, H White (Royal Liverpool University Hospital), 
M Banerjee, J Collins, K Cruickshank, J Dunkerley, C Harrison, K Hart, 
M Holland, M Luckson, S Shaw, T Wood (Manchester Royal Infi rmary), 
F Forbes, K Gallagher, A Harrower, D Matthews, E McIntyre, G McKay, 
J McMahon (Monklands Hospital, Airdrie), C Fox, K Hall, M Hollway, 
D Morgan, G Nayani, V Richards, C Staff , J Stockman (Northampton 
General Hospital), D James, V Patel, C Randall (George Elliot Hospital, 
Nuneaton), A Begg, R Grogan, J Hinnie, M McIntyre (Royal Alexandra 
Hospital, Paisley), F Coates, P Davies, A George, S Golding-Cook, 
C Hamon, M Jeff eries, E Kolinsky, C Meachin, A Millward, K Neeves, 
M Soler-Lopez, J Stokes (Clinical Research Unit, Plymouth Postgraduate 
Medical School), B Cunningham, D Ghosh, M Mukhtar, E Simpson, 
H Simpson (The Diabetes Centre, Reading), R Howard, J Inglis, 
R Mukhtar, J Reckless, C Shute, C Stirling (Royal United Hospital, 
Bath), J Day, C Green, P Jackson, A Roberts, E Wallis (Sheffi  eld 
Hallamshire Hospital), M Cunningham, S Heller, S Hudson (Sheffi  eld 
Northern Hospital), B Ariff , J Bunker, W Callister, C Coghlan, R Elkeles, 
R Fernandez, V Gordon, J Harman, N Jugnee, L Knisley, J Macduff , 
J Mackay, K McFadden-Lewis, A McKerracher, P Mistry, S Mitchell, 
S Murphy, A Strain, S Thom, O Trainor, S Whitehouse, A Zambanni 
(St Marys Hospital, London), S Boardman, C Reid, V Reid (Warwick 
General Hospital), C Coddington, A Ellis, C Holliday, C Slater (West 
Byfl eet Health Care Research), D Brown, V Dawson, H Gibson, 
P Jennings, J Thow, S Whitwell (York District Hospital). 
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