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ABSTRACT

CLINICAL RESEARCH

BP is an important determinant of kidney disease among patients with diabetes. The recommended thresholds to initiate treatment to lower BP are 130/80 and 125/75 mmHg for people with diabetes and nephropathy, respectively. We sought to determine the effects of lowering BP below these currently recommended
thresholds on renal outcomes among 11,140 patients who had type 2 diabetes and participated in the Action
in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE) study.
Patients were randomly assigned to fixed combination perindopril-indapamide or placebo, regardless of their
BP at entry. During a mean follow-up of 4.3 yr, active treatment reduced the risk for renal events by 21% (P ⬍
0.0001), which was driven by reduced risks for developing microalbuminuria and macroalbuminuria (both P ⬍
0.003). Effects of active treatment were consistent across subgroups defined by baseline systolic or diastolic
BP. Lower systolic BP levels during follow-up, even to ⬍110 mmHg, was associated with progressively lower
rates of renal events. In conclusion, BP-lowering treatment with perindopril-indapamide administered routinely to individuals with type 2 diabetes provides important renoprotection, even among those with initial
BP ⬍120/70 mmHg. We could not identify a BP threshold below which renal benefit is lost.
J Am Soc Nephrol ●●: –, 2009. doi: 10.1681/ASN.2008070667

Type 2 diabetes is the leading cause of end-stage
kidney disease, accounting for 30 to 50% of new
cases in the industrialized world.1 Microalbumin-

uria is one of the earliest detectable manifestations
of kidney disease in diabetes, with a prevalence of
25% after 10 yr of diabetes duration and with an
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Table 1. Baseline characteristics recorded before active run-ina
Randomized Treatment
Variable

Perindopril-Indapamide
(n ⴝ 5569)

Placebo
(n ⴝ 5571)

Age (yr; mean 关SD兴)
Female (n 关%兴)
Age when diabetes first diagnosed (yr; mean [SD])
Duration of diabetes (yr; mean 关SD兴)
BP control (mmHg; mean 关SD兴)
SBP
DBP
history of currently treated hypertension (n 关%兴)
Renal parameters
UACR (g/mg; median 关IQR兴)
microalbuminuria (n 关%兴)
macroalbuminuria (n 关%兴)b
serum creatinine (mol/L; mean 关SD兴)c
eGFR (ml/min per 1.73 m2; mean 关SD兴)
eGFR ⬍60 ml/min per 1.73 m2 (n 关%兴)
Previous vascular disease
history of major macrovascular disease (n 关%兴)
history of myocardial infarction (n 关%兴)
history of stroke (n 关%兴)
history of microvascular eye disease (n 关%兴)d
Other major risk factors
current smoker (n 关%兴)
serum total cholesterol (mmol/L; mean 关SD兴)e
serum HDL cholesterol (mmol/L; mean 关SD兴)e
serum HbA1c concentration (%; mean 关SD兴)
body weight (kg; mean 关SD兴)
BMI (kg/m2; mean 关SD兴)
waist-to-hip ratio (mean 关SD兴)
Region of origin (n 关%兴)
Europe
Asia
Treatment (n 关%兴)
ACEIs
ARBs
calcium channel blockers
␤ blockers
diuretics
antiplatelets
lipid-modifying drugs

66 (6)
2366 (42.5)
58 (9)
8 (6)

66 (7)
2369 (42.5)
58 (9)
8 (6)

145 (22)
81 (11)
3802 (68.3)

145 (21)
81 (11)
3853 (69.2)

15 (7 to 40)
1441 (25.9)
197 (3.5)
87 (23)
78 (25)
1063 (19.1)

15 (7 to 40)
1421 (25.5)
204 (3.7)
87 (26)
78 (25)
1094 (19.6)

1798 (32.3)
678 (12.2)
502 (9.0)
389 (7.0)

1792 (32.2)
656 (11.8)
520 (9.3)
404 (7.3)

804 (14.4)
5.2 (1.2)
1.3 (0.3)
7.5 (1.6)
78.3 (16.8)
28.3 (5.2)
0.93 (0.08)

878 (15.8)
5.2 (1.2)
1.3 (0.4)
7.5 (1.6)
78.0 (16.8)
28.3 (5.1)
0.93 (0.08)

2539 (45.6)
2070 (37.2)

2544 (45.7)
2066 (37.1)

2402 (43.1)
289 (5.2)
1669 (30.0)
1344 (24.1)
1260 (22.6)
2597 (46.6)
1938 (34.8)

2388 (42.9)
320 (5.7)
1758 (31.6)
1385 (24.9)
1247 (22.4)
2601 (46.7)
1996 (35.8)

a
Reprinted in part from Patel et al.,18 with permission from Elsevier. ARB, angiotensin receptor blocker; BMI, body mass index; HbA1c, glycosylated
hemoglobin; IQR, interquartile range.
b
UACR ⬎300 g/mg.
c
To convert values to mg/dl, divide by 88.4.
d
Proliferative diabetic retinopathy, retinal photocoagulation therapy, macular edema, or blindness in one eye thought to be caused by diabetes.
e
To convert values to mg/dl, divide by 0.259.

annual rate of progression to overt nephropathy of approximately 3%.2 The risk for the development and progression of
microalbuminuria is highly dependent on BP.3 Accumulating
evidence suggests that BP lowering reduces the risk for newonset or progressive nephropathy, particularly when angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) are used.4 –9
Current guidelines recommend commencement of BPlowering treatment for patients with diabetes and a BP of
2
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ⱖ130/80 mmHg to a therapeutic target of ⬍130/80
mmHg.10 –13 The threshold for those with diabetes and nephropathy has been set at 125/75 mmHg.13 These cut points
are based largely on the strong, positive, and graded association
between higher levels of BP and the risk for clinical events,
including end-stage renal disease.14 Evidence from major intervention trials to support these thresholds is, limited however, because average BP levels at study entry were often much
higher.5–9,15 Conversely, observational analyses reporting conJ Am Soc Nephrol ●●: –, 2009
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tinuous associations of renal disease with BP16,17 suggested that
individuals with initial BP levels below the currently recommended thresholds may benefit from BP-lowering treatment.
Again, evidence from randomized comparisons supporting
such a hypothesis is lacking.
The BP arm of the Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation
(ADVANCE) study recently reported that the routine administration of a fixed combination of the ACEI perindopril
and the diuretic indapamide to a broad cross-section of
patients with type 2 diabetes reduced the risks for major
vascular events and death from all causes.18 The risk for
renal events was reduced by 21% overall. In this report, we
examine the effects of study treatment on a range of renal
outcomes in more detail and assess whether there are benefits of such treatment in patients with BP levels below those
currently recommended as thresholds for commencing BPlowering treatment.

RESULTS

A total of 12,877 potentially eligible participants were registered; 1737 (13.5%) were subsequently withdrawn during the
6-wk active run-in period, and 11,140 (86.5%) were randomly
assigned. The characteristics of the ADVANCE study participants are summarized in Table 1. Entry BP levels averaged
145/81 mmHg overall, and 20% of patients had a BP ⬍130/80
mmHg.
Vital status was known at the end of follow-up for all but
15 patients.18 The mean systolic BP (SBP) during follow-up
was 134.7 mmHg in patients assigned active treatment and
140.3 mmHg in patients assigned placebo (P ⬍ 0.0001);
mean diastolic BP (DBP) levels were 74.8 and 77.0 mmHg in
the two groups, respectively (P ⬍ 0.0001). Mean body
weight decreased by 0.3 kg in patients assigned active and
increased by 0.2 kg in patients assigned placebo treatment
(P ⬍ 0.0001), but there were no differences with respect to
glycosylated hemoglobin (6.9%) or total cholesterol levels
(5.0 mmol/L) at study completion. At the end of follow-up,
4081 (73%) patients assigned active treatment and 4143
(74%) patients assigned placebo were adherent to study
medication, whereas concomitant BP-lowering drugs were
used more by patients on placebo than by those on active
treatment (Table 2).
Values for serum creatinine and urinary albumin-creatinine ratio (UACR) were available at baseline for 10,996 (99%)
and 10,640 (95.5%) patients, respectively. Nineteen percent of
participants had an estimated GFR (eGFR) ⬍60 ml/min per
1.73 m2. Microalbuminuria was present in 26% and macroalbuminuria in 4% of the participants. The presence of microalbuminuria or macroalbuminuria was independently associated with higher risks for developing end-stage kidney
disease, cardiovascular events, cardiovascular death, and death
from any cause (all P ⬍ 0.03; Table 3).
J Am Soc Nephrol ●●: –, 2009
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Table 2. Concomitant BP-lowering treatment at the end
of follow-upa
End of Follow-up (n [%])
Variable

PerindoprilIndapamide

Placebo

Open-label perindopril
Other ACEIs
ARBs
␤ blockers
Calcium antagonists
Thiazide diuretics
Other diuretics
Other BP-lowering drugs
Any BP-lowering drugs

2128 (44.5)
232 (4.9)
453 (9.5)
1492 (31.2)
1531 (32.0)
158 (3.3)
673 (14.1)
463 (9.7)
3634 (74.0)

2591 (54.9)
213 (4.5)
618 (13.1)
1671 (35.4)
2040 (43.2)
217 (4.6)
749 (15.9)
638 (13.5)
4024 (82.7)

a

Reprinted from Patel et al.,18 with permission from Elsevier.

Effect of Randomized Treatment on Renal Outcomes

A total of 1243 (22.3%) patients assigned active treatment and
1500 (26.9%) patients assigned placebo developed the composite renal outcome of new-onset microalbuminuria, newonset nephropathy, doubling of serum creatinine above 200
mol/L, or end-stage kidney disease (hazard ratio [HR] 0.79;
95% confidence interval [CI] 0.73 to 0.85; P ⬍ 0.0001; Table
4). On this basis, one such event would be prevented among
every 20 (95% CI 15 to 30) patients assigned active treatment
for a 5-yr period.
Active treatment also reduced the risk for progression of
albuminuria among patients who had either normo- or microalbuminuria at baseline (HR 0.78; 95% CI 0.72 to 0.84; P ⬍
0.0001) and the risk for new-onset microalbuminuria in patients with normoalbuminuria at baseline (HR 0.79; 95% CI
0.73 to 0.86; P ⬍ 0.0001; Table 4).
A total of 286 patients developed overt nephropathy, as defined by macroalbuminuria, during follow-up: 114 (2.1%) patients assigned active treatment and 163 (3.0%) patients assigned placebo (HR 0.69; 95% CI 0.54 to 0.88; P ⫽ 0.003). The
relative risk reductions were of comparable magnitude in patients with normoalbuminuria or microalbuminuria at baseline (P ⫽ 0.3 for heterogeneity).
Regression of albuminuria was observed in more than half
of all patients with micro- or macroalbuminuria at baseline,
most of whom regressed to normoalbuminuria (Table 4). Proportionally more patients assigned active than assigned placebo treatment achieved restoration of normoalbuminuria
(P ⫽ 0.006), with approximately similar absolute UACR declines according to treatment assignment (patients with microalbuminuria: from 55.0 to 10.6 g/mg [active treatment]
versus from 54.2 to 11.0 g/mg [placebo]; patients with macroalbuminuria: from 490.6 to 9.0 g/mg [active treatment]
versus from 465.9 to 13.4 g/mg [placebo]).
Active treatment reduced eGFR to a greater extent than placebo (P ⬍ 0.0001) in the first 4 mo (Figure 1), but annual
declines in eGFR were similar in the active and placebo treatment groups thereafter (0.5 versus 0.6 ml/min per 1.73 m2).
This was true for patients with normoalbuminuria (0.1 versus
BP Lowering and Nephropathy
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Table 3. Adjusted risks of end-stage kidney disease, macrovascular events, cardiovascular death, and all-cause death by
baseline albuminuria levela
End Point

Normoalbuminuria
(n ⴝ 7877)

Micro- or
Macroalbuminuria
(n ⴝ 3263)

HR (95% CI)

End-stage kidney diseaseb
Macrovascular eventsc
Cardiovascular death
All-cause death

19 (0.2%)
585 (7.4%)
239 (3.0%)
496 (6.3%)

27 (0.8%)
415 (12.7%)
229 (7.0%)
383 (11.7%)

1.99 (1.08 to 3.70)
1.61 (1.42 to 1.84)
2.07 (1.72 to 2.50)
1.70 (1.48 to 1.96)

a

Adjusted for age, gender, HbA1c, SBP, DBP, LDL cholesterol, HDL cholesterol, triglycerides, BMI, eGFR, current smoking, and current alcohol use.
Defined as requirement of renal replacement therapy or renal death.
c
Composite of nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death.
b

Table 4. Incidence of renal end pointsa
End Point
Progression of nephropathy
all renal events
progression of ⱖ1 albuminuria stage
new-onset microalbuminuria
new-onset macroalbuminuria
patients with normoalbuminuria
patients with microalbuminuria
doubling of serum creatinine ⬎200
mol/L
end-stage kidney diseaseb
Regression of nephropathy
regression of ⱖ1 albuminuria stage
regression to normoalbuminuria
patients with microalbuminuria
patients with macroalbuminuria

Perindopril- Indapamide
(No. of Events/Patient [%])

Placebo

HR (95% CI)

P

NNT

1243/5569 (22.3)
1179/5436 (21.7)
1094/3995 (27.4)
114/5436 (2.1)
25/3995 (0.6)
89/1441 (6.2)
55/5569 (1.0)

1500/5571 (26.9)
1442/5412 (26.6)
1317/3991 (33.0)
163/5412 (3.0)
35/3991 (0.9)
128/1421 (9.0)
45/5571 (0.8)

0.79 (0.73 to 0.85)
0.78 (0.72 to 0.84)
0.79 (0.73 to 0.86)
0.69 (0.54 to 0.88)
0.71 (0.42 to 1.18)
0.69 (0.52 to 0.91)
1.21 (0.81 to 1.79)

⬍0.0001
⬍0.0001
⬍0.0001
0.0027
0.1841
0.0074
0.3483

20
18
16
97
NA
32
NA

25/5569 (0.4)

21/5571 (0.4)

1.18 (0.66 to 2.11)

0.5736

NA

908/1638 (55.4)
848/1638 (51.8)
797/1441 (55.3)
51/197 (25.9)

816/1625 (50.2)
745/1625 (45.8)
698/1421 (49.1)
47/204 (23.0)

1.16 (1.06 to 1.28)
1.15 (1.04 to 1.27)
1.15 (1.04 to 1.27)
1.08 (0.72 to 1.60)

0.0017
0.0059
0.0067
0.7146

19
16
16
NA

a
NA, not applicable; NNT, number needed to treat to prevent one event of nephropathy progression or to promote one event of nephropathy regression over
5 yr.
b
Defined as requirement of renal replacement therapy or renal death.

0.0 ml/min per 1.73 m2; P ⫽ 0.69), patients with microalbuminuria (1.1 versus 1.4 ml/min per 1.73 m2; P ⫽ 0.45), and
patients with macroalbuminuria (1.5 versus 2.7 ml/min per
1.73 m2; P ⫽ 0.34). Both end-stage kidney disease and doubling of serum creatinine to a level ⬎200 mol/L were infrequently observed in ADVANCE, and the occurrence of these
two outcomes was not significantly different between randomly assigned groups (Table 4).
Effects of Randomized Treatment in Patient Subgroups

Median initial values of SBP for the four groups defined by
baseline SBP ranged from 113 to 172 mmHg, and those of DBP
for DBP subgroups ranged from 66 to 95 mmHg. Separately
significant reductions in the occurrence of renal events and the
composite of macrovascular events, renal events, and all-cause
mortality were observed for almost every BP subgroup with no
evidence of differences in the size of effect at different levels of
baseline SBP or DBP (Figure 2). Even in the subgroup with
lowest baseline SBP (⬍120 mmHg; median 113 mmHg), active
treatment reduced the risk for the composite renal outcome in
patients with normoalbuminuria (HR 0.78; 95% CI 0.61 to
4
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0.99; P ⫽ 0.04) and in patients with higher levels of albuminuria (HR 0.37; 95% CI 0.16 to 0.83; P ⫽ 0.02) at baseline.
The same pattern was observed with regard to renal benefits
for subgroups defined by commonly used BP thresholds. As
such, comparable proportional benefits were achieved in patients with starting BP levels above (HR 0.79; 95% CI 0.73 to
0.85; P ⬍ 0.0001) and below 125/75 mmHg (HR 0.78; 95% CI
0.63 to 0.96; P ⫽ 0.02; P ⫽ 0.88 for heterogeneity) and similarly
for patients with BP levels above and below 130/80 or 140/90
mmHg (both P ⬎ 0.1 for heterogeneity).
The benefits of active treatment with respect to renal events
were also consistent across a broad range of participant subgroups defined by background use of a variety of concomitant
therapies, age, gender, kidney function, diabetes duration, and
glycemic control (all P ⬎ 0.1 for trend; Figure 3). Specifically,
there was no evidence that background ACEI treatment modified the effects of study treatment.
Very few serious adverse events were observed in ADVANCE. Overall, there were slightly higher rates of hypotension (0.5 versus 0.3%) and electrolyte disorders (0.7 versus
0.3%) in patients assigned active than in those assigned plaJ Am Soc Nephrol ●●: –, 2009
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Figure 1. (A through C) Mean eGFR during follow-up according
to treatment assignment in patients with normoalbuminuria (A),
microalbuminuria (B), and macroalbuminuria (C) at baseline. R,
randomization; Per-Ind, perindopril-indapamide treatment group.

cebo treatment. These findings were similar for all baseline BP
subgroups (data not shown).
Risk for Renal Events According to Achieved BP
during Follow-up

In age- and gender-adjusted analyses, there was an approximately log-linear relationship between the rate of any renal
event and achieved SBP during follow-up. This association was
unchanged after adjustment for a wide range of other risk factors
(P ⬍ 0.0001 trend; Figure 4). The lowest risk for renal events was
observed among those with a median achieved SBP of 106
mmHg. The same association was observed for achieved follow-up DBP levels within the range 62 to 93 mmHg (P ⫽ 0.008).

DISCUSSION

The main report from the BP-lowering part of ADVANCE
showed that routine BP-lowering treatment with perindoprilJ Am Soc Nephrol ●●: –, 2009
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indapamide produced a one-fifth reduction in the risk for developing a renal outcome among patients with type 2 diabetes.18 These analyses expand on that first report demonstrating
both reductions in the risks for albuminuria progression and
an increased likelihood of regression of albuminuria. We also
found that widely used BP thresholds for treatment initiation
do not differentiate between patient groups that will and will
not derive benefit from BP lowering. The effects of active treatment on renal events in ADVANCE seem independent of the
initial BP level with subgroup analyses showing clear benefits
among individuals with baseline BP levels ⬍120/70 mmHg.
Separate observational analyses support these findings with the
lowest risk for renal events observed among participants with
achieved BP levels ⬍110 mmHg systolic or 65 mmHg diastolic.
Most guidelines have progressively lowered the threshold
BP level at which treatment is recommended for patients with
diabetes, although evidence from randomized, controlled trials to support these recommendations is limited.10 –13 The data
presented here provide new evidence that goes toward justifying the lower BP thresholds used in this patient group with
respect to renal disease. The consistency of benefits across the
broad range of initial BP levels for both all renal events and the
composite end point that included macrovascular events and
all-cause mortality studied here suggests that the decision to
use BP-lowering treatment in patients with diabetes should not
be based on the BP level. Indeed, applying current recommendations to the ADVANCE trial population would have denied
renoprotective treatment to one fifth of the ADVANCE study
population, one quarter of whom developed a renal event during follow-up. This conclusion is directly compatible with that
of the main study result: Treatment was shown to be safe and to
reduce the risks for major vascular events and death to the
same extent in patients with BP levels below or above 140/90
mmHg.18 Other data showing that BP lowering reduced the
risks for macrovascular outcomes in patients with normotension and type 2 diabetes19 and in patients with normotension
and coronary artery disease20 also support the more liberal use
of BP-lowering treatment in high-risk individuals.
The benefits of active treatment were observed against a
background of standard care that caused regression to normoalbuminuria in almost half of the patients who had microor macroalbuminuria and were assigned placebo. Treatments
based on blockade of the renin-angiotensin system have generally been associated with remission rates of approximately
30% among patients with microalbuminuria,6,21 although
rates up to 64% have been reported with combination drug
therapy.22 Both optimal levels of glycemic control and lipid
modification and a protocol that permitted open-label perindopril treatment to all patients may have contributed to the
high rate of albuminuria regression in ADVANCE.
In ADVANCE, levels of GFR declined acutely after the institution of BP-lowering therapy before stabilizing. This pattern is the
typical response to treatment with agents that block the reninangiotensin system.23 For the remainder of the study, GFR declined at lower than anticipated rates24 in patients with norBP Lowering and Nephropathy
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cardiovascular events and death (Table 3),
which would be positively affected by treatment that reduces albuminuria.31
At the end of follow-up, patients who
were randomly assigned to active treatment had lost 0.5 kg of body weight relative
to patients who were randomly assigned to
placebo. This difference is suggestive of
modest volume depletion possibly as a result of the diuretic component of the fixed
combination drug used in ADVANCE and
the more limited use of diuretics by patients who were randomly assigned to placebo treatment. However, because instructions to reduce body weight could be
provided in relation to the intensive glucose control arm of the study32 and no data
were collected on intake or excretion of sodium, this remains speculative. Although
the diuretic component is likely to have
contributed to the BP-lowering and antiproteinuric effect of the fixed combination
perindopril-indapamide,33 ADVANCE was
not designed and is therefore not able to
determine the separate effects of its components, the results of which can reliably
be attributed only to the combination as a
whole. Moreover, BP lowering per se is
probably more important than the means
by which such lowering is achieved.10 –13,34
The strong and continuous association we
16,17 observed between achieved
Figure 2. Effect of randomized treatment on all renal events (top) and the composite and others
of all renal events, macrovascular events, or all-cause mortality (bottom) according to BP and renal events supports this assertion.
baseline SBP and DBP. The center of the diamond represents the estimate and its width The absence of a lower limit of BP below
the 95% CI for overall treatment effect. Solid boxes represent estimates of treatment which the risks for renal events did not
effect in subgroups; the centers of the boxes are placed at the estimates of effect, the continue to decline reemphasizes the broad
areas of boxes are proportional to the number of events, and horizontal lines represent range of individuals with diabetes who could
the corresponding 95% CIs. The vertical dotted line represents the point estimate for derive benefit from BP-lowering therapy.
overall effect. The “P trend” tested the consistency of treatment effect in subgroups.
These analyses show that routine treatment with a fixed combination of perindomoalbuminuria and at slightly higher rates in those with micro- or pril and indapamide significantly reduced the risk for renal disease
microalbuminuria with no effect of treatment assignment detect- progression in a large representative population of patients with
able. Similar acute reductions in GFR, without seeming benefit type 2 diabetes. In absolute terms, this simple, well-tolerated treatduring 3 to 4 yr of follow-up, have been reported with the use of ment strategy prevented one renal event among every 20 patients
ACE inhibition in other populations with more severe forms of who were treated for 5 yr, with no selection of patients on the basis
kidney disease.25,26 In those studies, however, the group assigned of BP or BP-lowering treatment. These data therefore suggest that
to the lower BP target did have a reduction in the risk for kidney BP lowering may be considered routinely for the prevention of
failure after prolonged follow-up.27 Given that the risk for end- renal complications in all patients with diabetes, regardless of the
stage kidney disease is directly and strongly related to the level of baseline BP level.
albuminuria,28,29 that reductions in albuminuria are associated
with reductions in the risk for end-stage kidney disease,30 and that
remissions to normoalbuminuria predict an attenuated decline in CONCISE METHODS
kidney function,21 beneficial effects of the ADVANCE regimen on
such outcomes would be anticipated in the longer term. More- ADVANCE is a randomized factorial trial of BP and glucose-lowering
over, levels of albuminuria are strongly associated with risks for regimens. The ADVANCE study methods have been previously pub6
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respect to BP, albuminuria rate, renal function,
or use of BP-lowering agents. Approval for the
trial was obtained from each center’s institutional review board, and all participants provided written informed consent.

Study Treatment
Eligible participants were randomly assigned to
either fixed-combination perindopril-indapamide (2 mg/0.625 mg) or matching placebo
after a 6-wk run-in period during which all patients received active treatment. Study treatment dosages were doubled after 3 mo so that
participants were receiving either perindoprilindapamide 4 mg/1.25 mg or matching placebo.
Other treatments were continued at the discretion of the responsible physician, except that
ACEIs other than perindopril were substituted
with open-label perindopril at a dosage of 2 or 4
mg/d, which could be prescribed at any time
through to the end of follow-up, thereby ensuring that the maximum recommended dosage of
8 mg was not exceeded. Use of thiazide or thiazide-like diuretics was not permitted18; however, if at any time a definite indication arose for
a thiazide or an ACEI other than perindopril 4
mg/d, study treatment could be withdrawn and
open-label therapy provided. There were neither limitations nor instructions formulated
with respect to the use of concomitant treatments, diets, or other lifestyle interventions
during follow-up related to the BP-lowering
comparison, which all remained at the discretion of the responsible physician.

Follow-up and Assessments
Participants were seen at 3, 4, and 6 mo after
randomization and subsequently every 6 mo.
Mean participant follow-up was 4.3 yr. At each
study visit, BP was recorded as the mean of two
measurements made in the seated position usFigure 3. Effect of randomized treatment on all renal events in subgroups of particing an automated sphygmomanometer (Omipants defined by characteristics at baseline. For other conventions, see Figure 1. P ⬎
ron HEM-705 CP; Omron, Kyoto, Japan). Mea0.1 for trend for all subgroup comparisons.
surement of UACR was performed on spot
urine samples at 24, 48, and 60 mo after ranlished35 and are described here in brief. The findings reported here
domization and at the end of follow-up. Serum creatinine was mearelate to the double-blind BP-lowering component of the trial, which
sured 4 and 12 mo after randomization and subsequently at yearly
ended in June 2007. The results of the glucose-lowering arm have
intervals. Both UACR and serum creatinine levels were measured at
been reported separately.32
local laboratories. The Modification of Diet in Renal Disease
(MDRD) equation was used to calculate eGFR.36

Participants
A total of 11,140 individuals who had type 2 diabetes and were aged
ⱖ55 yr were enrolled from 215 centers in 20 countries. Patients with
diabetes were potentially eligible when they had evidence of a substantially elevated risk for vascular disease, as described in detail elsewhere.18 Of note, there were no inclusion or exclusion criteria with
J Am Soc Nephrol ●●: –, 2009

Outcomes
The main outcome for this analysis was a composite of renal events
defined by new-onset microalbuminuria (UACR 30 to 300 g/mg),
new-onset nephropathy (new-onset macroalbuminuria defined as
UACR ⬎300 g/mg, which required confirmation by a second samBP Lowering and Nephropathy
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Figure 4. Incidence of all renal events according to achieved BP
levels, adjusted for age, gender, duration of diabetes, glycosylated hemoglobin, currently treated hypertension, history of macrovascular disease, electrocardiogram abnormalities (ventricular
hypertrophy, Q waves, or atrial fibrillation), triglycerides, LDL
cholesterol, HDL cholesterol, body mass index, current smoking,
current alcohol use, and study drug. Solid boxes represent estimates of event rates, centers of which are placed at the intersection of the point estimate and median SBP value. Areas of the
boxes are proportional to the number of events, and vertical bars
represent 95% CI. The rate of all renal events was significantly
associated with achieved SBP levels (P ⬍ 0.0001 for trend).

ple), doubling of serum creatinine to ⬎200 mol/L, or end-stage
kidney disease (defined as requirement for renal replacement therapy
or renal death). Other outcomes included separate components of the
main outcome; progression of albuminuria, defined as the worsening
of at least one albuminuria stage (from normoalbuminuria to either
micro- or macroalbuminuria or from micro- to macroalbuminuria);
regression of albuminuria, defined as improvement of at least one
albuminuria stage; and the composite of renal events, nonfatal macrovascular events (nonfatal stroke or nonfatal myocardial infarction),
or all-cause mortality.

Statistical Analysis
The effects of randomized treatment on primary and secondary
end points were estimated from unadjusted Cox proportional hazard models, based on the intention-to-treat principle. For participants with more than one outcome event during follow-up, survival time to the first relevant end point 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 clinic visit before
the termination of this study arm. Patients with unknown vital
status were censored when they were last known to be alive. Relative risk reductions are described in the text and figures as percentage reductions ([1 ⫺ hazard ratio] ⫻ 100). Differences between
randomized groups in BP during follow-up were estimated from
linear mixed models.37 Numbers needed to treat were calculated as
reciprocals of the absolute risk differences with their normally
approximated 95% CIs.38
8
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Separate estimates for treatment effects were calculated for subgroups of participants defined by demographic factors, ancillary
treatments, and standard microvascular and macrovascular risk factors at study entry. For BP, participants were grouped into two sets of
the following four ordinal categories: SBP ⬍120, 120 to 139, 140 to
159, and ⱖ160 mmHg and DBP ⬍70, 70 to 79, 80 to 89, and ⱖ90
mmHg. Trends for treatment effects assessed as both categorical and
continuous variables were tested by adding interaction terms to the
relevant Cox models.
Associations between achieved BP levels and renal outcomes were
assessed using the pooling of repeated observations method.39,40
Briefly, each participant’s follow-up period was divided into a series of
intervals defined by the 2-yr visits. The presence or absence of the
relevant outcome was documented during each interval and coupled
to the time-weighted average of BP levels recorded during each interval. Missing follow-up BP values at any one visit (8.2% missing for all
visits) were imputed by using the BP values recorded during the previous visit. The participants generated 28,969 intervals with follow-up
SBP and DBP for the intervals ranging from 78 to 241 mmHg and
from 41 to 121 mmHg, respectively. These intervals were then divided
into seven ordinal achieved follow-up BP categories, separated by 10
mmHg for SBP and by 5 mmHg for DBP. Incidence rates of the relevant outcome were estimated using Poisson log-linear regression
model that included risk factors for the development of chronic kidney disease.41 Trends in relationships between achieved BP levels and
the risk for outcomes were tested using each median value of BP for
BP categories. The SAS 9.1 for Windows (SAS Institute, Cary, NC)
was used to perform all statistical analyses. All P values were calculated
from two-tailed tests of statistical significance with a type I error rate
of 5%.
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