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ABSTRACT
Background The comparative effectiveness of treatment with angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), or their combination in people with albuminuria and cardiovascular risk factors is unclear.
Methods In a multicenter, randomized, open label, blinded end point trial, we evaluated the effectiveness
on cardiovascular events of ACE or ARB monotherapy or combination therapy, targeting BP,130/80 in
patients with moderate or severe albuminuria and diabetes or other cardiovascular risk factors. End points
included a primary composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, and
hospitalization for cardiovascular causes and a revised end point of all-cause mortality. Additional end
points included ESRD, doubling of serum creatinine, albuminuria, eGFR, BP, and adverse events.
Results Because of slow enrollment, the trial was modiﬁed and stopped 41% short of targeted enrollment
of 2100 participants, corresponding to 35% power to detect a 25% reduced risk in the primary outcome.
Our analysis included 1243 adults, with median follow-up of 2.7 years. Efﬁcacy outcomes were similar
between groups (ACE inhibitor versus ARB, ACE inhibitor versus combination, ARB versus combination) as
were rates of serious adverse events. The rate of permanent discontinuation for ARB monotherapy (6.3%)
was signiﬁcantly lower than for ACE inhibitor monotherapy (15.7%) or combined therapy (18.3%).
Conclusions Patients may tolerate ARB monotherapy better than ACE inhibitor monotherapy. However,
data from this trial and similar trials, although as yet inconclusive, show no trend suggesting differences
in mortality and renal outcomes with ACE inhibitors or ARBs as dual or monotherapy in patients with
albuminuria and diabetes or other cardiovascular risk factors.
J Am Soc Nephrol 29: 2890–2899, 2018. doi: https://doi.org/10.1681/ASN.2018040443

Whether angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor blockers
(ARBs), used alone or in combination, have similar beneﬁcial effects on mortality and cardiovascular complications in patients who have diabetes
or vascular disease is uncertain. 1,2 Guidelines
recommend ACE inhibitor or ARB therapy as
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ﬁrst-line therapy for patients with diabetes and albuminuria. 3
Trials comparing ACE inhibitor or ARB monotherapy or
combination therapy among people with diabetes and CKD
are generally inconclusive, or evidence is reliant on subgroup
analyses. 4–10 In a trial of 1448 participants with type 2
diabetes, a urinary albumin-to-creatinine ratio of 300 mg/g,
and an eGFR of 30.0–89.9 ml/min (the VA-NEPHRON-D
study), there was no evidence that losartan monotherapy
or lisinopril combined with losartan had different effects on
GFR, ESRD, or death.11 In the ALTITUDE study evaluating
the addition of a direct renin inhibitor aliskiren as an
adjunct to ACE inhibitor or ARB therapy, there was no evidence that treatment made any difference to a composite outcome of cardiovascular or renal outcomes.12 In the Ongoing
Telmisartan Alone and in Combination with Ramipril Global
Endpoint Trial (ONTARGET), no cardiovascular or renal
beneﬁts were observed with combination ACE inhibitor
and ARB therapy (telmisartan and ramipril) compared with
monotherapy.1,13
To address the residual uncertainties, we conducted a randomized trial to compare ACE inhibitor, ARB, or combined
ACE inhibitor with ARB therapy for patients with diabetes or
other cardiovascular risk factor and albuminuria on mortality
and cardiovascular outcomes.

METHODS

The design of the Long-Term Impact of RAS Inhibition on
Cardiorenal Outcomes (LIRICO) study is reported elsewhere.14 In brief, the LIRICO study was a multicenter, randomized, open label, blinded end point (PROBE) trial of
ACE inhibitor, ARB, or combined treatment with ACE inhibitor or ARB for patients with diabetes and moderate to severe
albuminuria. The trial was registered on the Australian New
Zealand Clinical Trials Registry with the trial identiﬁcation
ACTRN12607000333415.
Setting and Participants

Patients treated at 47 internal medicine clinics and nephrology units within Italy were identiﬁed and recruited. Adult
men and women were eligible if they were aged 18 years of
age or older, had moderate albuminuria (urinary albuminto-creatinine ratio 30–299 mg/g) or severe albuminuria
(urinary albumin-to-creatinine ratio $300 mg/g), and had
diabetes15 or one or more cardiovascular risk factors: current
or recent smoking, hypertension (systolic BP $140 mm Hg,
diastolic BP $90 mm Hg, or antihypertensive treatment),
abdominal obesity, dyslipidemia, or family history of premature cardiovascular events. Patients were excluded if they were
pregnant, intended to become pregnant, had active malignancy (except basal cell carcinoma), had a contraindication
to ACE inhibitor or ARB, or had substantially reduced life
expectancy.
J Am Soc Nephrol 29: 2890–2899, 2018
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Signiﬁcance Statement
Whether use of angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), or the two in combination
prevents mortality or ESRD in people with albuminuria and
cardiovascular risk factors is uncertain; evidence from randomized trials
relies on subgroup analyses or is inconclusive. The authors describe
ﬁndings from a multicenter, randomized clinical trial involving 1243
evaluable patients with moderate or severe albuminuria and
cardiovascular risk factors. Although the trial was stopped early with
low power due to slow enrollment, it found that ACE inhibitors or
ARBs used alone or in combination seem to have similar cardiovascular and renal outcomes, consistent with earlier studies. ACE inhibitor and ARB treatment may yield similar outcomes in people with
albuminuria and cardiovascular risk factors, although ARB monotherapy may be better tolerated.

Randomization and Masking

Participants were randomized using an electronically generated random list created by the study statistician stratiﬁed by
center and in randomly permuted blocks. Patients were allocated to study treatment by investigators via telephone
contact with staff at a central study ofﬁce. The allocation
sequence was concealed to central ofﬁce staff until after a
participant was irreversibly allocated to a treatment group.
Participants and physicians were not blinded to study allocation postrandomization, but outcome assessment for the
primary composite outcome was carried out by an independent committee that was unaware of treatment allocation. A
pragmatic study design was chosen to test the interventions
within a usual care setting to maximize applicability and
generalizability.
Interventions

Participants were assigned to receive an ACE inhibitor, an
ARB, or combined treatment with an ACE inhibitor and
ARB. Randomized medications included any commercially available drug approved for the indication. Patients
discontinued any nonallocated ACE inhibitor or ARB therapy
at randomization and commenced randomly allocated therapy
without a washout period. Initial dosing was at the investigator’s discretion. Treatment doses were titrated to the full tolerated dose by the usual attending physician. Additional
antihypertensive therapy was allowed except for ACE inhibitor
or ARB for those not randomly assigned to these medications
to reach a target BP of ,130/80 mm Hg.16
After randomization, participants were assessed at 1 and 3
months, and then, they were assessed every 6 months unless
they died, withdrew consent, or were not contactable for follow-up. Participants who were not able or willing to continue
randomized treatment were asked to continue with planned
trial assessments. Adherence was assessed by pill counting.
Outcomes and Follow-Up

The initial primary study outcome was the ﬁrst occurrence of
cardiovascular death, nonfatal myocardial infarction, nonfatal
stroke, or hospitalization for cardiovascular cause. A protocol
RAS blockade for albuminuria
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amendment occurring in July 2010 resulted in a change in the
primary outcome to all-cause mortality with a planned cumulative meta-analysis with the ONTARGET. This paper reports
results of both the former composite and current all-cause
mortality end points for the LIRICO study data alone. Metaanalysis in combination with ONTARGET data were the ultimate intention for the primary all-cause mortality data. The
composite end point is emphasized in the most detail in this
paper, because the intended meta-analysis of all-cause mortality will be the subject of a separate paper in preparation. Additional end points included each of the individual end points
of the composite outcome: ESRD (permanent commencement
of RRT [dialysis or kidney transplantation]), doubling of serum creatinine, eGFR, progression to severe albuminuria or
regression to normal or mildy increased albuminuria, systolic
and diastolic BP, and urinary albumin-to-creatinine ratio.
Safety outcomes were serious adverse events, permanent discontinuation of therapy, hyperkalemia .6 mEq/L, hypotension, and cough.
Three protocol amendments in 2008, 2010, and 2011 were
generated to extend the trial recruitment phase for 12 months
each (Supplemental Appendix 1, Supplemental Material 1).
Ethics and Oversight

The study received institutional review board approval before
participant recruitment and data collection from the Ethics
Committee of the “Ospedale Policlinico Consorziale” di Bari
on March 15, 2007. The study was overseen by an independent
data safety monitoring board that regularly reviewed safety
parameters and study conduct (Supplemental Appendix 2,
Supplemental Material 1).
Statistical Analyses

The study was designed to enroll 2100 participants to provide
80% power to detect a risk reduction of 25% in the composite
outcome between the intervention (combined ACE inhibitor
plus ARB therapy) and the control groups. The power calculation assumed an annual incidence of the composite end point
of 5% and two-sided a=0.05.14 Limited funding and slow recruitment (509 participants, including 344 with diabetes) together with release of the results of the ONTARGET resulted
in a protocol amendment to limit the inclusion of participants
to those with albuminuria and diabetes and reduce the sample
size to 1000 participants with diabetes. This sample size was
considered sufﬁcient to combine with data involving participants with diabetes from the ONTARGET to power a study
focused on all-cause mortality. Trial recruitment was terminated after inclusion of 1059 participants with diabetes. This
early termination of the study was decided by the trial steering
committee independent of the sponsor and according to the
protocol amendment. A subsequent futility analysis assuming
that future events for the composite outcome would accrue at
the rate already observed in this analysis indicated that the
probability of detecting a statistically signiﬁcant hazard ratio
(HR) of 0.75 with the originally planned study recruitment in
2892
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the LIRICO study was 0%. A revised power calculation indicated that the power of the study with 1243 participants evaluable for the composite end point of cardiovascular death and
nonfatal events with 2.7 years of follow-up provided 35%
power to detect a risk reduction of 25% in the primary outcome between the intervention groups.
The analysis used a time-to-event approach. Time-to-event
data for each treatment assignment were compared using the
Cox proportional hazards model and expressed as HRs with
95% conﬁdence intervals (95% CIs). We estimated the mean
differences between the trial groups for BP, urine albumin-tocreatinine ratio, and eGFR using a generalized linear mixed
model for repeated measurements with an unstructured variance-covariance matrix.17 Missing data (,3.7% for all variables with the exception of baseline values for serum lipids,
creatinine, and glucose) were not imputed.
Prespeciﬁed subgroups for analyses were sex, type of diabetes, presence or absence of hypertension, family history of
cardiovascular disease, presence or absence of prior cardiovascular event, microalbuminuria or macroalbuminuria, hemoglobin A1C (above or below 7.5%), serum cholesterol (above
or below 4.7 mmol/L [180 mg/dl]), and baseline GFR (above or
below 60 ml/min per 1.73 m2). Subgroup analysis for other
prespeciﬁed subgroups of patients (type 1 diabetes and those
with previous cardiovascular events) gave results that were
unreliable due to few events within a group.

RESULTS
Participants

From November 22, 2007 to March 26, 2013, 1287 participants
with moderate or severe albuminuria and diabetes or other
cardiovascular risk factors were randomized (Figure 1). Fortyfour participants did not attend the baseline assessment; 1243
were included in primary analyses.
At baseline, the mean age of study participants was 62.8
years old (SD, 10.6), and 28.3% were men. The mean systolic
BP was 138.0 (SD, 16.4) mm Hg, and the mean eGFR was 67.9
(SD, 27.9) ml/min per 1.73 m2. Overall, 890 (73.9%) participants had moderate albuminuria, and 314 (26.0%) had severe
albuminuria. At baseline, 539 participants (43.4%) were taking an ACE inhibitor, and 579 (46.6%) were prescribed an
ARB. Baseline characteristics were similar between allocated
groups (Table 1). During the median follow-up of 2.7 years,
139 participants (11.2%) had discontinued follow-up.
Interventions

Doses of ACE inhibitor and ARB in each of the monotherapy
groups and in the combined therapy group at baseline and
ﬁnal study visit were similar between groups (Supplemental Table 1). During follow-up, 65 (16.7%) permanently discontinued ACE inhibitor therapy (P,0.001 versus ARB;
P=0.32 versus combination), six (1.5%) permanently discontinued ARB therapy (P,0.001 versus combination), and 55
J Am Soc Nephrol 29: 2890–2899, 2018
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Randomly assigned
(n = 1287)
Did not attend screening study visit
(n = 44)

Allocated to ACE inhibitor group (n = 413)

Allocated to ARB group (n = 414)

Allocated to ACE inhibitor/ARB group (n = 416)

Incomplete follow up (n = 56):
Withdrawal of consent: 24
Transferred to non-study site: 8
Non-adherence to follow up: 10
Randomization error: 1
Patient preference: 12
Unknown: 1

Incomplete follow up (n = 44):
Withdrawal of consent: 17
Transferred to non-study site: 7
Non-adherence to follow up: 6
Patient preference: 7
Unknown: 1
Adverse events: 3

Incomplete follow up (n = 39):
Withdrawal of consent: 10
Transferred to non-study site: 8
Non-adherence to follow up: 7
Patient preference: 5
Unknown: 3
Adverse events: 5

Included in cumulative analyses (n = 413):

Included in cumulative analyses (n = 414):

Included in cumulative analyses (n = 416):

Figure 1. Overall, 1287 participants were randomized to the LIRICO trial. Consolidated Standards of Reporting Trials ﬂow diagram of
the Long-Term Impact of RAS Inhibition on Cardiorenal Outcomes study. ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker.

(13.2%) permanently discontinued combination therapy. Of
those participants who continued treatment, adherence to
prescribed treatment and follow-up was estimated at 92.1%
for ACE inhibitor therapy, 98.0% for ARB therapy, and 90.7%
for combined therapy. Treatments did not lead to different
systolic or diastolic BPs during follow-up (Supplemental
Figure 1).
Outcomes

Composite Outcome
Treatment group did not seem to inﬂuence the risk of the
composite outcome of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, and hospitalization for cardiovascular causes (30 [7.3%] in ACE inhibitor group [HR, 1.05;
95% CI, 0.63 to 1.75 versus ARB monotherapy; HR, 0.75; 95%
CI, 0.47 to 1.21 versus combination], 29 [7.0%] in the ARB
group [HR, 0.71, 95% CI, 0.44 to 1.15 versus combination],
and 40 [9.6%] in the combined group) (Figure 2, Table 2).
Cardiovascular and Mortality Outcomes
Treatment assignment had very uncertain effects on all-cause
mortality (15 [3.6%] in the ACE inhibitor group [HR, 0.76;
95% CI, 0.39 to 1.48 versus ARB monotherapy; HR, 0.84; 95%
CI, 0.42 to 1.67 versus combination], 20 [4.8%] in the ARB
group [HR, 1.11; 95% CI, 0.59 to 2.10 versus combination],
and 18 [4.3%] in the combination group). Risks of the individual end points of cardiovascular death, nonfatal myocardial
infarction, nonfatal stroke, and hospitalization for cardiovascular
causes were not statistically signiﬁcantly different between the
treatment groups (Supplemental Figures 2 and 3, Table 2).
Renal Outcomes
Nine (0.9%) participants required dialysis for ESRD. Treatment had very uncertain effects on ESRD (Table 2). For the 668
J Am Soc Nephrol 29: 2890–2899, 2018

participants who had an eGFR.60 ml/min per 1.73 m2 recorded at baseline, the rate of progression to an eGFR,60 ml/min
per 1.73 m2 was not different between treatment groups (Table
2). Doubling of serum creatinine occurred in 63 (5.1%) participants and was not different between groups (Table 2).
Progression to severe albuminuria occurred in 46 (14.4%)
participants assigned to ACE inhibitor (HR, 0.86; 95% CI, 0.57
to 1.29 versus ARB; HR, 1.04; 95% CI, 0.68 to 1.59 versus
combination), 49 (15.2%) assigned to ARB therapy (HR,
1.21; 95% CI, 0.80 to 1.83 versus combination), and 41
(13.0%) assigned to combined treatment (Table 2). Regression
to normal or mildly increased albuminuria occurred in 83
(20.6%) on ACE inhibitor (HR, 0.94; 95% CI, 0.69 to 1.27
versus ARB; HR, 0.90; 95% CI, 0.67 to 1.22 versus combination), 86 (21.6%) on ARB (HR, 0.96; 95% CI, 0.72 to 1.29
versus combination), and 92 (22.7%) on combination therapy
(Table 2). During follow-up, there was no evidence that the
urinary albumin-to-creatinine ratio or eGFR was different between groups at any time point (Figure 3).
Safety Outcomes

During the study, 41 (9.9%) in the ACE inhibitor group experienced one or more serious adverse events (P value .0.99
versus ARB; P value =0.50 versus combination), 41 (9.1%) in
the ARB group experienced one or more serious adverse
events (P value =0.50 versus combination), and 48 (11.5%)
in the combined ACE inhibitor and ARB group experienced
one or more serious adverse events (Table 3). Twenty-two
participants experienced one or more episodes of hyperkalemia (serum potassium .6 mEq/L; six in the ACE inhibitor
group, seven in the ARB group, and ﬁve in the combination
group). Cough was experienced by 22 (5.6%) in the ACE inhibitor group, one (0.3%) in the ARB group, and eight (1.9%)
in the combined group.
RAS blockade for albuminuria
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Table 1. Baseline characteristics
Characteristic
Age at randomization, yr, mean (SD)
Sex, n (%)
Women
Men
Ethnicity, n (%)
Black
Other
Diabetes, n (%)
Type 1
Type 2
Albuminuria, n (%)
Moderate albuminuria
Severe albuminuria
Smoker, n (%)
Current
Former
Body mass index, kg/m2, mean (SD)
Weight, kg, mean (SD)
Waist circumference, cm, mean (SD)
Heart rate, min, mean (SD)
BP, mm Hg, mean (SD)
Systolic
Diastolic
Fasting glucose, mg/dl, mean (SD)
HbA1C, %, mean (SD)
eGFR, ml/min per 1.73 m2, mean (SD)
eGFR,60 ml/min per 1.73 m2, n (%)
Serum creatinine, mg/dl, mean (SD)
Urinary albumin-to-creatinine ratio, median (IQR), mg/g
Serum potassium, mEq/L, mean (SD)
Total cholesterol, mg/dl, mean (SD)
LDL cholesterol, mg/dl, mean (SD)
Triglycerides, mg/dl, mean (SD)
Symptomatic neuropathy, n (%)
Diabetic retinopathy, n (%)
Previous cardiovascular event, n (%)
Family history of cardiovascular disease, n (%)
Medications before randomization, n (%)
BP lowering
ACE inhibitor
ARB
ACE inhibitor or ARB
b-Blocker
Calcium channel blocker
Diuretic
Lipid lowering
Statin
Ezetimibe
Fibrate
Omega-3 PUFA
Platelet aggregation inhibitors
Acetylsalicylic acid

ACE Inhibitor, n=413

ARB, n=414

Combination, n=416

62.2 (11.2)

62.7 (10.7)

63.4 (10.0)

290 (71.3)
117 (28.7)

288 (71.5)
115 (28.5)

295 (72.5)
112 (27.5)

4 (1.0)
399 (99.0)
353 (85.5)
11 (3.2)
331 (96.8)

6 (1.5)
399 (98.5)
351 (84.8)
11 (3.2)
329 (96.8)

2 (0.5)
407 (99.5)
355 (85.3)
10 (2.9)
337 (97.1)

291 (70.5)
103 (24.9)

295 (71.3)
109 (26.3)

304 (73.1)
102 (24.5)

96 (23.2)
122 (29.5)
30.5 (5.6)
84.3 (16.4)
105.0 (14.3)
75.6 (10.5)

96 (23.2)
103 (24.9)
30.8 (5.5)
85.1 (17.1)
105.0 (12.6)
74.5 (10.3)

95 (22.8)
134 (32.2)
30.5 (5.4)
83.7 (16.9)
104.7 (13.1)
74.0 (9.0)

138.0 (16.7)
80.6 (9.4)
138.1 (46.4)
7.5 (1.6)
70.2 (28.0)
144 (34.9)
1.10 (0.73)
108 (55–302)
4.49 (0.61)
180.1 (41.8)
103.6 (36.2)
154.0 (88.0)
62 (15.0)
97 (26.4)
94 (22.8)
40 (9.7)

138.2 (15.7)
80.0 (9.0)
143.2 (52.0)
7.6 (1.7)
68.0 (27.7)
155 (37.4)
1.14 (0.81)
110 (52–316)
4.54 (0.56)
178.0 (38.9)
102.6 (34.0)
144.8 (77.1)
47 (11.3)
88 (21.3)
101 (24.4)
42 (10.1)

137.8 (16.8)
80.4 (9.8)
139.5 (47.6)
7.5 (1.5)
65.5 (27.8)
174 (41.8)
1.15 (0.59)
128 (57–325)
4.55 (0.63)
176.0 (42.1)
101.3 (33.6)
146.0 (81.5)
55 (13.2)
109 (26.2)
102 (24.5)
43 (10.3)

346 (83.8)
176 (42.6)
174 (42.1)
317 (76.8)
99 (24.0)
110 (26.6)
150 (36.3)
234 (56.7)
214 (51.8)
18 (4.4)
12 (2.9)
33 (8.0)
161 (39.0)
142 (34.4)

346 (83.8)
176 (42.6)
174 (42.1)
317 (76.8)
99 (24.0)
110 (26.6)
150 (36.3)
234 (56.7)
214 (51.8)
18 (4.4)
12 (2.9)
33 (8.0)
161 (39.0)
142 (34.4)

369 (88.7)
187 (45.0)
209 (50.2)
342 (82.2)
78 (18.8)
129 (31.0)
180 (43.3)
251 (60.3)
227 (54.6)
19 (4.6)
14 (3.4)
42 (10.1)
170 (40.9)
151 (36.3)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; HbA1C, hemoglobin A1C; PUFA, Polyunsaturated fatty acids.
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Cumulative probability of first composite event

0.25
ACE inhibitor
ARB
Combined ACE inhibitor + ARB

0.20

Hazard ratio (ACE inhibitor vs ARB) = 1.05 (0.63–1.75)
Hazard ratio (ACE inhibitor vs combined) = 0.75 (0.47–1.21)
Hazard ratio (ARB vs combined) = 0.71 (0.44–1.15)

0.15

0.10

0.05

0.00
0

1

2
Years

3

4

Number at risk (number of events)
ACEi
ARB
ACEi + ARB

413 (10)
414 (12)
416 (16)

330 (11)
330 (8)
333 (14)

254 (5)
271 (4)
270 (7)

180 (3)
188 (5)
177 (3)

Figure 2. Treatment group did not seem to inﬂuence the risk of the composite outcome of cardiovascular death, nonfatal myocardial
infarction, nonfatal stroke, and hospitalization for cardiovascular causes. Kaplan–Meier estimates of composite outcome according to
treatment allocation. Number of events refers to the number of participants experiencing their ﬁrst event of cardiovascular death,
nonfatal myocardial infarction, nonfatal stroke, or hospitalization for cardiovascular cause. ACE, angiotensin-converting enzyme; ACEi,
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Sensitivity and Subgroup Analyses

Among 1059 participants with diabetes and albuminuria, there
was no evidence that treatment assignment inﬂuenced the risk
of any outcome (Supplemental Tables 2–4).
In subgroup analysis, there was no evidence of different
intervention effects on the composite outcome on the basis
of sex, presence of type 2 diabetes, hypertension, cardiovascular disease, family history of cardiovascular disease, hemoglobin A1C, or eGFR (Supplemental Table 5). Interactions
between treatment assignment and the subgroups of moderate
and severe albuminuria at baseline were observed.

DISCUSSION

In this randomized, open label, blinded end point trial in patients with diabetes or cardiovascular risk factor and albuminuria treated to the same BP target, the risks of mortality and
cardiovascular or renal outcomes seemed similar regardless of
whether an ACE inhibitor, an ARB, or their combination was
used. ARB monotherapy had a lower incidence of withdrawal
from therapy than ACE inhibitor alone or when the two treatments were combined. These ﬁndings support existing evidence
that ACE inhibitors, ARB therapy, or their combination may
have similar effects on mortality and cardiovascular outcomes
for people with high-risk diabetes or cardiovascular risk.1
J Am Soc Nephrol 29: 2890–2899, 2018

Our results are consistent with a recent network meta-analysis showing no evidence of beneﬁt for combination ACE inhibitor and ARB therapy compared with monotherapy for
mortality and cardiovascular events among people with diabetes and kidney disease.18 Our results are also concordant
with the ONTARGET, which showed no evidence for different
effects between ACE and ARB or combination on cardiovascular events and fewer adverse effects with ARB monotherapy.1 In the LIRICO study, we did not observe differential
effects of treatment on intermediary renal outcomes, such as
eGFR, proteinuria, or ESRD. This contrasts with evidence
from the ONTARGET, in which patients assigned to dual
ACE inhibitor and ARB therapy had a higher risk of renal
impairment, a greater decline in eGFR, and a smaller increase
in urinary albumin excretion than those treated with ACE
inhibitor alone. Similarly, lower-risk patients assigned
to combination ACE inhibitor plus ARB therapy in the
VA-NEPHRON trial experienced greater lowering of the urinary albumin-to-creatinine ratio and higher risk of AKI
than those assigned to ACE inhibitor monotherapy.11 The different effects on kidney function and albumin excretion between these studies may be a consequence of the ﬁxed doses of
treatment used in the VA-NEPHRON trial and the ONTARGET,
leading to a relatively greater BP lowering with combination
therapy, which was not observed in this trial. The ﬁndings of
the LIRICO study are unable to conﬁrm or refute the European
RAS blockade for albuminuria
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Table 2. Efﬁcacy outcomes
Outcome
Composite (cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke,
hospitalization secondary
to cardiovascular cause)
All-cause mortality
Cardiovascular death
ESRD
Nonfatal myocardial infarction
Nonfatal stroke
Hospitalization for cardiovascular cause
Doubling of serum creatinine
Progression to eGFR,60 ml/min per 1.73 m2a
Progression to severe albuminuria
Regression to normal or mildly
increased albuminuria

ACE Inhibitor,
n=413, n (%)

ARB, n=414,
n (%)

ACE
Inhibitor + ARB,
n=416, n (%)

ACE Inhibitor
Versus ARB, Hazard
Ratio (95% CI)

ACE Inhibitor Versus
Combination, Hazard
Ratio (95% CI)

ARB Versus
Combination, Hazard
Ratio (95% CI)

30 (7.3)

29 (7.0)

40 (9.6)

1.05 (0.63 to 1.75)

0.75 (0.47 to 1.21)

0.71 (0.44 to 1.15)

15 (3.6)
6 (1.5)
6 (1.5)
4 (1.0)
4 (1.0)
25 (6.1)
21 (5.1)
71 (30.1)
46 (14.4)
83 (20.6)

20 (4.8)
7 (1.7)
2 (0.5)
4 (1.0)
2 (0.5)
20 (4.8)
19 (4.6)
75 (33.0)
49 (15.2)
86 (21.6)

18 (4.3)
4 (1.0)
4 (1.0)
10 (2.4)
5 (1.2)
34 (8.2)
23 (5.5)
65 (31.7)
41 (13.0)
92 (22.7)

0.76 (0.39 to 1.48)
0.87 (0.29 to 2.58)
3.04 (0.61 to 15.0)
1.00 (0.25 to 4.01)
2.02 (0.37 to 11.0)
1.27 (0.71 to 2.29)
1.12 (0.60 to 2.08)
0.88 (0.63 to 1.21)
0.86 (0.57 to 1.29)
0.94 (0.69 to 1.27)

0.84 (0.42 to 1.67)
1.51 (0.43 to 5.36)
1.53 (0.43 to 5.44)
0.41 (0.13 to 1.29)
0.81 (0.22 to 3.01)
0.74 (0.44 to 1.25)
0.95 (0.53 to 1.74)
0.97 (0.70 to 1.37)
1.04 (0.68 to 1.59)
0.90 (0.67 to 1.22)

1.11 (0.59 to 2.10)
1.75 (0.51 to 5.97)
0.50 (0.09 to 2.76)
0.40 (0.13 to 1.28)
0.40 (0.08 to 2.05)
0.58 (0.34 to 1.01)
0.85 (0.46 to 1.57)
1.11 (0.79 to 1.55)
1.21 (0.80 to 1.83)
0.96 (0.72 to 1.29)

Counts correspond to the number of participants who experienced a speciﬁc outcome event at least once. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; 95% CI, 95% conﬁdence
interval.
a
In participants with an eGFR.60 ml/min per 1.73 m2 at baseline (ACE inhibitor, n=236; ARB, n=227; ACE inhibitor + ARB, n=205).
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Figure 3. There was no evidence that the urinary albumin-to-creatinine ratio or eGFR was different between groups at any time point.
Change in urine albumin-to-creatinine ratio and eGFR from baseline to study end. Data are expressed as estimated mean with 95%
conﬁdence interval. Comparative analyses are on the basis of a mixed model for repeated measurements, comparing the values over
time between groups and accounting for within-participant correlation. P value for interaction between groups over time is shown.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Medicines Agency–endorsed restrictions on combining medicines that act on the renin-angiotensin system, including ACE
inhibitors, ARBs, and direct renin inhibitors.19
On the basis of the cumulative evidence from randomized trials,
ACEinhibitorand ARB therapyor theircombination might be used
interchangeably for BP lowering among people with high-risk diabetes or other cardiovascular risk factor and albuminuria, although there remains no deﬁnitive evidence that treatment lowers
all-cause mortality or cardiovascular events. ARB monotherapy
may be a preferred treatment option, because this approach is
apparently better tolerated than ACE inhibitor monotherapy.11,13

The strengths of the LIRICO study include a multicenter,
pragmatic design; direct head-to-head comparison of ACE
inhibitor, ARB, and combination therapy; well balanced
treatment groups; and achievement of similar BP control
across treatment groups. Limitations include protocol
amendments and the small number of events for many outcomes, limiting statistical power and leading to uncertainty
in treatment effects for these outcomes. In addition, the participating cohort had relatively lower levels of albuminuria
and renal impairment than other similar studies, which may
have reduced the power to detect treatment effects on renal

Table 3. Safety outcomes
Outcome
Serious adverse event
Permanent
discontinuation
of therapy
Hyperkalemia
Hypotension
Cough

ACE Inhibitor,
n=413, n (%)

ARB,
n=414, n (%)

ACE Inhibitor + ARB,
n=416, n (%)

ACE Versus
ARB P Valuea

ACE Versus
Combination
P Valuea

ARB Versus
Combination
P Valuea

41 (9.9)
65 (15.7)

41 (9.1)
26 (6.3)

48 (11.5)
75 (18.3)

.0.99
,0.001

0.50
0.40

0.50
,0.001

6 (1.4)
3 (0.7)
22 (5.6)

7 (1.6)
2 (0.5)
1 (0.3)

9 (2.1)
2 (0.5)
8 (1.9)

.0.99
0.69
,0.001

0.60
0.69
0.01

0.80
.0.99
0.04

Serious adverse events were deﬁned as any unfavorable sign, symptom, or medical event, regardless of whether due to study intervention, that resulted in death,
life-threatening illness, hospitalization or prolongation of hospitalization, persistent or signiﬁcant disability, or a serious medical event in the opinion of the responsible investigator. The reasons for discontinuation of medication were adverse event (29.5%), BP not at target (10.2%), cough (2.4%), hospitalization (4.8%), end
of study (3.0%), end point (4.2%), hyperkalemia (0.6%), patient decision (0.6%), physician decision in primary care (13.9%), physician decision in cardiology (11.5%),
physician decision in nephrology (1.8%), unknown (6.0%), and worsening kidney function (2.4%). ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker.
a
Number of participants experiencing events was compared using the two-sided Fisher exact test.
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outcomes.11,12 This study characteristic may have explained
the lower rate of hyperkalemia observed in this trial compared with other studies.
In conclusion, although the LIRICO study comparing ACE
inhibitor, ARB, and combination therapy for patients with
albuminuria and diabetes was terminated far short of the intended sample size, number of events, and statistical power, the
observed data suggested similar effects on cardiovascular, mortality, or renal outcomes or intermediary renal events when
similar BP targets were achieved and showed no beneﬁcial
trend for dual therapy relative to either monotherapy.
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Supplement 1
Appendix Item 1 Protocol amendments
Date
15/02/2008

Record
Amendment 1

24/09/2008

Amendment 2

22/10/2009

Amendment 3

14/07/2010

Amendment 4

Reason
Correction to
protocol on
details of
sponsor and
responsible
institution
Extension of
the recruitment
phase of the
study for an
additional 12
months.
Extension of
the recruitment
phase of the
study for an
additional 12
months.
Review of the
primary
endpoint,
inclusion
criteria, and
sample size.

Detail

To document a reduced risk of all-cause mortality of at least 12%
with combined therapy compared to single monotherapies (RR =
0.88), the required sample size is 3600 patients with diabetes and
albuminuria.
The subgroup of subjects with these characteristics in the
ONTARGET study (N = 2601) was an insufficient sample size to
detect a definitive lowering of all-cause mortality, if it existed.
Therefore, in this second phase, the LIRICO study will aim to
enroll 1200 patients with albuminuria in total, including 1000
patients with diabetes.
The final analysis will be scheduled to achieve 225 events
according to an "event driven" design. Depending on the
expected rate of events, it is estimated that the final analysis can
be performed after a follow-up median of about 4 years.
Depending on the number of patients already recruited in the
study, (n=509, including 344 with diabetes), recruitment of
another 656 patients with diabetes and albuminuria is expected.
These data will be cumulated with those of the ONTARGET
study in order to verify the primary hypothesis with the use of
individual patient data analysis.

06/04/2011

Amendment 5

Extension of
the recruitment
phase of the
study for an
additional 12
months.
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Appendix Item 2 Study Administration and Investigators
Principal investigator:

Giovanni FM Strippoli*, Consorzio Mario Negri Sud, Santa Maria Imbaro (Chieti), Italia ‐
School of Public Health University of Sydney, Australia
*Curriculum vitae available on request
Steering Committee

Giovanni Tognoni (Chair), Consorzio Mario Negri Sud, Santa Maria Imbaro (Chieti), Italy;
Jonathan C Craig, School of Public Health University of Sydney, Australia; Loreto Gesualdo,
Division of Nephrology, Università degli Studi di Foggia, Italy; Antonio Nicolucci, Consorzio
Mario Negri Sud, S.Maria Imbaro (CH), Italy; Giuseppe Palasciano, Cattedra di Medicina
Interna, Università degli Studi di Bari, Italiy; Fabio Pellegrini, Consorzio Mario Negri Sud,
S.Maria Imbaro (CH), Italy; Deni A Procaccini, Division of Nephrology, Ospedali Riuniti,
Foggia, Italy; Giuseppe Pugliese, Dipartimento di Scienze Cliniche, Gruppo di Studio
Nefropatia Diabetica ‐ Società Italiana Diabetologia, Policlinico Umberto I, Rome, Italy;
Giovanni FM Strippoli, Consorzio Mario Negri Sud, S.Maria Imbaro (CH), Italia; School of
Public Health University of Sydney, Australia
Coordinating Centers

Consorzio Mario Negri Sud, Santa Maria Imbaro (Chieti), Italia
Center for Outcomes Research (CORESEARCH), Pescara, Italy
Scientific coordination

Mariacristina Vecchio
Valeria Saglimbene
Data management

Sonia Ferrari
Cristina Di Biase
Rosalia Di Lalla
Romina Pecce
Quality team

Miriam Valentini
M. Celeste Pirozzoli
Statistical analysis

Fabio Pellegrini
Giuseppe Lucisano
Data Safety Monitoring Board

Cesare Giannattasio
Angelo Paterno
Rocco Falco
Angelo Pastore
Giusi Graziano
Vincenzo Lattanzio
Outcomes Adjudication Committee

Paolo Maglio

3

Francesco Giovanni Messina
Giuseppe Baldassarre
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Supplement 2
Appendix Table 1. Doses of medications at baseline and at final observation.

N

ACE inhibitor
Dose, mg/day
Baseline (final visit)

N

ARB
Dose, mg/day
Baseline (final visit)

N

Combined
ACE inhibitor/
ARB
Dose, mg/day
Baseline (final visit)

ACE inhibitor
1

10

(10)

Captopril

1

50

(50)

Cilazapril

1

5

(5)

Delapril

1

30

(30)

Enalapril

35

20

(20)

Fosinopril

5

20

(20)

Lisinopril

26

20

(20)

Perindopril

11

10

(10)

4

20

(20)

294

10

(10)

22

30

(30)

Benazepril

Quinapril
Ramipril
Zofenopril

–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–

(–)
(–)
(–)
(–)
(–)
(–)
(–)
(–)
(–)
(–)
(–)

13

16

(16)

2

–
–
–

7.5

(7.5)

– (–)
– (–)
– (–)

24

20

(20)

4

15

(15)

25

15

(20)

12

7.5

(10)

8

10

(10)

315

5

(10)

18

30

(30)

9

16

(16)

1

600

(600)

Angiotensin receptor blocker
Candesartan
Eprosartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan

–
–
–
–
–
–
–

–
–
–
–
–
–
–

(–)
(–)
(–)
(–)
(–)
(–)
(–)

–

– (–)

145

300

(300)

122

300

(300)

64

50

(50)

81

50

(50)

54

20

(20)

50

20

(20)

56

80

(80)

58

80

(80)

70

160

(160)

82

80

(80)

Doses are shown as median. – indicates that the medication was not prescribed in the assigned
treatment group at the specified time point.
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Appendix Table 2. Baseline characteristics of 1059 participants with diabetes.
ACE inhibitor
(n=353)

Characteristic
Age at randomization, mean (SD) in years
Sex, n (%)

ARB
(n=351)

Combination
(n=355)

63.0 (10.4)

63.7 (9.9)

64.1 (9.2)

251 (72.1)

250 (73.1)

254 (73.4)

97 (27.9)

92 (26.9)

92 (26.6)

3 (0.9)

5 (1.5)

2 (0.6)

341 (99.1)

338 (98.5)

346 (99.4)

Type 1

11 (3.2)

11 (3.2)

10 (2.9)

Type 2

331 (96.8)

329 (96.5)

337 (97.1)

249 (73.7)

252 (73.7)

264 (76.5)

88 (26.0)

90 (26.3)

81 (23.5)

Current

82 (23.8)

82 (23.8)

81 (23.1)

Former

105 (30.4)

92 (26.7)

124 (35.3)

Women
Men
Ethnicity,
African American, n (%)
Other
Diabetes, n (%)

Albuminuria, n (%)
Moderate albuminuria
Severe albuminuria
Smoker, n (%)

Never
Body mass index mean (SD) in kg/m2

30.8 (5.5)

31.0 (5.6)

30.5 (5.4)

Weight, mean (SD) in kg

85.0 (16.6)

85.8 (17.5)

83.7 (16.4)

105.4 (14.2)

105.4 (12.7)

104.8 (12.8)

76.0 (10.4)

74.8 (10.5)

74.6 (8.9)

138.7 (17.0)

139.1 (15.5)

138.4 (16.4)

Waist circumference, mean (SD) in cm
Heart rate, mean (SD) per minute
Blood pressure, mean (SD) in mmHg
Systolic
Diastolic
Fasting glucose, mean (SD) in mg/dl
HbA1C, mean (SD) in %
Estimated GFR, mean (SD) in ml/min per 1.73

79.8 (9.0)

80.2 (9.1)

155.5 (52.2)

150.8 (47.3)

7.6 (1.6)

7.7 (1.6)

7.6 (1.5)

71.5 (27.0)

68.5 (26.1)

67.0 (27.4)

Estimated GFR <60 ml/min per 1.73 m2, n (%)

112 (34.3)

129 (39.7)

142 (43.3)

Serum creatinine, mean (SD) in mg/dl

1.06 (0.72)

1.09 (0.76)

1.09 (0.51)

Urinary albumin-to-creatinine ratio (median, IQR) in mg/g

102 (53-280)

103 (52-294)

120 (56-282)

Serum potassium, mean (SD) in mEq/L

4.5 (0.6)

4.5 (0.6)

4.5 (0.6)

175.3 (38.7)

174.9 (38.5)

173.4 (41.4)

99.0 (33.2)

100.2 (33.2)

99.1 (33.2)

155.8 (91.1)

143.6 (76.3)

147.8 (83.4)

Total cholesterol, mean (SD) in mg/dl
LDL cholesterol, mean (SD) in mg/dl
Triglycerides, mean (SD) in mg/dl

m2

80.5 (9.3)
148.4 (45.1)

Symptomatic neuropathy, n (%)

62 (18.3)

47 (14.2)

55 (16.2)

Diabetic retinopathy, n (%)

97 (28.3)

92 (26.9)

92 (26.6)

Previous cardiovascular event, n (%)

85 (24.8)

95 (27.6)

94 (26.8)

Family history of cardiovascular disease, n (%)

34 (9.6)

34 (9.7)

36 (10.1)

290 (85.0)

282 (83.7)

308 (88.5)

Medications prior to randomization, n (%)
Blood pressure-lowering

6

ACE inhibitor
(n=353)
145 (42.5)

ARB
(n=351)
144 (42.7)

Combination
(n=355)
146 (42.0)

ARB

142 (41.6)

159 (47.2)

179 (51.4)

ACE inhibitor or ARB

Characteristic
ACE inhibitor

264 (77.4)

262 (77.7)

283 (81.3)

Beta blocker

82 (24.6)

66 (19.6)

62 (17.8)

Calcium channel blocker

89 (26.1)

96 (28.5)

101 (29.0)

Diuretic

124 (36.4)

126 (37.4)

155 (44.5)

Lipid lowering

208 (61.0)

213 (62.3)

227 (65.2)

Statin

191 (56.0)

191 (56.7)

205 (58.9)

Ezetimibe

17 (5.0)

16 (4.7)

18 (5.2)

Fibrate

11 (3.2)

10 (3.0)

13 (3.7)

29 (8.5)

44 (13.1)

37 (10.6)

Platelet aggregation inhibitors

Omega-3 PUFA

143 (41.9)

153 (45.4)

154 (44.3)

Acetylsalicylic acid

125 (36.7)

133 (39.5)

136 (39.1)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker. GFR = glomerular filtration rate; PUFA =
polyunsaturated fatty acid. Numbers and percentages may not sum to 100% due to missing data.
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Appendix Table 3. Incidence of primary and secondary outcomes in 1059 participants with diabetes.
ACE inhibitor,
n (%)
(n=353)
Primary composite (cardiovascular
death, nonfatal myocardial
infarction, nonfatal stroke,
hospitalization secondary to
cardiovascular cause)
All-cause mortality
Cardiovascular death
End-stage kidney disease
Nonfatal myocardial infarction
Nonfatal stroke
Hospitalization for cardiovascular
cause
Doubling of serum creatinine
eGFR <60 ml/min per 1.73 m2*
Progression to severe albuminuria
Regression to normal or mildly
increased albuminuria

ARB,
n (%)
(n=351)

Combination
n (%)
(n=355)

ACE inhibitor vs
ARB
Hazard ratio
(95% CI)

ACE inhibitor vs
combination
Hazard ratio
(95% CI)

ARB vs
combination
Hazard ratio (95% CI)

28

(7.9)

26

(7.4)

34

(9.6)

1.07 (0.62–1.82)

0.81 (0.49–1.33)

0.75 (0.45–1.26)

14
6
5
3
3

(4.0)
(1.7)
(1.4)
(0.9)
(0.9)

19
6
2
4
1

(5.4)
(1.7)
(0.6)
(1.1)
(0.5)

15
2
2
9
5

(4.2)
(0.6)
(0.6)
(2.5)
(1.4)

0.73 (0.36–1.45)
0.99 (0.32–3.06)
2.47 (0.48–12.7)
0.74 (0.17–3.31)
2.96 (0.31–28.5)

0.92 (0.45–1.91)
2.96 (0.60–14.7)
2.50 (0.48–12.9)
0.33 (0.09–1.23)
0.60 (0.14–2.49)

1.27 (0.64–2.50)
3.00 (0.61–14.9)
1.01 (0.14–7.12)
0.45 (0.14–1.45)
0.20 (0.02–1.71)

24

(6.8)

19

(5.4)

30

(8.5)

1.25 (0.69–2.29)

0.79 (0.46–1.35)

0.63 (0.35–1.12)

20
66
41

(5.7)
(31.4)
(15.2)

17
67
43

(4.8)
(34.7)
(15.8)

16
54
40

(4.5)
(30.2)
(14.8)

1.17 (0.61–2.24)
0.85 (0.61–1.20)
0.88 (0.57–1.35)

1.33 (0.68–2.59)
1.07 (0.74–1.53)
1.05 (0.68–1.64)

1.13 (0.56–2.26)
1.25 (0.87–1.79)
1.08 (0.70–1.66)

78

(22.5)

76

(22.2)

81

(23.3)

0.98 (0.71–1.34)

0.95 (0.70–1.30)

0.96 (0.70–1.32)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker. eGFR = estimated glomerular filtration rate. Counts correspond to the number of
participants who experienced a specific outcome event at least once. *In participants with an estimated glomerular filtration rate >60 ml/min per 1.73 m2 at
baseline (ACE inhibitor n=236, ARB n=227, ACE inhibitor + ARB n=205).
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Appendix Table 4. Adverse events in 1059 participants with diabetes.

Serious adverse events*
Permanent discontinuation of therapy
Hyperkalemia (>6 mEq/l)
Hypotension
Cough

ACE
inhibitor,
n (%)
(n=353)
37 (10.4)
55 (15.6)
6 (1.7)
3 (0.9)
15 (4.3)

ARB,
n (%)
(n=351)
38 (10.8)
25 (7.1)
5 (1.4)
2 (0.6)
1 (0.3)

ACE
inhibitor +
ARB,
n (%)
(n=355)
41 (11.5)
65 (18.3)
7
(2.0)
1
(0.3)
7
(2.0)

ACE
inhibitor
versus ARB
P value*
0.90
<0.001
1.00
1.00
<0.001

ACE vs
combination
inhibitor
P value*
0.72
0.37
1.00
0.37
0.09

ARB vs
combination
P value*
0.82
<0.001
0.77
0.62
0.07

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker *Number of participants experiencing events were compared using
the two-sided Fisher exact test. *Serious adverse events were defined as any unfavorable sign, symptom, or medical event, whether or not due to
study intervention, and that resulted in death, life-threatening illness, hospitalization or prolongation of hospitalization, persistent or significant
disability, or a serious medical event in the opinion of the responsible investigator.
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Appendix Table 5. Subgroup analyses for the primary composite outcome.
ACE inhibitor versus ARB
No. of
events (no.
of
participants)

Subgroup
Men

13 (232)

Women

46 (578)

Diabetes type 1
Diabetes type 2
Hypertension
No hypertension
Family history of
cardiovascular
disease
No family history
of cardiovascular
disease
Prior
cardiovascular
event
No prior
cardiovascular
event
Moderate
albuminuria
Severe
albuminuria
HbA1C ≤7.5%
HbA1C>7.5%
Total cholesterol
≤180 mg/dl
Total cholesterol
>180 mg/dl
Estimated
glomerular
filtration rate <60
ml/min/1.73 m2
Estimated
glomerular
filtration rate ≥60
ml/min/1.73 m2

52 (659)
55 (728)
4 (99)

Hazard ratio
(95%
confidence
interval)
0.91 (0.312.71)
1.10 (0.621.96)
1.08 (0.631.86)
1.02 (0.601.73)
2.16 (0.2220.8)

7 (82)

2.46 (0.4812.7)

ACE inhibitor versus
combination
No. of
Hazard ratio
events (no.
(95%
of
confidence
participants) interval)
1.04 (0.3212 (229)
3.40)
0.78 (0.4558 (585)
1.36)
0.82 (0.5060 (667)
1.37)
0.90 (0.5362 (742)
1.54)
0.34 (0.088 (88)
1.52)
12 (83)

0.94 (0.293.07)

52 (745)

0.95 (0.551.63)

-

-

ARB versus combination
No. of
Hazard ratio
events (no.
(95%
of
confidence
participants) interval)
1.09 (0.3313 (227)
3.56)
0.71 (0.4056 (583)
1.25)
0.76 (0.4558 (666)
1.28)
0.88 (0.5263 (750)
1.49)
0.14 (0.026 (80)
1.28)
9 (85)

0.20 (0.021.65)

58 (746)

0.79 (0.451.37)

60 (745)

0.85 (0.501.47)

-

-

-

-

P value for
interaction
0.61
Not
estimable
0.24

0.85

32 (313)
36 (586)
21 (212)
22 (279)
37 (548)
21 (350)
38 (477)
25 (299)

0.88 (0.441.77)
1.11 (0.582.14)
0.88 (0.372.10)
0.84 (0.361.95)
1.18 (0.622.26)
1.11 (0.472.62)
1.02 (0.541.92)
0.61 (0.271.38)

35 (618)
43 (333)
25 (205)
28 (282)
42 (547)
22 (334)
48 (495)
34 (318)

0.89 (0.431.82)
0.95 (0.501.81)
0.61 (0.271.39)
0.56 (0.261.22)
1.06 (0.542.08)
1.00 (0.422.41)
0.74 (0.401.36)
0.49 (0.221.12)

37 (615)
41 (599)
28 (211)
30 (287)
39 (543)
21 (330)
48 (500)
41 (329)

Not
estimable

0.98 (0.491.99)
0.82 (0.411.61)
0.65 (0.301.41)
0.66 (0.321.37)
0.85 (0.421.75)
0.82 (0.332.02)
0.74 (0.401.37)

<0.001

0.16

0.56

0.73 (0.371.44)
0.07

30 (470)

1.48 (0.713.07)

31 (453)

1.34 (0.652.79)

31 (453)

0.90 (0.402.04)

The primary composite outcome was death from cardiovascular causes, nonfatal myocardial infarction, nonfatal
stroke, and hospitalization for cardiovascular causes. The P value is for the interaction between treatment
comparison and subgroups. ACE=angiotensin converting enzyme. ARB=angiotensin receptor blocker.
Subgroup analyses for the groups with type 1 diabetes and type 2 diabetes and those with and without a prior
cardiovascular event are not shown as model gave results that were too unreliable due to few events within a
group.

10

Appendix Figure 1. Change in systolic and diastolic blood pressure from baseline to study end.
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Data are expressed as estimated mean with 95% confidence interval (CI). Comparative analyses are based on a mixed model for repeated measurements, comparing the
values over time between groups, accounting for within-participant correlation. ACEi = angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. P value
for interaction between groups over time is shown.
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Appendix Figure 2. Kaplan-Meier estimates of all-cause mortality according to treatment allocation.
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ACEi = angiotensin-converting enzyme inhibitor. ARB = angiotensin receptor blocker.
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Appendix Figure 3. Kaplan-Meier estimates of cardiovascular death according to treatment allocation.
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ACEi = angiotensin-converting enzyme inhibitor. ARB = angiotensin receptor blocker.

13

SIGNIFICANCE STATEMENT

Whether use of angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers
(ARBs), or the two in combination prevents mortality or ESRD in people with albuminuria and
cardiovascular risk factors is uncertain; evidence
from randomized trials relies on subgroup analyses
or is inconclusive. The authors describe ﬁndings
from a multicenter, randomized clinical trial involving 1243 evaluable patients with moderate or
severe albuminuria and cardiovascular risk factors.
Although the trial was stopped early with low power
due to slow enrollment, it found that ACE inhibitors
or ARBs used alone or in combination seem to have
similar cardiovascular and renal outcomes, consistent with earlier studies. ACE inhibitor and ARB
treatment may yield similar outcomes in people
with albuminuria and cardiovascular risk factors,
although ARB monotherapy may be better
tolerated.

