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Eff ects of high-dose versus low-dose losartan on clinical 
outcomes in patients with heart failure (HEAAL study): 
a randomised, double-blind trial
Marvin A Konstam, James D Neaton, Kenneth Dickstein, Helmut Drexler,* Michel Komajda, Felipe A Martinez, Gunter A J Riegger, 
William Malbecq, Ronald D Smith, Soneil Guptha, Philip A Poole-Wilson,† for the HEAAL Investigators‡

Summary
Background Angiotensin-receptor blockers (ARBs) are eff ective treatments for patients with heart failure, but the 
relation between dose and clinical outcomes has not been explored. We compared the eff ects of high-dose versus 
low-dose losartan on clinical outcomes in patients with heart failure. 

Methods This double-blind trial was undertaken in 255 sites in 30 countries. 3846 patients with heart failure of 
New York Heart Association class II–IV, left-ventricular ejection fraction 40% or less, and intolerance to 
angiotensin-converting-enzyme (ACE) inhibitors were randomly assigned to losartan 150 mg (n=1927) or 50 mg daily 
(n=1919). Allocation was by block randomisation stratifi ed by centre and presence or absence of β-blocker therapy, 
and all patients and investigators were masked to assignment. The primary endpoint was death or admission for 
heart failure. Analysis was by intention to treat. This study is registered with ClinicalTrials.gov, number 
NCT00090259.

Findings Six patients in each group were excluded because of poor data quality. With 4·7-year median follow-up in 
each group (IQR 3·7–5·5 for losartan 150 mg; 3·4–5·5 for losartan 50 mg), 828 (43%) patients in the 150 mg group 
versus 889 (46%) in the 50 mg group died or were admitted for heart failure (hazard ratio [HR] 0·90, 95% CI 
0·82–0·99; p=0·027). For the two primary endpoint components, 635 patients in the 150 mg group versus 665 in the 
50 mg group died (HR 0·94, 95% CI 0·84–1·04; p=0·24), and 450 versus 503 patients were admitted for heart failure 
(0·87, 0·76–0·98; p=0·025). Renal impairment (n=454 vs 317), hypotension (203 vs 145), and hyperkalaemia (195 vs 131) 
were more common in the 150 mg group than in the 50 mg group, but these adverse events did not lead to signifi cantly 
more treatment discontinuations in the 150 mg group. 

Interpretation Losartan 150 mg daily reduced the rate of death or admission for heart failure in patients with heart 
failure, reduced left-ventricular ejection fraction, and intolerance to ACE inhibitors compared with losartan 50 mg 
daily. These fi ndings show the value of up-titrating ARB doses to confer clinical benefi t.

Funding Merck (USA).

Introduction
Clinical trials have shown that angiotensin-receptor 
blockers (ARBs), given with or without an 
angiotensin-converting-enzyme (ACE) inhibitor, reduce 
morbidity or mortality in patients with heart failure and 
reduced left-ventricular ejection fraction (LVEF).1–6 These 
trials investigated the eff ects of one high dose of an ARB 
and therefore do not provide guidance about optimum 
dosing or the relative risk–benefi t profi le of various 
dosing regimens. 

Higher doses of ARBs than are typically used to treat 
hypertension could improve clinical outcomes in 
patients with heart failure. Trials establishing ARB 
effi  cacy have used valsartan 320 mg daily or candesartan 
32 mg daily.1–3 However, losartan 50 mg daily did not 
improve clinical outcomes compared with captopril 
150 mg daily.7 Incremental losartan doses of up to 
150 mg in patients with heart failure result in progressive 
increases in plasma renin activity and in circulating 
concentrations of angiotensin II.8 Taken together, these 

observations lend support to the possibility that high 
ARB doses could achieve improved clinical benefi ts, 
through more complete inhibition of angiotensin eff ects 
at the AT1 receptor or increased stimulation of the AT2 
receptor.9 

The Heart failure Endpoint evaluation of Angiotensin 
II Antagonist Losartan (HEAAL) study compared 
clinical outcomes in patients with heart failure, reduced 
LVEF, and intolerance to ACE inhibitors who were 
randomly assigned to a high (150 mg) or low (50 mg) 
daily dose of losartan. We tested the hypothesis that 
incremental losartan dosing would reduce the risk of 
the primary combined endpoint of death or admission 
for heart failure. 

Methods
Study design and participants
The design of the study has been previously described.10 
HEAAL was an international, multicentre, double-blind, 
event-driven trial, comparing the eff ect of two doses of 
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losartan (Merck, Whitehouse Station, NJ, USA), 150 mg 
daily and 50 mg daily, on death or admission for heart 
failure. Patients were enrolled in this study between 
November, 2001, and March, 2005, at 255 sites in 
30 countries.

Eligibility criteria for patients were: age 18 years or 
older; symptomatic heart failure (New York Heart 
Association [NYHA] class II–IV); LVEF 40% or less, with 
stable cardiovascular medical therapy for at least 2 weeks; 
and known intolerance to ACE inhibitors. Intolerance 
was defi ned as discontinuation of ACE-inhibitor 
treatment because of one or more of the following 
adverse eff ects: cough, symptomatic hypotension, 
azotaemia, hyperkalaemia, taste disturbance, gastro-
intestinal upset, or rash. Investigators were encouraged 
to start β-blocker therapy and titrate dosing to a 
maximum, whenever possible. Exclusion criteria were: 
pregnancy or lactation; known intolerance to ARBs; 
systolic arterial blood pressure less than 90 mm Hg; 
haemodynamically signifi cant stenotic valvular heart 
disease; active myocarditis; active pericarditis; planned 
heart transplantation within 6 months; coronary 
angioplasty, coronary artery bypass graft surgery, acute 
myocardial infarction, unstable angina pectoris, 
cerebrovascular accident, or transient ischaemic attack 
within the previous 12 weeks; documented or suspected 
signifi cant renal artery stenosis; contraindication to a 
vasodilator; life-limiting disease other than heart failure; 
mental or legal incapacitation; drug or alcohol misuse 
within the previous 2 years; participation in any 
investigative drug trial in the previous 4 weeks; serum 
creatinine greater than 220 μmol/L; serum potassium 
less than 3·5 mmol/L or greater than 5·7 mmol/L; 
hepatic enzymes of more than three times the normal 
range; and haemoglobin less than 6·2 mmol/L. 

The study conformed to the principles outlined in the 
Declaration of Helsinki and was approved by the ethics 
committee or institutional review board of every site. All 
patients provided their written informed consent before 
randomisation.  

Randomisation and masking
Before randomisation, patients not already receiving an 
ARB were titrated onto losartan from 12·5 mg daily to 
25 mg daily over 2 weeks. For patients already receiving 
an ARB, their prescription was discontinued, and 
investigators had the option of starting open-label 
losartan 25 mg daily for 1 week or randomly assigning 
the patient directly.

Randomisation was stratifi ed by clinical centre and 
presence or absence of β-blocker therapy. Within each 
stratum, patients were randomly assigned to the 150 mg 
(up-titrated from 50 mg daily over a 3-week period) and 
50 mg doses of losartan, with a 1:1 allocation with block 
randomisation (block size of four). During and after 
up-titration (or mock titration), every patient received 
two pills daily: one containing active losartan 50 mg 

and one containing additional losartan or placebo to 
achieve the targeted dose. All patients and investigators 
were masked to treatment assignment. Patients were 
assessed during titration (weeks 0, 1, 2, and 3 after 
randomisation) and after dose stabilisation (months 1, 
2, 4, 6, 9, and 12), with subsequent monitoring every 
6 months until study completion. Serum electrolytes 
and creatinine were measured at months 1, 4, 9, and 12 
and at every 6-month visit thereafter. The blinded 
treatments were prepackaged with unique allocation 
numbers and distributed to the clinical sites to be used 
in order. Although investigators knew the next allocation 
number to be used, they were not aware of the contents 
of the double-blind drug.

This trial was overseen by the Steering Committee, 
whose members were masked throughout. The safety 
and conduct of the study were monitored by an 
independent Data and Safety Monitoring Board (DSMB). 
A statistician (employed by the sponsor, but responsible 
only to the DSMB) and the DSMB members were 
unmasked before trial completion. 

Study outcomes
The primary endpoint was a composite of death or 
admission for heart failure. Admission for heart failure 
was defi ned as a minimum of 24 h inpatient admission 
or overnight stay to any health-care facility, with the 
primary cause being treatment of worsening heart 
failure and during which an additional diuretic drug, 
intravenous or oral nitrate, or intravenous inotropic 
agent was given. The primary hypothesis was that 
treatment with losartan 150 mg daily would be superior 
to losartan 50 mg daily, with regard to the primary 

Figure 1: Trial profi le 
*For patients with unknown primary endpoint status, in the 150 mg group, 
14 patients were lost to follow-up by 1 year and 26 by 3 years; in the 50 mg 
group, 15 patients were lost to follow-up by 1 year and 39 by 3 years. The 
median duration of follow-up for the 41 patients in the 150 mg group who were 
lost to follow-up for the primary endpoint was 2·0 years (IQR 0·7–3·2) and for 
the 54 patients in the 50 mg group was 2·0 years (1·0–3·1). Unknown primary 
endpoint status occurred in 38 of 2429 patients (2%) for Europe, Middle East, 
and Africa; 33 of 781 patients (4%) for Asia and Pacifi c; and 24 of 624 patients 
(4%) for Latin America. 

3846 enrolled and randomised

1919 randomised to
losartan 50 mg

1927 randomised to
losartan 150 mg

6 excluded for poor
data quality

1913 analysed
889 had primary endpoint

54* primary endpoint status
unknown at closing date

62 had unknown vital status

1921 analysed
828 had primary endpoint

41* primary endpoint status
unknown at closing date

48 had unknown vital status

6 excluded for poor
data quality
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endpoint. The major secondary endpoint was a composite 
endpoint of death or cardiovascular admission. 
Additional prespecifi ed outcomes included: death, death 
or all-cause admission, cardiovascular death, all-cause 
admission, cardiovascular admission, admission for 
heart failure, and changes in the severity of heart disease 
(change in NYHA functional class). The cause of death 
(cardiovascular or non-cardiovascular) and the primary 
cause of admission were determined by an Endpoint 
Classifi cation Committee, whose members were masked 
to treatment assignment. Adverse events were reported 

while patients were taking treatment and for 14 days 
after the end of treatment. Events were coded with the 
Medical Dictionary for Regulatory Activities (version 12).  

Statistical analysis
To provide roughly 95% power at the 4·3% signifi cance 
level (two-sided, adjusted for interim analysis) to detect a 
hazard reduction of 16·3% (hazard ratio [HR] 0·837), a 
target of 1710 patients with primary events was set. The 
initial sample size and follow-up period that was 
calculated to obtain the 1710 primary events was based on 
the assumption that the yearly rate of death or admission 
for heart failure in the losartan 50 mg group would be 
similar to that recorded in the ELITE II study (18%).7 On 
the basis of an observed overall yearly event rate of 12% 
(lower than was expected), the target sample size was 
increased from 3240 to 3656 in April, 2004.  

In September, 2008, on the basis of the accumulated 
number of events that had accrued and the projected 
event rate for both treatment groups combined, the 
Steering Committee estimated that the target number of 
events would be achieved by March 31, 2009, and 
established that date as the closing date of the trial.

The independent DSMB reviewed interim analyses at 
least once every year and did formal interim analyses 
for effi  cacy after about 50% and 75% of the targeted 
1710 adjudicated primary endpoints were detected. An 
O’Brien-Fleming boundary was used for interim 
effi  cacy analyses.

The analyses of the primary and secondary endpoints 
were by intention to treat. We used time-to-event methods 
(Kaplan-Meier curves and Cox proportional hazards 
models) to compare the 150 mg and 50 mg dose groups 
for major endpoints.11 Follow-up was censored when 
patients were lost to follow-up on or before 
March 31, 2009.

HRs for the 150 mg versus 50 mg dose of losartan were 
estimated from Cox models, with indicator variables for 
β-blocker use, region, and treatment group. Geographic 
regions were defi ned as: Europe, Middle East, and Africa; 
Asia and Pacifi c; and Latin America. We tested the 
proportional hazards assumption by including an 
interaction term between the treatment indicator and 
log-transformed follow-up time. We used Cox models to 
compare the total number of admissions for multiple 
heart failure in the two treatment groups.11 

The primary endpoint was summarised for prespecifi ed 
subgroups that were defi ned by demographic and 
baseline characteristics. The heterogeneity of HR 
estimates for subgroups was assessed by including an 
interaction term between treatment and subgroup in 
expanded Cox models. Subgroup analyses should be 
interpreted with caution because a signifi cant interaction 
could be due to chance, since we made no adjustment to 
type 1 error for the number of subgroups examined.

Changes from baseline in blood pressure, estimated 
glomerular fi ltration rate (eGFR) as measured with the 

Losartan 150 mg (n=1921) Losartan 50 mg (n=1913)

General characteristics

Age (years) 66·0 (56–73) 66·0 (56–72)

Men 1338 (70%) 1353 (71%)

Race

Asian 427 (22%) 429 (22%)

Black 20 (1%) 15 (1%)

Hispanic 109 (6%) 103 (5%)

White 1156 (60%) 1165 (61%)

Other 209 (11%) 201 (11%)

Clinical history and fi ndings

Atrial fi brillation 535 (28%) 535 (28%)

Ischaemic heart disease 1221 (64%) 1235 (65%)

Hypertension 1149 (60%) 1143 (60%)

Hyperlipidaemia 1007 (52%) 965 (50%)

Diabetes mellitus 595 (31%) 604 (32%)

NYHA class

II 1327 (69%) 1330 (70%)

III 583 (30%) 569 (30%)

IV 10 (1%) 12 (1%)

LVEF (%) 33% (28–37) 33% (27–37)

Diastolic blood pressure (mm Hg) 77 (70–80) 77 (70–80)

Systolic blood pressure (mm Hg) 124 (110–140) 125 (112–140)

Pulse rate (beats per min) 71 (64–80) 72 (64–80)

Body-mass index (kg/m²) 26·8 (24·0–30·1) 26·9 (24·1–29·9)

Serum creatinine (μmol/L) 97·2 (80·4–115·8) 97·0 (79·7–114·9)

Serum cholesterol (mmol/L) 4·8 (4·1–5·6) 4·8 (4·1–5·6)

ARB use at screening 1483 (77%) 1457 (76%)

Drug use at randomisation

Antithrombotic agents/anicoagulants 626 (33%) 602 (32%)

Antiarrhythmics 173 (9%) 224 (12%)

α blockers 34 (2%) 47 (3%)

β blockers 1389 (72%) 1374 (72%)

Calcium-channel blockers 212 (11%) 223 (12%)

Cardiac glycosides 810 (42%) 807 (42%)

Diuretics (excluding aldosterone blockers) 1478 (77%) 1446 (76%)

Aldosterone blockers 728 (38%) 735 (38%)

Salicylic acid and derivates 959 (50%) 999 (52%)

Statins: HMG-CoA reductase inhibitors 754 (39%) 746 (39%)

Data are median (IQR) or number (%). NYHA=New York Heart Association functional class. LVEF=left-ventricular 
ejection fraction. ARB=angiotensin-receptor blocker. HMG-CoA=3-hydroxy-3-methylglutaryl coenzyme A. 

Table 1: Baseline characteristics of patients
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modifi cation in diet in renal disease equation,12 and 
serum potassium are summarised by treatment group by 
ANCOVA, with baseline covariates corresponding to the 
measurement of interest, region, and β-blocker use. 
Proportions of patients at 12 months with serum 
potassium concentrations greater than 6·0 mmol/L, and 
serum creatinine concentrations at least twice baseline, 
were summarised with Mantel-Haenszel χ², stratifi ed by 
region and β-blocker use. Changes in NYHA class from 
baseline to the end of follow-up were compared with a 
Wilcoxon rank statistic.  

We compared the rates of adverse events and masked 
treatment discontinuation, overall and for specifi c 
reasons, with time-to-event methods. Cox models were 
used to study baseline predictors of adverse events. In 
these analyses, treatment discontinuations that occurred 
within 14 days of death were not counted unless the 
reason for discontinuation was an adverse event. For the 
analyses of adverse events, follow-up was censored 
14 days after treatment discontinuation. Statistical 
analyses were done with SAS software (version 9.1). 

This study is registered with ClinicalTrials.gov, number 
NCT00090259.

Role of the funding source
The sponsor of the study was involved in protocol 
design and undertook study and data management. All 
fi nal analyses were done by the sponsor and, 
independently, by a biostatistician at the University of 
Minnesota (JDN), who is a member of the Steering 
Committee and who received access to all raw data of 
the study. The Steering Committee had full responsibility 
in developing and writing the report, and the corre-
sponding author had fi nal responsibility for the decision 
to submit for publication.

Results
Figure 1 shows the trial profi le. 1927 were randomly 
assigned to losartan 150 mg daily and 1919 to losartan 
50 mg daily (fi gure 1). Six patients in each group were 
excluded from the analyses because of poor data quality. 
The two treatment groups were well balanced at baseline 
(table 1). At time of screening, ARBs had been prescribed 
to 1483 (77%) patients in the 150 mg group and to 1457 (76%) 

in the 50 mg group. Apart from ACE inhibitors, a high 
proportion of patients were receiving standard therapies 
for heart failure at time of randomisation, including 
diuretic drugs, β blockers, and aldosterone blockers 
(table 1). 

The reported reasons for ACE-inhibitor intolerance 
were cough (n=3294, 86%), symptomatic hypotension 
(269, 7%), gastrointestinal upset (193, 5%), rash (97, 3%), 
taste disturbance (86, 2%), hyperkalaemia (56, 1%), and 
azotaemia (39, 1%), with some patients having more than 
one of these symptoms. 

Median follow-up was 4·7 years for each treatment 
group (IQR 3·7–5·5 for losartan 150 mg; 3·4–5·5 for 
losartan 50 mg). On March 31, 2009, the status for the 
primary endpoint was unknown for 41 (2%) patients in 
the 150 mg group and 54 (3%) patients in the 50 mg 
group, and vital status was unknown for 48 (2%) and 
62 (3%) patients, respectively. 

During the dose titration period after randomisation, 
1808 (94%) patients assigned the 150 mg dose and 
1823 (95%) assigned to the 50 mg dose were titrated up to 

Losartan 150 mg (n=1921) Losartan 50 mg (n=1913) HR (95% CI)† p value†

Number with event Rate* Number with event Rate*

All-cause death or heart failure admission 828 11·1 889 12·4 0·90 (0·82–0·99) 0·027

All-cause death or cardiovascular admission 1037 15·6 1085 17·0 0·92 (0·85–1·01) 0·068

All-cause death 635 7·6 665 8·2 0·94 (0·84–1·04) 0·24

Heart failure admission 450 6·0 503 7·0 0·87 (0·76–0·98) 0·025

Cardiovascular admission 762 11·5 826 12·9 0·89 (0·81–0·98) 0·023

*Per 100 patient-years of follow-up. †Hazard ratio (HR) and p value from Cox regression, with region and baseline β-blocker use as covariates.

Table 2: Hazard ratios for the primary and major secondary endpoints and components

Figure 2: Kaplan-Meier cumulative event curves for the primary composite endpoint of death or admission 
for heart failure
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the 150 mg dose, or mock 150 mg dose, and remained at 
this dose for a minimum of 30 days. From the time of 
follow-up to the time of a primary endpoint or study end, 
the mean daily losartan doses administered were 129 mg 
(SD 39) for the 150 mg group and 46 mg (11) for the 
50 mg treatment group.

Table 2 summarises results for the primary and 
secondary outcome endpoints and their components. 
Losartan 150 mg daily signifi cantly reduced the rate of 
the primary endpoint compared with losartan 50 mg 
(table 2). 828 (43%) patients in the 150 mg group and 
889 (46%) in the 50 mg group died or were admitted 

for heart failure (HR 0·90, 95% CI 0·82–0·99; 
p=0·027). The HR did not vary signifi cantly during 
follow-up (p=0·93 for proportional hazards). 
Kaplan-Meier estimates of the cumulative percentage 
developing this composite endpoint were 11·7% after 
12 month, 21·4% after 24 months, 28·9% after 
36 months, and 35·7% after 48 months in the 150 mg 
group, and 13·3%, 24·4%, 31·5%, and 38·9%, 
respectively, in the 50 mg group (fi gure 2). On the basis 
of Kaplan-Meier estimates at 4 years, treating patients 
with the 150 mg dose instead of the 50 mg dose would 
result in one additional patient without the primary 
event at 4 years for every 31 patients treated. 

Each of the components of the primary composite 
endpoint directionally contributed to the overall result 
(table 2). The most common causes of death were sudden 
cardiac death, accounting for 37·0% (n=481) of total 
deaths (234 [37%] in 150 mg group vs 247 [37%] in 50 mg 
group), and death due to progressive heart failure, 
accounting for 24·2% (n=314) of total deaths (151 [24%] vs 
163 [25%]). 450 patients had 884 heart failure admissions 
in the 150 mg group, as compared with the 50 mg group, 
in which 503 patients had 966 heart failure admissions 
(p=0·026 for diff erence in the total number of heart 
failure admissions between groups).

The secondary endpoint of death or cardiovascular 
admission occurred in 1037 (54%) patients in the 150 mg 
group and in 1085 (57%) in the 50 mg group (HR 0·92, 
95% CI 0·85–1·01; p=0·068). Table 3 lists results for the 
additional prespecifi ed endpoints. For every outcome, 
HRs favoured the 150 mg dose; rates diff ered signifi cantly 
for cardiovascular death or cardiovascular admission 
and for cardiovascular death or heart failure admission 
(table 3). Compared with the 50 mg group, losartan 
150 mg daily improved the distribution of changes in 
NYHA classes, as measured at last follow-up, compared 
with baseline, without (p=0·015 between groups) or with 
(p=0·013) imputation of worsening for patients who 
died (fi gure 3).

With one exception, comparisons for prespecifi ed 
subgroups showed results that were similar to the 
overall fi nding (fi gure 4). We noted a signifi cant 
treatment-by-subgroup interaction for the primary 
endpoint for the subgroup based on the presence of a 

Figure 3: Changes in New York Heart Association functional class, from 
baseline to last available data by treatment group, without (A) and with 
(B) imputation of worsening for patients who died
p=0·015 for (A) and p=0·013 for (B) for diff erence between group, based on 
Wilcoxon Rank Sum test.
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Losartan 150 mg (n=1921) Losartan 50 mg (n=1913) HR (95% CI)† p value†

Number with event Rate* Number with event Rate*

All-cause death or all-cause admission 1237 21·6 1269 22·8 0·95 (0·88–1·03) 0·24

Cardiovascular death 448 5·4 478 5·9 0·92 (0·81–1·05) 0·20

All-cause admission 1079 18·8 1097 19·7 0·96 (0·89–1·05) 0·38

Cardiovascular death or cardiovascular admission 942 14·2 1003 15·7 0·91 (0·83–0·99) 0·034

Cardiovascular death or heart failure admission 698 9·3 771 10·7 0·88 (0·79–0·97) 0·011

*Per 100 patient-years of follow-up. †Hazard ratio (HR) and p value from Cox regression, with region and baseline β-blocker use as covariates. 

Table 3: Hazard ratios for other outcomes
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history of hypertension (p=0·01; fi gure 4). Patients 
without a history of hypertension had greater treatment 
benefi t with losartan 150 mg daily, compared with 
losartan 50 mg daily, than did those with a history of 
hypertension (fi gure 4).

At 6 months, systolic and diastolic blood pressure fell 
in both treatment groups from 126/76 mm Hg at baseline. 
Mean changes were –2·2 mm Hg (SE 0·40) for systolic 
and –2·1 mm Hg (0·24) for diastolic blood pressure in 
the 150 mg group and –0·8 mm Hg (0·39) and 
–0·9 mm Hg (0·24), respectively, in the 50 mg group 
(p=0·008 and p<0·0001 for between-group diff erence in 
systolic and diastolic blood pressure, respectively). Heart 
rate did not change signifi cantly in either treatment 
group from the mean baseline value of 73 beats per min. 
Mean change was –0·11 beats per min (0·25) in the 
150 mg group and 0·02 beats per min (0·25) in the 50 mg 
group (p=0·68 for diff erence).

At 12 months, serum potassium increased by a mean of 
0·02 mmol/L (SE 0·01) in the 150 mg group and 
decreased by 0·01 mmol/L (0·01) in the 50 mg group 
(p=0·03 between groups). Serum potassium 
concentrations were 6·0 mmol/L or greater in 20 (1%) 
patients in the 150 mg group and in 14 (1%) in the 50 mg 
group (p=0·32). eGFR was 6·1 mL/min/1·73 m² 
(SE 0·55) lower at 12 months than at baseline for the 
150 mg group and 1·9 mL/min/1·73 m² (0·55) lower for 
the 50 mg group (p<0·0001 between groups). At 
12 months, serum creatinine at least doubled from 
baseline in 19 (1%) patients in the 150 mg group and nine 
(<1%) in the 50 mg group (p=0·06).

544 (28%) patients in the 150 mg group and 522 (27%) 
in the 50 mg group discontinued masked treatment 
(p=0·67 for diff erence). Fewer than 10% of patients in 
each group had discontinued treatment by 12 months. 
Kaplan-Meier estimates of the cumulative percentage of 
patients remaining on study treatment at 48 months 
were 76·6% for the 150 mg group and 75·7% for the 
50 mg group. 429 (22%) patients in the 150 mg group 
and 409 (21%) in the 50 mg group discontinued treatment 
before fi rst hospital admission for heart failure (p=0·76). 
148 patients in the 150 mg group and 133 in the 50 mg 
group discontinued masked medication because of an 
adverse event (p=0·44; table 4).  

The adverse events of hyperkalaemia, hypotension, 
and renal impairment, as defi ned by investigators, 
occurred more commonly in the 150 mg group than the 
50 mg group (table 4). On the basis of Cox regression 
analysis, each of these adverse events was more likely to 
occur in patients who listed the adverse event as a reason 
for ACE-inhibitor intolerance at entry, in older patients, 
and in those taking aldosterone blockers (data not 
shown). Renal impairment was the adverse event that 
led to drug discontinuation most often (table 4). 
Angioedema occurred in six patients in the 150 mg 
group and in none in the 50 mg group. The event 
resulted in study drug discontinuation in four of the six 

patients. None of the events precipitated admission, 
and symptoms resolved in all patients between 
1 day and 3 months after onset. 

Figure 4: Hazard ratios for death or admission for heart failure, according to baseline subgroups
Treatment by subgroup interaction p value is for trend. eGFR=estimated glomerular fi ltration rate. 
SBP=systolic blood pressure. NYHA=New York Heart Association. LVEF=left-ventricular ejection fraction. 
ARB=angiotensin-receptor blocker.
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Discussion 
Our fi ndings show that, for patients with heart failure 
and reduced LVEF who are ACE-inhibitor intolerant, 
losartan 150 mg daily is superior to 50 mg daily with 
respect to the composite outcome of death or admission 
for heart failure. Results for prespecifi ed secondary 
outcomes and changes in NYHA class lend support to 
the greater effi  cacy of the 150 mg dose than of the 50 mg 
dose. Although more patients receiving the 150 mg 
dose than the 50 mg dose had hyperkalaemia, 
hypotension, and renal impairment, these adverse 
events infrequently led to discontinuation of masked 
treatment. These fi ndings suggest that increased doses 
of an ARB are needed to achieve the maximum benefi t 
for clinical outcomes and symptoms related to heart 
failure in this population.  

The most defi nitive evidence so far of a favourable 
eff ect of ARBs on cardiovascular outcomes in patients 
with chronic heart failure, in the absence of concomitant 
ACE-inhibitor treatment, is from the Candesartan in 
Heart failure: Assessment of Reduction in Mortality and 
morbidity (CHARM)-Alternative trial.13 That study 
showed that candesartan 32 mg daily, compared with 
placebo, reduced the rate of cardiovascular death or 
heart failure admission by 23% in patients who were 
intolerant to ACE inhibitors and who had heart failure 
and reduced LVEF. Two additional studies1,6 have shown 
additive benefi t of an ARB in similar patient populations 
already receiving background therapy that included ACE 
inhibitors and β blockers. Investigators of the Valsartan 
Heart Failure Trial (Val-HeFT)1 reported that addition of 
valsartan 160 mg twice daily (mean achieved dose 
254 mg daily) reduced the rate of admission for heart 
failure, although they noted no overall eff ect on 
mortality. In the subgroup (7% of the population) in 
whom ACE inhibitors were not given, valsartan 
treatment was associated with a 33% reduction in 
mortality and a 53% reduction in heart failure 
admission.4 The CHARM-Added trial6 recorded a 15% 
reduction in the rate of cardiovascular death or heart 
failure admission with candesartan 32 mg daily (mean 

achieved dose at 6 months 24 mg daily) in a population 
already treated with ACE inhibitors. 

With examination of the HEAAL primary combined 
endpoint of all-cause death or heart failure admission, 
CHARM-Added showed that high-dose candesartan, 
added to background ACE inhibition, had a magnitude 
of eff ect (HR 0·87, 95% CI 0·78–0·98) similar to the 
recorded diff erence between the two losartan doses in 
HEAAL. Taken together, results of CHARM-Added and 
HEAAL make a strong case for the value of incremental 
inhibition of the renin-angiotensin system. The present 
fi ndings suggest that similar benefi t could be achieved by 
increasing the dose of a particular agent, rather than by 
addition of an additional class of agent, although future 
studies are needed to directly test this hypothesis. 

Several factors contributed to the hypothesis that 
increased ARB dose improved heart failure outcomes. 
ELITE II enrolled 3152 patients, with a minimum age of 
60 years (mean age 71 years), with NYHA class II–IV 
heart failure and LVEF 40% or less.7 Although the primary 
endpoint in ELITE II was not powered to establish the 
non-inferiority of losartan with captopril in the dose 
given, secondary outcome endpoints and measures of 
symptom severity of clinical heart failure were similar 
between the two treatment groups.14 Doses of losartan of 
up to 100 mg daily improved cardiovascular and renal 
outcomes in large outcome studies of hypertension with 
left-ventricular hypertrophy15 and of diabetic nephro-
pathy,16 respectively. A post-hoc analysis of patients with 
diabetes from these two studies showed reduction in 
admissions for heart failure.17 In the setting of heart 
failure after acute myocardial infarction, the high dose of 
valsartan (target 320 mg daily, achieved 247 mg daily) 
used in the VALIANT trial3 was non-inferior to captopril 
(target 150 mg daily, achieved 117 mg daily) for clinical 
outcomes, whereas the dose of losartan (target 50 mg 
daily, achieved 45 mg daily) used in the OPTIMAAL18 trial 
did not achieve non-inferiority to the same target dose of 
captopril (target 150 mg daily, achieved 132 mg daily). 
Findings from these studies, coupled with the favourable 
eff ects in Val-HeFT1 and CHARM,2,6,13 suggest that a high 

Adverse events* p value† Adverse events* with discontinuation‡ p value†

Losartan 150 mg Losartan 50 mg Losartan 150 mg Losartan 50 mg

Number 
with event

Rate§ Number 
with event

Rate§ Number 
with event

Rate§ Number 
with event

Rate§

Hyperkalaemia (or increased potassium) 195 2·79 131 1·87 0·0004 9 0·12 4 0·05 0·20

Hypotension 203 2·92 145 2·07 0·002 19 0·26 16 0·22 0·65

Renal impairment¶ (or increased creatinine) 454 7·12 317 4·73 <0·0001 48 0·65 36 0·49 0·22

Angioedema 6 0·08 0 0·0 0·03 4 0·05 0 0·00 0·12

Total adverse events with discontinuation‡ ·· ·· ·· ·· ·· 148 1·99 133 1·83 0·44

*As reported by investigators, events occurring on study drug or within 14 days of discontinuing study drug. †p value from Cox regression, with region and baseline β-blocker 
use as covariates. Fisher’s exact test is given for angioedema. ‡Permanent discontinuations from study drug. §Rate per 100 person-years. ¶Includes the following terms 
preferred by the Medical Dictionary for Regulatory Activities: renal failure, renal failure acute, renal failure chronic, renal impairment, and pre-renal failure. 

Table 4: Selected adverse events and adverse events with discontinuation
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ARB dose drives improved clinical outcomes; however, 
the relation between ARB dose and treatment eff ect 
remains uncertain. 

The Assessment of Treatment with Lisinopril and 
Survival (ATLAS) study19 investigated the relative eff ect of 
diff erent ACE-inhibitor doses, comparing lisinopril 
32·5–35 mg daily versus lisinopril 2·5–5·0 mg daily. 
Investigators of this study reported a 12% reduction in 
the risk of the secondary endpoint of death or admission 
(p=0·002) and a 15% reduction in the risk of death or 
heart failure admission (a post-hoc endpoint). These 
fi ndings also lend support to the value of incremental 
inhibition of the renin-angiotensin system, although the 
spread between doses chosen was very wide, and the 
primary endpoint of death did not diff er signifi cantly 
between groups. An additional study20 comparing two 
doses of enalapril was underpowered to show an outcome 
treatment diff erence.

In HEAAL, we chose to examine the eff ects of losartan 
150 mg daily—a dose that is known to have an acceptable 
safety and tolerability profi le,21 while being substantially 
higher than the 50 mg daily dose used in ELITE II. 
Evidence exists for incremental AT1 receptor inhibition22 
associated with increases in plasma renin activity and in 
circulating angiotensin-II concentrations in patients with 
heart failure,8 with increased dose across this range. 

Our fi ndings lend support to titration to the high ARB 
doses used in clinical trials, unless limited by adverse 
eff ect, to achieve improved clinical outcomes in patients 
with heart failure and reduced LVEF. Although the 10% 
primary endpoint hazard reduction that we recorded was 
somewhat less than that noted in other heart failure 
trials, this treatment eff ect is relative to a dose of losartan 
that is known to achieve substantial AT1 receptor 
antagonism, rather than to placebo. The 150 mg dose of 
losartan achieved a signifi cant 13% reduction in 
admission for heart failure compared with 50 mg daily. 
This incremental benefi t of losartan 150 mg daily 
compared with 50 mg daily occurred with a substantially 
higher percentage of patients receiving background 
treatment with β blockers (72%) compared with ELITE II 
(22%),7 Val-HeFT (38%),1 CHARM-Alternative (55%),13 
and CHARM-Added (55%).6 

The outcome benefi ts of losartan 150 mg daily have to 
be weighed against the several types of adverse eff ects that 
we detected with increased frequency. The rates of 
hypotension, hyperkalaemia, and renal failure were 
greater with losartan 150 mg daily than with losartan 
50 mg daily. However, the overall rates and clinical 
relevance of these events were small, as shown by the 
infrequent discontinuation of study drug, which occurred 
with similar frequency to that recorded in previous 
investigations of ARBs.1–3,6,7,18 These fi ndings should be 
considered in the context that 77% of patients were treated 
with ARBs before randomisation and that a run-in period 
was used, probably resulting in the enrolment of patients 
who would better tolerate high doses of losartan over 

long-term follow-up. Blood pressure, serum electrolytes, 
and renal function should be monitored carefully during 
ARB up-titration, and the clinical implications of changes 
in any of these variables should be weighed against the 
potential outcome benefi ts that are achievable with an 
increased ARB dose. Previous studies have suggested that 
the incidence of angioedema is very low.13 Our fi ndings 
suggest a small but fi nite and dose-related risk of 
angioedema with losartan. 

Several limitations of HEAAL should be considered. We 
studied only patients who were intolerant to ACE 
inhibitors. Although there is no evidence to lend support 
to diff erential benefi t of ARBs in patients who are able to 
tolerate ACE inhibitors, compared with those who are not, 
we cannot be certain whether our fi ndings would be 
reproduced in patients being treated de novo, compared 
with those known to be intolerant of ACE inhibitors. 
However, we noted that patients having hypotension, 
hyperkalaemia, or azotaemia during treatment with an 
ACE inhibitor were more likely to have that eff ect during 
losartan treatment, suggesting that a population without 
previous ACE inhibitor intolerance might have tolerated 
the increased ARB dose more favourably. Since the eff ect 
of losartan 50 mg daily on outcomes related to heart failure 
has never been tested relative to placebo, direct estimations 
of the magnitude of benefi t of losartan 150 mg daily cannot 
be made from our results. Finally, although our fi ndings 
accord with the view that increased inhibition of the 
renin-angiotensin system achieves incremental clinical 
benefi t, we cannot establish whether greater benefi t might 
have been achievable by combining losartan with an ACE 
inhibitor, rather than further increasing the losartan dose.
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