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ABSTRACT

Background: Existing clinical trial data do not address
whether all angiotensin-converting-enzyme (ACE) inhibitors
are similarly beneficial in improving survival and reducing the
rate of readmission among patients with congestive heart
failure. We sought to answer this question using administra-
tive databases from Canada’s 3 most populous provinces.

Methods: Using linked hospital discharge and prescription
claims databases in Quebec, Ontario and British Columbia,
we identified all patients 65 years or older who were admit-
ted to hospital because of congestive heart failure between
Jan. 1, 1998, and Mar. 31, 2002, and who had not been ad-
mitted for the same reason in the 3 years preceding the
study period. We analyzed the association between the
type of ACE inhibitor prescribed within 30 days after dis-
charge and subsequent mortality using Cox proportional
hazards models. We then adjusted for demographic, clin-
ical, physician and hospital-related variables, with addi-
tional time-dependent variables representing current drug
use and dosage. We chose ramipril as the reference cat-
egory for comparison with the other ACE inhibitors because
it has increasingly been prescribed to patients with con-
gestive heart failure.

Results: A total of 43 316 patients with congestive heart fail-
ure filled prescriptions for ACE inhibitors within 30 days after
discharge from hospital. Demographic, clinical and
prescription-related characteristics were similar among
users of each type of ACE inhibitor. In the time-dependent
model, the mortality associated with 5 ACE inhibitors was
similar to that with ramipril: adjusted hazard ratios (and
95% confidence intervals [ClIs]) were 0.95 (0.89—1.02) for
lisinopril, 0.92 (0.85—1.00) for fosinopril, 0.99 (0.88-1.11) for
quinapril, 0.90 (0.77—-1.006) for perindopril and 1.00
(0.80—-1.24) for cilazapril. However, use of enalapril or capto-
pril was associated with higher mortality compared with
ramipril: adjusted hazard ratios (and 95% Cls) were 1.10
(1.04—1.16) for enalapril and 1.13 (1.01—1.26) for captopril.
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Interpretation: When prescribing ACE inhibitors to patients,
physicians should consider a possible 10%—15% increase in
mortality with captopril and enalapril compared with
ramipril among patients with congestive heart failure.
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umerous randomized clinical trials have shown
N that angiotensin-converting-enzyme (ACE) in-

hibitors improve survival and reduce the rate of
readmission to hospital among patients with congestive
heart failure.” However, there is considerable debate as to
whether each ACE inhibitor exerts the same degree of bene-
fit, especially because not all ACE inhibitors have been stud-
ied in this patient population.®*** Most published clinical
trials did not address the question of whether such a class
effect exists because they focused on comparisons of a par-
ticular ACE inhibitor with placebo. In addition, there is a
paucity of relevant clinical trial data on ACE inhibitors used
in practice.

Although results from a meta-analysis** and a few head-to-
head trials**™** suggest that various ACE inhibitors are associ-
ated with similar reductions in mortality, other head-to-head
trials*>*® and observational studies'”*® have provided evidence
to the contrary. Moreover, ACE inhibitors differ in terms of
their chemical structures, half-lives, routes of elimination,
bioavailability and degrees of tissue penetration.” These dis-
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tinct pharmacokinetic and pharmacodynamic characteristics
may result in varying effectiveness. It has been questioned
whether the same beneficial effects would be observed with
ACE inhibitors with lower degrees of tissue penetration.’ Lab-
oratory studies have suggested that higher degrees of tissue
penetration are associated with more favourable levels of fib-
rinolytic markers in vascular tissue.” Yet, in practice, differ-
ent physicians seem to prefer prescribing different ACE in-
hibitors to patients with congestive heart failure.

It is unlikely that a head-to-head trial of all ACE inhibitors
currently prescribed to patients with congestive heart failure
will be conducted. Moreover, if the effects of various ACE in-
hibitors differ, the differences are likely to be relatively small,
which means a very large sample would be required to ensure
adequate statistical power when comparing the efficacy of the
drugs. Thus, we used large population-based administrative
databases of hospital discharge and prescription claims data
to determine whether all ACE inhibitors are associated with
similar reductions in mortality among patients admitted to
hospital because of congestive heart failure.

Methods

Study population and data sources

We searched government administrative databases of hospi-
tal discharges in 3 provinces (Maintenance et exploitation des
données pour I'étude de la clientéle hospitaliere [Med-Echo]
in Quebec, the Canadian Institute for Health Information in
Ontario and the Patient Hospitalization Database in British
Columbia) for data on the treatment and clinical outcomes of
all patients who were admitted to hospital because of con-
gestive heart failure between Jan. 1, 1998, and Mar. 31, 2002,
and who had not had been admitted for this reason within the
3 years before the study period. We imposed this 3-year exclu-
sion period to ensure that almost all patients who had previ-
ously been admitted to hospital because of congestive heart
failure were excluded.”* We followed patients until Dec. 31,
2002, to ensure at least ¢ months of potential follow-up. Eli-
gible patients were those admitted to hospital with a primary
diagnosis of congestive heart failure (International Classifica-
tion of Diseases [ICD-g] code 428). We excluded admissions
that represented a hospital transfer, admissions to a nonacute
hospital setting and admissions where congestive heart fail-
ure was the secondary diagnosis. We also excluded patients
younger than 65 years or older than 1o5 years.

Using encrypted provincial health insurance numbers, we
linked the data from these databases to data from the provin-
cial drug claims databases (la Régie de 'assurance maladie
du Québec, the Ontario Drug Benefit Plan database and BC
PharmaCare), which contain information on patients’ drug
prescriptions.

By combining information from both the Med-Echo and
Régie de 'assurance maladie du Québec databases, we ob-
tained complete survival data for patients in Quebec: deaths
that occur in hospital are recorded in the Med-Echo database,
and those that occur both in and out of hospital are recorded
in the Régie de I'assurance maladie du Québec database. The
Ontario Registered Persons Database contained information
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on the vital status of all residents covered under the Ontario
Health Insurance Plan. Linkage with the deaths registry of the
British Columbia Vital Statistics Agency provided mortality
data. The accuracy of the survival data for patients in Ontario
with acute myocardial infarction has previously been verified
by linking directly to vital statistics data housed at Cancer Care
Ontario, with an agreement of 99.6%.>* The accuracy of the
Quebec data has been similarly investigated.>® The accuracy of
survival data for patients in British Columbia with acute myo-
cardial infarction has been ascertained by linking the BC Car-
diac Registries database with the Vital Statistics Agency. Using
probabilistic linkage, we were able to achieve a 95.7% match
for 30-day mortality, and a 99.8% match for 1-year mortality.**

Prescription groups

Using the linked databases, we identified patients with con-
gestive heart failure who filled at least 1 prescription for an ACE
inhibitor within 30 days after discharge from hospital. Most
patients in our database filled their prescriptions on the same
day as discharge, with a median time to first prescription of
o days. We used a timeframe of 30 days to capture patients who
filled their prescriptions at a later date. We categorized the pa-
tients into groups based on the first type of ACE inhibitor they
received after discharge. We studied the most commonly used
ACE inhibitors (ramipril, lisinopril, fosinopril, quinapril,
enalapril, captopril, perindopril and cilazapril), but did not
evaluate trandopril, benazepril, or the combination of an ACE
inhibitor with either a diuretic or calcium-channel blocker.

Prescription characteristics

For each patient included in the study, we obtained detailed in-
formation about all prescriptions filled over the subsequent fol-
low-up period. In all 3 provinces, this information included the
number of prescriptions filled. From the Quebec and Ontario
databases, we were also able to obtain data on the daily dose, as
well as the duration of the prescription in days. We also exam-
ined whether the dose was at or above the target dose for each
drug. For the ACE inhibitors that have been previously evaluated
in clinical trials involving patients with congestive heart failure
(ramipril, lisinopril, fosinopril, quinapril, enalapril and capto-
pril), we used the target doses studied in those trials for com-
parison. For the others (perindopril and cilazapril), we used the
target doses listed in the 2006 edition of the Compendium of
Pharmaceuticals and Specialties.”

Finally, to examine patients’ adherence to ACE inhibitor ther-
apy, we calculated the percentage of time for which each patient
was covered by an ACE inhibitor prescription during the first
year after discharge from hospital, or until his or her death if the
patient died during that year, and compared the results with the
duration of each filled prescription during the same period.

Fixed and time-dependent covariates

We selected a number of fixed baseline covariates a priori for in-
clusion in our multivariable models because of their possible in-
fluence on survival and other clinical outcomes following hospi-
tal admission because of congestive heart failure,*® and their
possible association with prescription practices for specific ACE
inhibitors. We used the secondary diagnoses included in the
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hospital discharge databases to obtain data about patients’ in-
hospital comorbidities: hypertension, chronic obstructive pul-
monary disease or other respiratory disease, atrial fibrillation
and flutter, acute myocardial infarction, diabetes, renal disease,
cerebrovascular disease, peripheral vascular disease, primary or
metastatic cancer, dementia, rheumatologic disease and liver
disease. We obtained data on cardiac procedures (cardiac
catheterization, percutaneous coronary intervention, coronary
artery bypass graft) performed between the date of hospital ad-
mission and the date that the first ACE inhibitor prescription
was filled, as well as data on prescriptions for other drugs (loop
diuretics, spironolactone, metolazone or other diuretics; ni-
trates; B-blockers; digoxin; warfarin; calcium-channel blockers;
lipid-lowering agents; amiodarone; ticlopidine or clopidogrel;
angiotensin II receptor blockers; or hydralazine) filled between
the date of discharge and first ACE inhibitor prescription. We
also recorded the specialty of the treating physician (family
medicine, cardiology, internal medicine, other specialty). In ad-
dition, we adjusted for the teaching status of the hospital of ad-
mission and noted whether the annual volume of admissions
because of congestive heart failure at the study hospitals was
low (31 admissions or fewer), medium (31-121 admissions) or
high (more than 121 admissions).

We also used information on dose and duration of pre-
scriptions for ACE inhibitors to create 2 binary time-
dependent variables. One variable indicated current use of the
initially prescribed drug based on the dates and durations of
consecutive prescriptions. The other variable indicated
whether the current dose of each ACE inhibitor was at or
above the target dose.

Statistical analyses

We first compared all patient characteristics according to the
type of ACE inhibitor prescribed within 30 days after discharge
from hospital. Main analyses relied on methodology for sur-
vival analysis. We defined time-to-event as time elapsed be-
tween the first ACE inhibitor prescription and death. We cen-
sored data for patients who were alive on Dec. 31, 2002, at that
time. We also censored data for patients who switched to an-
other ACE inhibitor during follow-up on the date of the
switch. We used the Kaplan—Meier method to estimate non-
adjusted mortality by type of ACE inhibitor initially prescribed,
and we used the log-rank test to compare the groups.

We used 2 versions of the multivariable Cox proportional
hazards model*” to account for differences in duration of
follow-up and to control for differences in the distribution of
covariates across the prescription groups. In both models, we
adjusted for the associations between each type of ACE in-
hibitor and mortality for the fixed baseline covariates de-
scribed in the previous section. We also adjusted for the cal-
endar year of hospital admission to account for possible
temporal trends, the time from discharge to filling the first
ACE inhibitor prescription, length of stay and the province of
admission. In the second model, we adjusted for 2 additional
time-dependent variables: changes in dose, and periods on
and off the ACE inhibitors. Because ramipril has increasingly
been prescribed to patients with congestive heart failure, we
selected ramipril as the reference category for comparisons
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with the other ACE inhibitors, each of which was represented
by a dummy variable. We used a goodness-of-fit test (7 de-
grees of freedom) to test the global null hypothesis that all
8 ACE inhibitors were associated with the same mortality.
First, we fitted the fixed-exposure model to data from all
3 provinces, with drug exposure modelled by fixed-in-time co-
variates representing the type of ACE inhibitor initially pre-
scribed. Thus, in the fixed-exposure model, exposure status did
not change during the follow-up even if the patients interrupted
or discontinued the use of the initially prescribed medication.
Next, we fitted the time-dependent model, which included
2 additional binary time-dependent variables representing
current use of the initially prescribed ACE inhibitor, and cur-

Patients with first admission
because of congestive heart failure
n=98435

« Quebec n=32639
e Ontario n= 50912
« British Columbia n = 14 884

Excluded n =30 187
e Age<65yror>105yr n=22 684
« Quebec n=9650
e Ontario n=8633
o British Columbia n =4 401
o Not prescribed ACE inhibitor n =7 503
« Quebec n=7067
e« Ontario n=0
o British Columbia n =436

Y

Elderly patients with congestive
heart failure who received a
prescription for an ACE inhibitor
at any time
n =68 248

e Quebec n=15922
e Ontario n =42 279
o British Columbia n = 10 047

Excluded n =24 932
« Prescription not filled within 30 days
after discharge from hospital
n=24932
« Quebec n=2 301
« Ontario n= 17421
« British Columbia n=5210

Y

Elderly patients with congestive
heart failure who filled a
prescription for an ACE inhibitor
within 30 days after discharge
from hospital
n=43316

e Quebec n=13621
e Ontario n =24 858
« British Columbia n =4 837

Figure 1: Selection of patient data to include in analysis of mor-
tality associated with individual angiotensin-converting-enzyme
(ACE) inhibitors among patients with congestive heart failure.
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rent dose at or above the target dose. Thus, the time-
dependent model accounted for potential differences in the
exposure duration, temporal pattern of drug use versus
nonuse, and drug dose among the different ACE inhibitors.*
Because the data from British Columbia did not include infor-
mation on prescription duration, we limited the time-
dependent analyses to data from Ontario and Quebec.

In both models, we tested the proportional hazards as-
sumption for each independent variable using the nonpara-
metric test proposed by Grambsch and Therneau.* For those
covariates, for which the proportional hazards hypothesis
was rejected at o = 0.05, we included a time-by-covariate
interaction to account for variation of its effect over time.*

Sensitivity analyses

To test the robustness of our results, we performed several ad-
ditional analyses. First, we tested for interactions between the
effects of ACE inhibitors on mortality and province. Further-
more, we tested in separate models whether the differences in

mortality among users of individual ACE inhibitors were mod-
ified by some other clinical or demographic characteristics. To
this end, we expanded the fixed-exposure multivariable model
by adding 7 interactions between a given covariate and each of
the 7 dummy indicators of ACE inhibitors. We then used a
goodness-of-fit test (7 degrees of freedom) to determine
whether adding the 7 interactions significantly improved the
model’s fit to data. Finally, we assessed whether adjusting for
the comorbidities identified during the 5 years preceding and
including the hospital admission changed the estimated ef-
fects of ACE inhibitors on mortality.

Results

Study population

A total of 43 316 patients admitted to hospital because of con-
gestive heart failure filled their first prescription for an ACE
inhibitor within 30 days after discharge from hospital
(Figure 1). Among these patients, ramipril was most fre-

Table 1: Demographic, clinical, physician- and hospital-related characteristics of 43 316 patients with congestive heart failure who

received prescriptions for ACE inhibitors (part 1 of 2)

ACE inhibitor; % of patients*

Ramipril Enalapril Lisinopril  Fosinopril ~ Captopril  Quinapril  Perindopril  Cilazapril
Characteristic n=14494 n=12702 n=6875 n=3733 n=2104 n=2082 n=_836 n =490
Age, yr, median 78 79 78 78 79 78 78 79
Follow-up, d, median 597 759 784 708 705 732 776 717
Male 49 47 47 50 48 48 48 49
Baseline comorbidities
Hypertension 29 27 31 31 22 31 31 29
Chronic obstructive pulmonary 21 23 24 24 21 22 23 28
disease or other respiratory
disease
Atrial fibrillation and flutter 30 28 32 33 27 29 37 34
Acute myocardial infarction 19 17 19 19 19 15 17 16
Diabetes mellitus 26 27 29 33 25 29 28 29
Renal disease 7 8 9 17 9 6 9 8
Cerebrovascular disease 5 6 6 7 5 5 8 6
Peripheral vascular disease 4 4 5 6 4 4 5 5
Primary or metastatic cancer 4 3 3 4 4 3 3 2
Dementia 2 3 3 3 2 2 3 2
Rheumatologic disease 2 1 1 2 1 1 2 2
Liver disease 0 1 1 0 0 1 1 1
Procedures between admission
and first ACE inhibitor prescription
Catheterization 6 4 4 4 4 6 3
Percutaneous coronary 1 0 1 1
intervention
Coronary artery bypass graft 1 1 0 0 1 0 1 1
Other prescriptions between discharge
and ACE inhibitor prescription
Any diuretic 82 82 82 83 80 82 81 81
Loop diuretic 77 79 79 79 77 77 78 75
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quently prescribed (34%), followed by enalapril (29%), lisino-
pril (16%), fosinopril (9%), captopril (5%), quinapril (5%),
perindopril (2%) and cilazapril (1%). About 10% of patients
switched to another ACE inhibitor within the year after dis-
charge. This percentage grew to 17% of patients by the end of
the follow-up period. The mean follow-up period for all study
patients was 752 days (2.1 years [standard deviation 1.2
years]) from the time of admission, yielding a total of 89 243
patient-years of follow-up.

Prescription groups

Table 1 describes the demographic, clinical, physician and
hospital characteristics of the patients. Baseline characteristics
among the prescription groups were similar, which suggested
the absence of a preferential prescribing pattern for patients
with poorer or better health status. One exception was that pa-
tients taking fosinopril, an ACE inhibitor with low renal clear-
ance, were more likely to have renal disease than patients pre-
scribed another ACE inhibitor. In terms of other prescriptions

ARCH

received between hospital discharge and the initial ACE in-
hibitor prescription, patients using ramipril were more likely
to have received prescriptions for -blockers and spironolac-
tone than patients taking other ACE inhibitors. However, the
percentage of patients using any type of diuretic was similar
among all prescription groups (Table 1).

Prescription characteristics

Table 2 compares prescription characteristics by type of ACE
inhibitor during the year following discharge. The median
number of ACE inhibitor prescriptions filled was similar
across the groups. Adherence was good in all the groups,
with mean coverage by ACE inhibitor prescriptions for most
of the year after discharge (min-max 72%—81%). The major-
ity of patients (more than 80%) had prescription coverage for
at least 80% of the year, except for patients taking captopril,
58% of whom had this degree of coverage. Small percentages
of patients prescribed ramipril, lisinopril, fosinopril,
quinapril, enalapril or captopril received a dose that was at or

Table 1: Demographic, clinical, physician- and hospital-related characteristics of 43 316 patients with congestive heart failure who

received prescriptions for ACE inhibitors (part 2 of 2)

ACE inhibitor; % of patients*

Ramipril Enalapril Lisinopril ~ Fosinopril  Captopril  Quinapril  Perindopril  Cilazapril
Characteristic n=14494 n=12702 n=6875 n=3733 n=2104 n=2082 n =836 n =490
Any diuretic (continued)
Spironolactone 17 9 11 10 8 12 9 13
Metolazone 3 2
Other 2 3 4
Nitrate 34 35 36 40 38 32 38 35
B-blocker 28 18 21 23 15 20 25 20
Digoxin 31 36 35 35 38 34 33 31
Warfarin 21 19 23 22 19 19 23 21
Calcium-channel blocker 15 16 19 23 16 19 18 21
Statin 13 8 12 14 7 11 14 11
Amiodarone 8 6 7 9 6 6 6
Ticlopidine or clopidogrel 2 1 2 2 1 1 3
Angiotensin Il receptor 1 0 1 1 0 0 1
blocker
Hydralazine 1 0 0 1 1 0 1 1
Sotalol 1 1 1 1 1 2 2
Specialty of treating physician
Family medicine 42 50 49 41 50 54 40 59
Internal medicine 27 26 25 23 27 26 30 24
Cardiology 24 16 21 29 17 17 25 13
Other 7 7 5 8 6 3 6 3
Hospital characteristic
Teaching hospital 18 16 12 14 20 9 23 7
High volume of admission 77 73 71 78 72 75 77 66
because of congestive heart
failure
Note: ACE = angiotensin-converting-enzyme.
*Unless stated otherwise.
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above the recommended target dose; 77% of patients pre-
scribed perindopril and 93% of those prescribed cilazapril re-
ceived doses at or above the recommended target (Table 2).

Mortality outcomes
During the follow-up period, a total of 16 618 patients died:
1664 in British Columbia, 9910 in Ontario and 5044 in Que-
bec. The unadjusted incidence of death ranged from 15.7 per
I00 patients per year to 19.9 per 100 patients per year
(Table 3). The overall unadjusted yearly rate of death was
21.5%. The unadjusted probability of survival was signifi-
cantly lower among patients prescribed enalapril or captopril
than among patients prescribed ramipril (p < o.0or1 for the
log-rank test) (Figure 2). The difference in survival was not
significant for the other ACE inhibitors relative to ramipril.
The fixed-exposure and time-dependent multivariable Cox
proportional hazards models confirmed the statistically sig-
nificant differences in mortality among the different ACE in-

hibitor groups (p < o.oo1 for goodness-of-fit test in both
models) (Figure 3).

In the time-dependent model, enalapril and captopril were
associated with a higher mortality relative to ramipril: the
hazard ratio (and 95% confidence intervals [CIs]) were 1.10
(1.04-1.16) for enalapril and 1.13 (1.01-1.26) for captopril
(Figure 3). All of the other ACE inhibitors were associated
with a similar mortality as ramipril. Both current use (hazard
ratio 0.42, 95% CI 0.40-0.44) and current dose at or above
target (hazard ratio 0.88, 95% CI 0.84-0.92) were independ-
ent predictors of lower mortality. In the sensitivity analyses,
we found that the hazard ratios for enalapril and captopril
were higher in Ontario than in Quebec and British Columbia;
however, in all 3 provinces the direction of their effects were
the same (data not shown). For each of the other covariates,
the goodness-of-fit test (p > 0.05; 7 degrees of freedom) indi-
cated that the effects of ACE inhibitors did not differ depend-
ing on the patient characteristics.

Table 2: Prescription characteristics for 43 316 patients who received prescriptions for ACE inhibitors after discharge

ACE inhibitor

Ramipril Enalapril Lisinopril Fosinopril Captopril Quinapril  Perindopril  Cilazapril
Characteristic n=14494 n=12702 n=63875 n=3733 n=2104 n=2082 n=_836 n =490
No. of prescriptions filled 6 6 7 7 6 6 7 6
within 1 year after
discharge, median
Initial dose, mg, median 5 10 10 10 38 10 4 5
At or above target dose, 48 37 11 11 15 28 77 93
% of patients*
Persistence, mean, % of 81 78 80 78 72 81 76 75
timet
High persistence, mean, 71 66 70 66 58 71 64 61

% of patientst

Note: ACE = angiotensin-converting-enzyme.
*Dosage values are based on an average of all prescriptions.

tPersistence is a measure of adherence and is defined as the percentage of time for which a patient was covered by ACE inhibitor prescription over the year following

discharge, or until death if the patient died within the year.
FHigh persistence is defined as having a persistence > 80%.

Table 3: Follow-up and all-cause mortality among 43 316 patients with congestive heart failure who received prescriptions for

ACE inhibitors

ACE inhibitors

Ramipril Enalapril Lisinopril Fosinopril Captopril Quinapril Perindopril Cilazapril

Variable n= 14494 n=12702 n=63875 n=3733 n=2104 n=2082 n=2836 n =490
Follow-up

Total, person-yr 25 521 28 383 15 582 7 959 4 494 4417 1911 1039

Median, yr 1.6 2.1 2.1 1.9 1.9 2.0 2.1 2.0
Mortality

% of patients 33 43 40 42 39 35 36 35

Deaths per 100 18.9 19.1 17.7 19.9 18.3 16.5 15.7 16.6

person-yr

Note: ACE = angiotensin-converting-enzyme.
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We limited additional sensitivity analyses to the Quebec
data because data from other provinces were not available at
the time of analysis and because not all data were required for
sensitivity analyses. The proportional hazards hypothesis was
not rejected for any of the ACE inhibitors (all p values > 0.15),
which indicated that the adjusted hazard ratios reported in
Figure 3 remain relatively constant for up to 5 years of follow-
up. Four covariates (primary or metastatic cancer, chronic ob-
structive pulmonary disease or other respiratory disease, de-
mentia, and amiodarone use) did not follow the proportional
hazards hypothesis; however, adjusting for these covariates
did not change the estimated effects of any ACE inhibitor
(data not shown). Furthermore, the results reported in Figure
3 remained almost unchanged when we adjusted for comor-
bidities that we identified based on any admission to hospital
in the 5 years preceding the study (data not shown).

Interpretation

Our study shows that, at currently prescribed doses,
enalapril and captopril were associated with about 10%-15%
higher mortality than ramipril among elderly patients with
congestive heart failure. Patients who filled prescriptions for
fosinopril, lisinopril, quinapril, perindopril and cilazapril
did not have a significantly different mortality than those
who filled prescriptions for ramipril. For fosinopril, lisino-
pril and quinapril, we had adequate (80% or higher) power
to detect a hazard ratio of 1.10 relative to ramipril. The haz-
ard ratios detectable with 80% power were 1.13 for perindo-
pril and 1.18 for cilazapril, which indicated that moderate but
clinically important differences in mortality cannot be ruled
out. In addition, the results reported in Figure 3 suggest that
the relative risk of death associated with captopril (the ACE
inhibitor with the highest estimated hazard ratio) may be
about 23% greater (1.13/0.92 = 1.23) relative to fosinopril
(the ACE inhibitor with the lowest estimated hazard). Al-
though we cannot provide definitive answers regarding rela-
tive safety for all possible pairs of ACE inhibitors, we can
conclude from our findings that mortality was higher among
patients who were taking captopril or enalapril than among
patients taking ramipril; that mortality among patients tak-
ing fosinopril, lisinopril or quinapril was similar to that
among patients taking ramipril; and that the results were in-
conclusive for patients taking perindopril or cilazapril. Our
real-world analysis provides important comparative informa-
tion that would not be readily available in a clinical trial.
Moreover, it is unlikely that a clinical trial will ever compare
8 different ACE inhibitors.

In previous studies, the comparison of various ACE in-
hibitors yielded conflicting results, largely related to the differ-
ent outcome measures. Captopril was compared with
quinapril* and lisinopril*® in separate trials involving patients
with congestive heart failure, and in both cases similar effects
among the drugs were observed. However, lisinopril and capto-
pril were also compared in a randomized trial involving patients
with congestive heart failure, which concluded that, compared
with captopril, lisinopril improved nonfatal outcomes such as
exercise duration in certain subgroups of patients.*
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Figure 2: Unadjusted Kaplan—Meier 5-year survival curves for
patients prescribed an angiotensin-converting-enzyme (ACE)
inhibitor within 30 days after discharge from hospital. Data are
shown for ACE inhibitors for which a significant difference in
survival was observed relative to ramipril.

A class effect implies that all drugs in a class exert the
same effect, positive or negative, on their target population.
There may be several reasons for the different effects in our
study. The higher mortality associated with enalapril or cap-
topril relative to ramipril could be related to their dosages:
these drugs have to be used multiple times per day, with the
potential for shorter durations of action, for periods when the
drug is not active and for reduced adherence. As a result, the
effectiveness of these medications in the population at large
may be inferior to medications that are taken once daily.

Another potential explanation for these contrasting effects
is that the benefits of ACE inhibitors may depend on specific
pharmacologic properties and structural characteristics of
these drugs. In particular, the issue of tissue penetration
could explain the varying effects. For example, in patients
with acute myocardial infarction, ACE inhibitors stabilize
plaques, a benefit that has been purported to be associated
with their degree of tissue penetration.* Evidence of such a
benefit is suggested by the ability of ramipril, which has a
high degree of tissue penetration, to prevent mortality and
cardiac events among high-risk patients without congestive
heart failure.* Similarly, perindopril, which also has a high
degree of tissue penetration, was shown to reduce rates of
cardiac events among low-risk patients without congestive
heart failure.* Quinapril, which in our analyses was associ-
ated with mortality similar to that of ramipril, and trandolo-
pril also have high degrees of tissue penetration. It is possible
that the benefit of a higher degree of tissue penetration may
not be as relevant for patients with congestive heart failure as
improved hemodynamic and ventricular remodelling; how-
ever, there is limited evidence to support this hypothesis.
First, a trial specifically designed to compare outcomes
among cardiac patients prescribed ACE inhibitors with high
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versus low degrees of tissue penetration has not been con-
ducted. Thus, the clinical importance of differences in tissue
penetration among ACE inhibitors has not been fully estab-
lished in patients with either acute myocardial infarction or
congestive heart failure.” Second, although the degrees of
tissue penetration of a number of ACE inhibitors have been
directly compared in an older study,*® to the best of our
knowledge, no study has compared the tissue penetration of
all ACE inhibitors that are currently prescribed to patients
with congestive heart failure.

Although our large database study permits analyses of pat-
terns and outcomes of ACE inhibitor use at the population
level with adequate statistical power, its main limitation is
that it does not contain information on some clinically rele-
vant patient characteristics. For example, we did not have in-
formation on ejection fraction or on systolic versus diastolic
dysfunction. However, we adjusted for several important
demographic, clinical, physician and hospital-related vari-
ables associated with outcomes in patients with congestive
heart failure, as well as for the current prescription drug use
and dosage, which were both represented by time-dependent
variables. In addition, we focused only on patients who re-
ceived prescriptions for ACE inhibitors, minimizing con-

founding by indication.** Nonetheless, there remains the pos-
sibility that certain ACE inhibitors were preferentially pre-
scribed to patients with low ejection fraction, or to patients
with systolic versus diastolic dysfunction. For example,
enalapril could be preferentially given to patients with systolic
dysfunction who are thought to have a worse prognosis.

Other missing variables, such as smoking, were unlikely
to be distributed differentially across ACE inhibitor groups
and, thus, were unlikely to introduce bias in our results. Also,
although prescription dosages varied for the ACE inhibitors,
the time-dependent variables accounted for the different
dosages over time, and there was no interaction between
dosages and the different ACE inhibitors, which indicated
that the impact of dosage was the same for all drugs. The
time-dependent model also accounted for periods on or off
the drug. In fact, the difference in hazard ratios that we ob-
served in the time-dependent model accounts for drug inter-
ruption, whereas the fixed-effect model assumes a continu-
ous exposure.

Finally, data linkages were not 100% for the mortality vari-
able, but they were unlikely to differ across specific study
medications. A similar study that used administrative data to
study the effectiveness of various ACE inhibitors concluded

ACE inhibitor Hazard ratio (95% Cl)

Ramipril (reference) 1.00
Enalapril
Fixed-exposure model 1.36 (1.3-1.41)
Time-dependent model 1.1 (1.04-1.16)
Lisinopril
Fixed-exposure model 1.2 (1.14-1.26)

Time-dependent model
Fosinopril

Fixed-exposure model

Time-dependent model
Captopril

Fixed-exposure model

Time-dependent model
Quinapril

Fixed-exposure model

Time-dependent model
Perindopril

Fixed-exposure model

Time-dependent model
Cilazapril

Fixed-exposure model

Time-dependent model

0.95 (0.89-1.02)

1.22 (1.15-1.29)
0.92 (0.85-1.00)

1.61 (1.50-1.74)
1.13 (1.01-1.26)

1.1 (1.02-1.19)
0.99 (0.88-1.11)

1.06 (0.95-1.20)
0.90 (0.77-1.06)

1.08 (0.93-1.26)
1.00 (0.80-1.24)
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Figure 3: Effect of various ACE inhibitors on all-cause mortality among patients with congestive heart failure. Variables included in the
models: fiscal year of admission, province of admission, length of stay, time to first ACE inhibitor prescription, specialty of treating
physician, hospital characteristics (teaching v. nonteaching, volume of admissions because of congestive heart failure), comorbidities
and prescriptions filled for other cardiac medications). The fixed-exposure model includes data from Quebec, Ontario and British Co-
lumbia. The time-dependent model includes data from Quebec and Ontario only. Cl = confidence interval.
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that they have a class effect.> The robustness of results from
observational studies is highly dependent on the nature of the
analysis. We believe our use of a time-dependent variable
analysis best reflects the dosage and patterns of ACE inhibitor
use. The lack of application of this method in the previous
study may explain its different conclusions.

In summary, our results suggest that physicians choos-
ing an ACE inhibitor for patients with congestive heart fail-
ure should consider the possible 10%-15% increase in mor-
tality that we observed with enalapril and captopril use
compared with ramipril use. Further evidence is required to
fully assess the comparability between ramipril and all
newer ACE inhibitors.
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