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Association Between Use of B-Blockers and Outcomes in
Patients With Heart Failure and Preserved Ejection Fraction
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IMPORTANCE Heart failure with preserved ejaction fraction (HFPEF) may be as common and
may have similar mortality as heart failure with reduced ejection fraction (HFREF) B-Blockets
reduce mortality in HFREF but are inadequately studied in HFPEF.

OBJECTIVE Totest the hypothesis that B-blockers are assoc:ated with reduced all-cause
mortality irt HFPEF. . .

DESIGN Prapensnty score-matehed cohort study using the Swedish Heart Fallure Reglstry
Propensitg‘(l res‘}forB-biod;eruseweredeﬂvedfrmnszhasellneclmicalandsouneconomlc
variables, 14457

SETTING Nationwide regmtry of 67 hospitals with inpatient and outpatient units and 95
outpatient primary care clinies in Sweden with patients entered into the registry between
July 1, 2005, and December 30, 2012, and followed upuntﬂ Decernber 31, 2012,

PARTICIPANTS From a2 consecutive sample of 41 976 pat{ents 19083 pattersts with HFPEF
{mean (SD] age, 76 {12] years; 46% womer). Of these, 8244 were matched 24 based on age
and propensity score for B-blogker use, yielding 5496 treated and 2748 untreated patients
with HFPEF. Also we conducted a positive-contral consistency analysis fnvolving 22 893

. patients with HFREF, of whor 6081 werematched yieidmg%ﬁtreated and 2027

- untreated patients

EXPOSURES p- Blockers prescribed atdischa:gefmmﬁle hospltalor durilnganuutpatlent
visit, analyzed 2 ways: without tonsideration ofmssaver and per-pmm‘mlana&sns with

: censonngatabssoven if applicable,

MAIN OUTCOMES AND MEASURES Thepmpedﬁed primary oumomemali—cause mortallty
and the secondary outcome was combined allacauﬁ mertality or heart faﬂure hospitalization.

RESULTS Median follow-up ir,l HFPE‘F was ?ESﬂayg,m@!I ?Qg.dws lnjshe maj.'ched cohart.
no patients were lost to follow-up. In the matehed HEREF-cohort Jyeanstiryival was 80% vs
79% for treated vs untreated patients, and&yearsumwalwasds%%%%ﬂnm {41%)
vs 1244 (45%) total deaths and mwm:leagtawzaan ; 2 FatioTHR],
0.93; 95% CI, 0:86-0.596; P~ .04). B-Blockiys were mwmmﬁhmmmm&m
mortality or heart failure hogpitalizations: 3368 16196)vs 1753 (64%) total for first events,
with 371 mS?Bﬁmtevean&OOOpaﬂentyears&HR“@Q&. 05%C1,092-104;P= 46).In
the matched HFREF cohort, B-blockers were assbetated with reduced mamhtyrm 0.89;
95% Cl. 0.82-0.97, P=.005) and also with rediiced cpmbiied mirtality-ar heart fajlure
hospltailzatlon {HR; 08&95%0 0.84.085;P = BBIL

CONCLUSIONS AND RELEVANCE in patients wnth HPPEF useof B+ biackerswasassomated with
lower afl-cause martality but not with combined all-cause mgttality or heart faflure
hospitalization. B-Blockers in HFPEF should be examined ina large randomized clinical trlal,
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B-Blockers and Outcomes in Patients With Heart Failure and Preserved Ejection Fraction

near-normal ejection fraction,* termed heart failure

with preserved efection fraction (HFPEF) or diastolic
heart failure. The mortality in HFPEF may be as high asin heart
failure with reduced ejection fraction (HFREF), also termed sys-
tolic heart failure,* but there is no proven therapy.

Both HFPEF and HFREF share numerous features includ-
ing catecholamine and other nenrohormonal activation,® el-
evated filling pressures, and classical heart failure signs and
symptoms.* B-Blockers improve outcomes inn HFREFS and may
be beneficial in HFPEF by lowering blood pressure and reduc-
ingleft ventricular hypertrophy® and diastolic dysfunction?and
by slowing heart rate and reducing myocardial oxygen de-
mand. However, data on B-blockers to treat HFPEF are spatrse
and inconclusive,®3 and p-blockers are currently not indi-
cated for treating HFPEF.*#** Therefore, we tested the hypoth-
esis that B-blockers are associated with reduced mortality in
HFPEF.

l l P to half of patients with heart failure have normal or

| =
Methods

Study Design and Setting

The Swedish Heart Failure Registry provided the study popu-
lation and baseline dinical characteristics and rredications.
This nationwide registry has been previously described.’® In-
clusion criteria are clinician-fudged heart failure. The proto-
col, registration form and annual reports are available at http:
Jiwwwrikssvikt.se, Ejection fraction is categorized asless than
30%, 30% 10 39%, 40% to 49%, and 50% or higher. The 2 high-
est ejection fraction categories define HFPEF, which we used
for setting our inclusion criteria (eFigure 1 in the Supple-
ment). An ejection fraction ranging from 40% through 49%is
generally not considered normal. It was included herein be-
cause randomized clinical trials (RCTs) included only pa-
tients with ejection fractions ranging from less than 35% to
40%. However, we also performed prespecified subgroup
analyses by ejection fractions from 40% through 49% and 50%
or higher,

Patients were included in this study if the index date was
between July 1, 2005, and December 30, 2012, The index date
was defined as the date of an outpatient visit or hospital dis-
charge; patients who died during the index hospitalization were
excluded, Follow-up was until December 31, 2012.

The Swedish Board of Health and Welfare (http://www
.socialstyrelsen.se) maintains the Death Registry, the Patient
Registry, and the Dispensed Drug Registry. The Death Regis-
try provided date of death. The Patient Registry provided ad-
ditional baseline comorbidities and the outcome heart fail-
ure hospitalization. It contains International Statistical
Classification of Diseases, Tenth Revision (ICD-10) codes (eTable
3 in the Supplement) for encounters as inpatients and as out-
patients at specialty clinics and is updated and validated an-
nually (last update and thus end of follow-up for this study,
December 31, 2012). The positive predictive value for most di-
agnoses is between 85% and 95%"; a heart failure diagnosis
was verified in between 86% and 91% of cases,'® Comorbidi-
ties present at baseline (or prior) were defined by correspond-
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ing ICD-10 codes in any position between January1, 1997, when
use of ICD-10 codes began, and up to and including the index
date (except for malignancy and musculoskeletal and psychi-
atric disorders, counted only if the corresponding 1CD-10 code
was present, fe, a health care encounter for this diagnosis had
occurred, in the 3 years preceding the index date). The out-
comes heart failure hospitalization and death were defined as
between the day after theindex date and end of follow-up, De-
cember 31, 2012, for which a heart failure diagnosis was re-
quired as the primary or first secondary diagnosis for hospi-
talization. In the main analysis, the exposure, f-blocker use,
was analyzed at baseline, without consideration of potential
crossover during follow-up, but in a per-protocol consistency
analysis, the dispensed-drug registry was used to assess
f3-blocker use throughout follow-up, with censoring at cross-
over. This registry contains details about every prescription
filled in Sweden since Fuly 1, 2005, which was therefore the
date for the start of this study. All pharmacies are required to
participate by law, ensuring that it is essentially 100% com-
plete because data are transferred electronically when drugs
are dispensed. Statistics Sweden maintains sccioeconomic data
on all Swedish citizens and provided additional baseline data.

All Swedish citizens have unique personal identification
numbers that enablé linking of disease-specific health regis-
tries and governmental health and statistical registries. Estab-
lishment of theheart failure registry and this analysis with link-
ing to the above registries were approved by a muitisite ethics
committee. Individual patient consent was not required, but
patients were informed of entry into national registries and al- -
lowed to opt out.

Propensity Scores
A propensity score for treatment with B-blockers was esti-
mated for each patient with logistic regression’® using 52 rel-
evant baseline variables (Table1, Table 2, and Table 3). The pro-
pensity score is the propensity from 0 to 1 of receiving a
treatment given a set of known variables and is used to at-
tempt to adjugst for potential selection bias, confounding, and
differences between treatment groups in observational
studies.*?>°

Continuous variables were modeled using restricted cu-
bic splines with 3 dfs. Missing data were handled by estimat-
ing separate logistic regressions for each missing variable pat-
tern on available observations (yvielding a total of 1248 unique
missing data patterns and thus logisticregression models), Each
individual received the propensity score from the model that
incorporated all nonmissing variables for thatindividual. Using
matching without replacement,* a cohort was constructed
matching each nntreated patient to the 2 closest treated pa-
tients in which age differed by 5 or fewer years and the pro-
pensity score differed by 0.01 or less. The ability of matching
to balance the groups was assessed visually (eFigure 2 in the
Supplement) and the ability of the propensity score to bal-
ance baseline characteristics was assessed by absolute stan-
dardized differences (the difference in percentage between the
means for the 2 groups divided by the mutual standard devia-
tion; Table 1). Standard differences of less than 10% are con-
sidered inconsequential. >
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