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Abstract

Aims Failure to prescribe key medicines at evidence-based doses is associated with increased mortality and hospitalization for
patients with Heart Failure with reduced Ejection Fraction (HFrEF). We assessed titration patterns of guideline-recommended
HFrEF medicines internationally and explored associations with patient characteristics in the global, prospective, observational,
longitudinal registry.

Methods and results Data were collected from September 2013 through December 2014, with 7095 patients from 36 coun-
tries [>18 years, previous HF hospitalization within 1-15 months, left ventricular ejection fraction (LVEF) < 40%)] enrolled, with
dosage data at baseline and up to 18 months from 4368 patients. In 4368 patients (mean age 63 + 17 years, 75% male) > 100%
target doses at baseline: 30.6% (ACEls), 2.9% (ARBs), 13.9% (BBs), 53.8% (MRAs), 26.2% (ivabradine). At final follow-up, >100%
target doses achieved in more patients for ACEl (34.8%), BB (18.0%), and ivabradine (30.5%) but unchanged for ARBs (3.2%)
and MRAs (53.7%). Adjusting for baseline dosage, uptitration during follow-up was more likely with younger age, higher
systolic blood pressure, and in absence of chronic kidney disease or diabetes for ACEIs/ARBs; younger age, higher body mass
index, higher heart rate, lower LVEF, and absence of coronary artery disease for BBs. For ivabradine, uptitration was more
likely with higher resting heart rate.

Conclusions The international QUALIFY Registry suggests that few patients with HFrEF achieve target doses of
disease-modifying medication, especially older patients and those with co-morbidity. Quality improvement initiatives are ur-
gently required.
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Introduction respectively.! A recent study of temporal trends in 1 year

HF mortality in the UK showed a modest decline from 13%
Recent evidence shows that although heart failure (HF) sur- in 2002—-2004 to 10% in 2011-2013, with a 6% reduction in
vival has improved by approximately 20% since 1970, 1 and  hospital admissions.> Almost half of the patients were over
5 year mortality rates remain high at 11% and 40%, 80 years at diagnosis with multiple co-morbidities, and in this
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group, there was less change in survival and hospitalizations,
suggesting an urgent need to address the growing HF burden
in our ageing population.?

Prescription of guideline recommended therapies for
heart failure with reduced ejection fraction (HFrEF),>* and
uptitration to evidence-based dosages, remains one of the
most effective ways to ensure that patients receive optimal
care targeted at reducing the risk of recurrent HF hospitaliza-
tion and cardiovascular mortality. For example, the composite
of all-cause mortality or HF hospitalization is significantly im-
proved with higher doses of angiotensin converting enzyme
inhibitors (ACEls) and angiotensin receptor blockers (ARBs)
compared with lower doses.”

Patients with HFrEF who are treated with <50% of recom-
mended doses of ACE inhibitors/ARBs and beta-blockers
(BBs) have been shown to be at greater risk of death and/or
heart failure hospitalization than patients treated with >100%
of recommended doses.®”

US and European registries have shown that many patients
do not receive recommended doses of HF medication,®° but
little is known about longer-term dose uptitration and the
clinical factors that may affect HF prescribing in routine
practice globally. In this context, the QUALIFY (QUality of Adher-
ence to guideline recommendations for LIFe-saving treatment
in heart failure surveY) registry provides a novel opportunity
to describe the patterns of longitudinal titration of recom-
mended therapies in real world practice across many countries.

QUALIFY was established to address the need for a longer-
term, global perspective on physician adherence to five clas-
ses of medications recommended for HFrEF in the 2012
European Society of Cardiology (ESC) guidelines: ACEIs/ARBs,
BBs, mineralocorticoid receptor antagonists (MRAs), and
ivabradine®® in a large population recruited in Europe, the
Middle East, Asia, Australia, and the Americas. Previous re-
ports have presented baseline characteristics and guideline
adherence scores (good, moderate, and poor) for the
study population at enrolment'! and shown the beneficial
impact of physicians’ adherence to target doses of five
guideline-recommended classes of HF medication on clinical
outcomes.*>*3

The current analysis investigates dosage patterns of these
five classes of HF medications during 18 months’ follow up.

Methods

QUALIFY is a global, prospective, observational, longitudinal
survey of outpatients with chronic HFrEF [LVEF <40%, age
>18 years, HF hospitalization (minimum of one overnight
stay) within one to 15 months prior to enrolment] conducted
in 36 countries. Details of the study design, baseline
evaluation, and data management have been published
previously.'> QUALIFY was carried out in accordance with

the Declaration of Helsinki and was approved by relevant
ethics committees and/or regulatory bodies in participating
countries. All patients gave written informed consent to
participate.

The QUALIFY survey is registered in the ISRCTN registry of
clinical trials under the number ISRCTN87465420. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Data were collected from September 2013 through
December 2014, with 7095 patients enrolled and fulfilling
the inclusion criteria. Patients were recruited in Africa, Asia,
Australia, Europe, the Middle East, and North, Central, and
South America.'* Follow-up examinations were conducted
at 6, 12, and 18 months after baseline. Medication data were
available for 4368 patients who attended all four visits.

For this analysis, we investigated dosage at baseline and
subsequent titration to target doses of ACEls, ARBs, BBs, MRAs,
and ivabradine at 18 months. Target doses were as defined by
the ESC guidelines relevant at the time of data collections.*®
We investigated associations between titration patterns and
patient factors, including age, sex, body mass index (BMI),
presence of co-morbidity [coronary artery disease (CAD), dia-
betes mellitus (DM), chronic kidney disease (CKD), asthma,
chronic obstructive pulmonary disease (COPD), hypertension],
resting heart rate, systolic blood pressure (SBP), left ventricular
ejection fraction (LVEF), and time since HF diagnosis.

Statistical analysis

Study participants with no follow-up data or with incomplete
data for model fitting were excluded from the analysis. Base-
line characteristics of the study population are expressed as
absolute and relative frequencies for categorical variables,
mean t standard deviation for approximately normally dis-
tributed continuous variables, and median (interquartile
range) for non-normally distributed continuous variables.
Comparisons concerning these characteristics between in-
cluded and excluded cases were conducted using indepen-
dent Student’s t-test, Mann—-Whitney U-test, )(2 test, and
the Fisher’s exact test. Individual changes in doses for ACEls,
ARBs, BBs, MRAs, and ivabradine during the 18 month
follow-up were plotted using alluvial diagrams. Associations
between patient characteristics at baseline and uptitration
at 18 months compared with baseline were assessed using
log-binomial regression. Patients on an optimal dose of ACElI,
ARB, BB, MRA, or ivabradine at baseline and patients who
were not treated with a drug class due to documented con-
traindications, intolerances, or other clinical reasons were ex-
cluded from relevant analyses. Univariable analyses were
conducted for age, sex, BMI, CAD, DM, CKD, asthma, COPD,
resting heart rate, hypertension, SBP, LVEF, and time since
HF diagnosis (Model 1), after adjustment for initial dose at
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baseline (Model 2), and after adjustment for age, sex, and ini-
tial dose at baseline (Model 3).

Significance level was set at 5% and the reported two-
sided P-values were not adjusted for multiple comparisons
due to the explorative nature of the investigation. All analy-
ses were conducted using the BSW, ggplot2, ggalluvial, and
stats packages in R version 4.0.0.24%°

Results

A total of 7095 patients from 549 centres in 36 countries who
were enrolled in the QUALIFY survey between September
2013 and December 2014 met eligibility criteria. The final
analysis dataset with at least 12 (maximum 18 month)
follow-up with drug dosage information included 4368 pa-
tients. Figure 1 shows the patient flow and disposition.
Characteristics of the patients with complete data, with a
comparison of data for patients with incomplete data and
for the total QUALIFY cohort, are shown in Supporting Infor-
mation, Table S1. Mean age of the study cohort was 63 years,
and 75.3% were men. Data showed that 58.9% were Cauca-
sian, 28.4% were Asian, 0.7% were Black/African, and 12.0%
were ‘Other’. Forty-two per cent were in New York Heart
Association class IlI-IV, and mean left ventricular ejection
fraction (LVEF) was 34% (10%). Mean blood pressure was
125/78 mmHg, and mean resting heart rate was 74 bpm. Hy-
pertension was reported in 65% of patients, CAD in 58%, atrial

Figure 1 Enrolment and patient flow through study.

Assessed for eligibility
(n=7317)

e Not signed informed consent (n=2)
e Not meeting inclusion criteria (n=220)

v

Assessed for completeness
(n=7095)

e Died during follow-up (n=784)

e Missing (follow-up) data on drug
prescription (n=1657)

e Missing data for model fitting (n=286)

Analysed
(n=4368)

fibrillation in 28%, dyslipidaemia in 58%, DM in 34%, and
CKD in 16%. Nine per cent had an implantable cardioverter-
defibrillator, 8% had undergone cardiac resynchronization
therapy, and 6% had a non-CRT pacemaker.

At baseline, 69.6% of patients were prescribed ACEls,
20.8% were prescribed ARBs (thus 90.3% on either ACEI or
ARB), 87.9% BBs, 70.6% MRAs, and 30.8% ivabradine. Data
concerning the number of patients who did not receive treat-
ment owing to contraindications, tolerability issues, lack of
indications, or other clinically stated reasons are summarized
in Table 1.

Full baseline patient characteristics by achieved dose of
medication, by drug class, are shown in Supporting Informa-
tion, Table S2, and similarly for data at 18 months in
Supporting Information, Table S3.

Despite a high proportion of patients being prescribed the
individual drug classes, the majority of patients did not re-
ceive target doses of recommended therapies at any point
during the 18 month follow up (Figure 2).

At baseline, patients achieving at least 100% target doses
were 30.6% (1337/4368) for ACEls, 2.9% (128/4368) for ARBs,
13.9% (607/4368) for BBs, 53.8% (2352/4368) for MRAs, and
26.2% (1145/4368) for ivabradine. In general, there was a
trend showing that patients who were on target dose of
one drug at baseline were more likely to be on target doses
of other drugs at baseline (Supporting Information, Table S4).

At 12-18 months, these dosages were achieved in 34.8%
(1520/4368), 3.2% (141/4368), 18% (787/4368), 53.7%
(2346/4368), and 30.5% (1332/4368) for patients prescribed
with ACEls, ARBs, BBs, MRAs, and ivabradine, respectively.

The clinical features associated with target drug usage at
baseline are shown in Table 2. In brief, higher BMI, a history
of hypertension or a higher systolic blood pressure, longer du-
ration of HF, and a higher LVEF were associated with a higher
likelihood of being on target dose of ACEI/ARB at baseline; for
BBs, target dose at baseline was more likely in those who
were younger, had a higher BMI, DM (49% more likely), a his-
tory of hypertension or a higher systolic blood pressure, or a
lower LVEF. For MRAs, target dose at baseline was more likely
if the patient did not have CKD, had a higher resting heart
rate, a history of hypertension or a higher systolic blood pres-
sure, or a higher EF. For ivabradine, this was more likely in
younger patients, those with asthma, a higher resting heart
rate, a higher EF, or a higher systolic blood pressure.

Associations between patient characteristics at baseline
and likelihood of uptitration over 18 months are summarized
in Table 3. After adjustment for baseline dosage (Model Il),
older patients were less likely to be uptitrated for ACEI/ARB
therapy (P = 0.01) as were those with CKD (P = 0.004),
T2DM (P = 0.004), or a lower SBP (P < 0.001). For BBs,
uptitration was less likely in older patients (P < 0.001) and
those with a lower BMI (P < 0.001), underlying CAD
(P < 0.001), a lower resting heart rate (P < 0.001) or a higher
LVEF (P < 0.001). For ivabradine, patients with a lower
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Table 1 Absolute frequencies for prescription by drug class at baseline

n = 4368 Treated Contraindication Not tolerated Not indicated Other reason
Angiotensin converting enzyme inhibitor 3038 275 878 0 177
Angiotensin receptor blocker 908 162 203 2822 273
Beta-blocker 3838 120 188 204 18
Mineralocorticoid receptor antagonist 3084 208 173 839 64
Ivabradine 1346 574 91 1877 480
Figure 2 Alluvial diagram showing dose changes during follow up.
A. Angiotensin-converting enzyme inhibitor B. Angiotensin Il receptor blocker C. Beta blocker
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resting HR were less likely to be uptitrated (P < 0.001). The
associations described earlier were unaltered after further
adjustment for age and sex (Model IlI).

Discussion

In a contemporary population of patients with HFrEF who
had recently been hospitalized in 36 countries, a high propor-
tion of patients did receive guideline-directed medical

therapy at baseline and throughout follow-up. At baseline,
90.3% were on an ACEI/ARB, 87.9% were on a BB, 70.6%
were on an MRA, and 30.8% were on ivabradine. However,
few patients reached ‘target’ doses of recommended thera-
pies at any point during the 18 month follow up period,
with little evidence of uptitration from baseline through
18 months: the initial dose of drug at baseline remaining un-
changed for the majority of patients.

At baseline, patients treated with an ACEl were more likely
to be on target dose compared with an ARB, and there was
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Table 2 Associations between patient characteristics and target drug dosage, by class of drug, at baseline (log binomial analysis tables)

Model |

RR [95% Cl]

Angiotensin converting enzyme inhibitor/angiotensin receptor blocker (n = 3893)

Age (years)

Asthma

Body mass index (kg/m?)

Chronic kidney disease

Chronic obstructive pulmonary disease

Coronary artery disease

Diabetes mellitus

Resting heart rate (bpm)

Hypertension

Time since last hospitalization (months)

Left ventricular ejection fraction (%)

Female

Systolic blood pressure (mmHg)

Time since heart failure diagnosis (years)
Beta-blocker (n = 3838)

Age (years)

Asthma

Body mass index (kg/mz)

Chronic kidney disease

Chronic obstructive pulmonary disease

Coronary artery disease

Diabetes mellitus

Resting heart rate (bpm)

Hypertension

Time since last hospitalization (months)

Left ventricular ejection fraction (%)

Female

Systolic blood pressure (mmHg)

Time since heart failure diagnosis (years)

Mineralocorticoid receptor antagonist (n = 3080)

Age (years)

Asthma

Body mass index (kg/m?)

Chronic kidney disease

Chronic obstructive pulmonary disease

Coronary artery disease

Diabetes mellitus

Resting heart rate (bpm)

Hypertension

Time since last hospitalization (months)

Left ventricular ejection fraction (%)

Female

Systolic blood pressure (mmHg)

Time since heart failure diagnosis (years)
Ivabradine (n = 1343)

Age (years)

Asthma

Body mass index (kg/m?)

Chronic kidney disease

Chronic obstructive pulmonary disease

Coronary artery disease

Diabetes mellitus

Resting heart rate (bpm)

Hypertension

Time since last hospitalization (months)

Left ventricular ejection fraction (%)

Female

Systolic blood pressure (mmHg)

Time since heart failure diagnosis (years)

NG G o J A Y

0
1
1
1
1
0
1
0
1
1
0
0
1
1

0
1

0

-, e e e

0
1
1
0
0

—_

-

0

.000 [0.997; 1.003]
.061 [0.854; 1.318]
.023 [1.016; 1.029]
.838 [0.739; 0.949]
.040 [0.918; 1.180]
.094 [1.007; 1.188]
113 [1.024; 1.210]
.003 [1.001; 1.006]
412 [1.283; 1.554]
.023 [1.009; 1.037]
.018[1.012; 1.024]
.026 [0.935; 1.126]
.011[1.010; 1.012]
.007 [0.999; 1.015]

.990 [0.984; 0.995]
.223[0.819; 1.826]
.042 [1.030; 1.055]
.225[1.021; 1.471]
.183[0.947; 1.478]
.887 [0.766; 1.026]
494 [1.291; 1.729]
.997 [0.991; 1.002]
.278[1.087; 1.503]
.013[0.987; 1.039]
.983 [0.973; 0.994]
.928 [0.780; 1.103]
.004 [1.000; 1.008]
.010 [0.996; 1.025]

.999 [0.998; 1.001]
.031[0.923; 1.151]
NA [NA; NA]
.933 [0.876; 0.993]
.033 [0.974; 1.094]
.107 [1.063; 1.153]
.019[0.978; 1.061]
.002 [1.001; 1.003]
111 [1.063; 1.161]
.007 [1.000; 1.014]
.004 [1.001; 1.007]
.032 [0.987; 1.078]
.003 [1.002; 1.003]
.003 [0.999; 1.006]

.997 [0.996; 0.999]
111 [1.036; 1.192]
.005 [1.001; 1.009]
.929 [0.856; 1.009]
.983 [0.914; 1.057]
.042 [0.993; 1.093]
.011 [0.967; 1.058]
.002 [1.001; 1.003]
.008 [0.962; 1.056]
.002 [0.994; 1.011]
.004 [1.000; 1.007]
.011[0.961; 1.062]
.001 [1.000; 1.002]
.997 [0.992; 1.003]

0.917
0.593
<0.001
0.006
0.536
0.034
0.012
0.017
<0.001
0.002
<0.001
0.584
<0.001
0.076

<0.001
0.324
<0.001
0.029
0.139
0.107
<0.001
0.230
0.003
0.338
0.002
0.396
0.032
0.155

0.275
0.588

0.030
0.279
<0.001
0.374
<0.001
<0.001
0.049
0.009
0.166
<0.001
0.159

0.003
0.003
0.006
0.081
0.643
0.096
0.624
0.004
0.739
0.557
0.044
0.681
0.038
0.361
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only a modest increase in the proportion of patients on target
dose at follow-up for either class. Uptitration was more likely
in younger patients, those with a higher blood pressure,
and in those without the co-morbidities of T2DM or CKD—
suggesting either clinical caution or clinical inertia.

Under-dosing at all time points was particularly apparent
with BBs although uptitration was again more common in
younger patients and also in those with a higher BMI or rest-
ing heart rate or lower LVEF. Perhaps surprisingly, those with
underlying CAD (as classified by the study doctor) were less
likely to be uptitrated, possibly due to their older age and
higher LVEF (data not shown).

For MRAs, more patients were on target dose at enrol-
ment than for other drug groups, but the proportion did
not change during follow-up, again suggesting little attention
to drug uptitration.

Similarly, few patients were on the target dose of
ivabradine at baseline, with little change during follow-up. A
higher resting heart rate was associated with a higher proba-
bility of uptitration, which is clinically unsurprising as the
drug’s initiation and uptitration should be modified by the
resting heart rate.'®

By providing baseline and 18 month follow-up data on
uptitration of recommended HFrEF disease-modifying medi-
cations from a global population, these data extend our un-
derstanding of dosing patterns reported in previous studies,
which tended to be regional rather than global.

In the BIOSTAT-CHF registry of patients with HFrEF
suboptimally treated at baseline, recruited in Europe from
December 2010-December 2012, only 22% achieved target
dose of a renin-angiotensin system (RAS) inhibitor at a

median 21 months’ follow-up, and 12% target BB dose—
lower proportions than in our study.® Similarly to our data,
the registry not only showed an association between lack of
RAS inhibitor uptitration and lower BMI and eGFR but also
reported less uptitration in women. For BB, older age,
lower heart rate, and lower blood pressure were associated
with less uptitration, similarly to our data.

The ESC Heart Failure Long-Term Registry of patients, re-
cruited with acute and chronic HF from May 2011-April
2013, showed similar levels of drug usage to QUALIFY for
RAS blockers, BBs, and MRAs, with somewhat lower pro-
portions at target dose. However, many physicians were
still uptitrating their patients.® No clear reason for failing
to reach target dose was recorded for 29% of patients
prescribed ACEls, ARBs, or BBs and 47% of those prescribed
MRA:s.

A comparison of QUALIFY dosing data with those from two
other recently published registries, CHECK-HF’*® and
CHAMP,%9 is presented in Figure 3.

Baseline data from the Dutch CHECK-HF registry
(2013-2106) showed relatively high use of evidence-based
treatment in HFrEF, especially in younger patients. However,
only half of eligible patients achieved >100% of target doses
for ACEI/ARB and MRAs and 19% for BBs,'” similar to our
data. Older age, lower BMI, and lower blood pressure were
associated with lower dosage across drug classes, similar to
our data.*®

Baseline prescribing levels of ACEI/ARB, BB, and MRA in
the CHAMP-HF (Change the Management of Patients with
Heart Failure) registry in the USA (December 2015-March
2017) were lower than in QUALIFY.®*° During 12 months’

Figure 3 A comparison of dosing of guideline-recommended medical therapy among patients with chronic HFrEF: QUALIFY, CHECK-HF, and CHAMP

(CHECK HEY reported prescription rates for all patients, whereas CHAMP®

contraindication or intolerance).

and QUALIFY reported prescriptions in eligible patients with no documented
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follow-up, initiation and uptitration only occurred in a small
minority of patients, with associated factors similar to those
we report: for ACEI/ARBs—higher systolic blood pressure;
for BB—younger age, higher systolic blood pressure, or
higher heart rate. The presence of CAD was associated with
a higher likelihood of BB dose decrease or medication
discontinuation.

Evidence of sub-optimal dosing is not limited to European
and US studies. In the ASIAN-HF registry (October 2012-
December 2015), guideline-recommended target doses were
achieved in only 17% of patients treated with ACEI/ARB, 13%
for BB, and 29% for MRAs.” This was lower than European or
US data, although there were marked differences between
countries. Similar factors were associated with target dosage
as in our study: younger age and no CKD for ACEI/ARBs; youn-
ger age, higher BMI and hypertension history for BBs; and
older age, higher systolic blood pressure and hypertension
history for MRAs. Similar to BIOSTAT-CHF,® ASIAN-HF re-
ported a clear association between dosage of ACEI/ARB or
BB achieved and subsequent risk of all-cause mortality or
HF hospitalization,” as has also been reported in the large
multiyear national registry of HF in the UK.%°

The results of our study, and those mentioned earlier, con-
trast with those from randomized controlled trials in which at
least 50-60% of patients achieved target doses.?*™%° Patients
in clinical practice are generally older and with more
co-morbidities than those in clinical trials, and this is likely to
affect prescribing decisions and the perception of risk and ben-
efit of these therapies. Additionally, some trials have a run-in
period prior to randomization, which is likely to lead to an over-
estimation of drug tolerability in real-world practice.?®

The QUALIFY data show that clinical factors, including
age, lower blood pressure, and lower BMI, along with
co-morbidities such as CAD, DM, and CKD are associated with
lower likelihood of appropriate uptitration of drug therapy,
even when under the supervision of a specialist. This trans-
lates into an inability to achieve target doses of medication,
a target that has consistently been shown to be associated
with better outcomes.®®%1° Such patients are at higher ab-
solute risk and are therefore missing out on the potential to
gain important clinical benefits.

The lack of appropriate drug optimisation for patients with
HFrEF has been reported before,?” and many initiatives have
attempted to improve the quality of care, including the Get
With The Guidelines programme.?® Disease management
programmes have been introduced, often including early
review after hospital discharge, HF nurse specialists, or phar-
macists to support patient education and medication optimi-
zation. Financial incentives may encourage hospitals or
general practitioners to achieve better process and outcome
measures (e.g. 30 day readmission penalties and best prac-
tice tariffs).>>3° Some clinical features associated with inabil-
ity to achieve target doses may be physiological and clinically
appropriate, but the wide variation in achievement within

studies® ®2° suggests that there are potentially many patients

who could tolerate more appropriate drug doses, given the
opportunity.

A recent review highlighted the practical considerations
that might extend maximal medical therapy for patients with
HFrEF® including better education, more clinical time for pa-
tients (either face-to-face or remotely), adjustment of con-
comitant medication to allow better use of HF drugs,
management of side-effects, and optimized timing of drug
dosages.

Collection of data from routine practice, and
benchmarking against standards, will allow poor perfor-
mance to be identified, but the responsibility to improve
performance is likely to lie locally, and local champions
are required to drive improvement. Improved clinical deci-
sion support, coupled with healthcare professional and pa-
tient/family education, and benchmarking of key process
and outcome measures, are likely to be front and centre
of any solution.

Strengths and limitations

Strengths of this study include the large number of patients
recruited and followed up for 18 months from many centres
in 36 countries.

The relatively young age of the QUALIFY population may
not be typical of that seen in clinical practice in Western
countries but reflects the international nature of the regis-
try. QUALIFY centres were selected by national coordina-
tors, on a voluntary basis, and selection bias cannot be
excluded.

A large majority of QUALIFY patients (90%) were treated
by cardiologists, which does not reflect routine practice in
some countries. The failure to uptitrate HF medicines and
reach target doses may be even more apparent in patients
treated by a non-cardiologist workforce.

At the time the QUALIFY registry was initiated, interna-
tional HF guidelines did not include a recommendation for
neprilysin inhibitor therapy, and this drug was not available.'®
As a result, data on its use were not collected.

We did not have complete follow-up data on all patients
enrolled in the QUALIFY registry and had to limit our analyses
to those who did. There were no major differences in clinical
and demographic characteristics between those for whom
we did, or did not, have such data, but we cannot exclude un-
measured confounding.

Conclusions

In this international HFrEF patient cohort, despite good ad-
herence to the use of guideline-directed therapy, few
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patients attain target doses of drug classes, with little evi-
dence of drug uptitration over time for any individual patient.
Optimization of drug therapy in HFrEF remains a global chal-
lenge. This problem is not likely to reduce unless more specif-
ically targeted and incentivized by healthcare systems and
quality improvement initiatives.
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