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Abstract

Background: Heart failure (HF) is a complex cardiovascular disease. Effective management typically
involves four main medications: angiotensin-converting enzyme inhibitors/angiotensin receptor blockers,
beta-blockers (BBs), angiotensin receptor-neprilysin inhibitors, and mineralocorticoid receptor antagonists,
along with sodium-glucose co-transporter-2 inhibitors (SGLT2i). The primary objective of this article is to
assess and identify the utilization of four-pillar regimen for HF management medieations and and explore the
characterlstlcs of the patlents belng on the four—plllar reglmen thepetent-}al—vaﬂaﬁeﬁ—m—elm*eah%aetlee—&nd-e*plere

Methods: Data from the Jordanian HF registry (JoHFR) was analyzed encompassmg records of HF patients
treated in various cardlology centers from 2021 to 2023.

Results: The medical records of 2,151 HEpatients-patients with HE who were admitted to cardiology centers
throughout Jordan were collected. Males comprised 58.0% of the included patients. Moreover, 71.0% of patients
had chronic HF. whereas the rest, 29.0%. had acute HF. Of these, only 0.6% received the complete four-pillar
treatment for-heart-fatlureof HF. Beta-blockers were the most frequently used medication, prescribed to 74%
of patients, while SGLT2 inhibitors were the least common, used by only 9%. Notably, patients with type 2
diabetes were more likely to be on the four-pillar regimen (P-value = 0.016). Additionally, patients with a

glomerular filtration rate -GER}-below 60 and-antbAtelevel-above6% were eonsistently-more likely to be
treated with-this-comprehensive-appreachusing the four-pillar (P-values = 0.044-and-0-066,respeetively). The

analysis revealed no significant difference in mortality rates between the patient-two groups (P-value = 0.475).

&dheFenec—te—thesee&senﬂaJ—meéeaﬂeﬂs—Our study dcmonstrated an overall low ut1117at10n of thc, four-mllar

reginen for of HF treatment in Jordan with several patients’ characteristics associated with it. This highlight
the need for enhanced collaborative effort and governmental initiatives to address the challenges of the low
utilization of these medications.

Concise conclusion from the conclusion below:

In conclusion, the use of the four-pillar regimen for HF was very low in Jordan. Patients with a of history of type
2 diabetes and impaired renal function were more likely to receive the four-pillar regimen for HF highlighting the
underuse of the four-pillar regimen.

Keywords: Heart Failure - Guidelines - Pillars - Jordan
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Introduction

Heart failure (HF) is a complicated and debilitating disease of the cardiovascular system characterized by the
inability of the heart to function normally and to pump blood properly and adequately, leading to impairment of
cardiac input [1, 2]. As one of the major causes of morbidity and mortality, HF places a significant burden on
health systems worldwide, including these—in Jordan. (3) Where-As the prevalence of HF is on the rise, the
importance of in-depth eheeking-investigation and inspeetion-assesing of the current guideline-directed medical
therapy (GDMT)-is essential, adding to-italong with how adherent the physicians and the system are to-in following
it.; which-isfateful This is fundemental towards improving and identifying factors associated with compliance to

these guidelines [3].

The main intervention for successfully treating HF is pharmacological [1]. The main drugs used worldwide in the
management and treatment of HF are angiotensin-converting enzyme inhibitors (ACEi), beta-blockers (BBs),
angiotensin receptor blockers (ARBs), angiotensin receptor-neprilysin inhibitors (ARNIs), mineralocorticoid
receptor antagonists (MRAs), and sodium-glucose co-transporter-2 inhibitors (SGLT21) [1].;fer-Among patients

with HF with reduced ejection fraction (HFrEF)_the guidelines |¢ car, ~ACEi, ARNI, BBs, and SGLT2i
are considered the main disease-modifying treatments for improving symptoms, reducing hospital admissions, and
increasing survival [4,5]. However, only SGLT2i improvesé mortality among patients with HF with preserved
ejection fraction [(HFpEF) [6]

The primary objective of this article is to assess and identify the utilization of four-pillar regimen for HF
management meehea&eﬂs and explore the characteristics of the patients being on the four-plllar reglmen £aetefs
0 : pals in Jordan 2

Methods

Setting, Design, and Population

We analyzed data from the ongoing Jordanian HF Registry (JOHFR). This is a national heartfailure HF registry in
Jordan. Detailed methodology information is found in the study-protocol registration-(NCT04829591)f#. In brief,
medical records frem-of heartfailure-patientspatients with HF who reviewed-visited cardiology medical centers
across Jordan from 2021 to 2023 were eoHected-and studiedreviewed 1ew ed The study populatlon 1ncludeds patlents who
were seen in thc mpdtlum W drds or outpatlent chmcs or¢

: Sk fbe \wth a diagnosis of HE. A total of 21
centers were 1nvolved in the study, including private centers, teaching and nonteaching hospitals, and-publie
seeondary-and tertiary university hospitals. Patients were divied in to two groups: patient on four-pillar regimen
for HF and patient who are not on it. InFthis is-a-prospective multicenter stady-registry, in-which-patients were-are
being followed up to 1 year after the first medical record was collected. Patients under the age of 18 were excluded
from the study. According to Jordanian research data collection guidelines, each site’s principal investigator was
responsible for getting an institutional review board (IRB) approval from their institution. The IRB of the Specialty
Hospital approved the conductance of this research (approval number: 5/1/t/104826). Patients were informed of
the conduct of a heart failure registry and given the option to reject their data entry. A written informed consent
was obtained from all the participants. All patients' data were dealt with anonymously.

Data Collection

An online Google form was distributed among the data collection team. This form was based on similar forms
made by other heart failure registries. In summary, the form had several sections, including demographic
characteristics of the patients, baseline co-morbidities, baseline laboratory investigations, and-what drugs the
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patients were on, and clinical outcomes including 30-day mortality hlccd for mechanical ventilation, and length of

hospital stay.]

: bsehe : isits—It was then shared into a database
managed by this research's administrative and analytlc team. Heaﬁ—taﬁmwﬁ-h—;ed-&eed—ejee&eﬂ—&aeﬁenHFrEF is
was defined by an echocardiogram ejection fraction <450%; meanwhile, heartfaiture—with-preserved-ejeetion
fraction{HFpEF) is d1agnosed by an echocardlogram with an ejectlon fractlon of . >50% w1th (versus and") a
diastolic dysfunctlon g i o

In 2021, the A€E{American College of Cardiology (ACC) and the AHA—{American Heart Association (AHA)
gave SGLT2i inhibiters-a class 1 indication for treating HFrEF and a class Ila indication for both mildly reduced
EF (versus ejection fraction?) (41-49%) and HF with preserved EF (versus HFpEF?) (=50%). These
recommendations made SGLT2i -ihibiters-one of the main four pillars of treating heart failure. Accordingly, the
main four-pill ar 4—p+l-l-aﬁ of treatlng HF in this study were d-F&BB ACEI/ARBs ARNI and SGLT21 T—heﬂ—tefe

Data Analysis

The data was entered usmg Mlcrosoft Office Excel 2019 and then 1mp0rted and analyzed us1ng IBM SPSS v.25
software. : a

Ch1 -square was used to compare patlents varlables accordmg
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to the use of the four pillars of HF Fespeetively. The data is
described using counts with percentages for categorical variables. We have conducted survival analyses using
Kaplan-Meier curve to assess the difference between patients who were on the 4 pillars of HF and patients who
were not. A p-value<0.050 was considered statistically significant.

Results

Characteristics of the included patients

The medical records of 2,115 heart-failure-patients with HF who were admitted to eardiovaseutar-cardiology centers
throughout Jordan were collected. Males comprised 58.0% +235/2115)-of the included patients.

Last sentence should be relocated here

Moreover, 71.0% of patients had chronic HF, whereas the rest; 29.0%; had acute HF. A percentage of 70.3% of
patients had heartfatlure-withreduced-ejectionfraction{HFTEF). whereas, 29.7% had heart-failure-with-preserved
ejeetionfraction{HFpEF). Patients who were on the 4-piHarsfour-pillar of HF (the-pillars-are SGET2-inhibitors;

ARNL-B-bloekersand-MRAS were 0.6% of all study samplesparticipants. Figure 1 describes the use of each of
the 4 pillars in HF management. The most commonly used medlcatlon was beta-blockersBBs (74%), while the

80.7% had had hypertension. The percentage of smoklng and alcohol among the included patients was 31.3% and 0.6%,
respectively.

C ted [RK6]: Unclear!

Suggestion: Descriptive statistics of mean and standard
deviation for continuous variable and frequency with
percentages for categorical variables were presented. To
detect significant mean differences between the study
groups for continuous variables, student t-tests were
applied. Chi-squared tests were applied for categorical
variables.
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Comparison of the Characteristics of the Patients According to the Use of the HF-4
Pillars

Table 1 summarizes the faetors variable studied between two study distinet-patient groups: these on the lfour-pillar
regimen Eor heartfaiture (HF) management and thesenot on the regimen. A pronounced discrepancy was observed
in the prevalence of type 2 diabetes between these groups. Remarkably, all patients with type 2 diabetes were

treated with the four-pillar regimen (P-value = 0.016). ;underscering-a-targeted-approachfor-this-subset-of the
poputation—This association is further visualized in Figure 3, which delineates the proportional use of each of the

four pillars across patients with and without type 2 diabetes, demonstrating a higher utilization rate among eiabetie
individuals_with type 2 diabetes. Furthermore, every patient prescribed SGLT2i-inhibiters-had a concurrent
diagnosis of type 2 diabetes.

The employment of the four-pillar treatment strategy was also evaluated across different types of heart-fatlureHE.
Figure 4 highlights a greater percentage of patients with heaﬂ—faﬂﬂr%wrﬁwedﬂeed%}eeﬁeﬂ—#aeﬂen%HFrEF)
recelvmg all four medlcatlons in contrast to those w1th = e raction{HFpEF);
Seone > : HW&PT%he analysis indicated no
51gn1ﬁcant distinction in the use of the f our—plllar 4e%p+¥¥%&when comparing patients with acute HF to those with
chronic HF. Also. there was no; nerwas-there-a-significant difference in the use of the four-pillar in-the-adeption

of-this—restmen—between genderssex, or across the variables of hypertension (H4F™j, smoking, alcohol use,
dyslipidemia, obesity, or family history of atherosclerotic cardiovascular disease (ASEVD)-or premature death.

all
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patients who had GFR460\ or beAlcPé were found to be on the-eemplete four-pillar treatment (P-value = 0.044,
and 0.066, respectively). In contrast, no significant ke%eﬂs—associatiations }were observed between the use of
the four-pillar therapy and other laboratory findings, such as lipid profiles, B-type natriuretic peptide-BNP), N-
terminal pro b-type natriuretic peptide-(NT-preBNP), sodium, potassium, hemoglobin, urea, and creatinine levels.
Furthermere, the 30-day mortality rate did not significantly differ between the patient groups (P-value = 0.475).

’Survival Analysis\

Survival analysis demonstrated that patients who were not on the 4 pillars had worse survival compared to their <
corntemarts. However, the difference was not statistically significant (HR=1.954; 95%CI: 0.272-14.010) dFigure
5).

Discussion

This is the first large-scale national prospective multi-center registry to study heartfathurepatients with HF in
Jordan.-that-has-continucd-cnrothing paticntsfor two-vears. Dataregarding patient-demographics. medical-history:

[Our study kevealed that only 0.6% of H¥-patients with HF were prescribed this optimal combination therapy. This
low percentage of utilizing these medications can be attributed to several factors, including cost and availability.
SGLT?2i inhibiters-are relatively newer agents demonstrating substantial cardiovascular benefits in HE-patients
with HF. However, their higher acquisition costs compared to traditional HF medications, coupled with their
limited availability within healthcare facilities, may contribute to the lower prescription rates. Cost-related factors
and medication availability also play a crucial role in the utilization of other HF medications. Patients with limited
financial resources or inadequate health insurance coverage may face barriers to accessing prescribed medications,
leading to non-compliance or suboptimal treatment.
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Similarly, the availability of certain medications within healthcare facilities, particularly in resource-limited
settings, can influence prescription patterns. Addressing these barriers through policy interventions, such as
improved reimbursement systems or the inclusion of essential medications in formularies, may help increase the
utilization of guideline-recommended HF therapies. The suboptimal usage of combined medications raises
concerns about the potential impact on patient outcomes. Several studies have demonstrated the significant benefits
of these medications in improving survival, reducing hospitalizations, and enhancing quality of life in HF patients
[8, 9]. Cardiovascular risk factors and co-morbidities, as well as cost and availability, are several patient-related
factors that impact the selection and usage of HF medications.

Our study highlights_that there was an lassociation] between the use of the four-pillar of HF and significance of
comorbid conditions such as type 2 diabetes mellitus-(DM), HaemoglobinA1C, and kidney function.-measured-by

estimated-glomerularfiltrationrate {GFR}. These factors are found to be significant in influencing medication
choices and dosing strategies. In a long-term HF registry done by the [European Society of CardlologyL the-and

included patients with chronic HF, the prevalence of type 2 diabetes, atrial fibrillation, and renal dysfunction were
31.9%, 37.7%, and 18.4-for DM Atrial Hibrillationand Renal-dysfunetion, respectively [8]. HF itselfis considered
an insulin-resistant state and is associated with a significant risk for the future development of type 2 diabetes [8].
Higher HbA1C levels are associated with increased mortality, which is mainly multifactorial and may involve both
direct and indirect effects of hyperglycemia. Adverse effects of hyperglycemia are potentially represented by
endothelial dysfunction, high oxidative stress, increased protein kinase C activation, and potentially accelerated
atherosclerosis [8]. In addition, the magnification of glycation end products (AGEs), resulting from chronic
hyperglycemia, may lead to many detrimental processes such as increased myocardial stiffness and activation-of
the-receptorfor AGEs-leads-to-upregulation of cellular signals and-that results in cellular dysfunction [8] Also,
elevated levels of HbA1C may be an indicator for a greater level of insulin resmtance wﬁlcﬁh%asseemedthﬂt is
associated with derangements of myocardial energy and cardiac metabolism 5 >
myoeardim-and increased activation of the sympathetic nervous system [8]. Finally, hlgh HbA1C levels also may
be reflective of poor compliance with medications, which in turn may be associated with poor outcomes, and that
could clarify the considerable association between high HbA1C and the significant percentage of HE-patients with
HF who were deseribed-on #rthe four-pillar regimen 4-pitlars[1]. In addition, 100% of the patients were on SGLT2i1
inhibitors-had type 2 diabetes. This highlights that SGLT2i is still being considered as a medication to control
HbAlc and type 2 diabetes and not a main pillar of heart failure treatment as recommended by the international
guidelines [4]. Similarly, impaired renal function, as-indicated-by—deereased-GFR, was also associated with the
physicians’ adherence te-with prescribing the four-pillar4-pittars of HF [mdlcatlng that physicians are stlll cautlous
about the safety of these medlcatlons among patlents with reduced GFR

Moereever, our study included patients with HFpEF and HFrEF and demonstrated that the prevalence of the use of
the four-pillar was double among patients with HFrEF compared to patients with HFpEF. This result highlight that
patients with HFrEF were more likely to be on the four-pillar which is consistent with the most recent European
and American guidelines in the management of HF.[10,11] Our findings also highlight that a percentage of patients

with HFpEF also are on the four-pillar. This reflect the uncertainty in the management of patients with HFpEF.
However, the most recent guidelines recommend the use of hypertension medications such as ACEi and ARBs
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along with BBs as appropriate.[11] The guidelines also recommend the use of‘ARNl‘ to decrease hospitalizations
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In our study, data about the reasons of not using the four-pillar of HF is not available. a finding that
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HF hospitalization observed with SGLT2i.[19] Although the medication also showed great benefits in reducing
mortality and hospitalization rates among patients with HFpEF [12] and HFrEF.[4720] we demonstrate that its




utilization is very low in our study. We hypothesize )that several reasons are behind this low utilization including

{ C d [RK24]: Repeated again!

low insurance rate in Jordan, high cost of the medication, and the low adoption rate by the physicians. Future
studies are needed to study the reasons and factors associated with this low utilization rate.

[Additionallv we did not find differences in survival rates between patients on the four-pillar and patients who were
not which contradicts previous findings.[21] However, we consider our analysis limited due to the low number of

patients who were on the 4 pillars of heart failure.|

Several limitations should be acknowledged. Due to the observational design of this study, it is not possible to
establish cause-and-effect relationships for many of the associations mentioned. Additionally, we cannot dismiss
the potential impact of unmeasured confounding factors on the non-use of the four—pillar 4—pi—H—af&of HF. T,Fhestud—y

about the spec1ﬁc types of BB ARNI ACEI and SGLT2i used in the reglstry was unavallable in our dataset The
applicability of our findings to other countries relies on similarities in population characteristics, healthcare
systems, and heart failure management. An additional limitation is the short follow up time in our study which

limits our findings on mortality and hospitalization rates. However, an ongoing work in our group to collect data
on one-year follow up. Finally, a significant limitation of this and other registry studies is the absence of
longitudinal data and the ability to establish the timing of clinical variables, particularly prior measurements of
serum potassium levels, which could have influenced decisions regarding the initiation of therapy and medication
usage.

[n concluswnl v

aﬂa—l-ysm—revealed—that the use of the ()ul'-pl“df reglmen for HF 4—p+l-lﬂ+~rwas very low in Jordan ha—addmen Patlents

with a history of type 2 dlabetes as ots and 1mpalred renal function reduced-GER were
more likely to receive the four-pillar regimen for

HF 4—meel+e&t+eﬂ«—”lih+s hlghllghtmg the t-hat—t-hefe—ls—st}l-l—a—l&ﬁge underuse of the our-plllar reglmen 4—p+l-l-a¥~—ef

. Adse; Govemmental 1n1t1at1ves should focus on reducmg the
underuse of these medications by addressing high costs, low availability, and poor insurance coverage.
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Figure 1. The Usage of each class of the 4 main pillars of HF Management.
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Figure 2. The usage of the 4 main pillars of HF Management.
Figure 3. Distribution of the Use of the 4 Pillars of Management of HF across Diabetes Status.
Figure 4. Distribution of the Use of the 4 Pillars of Management of HF across HF Types.

Figure 5. Survival analysis.




