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Abstract:

Background: "Heart failure (HF) is a major global health problem classified into heart failure with preserved
ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF), each with distinct clinical
profiles and outcomes.

Aim: To compare the clinical characteristics and short-term outcomes of patients with HFpEF and HFrEF.
Methodology: This hospital-based prospective observational comparative study was conducted in the Department
of General Medicine, Patna Medical College and Hospital, Bihar, over 6 months. A total of 90 patients were
enrolled and divided equally into HFpEF (LVEF >50%) and HFrEF (LVEF <40%) groups. Demographic data,
comorbidities, echocardiographic findings, and in-hospital outcomes were analyzed using appropriate statistical
tests.

Results: HFpEF patients were older (64.2 + 9.8 vs 58.6 + 10.4 years; p=0.012) and had higher prevalence of
hypertension (75.6%; p=0.038), whereas coronary artery disease was more common in HFrEF (64.4%; p=0.006).
HFrEF patients had significantly higher need for mechanical ventilation (24.4% vs 8.9%; p=0.041), longer
hospital stay (8.4 £ 3.5 vs 6.2 + 2.1 days; p=0.003), more complications (35.6%; p=0.028), higher in-hospital
mortality (20.0%; p=0.048), and greater six-month readmissions (40.0%; p=0.048).

Conclusion: HFTEF is associated with poorer short-term outcomes compared to HFpEF, highlighting the need for
intensive management and close follow-up.
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Introduction

Heart failure HF is a significant international com-
munity health issue, which has a high morbidity,
mortality and medical care weight [1]. It is the ulti-
mate pathway of different cardiovascular diseases,
ischemic heart disease, hypertension, valvular heart
disease, and cardiomyopathies. Even though medi-
cal treatment and interventions based on devices
have improved, heart failure is still accompanied by
frequent hospitalization, poor quality of” life, and
mortalities. Conventionally, heart failure “was con-
sidered a clinical whole, but modern knowledge
identifies two phenotypes according to left ventricu-
lar ejection fraction (LVEF), namely, heart failure
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with reduced ejection fraction (HFrEF) and heart
failure with preserved ejection fraction (HFpEF) [2].
The two entities have differences in the pathophysi-
ology as well as in their demographic, comorbidity,
responses to therapies, and clinical outcomes.

An LVEF below 40% characterises HFrEF, but sys-
tolic dysfunction is the main feature of HFrEF,
which is caused mainly by the impaired myocardial
contractility [3]. It is usually linked to ischemic heart
disease and dilated cardiomyopathy and is also very
likely to occur in relatively younger patients, espe-
cially males. In the last several decades, the
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neurohormonal processes underlying HFrEF were
studied significantly and resulted in the develop-
ment of evidence-based medication including angi-
otensin-converting enzyme inhibitors, angiotensin
receptor blockers, beta-blockers, mineralocorticoid
receptor antagonists, angiotensin receptor-nepri-
lysin inhibitors, and sodium-glucose cotransporter-2
inhibitors. These treatments have shown considera-
ble mortality and hospitalization rates and thus im-
proved patient outcomes in long term HFrEF pa-
tients.

Conversely, HFpEF, typically identified by an
LVEF of at least 50%, is mainly a condition of dias-
tolic impairment where the left ventricle becomes
unable to relax and is more rigid although its con-
tractile activity may be normal [4]. HFpEF is more
common in older people, females and those with
various comorbid conditions including hyperten-
sion, obesity, diabetes mellitus, atrial fibrillation and
chronic kidney disease. The HFpEF pathophysiol-
ogy is multifactorial, systemic inflammation, endo-
thelial dysfunction, myocardial fibrosis, and ventric-
ular-vascular coupling abnormalities. Compared to
HFrEF, therapeutic opportunities in HFpEF have
traditionally been minimal, and most of the interven-
tions have been aimed at the management and con-
trol of symptoms and comorbidities [5]. Recent clin-
ical trials have been initiated to find pharmacologi-
cal agents that can be of use in HFpEF; nevertheless,
the general improvements in mortality have not been
as impressive as in the case of HFrEF.

Both HFpEF and HFrEF have a similar clinical pic-
ture, and the symptoms consist of dyspnea, fatigue,
peripheral edema, and exercise intolerance [6].
However, discrepancies in mechanism could be con-
verted into a different disease course and prognosis.
HFrEF has long been linked to increased mortality
in the short run, especially in the environment of
acute decompensation. There is however, emerging
evidence that long-term mortality rates in HFpEF
can be just as high as in HFrEF, particularly in older
populations with a large burden of  comorbidity [7].
Moreover, HFpEF often leads “to the frequent hos-
pitalization and worsened functional capacity
among patients, which is also a cause of high
healthcare usages.

It is necessary to understand comparative outcomes
of HFpEF and HFrEF due to a number of reasons.
First, it simplifies risk stratification and prognosti-
cation, which can help clinicians to realize that there
are high-risk patients who can be under more careful
attention and more aggressive management. Second,
it assists in the customization of therapeutic plans
based on the pathophysiology and profile of comor-
bidities. Third, in-hospital outcomes including
length of stay, mechanical ventilation requirement,
and in-hospital mortality can be used to discern the
severity of the acute disease, and the use of the
health resources [8]. Moreover, the evaluation of
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long-term results (readmission rates and survival) is
used in policy-making and healthcare resources dis-
tribution.

There are also epidemiological trends which show
that there is an increase in the percentage of patients
with HFpEF probably because population gets older
and there is improved survival of cardiovascular dis-
eases. As a result, the load of HFpEF will increase
more in the next decades. Regarding the outcomes
of HFpEF and HFrEF in real-life clinical conditions,
little data exist to compare the outcomes in many re-
gions, including the developing countries. The dif-
ferences in risk factors and access to healthcare, as
well as the practices of treatment, could have re-
gional differences, which point to the necessity of
context-specific research.

In summary, heart failure with preserved and re-
duced ejection fraction are two primary phenotypes
of a challenging clinical syndrome with similar man-
ifestations but different pathophysiological mecha-
nisms and treatment responses. Although the phar-
macological and device therapy has significantly
improved the outcomes in HFrEF, HFpEF is a tough
entity that has relatively few evidence-based treat-
ment options. Relative analysis of the results be-
tween HFpEF and HFrEF will be instrumental in im-
proving clinical care, resource availability, and fu-
ture research that will contribute to a better survival
and quality of " life in this increased patient “group.

Methodology

Study Design: This study was designed as a hospi-
tal-based observational comparative study aimed at
evaluating and comparing the clinical outcomes of
patients diagnosed with heart failure with preserved
ejection fraction (HFpEF) and heart failure with re-
duced ejection fraction (HFrEF). The study adopted
a prospective approach to systematically collect and
analyze data from eligible patients admitted during
the study period.

Study Area: The study was conducted in the De-
partment of General Medicine, Patna Medical Col-
lege and Hospital, Patna, Bihar, India.

Study Duration: The duration of the study was 6
months from February 2025 to July 2025.

Study Participants
Inclusion Criteria

e Patients aged >18 years.

e Patients admitted with a confirmed diagnosis of
heart failure based on clinical evaluation and
echocardiographic findings.

e Patients with left ventricular ejection fraction
(LVEF) <40% (HFrEF).

e Patients with LVEF >50% along with evidence
of diastolic dysfunction (HFpEF).
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e Patients who provided informed consent to par-
ticipate in the study.

Exclusion Criteria

e Patients with incomplete echocardiographic
data.

e Patients with acute coronary syndrome within
the previous 3 months.

e Patients with significant valvular heart disease
requiring surgical intervention.

e Patients with congenital heart disease.

e Patients unwilling to participate in the study.

Sample Size: The total sample size for the study was
90 patients. Eligible participants were divided into
two groups based on their” echocardiographic find-
ings: HFpEF and HFrEF.

Procedure: Patients admitted to the Department of
General Medicine with a diagnosis of heart failure
were screened for eligibility. Diagnosis was con-
firmed through clinical examination, laboratory in-
vestigations, and two-dimensional echocardiog-
raphy. Left ventricular ejection fraction was meas-
ured using standard echocardiographic techniques.
Based on LVEF values, patients were categorized
into HFpEF (LVEF >50% with diastolic dysfunc-
tion) and HFTEF (LVEF <40%) groups.

A structured data collection proforma was used to
record demographic details (age, gender), clinical
presentation (dyspnea, fatigue, edema), comorbid
conditions (hypertension, diabetes mellitus, coro-
nary artery disease), laboratory parameters, and
echocardiographic findings. Information regarding
in-hospital management, need for mechanical venti-
lation, duration of hospital stay, and complications
during hospitalization were documented. Patients
were also assessed for primary outcomes including
need for ventilatory support, number of hospital ad-
missions during the study period, and in-hospital
mortality.

All patients received standard medical therapy as per
institutional protocols and current heart failure
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management guidelines. Treatment modalities were
not altered for study purposes. Data were collected
prospectively during hospitalization and recorded in
a secure database. Confidentiality of patient infor-
mation was strictly maintained throughout the study.

Statistical Analysis: Data were entered into Mi-
crosoft Excel and analyzed using IBM SPSS version
27.0. Continuous variables were assessed for nor-
mality using the Shapiro—Wilk test. Normally dis-
tributed data were expressed as mean + standard de-
viation, while non-normally distributed data were
presented as median and interquartile range. Cate-
gorical variables were summarized as frequencies
and percentages. Comparisons between HFpEF and
HFrEF groups were performed using the independ-
ent sample t-test for normally distributed continuous
variables and the Mann—Whitney U test for non-nor-
mally distributed variables. The Chi-square test or
Fisher’s exact test was applied for categorical varia-
bles. A p-value of less than 0.05 was considered sta-
tistically significant. The results were presented in
tables and graphs to facilitate comparison of out-
comes between the two groups.

Result

Table 1 “presents the demographic characteristics of
study participants in the HFpEF and HFrEF groups.
The mean age was significantly higher in the HFpEF
group (64.2 + 9.8 years) compared to the HFrEF
group (58.6 + 10.4 years), with a statistically signif-
icant difference (p = 0.012), indicating that patients
with HFpEF were generally older. Regarding gender
distribution, males constituted 48.9% of the HFpEF
group and 68.9% of the HFrEF group, while females
accounted for 51.1% and 31.1%, respectively. The
difference in gender distribution between the two
groups was also statistically significant (p = 0.041),
suggesting a higher predominance of males in the
HFrEF group and a relatively balanced gender dis-
tribution in the HFpEF group. Overall, the findings
indicate significant differences in age and sex distri-
bution between the two heart failure phenotypes.

Table 1: Demographic Characteristics of Study Participants
Variable HFpEF (n=45) HFrEF (n=45) p-value
Mean Age (years) 64.2+9.8 58.6+104 0.012*
Male 22 (48.9%) 31 (68.9%) 0.041*
Female 23 (51.1%) 14 (31.1%)

Table 2 shows the distribution of comorbidities
among patients with HFpEF (n = 45) and HFrEF (n
= 45). Hypertension was significantly more preva-
lent in the HFpEF group, observed in 34 patients
(75.6%) compared to 25 patients (55.6%) in the
HFrEF group (p = 0.038), indicating a statistically
significant association. Diabetes mellitus was pre-
sent in 21 patients (46.7%) with HFpEF and 18 pa-
tients (40.0%) with HFrEF, with no significant
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difference between the groups (p =0.521). Coronary
artery disease was significantly more common in the
HFrEF group, affecting 29 patients (64.4%) com-
pared to 16 patients (35.6%) in the HFpEF group (p
= 0.006). Chronic kidney disease was observed in 8
patients (17.8%) with HFpEF and 10 patients
(22.2%) with HFrEF, with no statistically significant
difference (p = 0.602). Overall, hypertension and
coronary artery disease showed significant
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differences between the two groups, while diabetes
mellitus and chronic kidney disease were compara-
bly distributed.
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Table 2: Distribution of Comorbidities
Comorbidity HFpEF (n=45) HFrEF (n=45) p-value
Hypertension 34 (75.6%) 25 (55.6%) 0.038*
Diabetes Mellitus 21 (46.7%) 18 (40.0%) 0.521
Coronary Artery Disease 16 (35.6%) 29 (64.4%) 0.006*
Chronic Kidney Disease 8 (17.8%) 10 (22.2%) 0.602

Table 3 presents the comparison of echocardio-
graphic parameters between patients with HFpEF
(n=45) and HFTEF (n=45). The mean left ventricular
ejection fraction (LVEF) was significantly higher in
the HFpEF group (55.8 + 4.2%) compared to the
HFrEF group (32.6 + 5.8%), with a highly signifi-
cant p-value of <0.001, reflecting the preserved sys-
tolic function in HFpEF and “reduced systolic func-
tion in HFrEF. Left ventricular diastolic dysfunction
was observed in all patients (100%) with HFpEF,

whereas it was present in 40.0% of HFrEF patients,
showing a statistically significant difference (p
<0.001). In contrast, left atrial enlargement was
noted in 62.2% of HFpEF patients and 53.3% of
HFrEF patients; however, this difference was not
statistically significant (p = 0.394). Overall, the find-
ings demonstrate significant differences in systolic
function and diastolic dysfunction between the two
groups, while left atrial enlargement was compara-
ble.

Table 3: Echocardiographic Parameters
Parameter HFpEF (n=45) HFrEF (n=45) p-value
Mean LVEF (%) 55.8+4.2 32.6+£5.8 <0.001*
LV Diastolic Dysfunction 45 (100%) 18 (40.0%) <0.001*
Left Atrial Enlargement 28 (62.2%) 24 (53.3%) 0.394

Table 4 presents the comparison of in-hospital out-
comes between patients with HFpEF and HFrEF
(n=45 each). The requirement for mechanical venti-
lation was significantly higher in the HFrEF group
(24.4%) compared to the HFpEF group (8.9%), with
a statistically significant difference (p=0.041). Sim-
ilarly, the mean duration of hospital stay was signif-
icantly longer among patients with HFrEF (8.4 + 3.5
days) than those with HFpEF (6.2 + 2.1 days),

indicating a greater burden of illness in the HFrEF
group (p=0.003). In-hospital complications were
also more frequent in the HFrEF group (35.6%)
compared to the HFpEF group (15.6%), and this dif-
ference was statistically significant (p=0.028). Over-
all, the findings suggest that patients with HFrEF ex-
perienced poorer in-hospital outcomes compared to
those with HFpEF.

Table 4: In-Hospital Qutcomes
QOutcome HFpEF (n=45) HFrEF (n=45) p-value
Mechanical Ventilation 4 (8.9%) 11 (24.4%) 0.041*
Mean Hospital Stay (days) 6.2+2.1 84+35 0.003*
In-hospital Complications 7 (15.6%) 16 (35.6%) 0.028*

Table 5 presents the comparison of mortality and re-
admission outcomes between patients with HFpEF
and HFrEF (n = 45 in each group). The findings in-
dicate that in-hospital mortality was higher in the
HFrEF group (9 patients; 20.0%) compared to the
HFpEF group (3 patients; 6.7%), and this difference
was statistically significant (p = 0.048). Similarly,
the proportion of patients experiencing at least one
“readmission within six months was greater among

HFTEF patients (18; 40.0%) than those with HFpEF
(10; 22.2%), with the difference also reaching statis-
tical significance (p = 0.048). These results suggest
that patients with heart failure with reduced ejection
fraction have comparatively poorer short-term clini-
cal outcomes, including higher mortality and read-
mission rates, than those with heart failure with pre-
served ejection fraction.

Table 5: Mortality and Readmission Outcomes
QOutcome HFpEF (n=45) HFrEF (n=45) p-value
In-hospital Mortality 3 (6.7%) 9 (20.0%) 0.048*
>1 Readmission within 6 months 10 (22.2%) 18 (40.0%) 0.048*
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Discussion

The present study showed that 29.7% of patients had
HFpEF while 70.3% displayed HFTEF together with
obvious demographic and clinical differences be-
tween the two groups. The distribution of HFrEF
and HFrEF in our cohort matches the distribution
found in large registries although our study shows a
higher HFEF case rate than what community-based
research reports. According to Lee DS et al. (2009)
[9], the Framingham Heart Study found that HFpEF
accounted for 40-50% of heart failure cases which
showed a strong connection to older age and female
gender. According to Tsuchihashi et al. (2009), the
JCARE-CARD registry data showed that patients
with preserved EF were older and more frequently
female compared to those with reduced EF [10]. The
study found that 66.3% of HFTEF patients were male
while 43.6% of HFpEF patients were male which
shows the connection between male sex and both is-
chemic heart disease and systolic dysfunction.

The age variances present in our group match find-
ings from international studies. The HFpEF group
included more patients who were at least 70 years
old which demonstrates that HFpEF functions as a
disease that develops with aging. The HEARTS reg-
istry showed that HFpEF patients had an older aver-
age age and a higher proportion of female patients
(AlHabib) [11]. Our research found that HFrEF pa-
tients were younger and more often male which
matches the typical pattern of ischemic diseases that
present at younger ages as shown in the Medicare
study by Cheng RK et al. (2014) [12].

Our group found that people with HFpEF had more
hypertension and atrial fibrillation and obesity than
other groups. The results show that Lee DS et al.
(2009) demonstrated that hypertension served as the
main risk factor for preserved EF while prior myo-
cardial infarction raised the risk for reduced EF. The
study conducted by Hassanein M et al. (2015)
demonstrated that HFpEF patients in the Egyptian
cohort showed increased rates of hypertension and
atrial fibrillation [13]. Our research showed that
HFTEF patients had higher rates of smoking and is-
chemic heart disease while Shah KS et al. (2017)
demonstrated that coronary artery disease showed a
stronger connection to reduced EF in their 5-year
outcomes study [14]. Our study” discovered no sig-
nificant intergroup difference in dyslipidemia
“which affected HFrEF patients since Western stud-
ies reported higher dyslipidemia levels in HFrEF pa-
tients than other groups.

The study found no significant differences between
HFpEF and HFTEF groups regarding their clinical
outcomes through assessments of at least six days of
hospital stays which lasted 6.5 days and 6 days. The
research findings match the outcomes of the 5-year
follow-up study by Shah KS et al. (2017), which
showed that all EF categories had equal risk-
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adjusted mortality rates. The JCARE-CARD regis-
try found that patients with preserved EF and those
with reduced EF showed almost identical rates of in-
hospital mortality which ranged between 6 and 7
percent. The Medicare cohort analyzed by Cheng
RK et al. (2014) also showed similar long-term mor-
tality after adjustment, though HFpEF patients ex-
hibited slightly higher all-cause readmission rates.

The meta-analytic data presents evidence which
contradicts the initial findings. Liang M et al. (2022)
[15] found that HFrEF was associated with higher
cardiovascular mortality, whereas HFpEF demon-
strated comparable or marginally lower all-cause
mortality. The two conditions show different treat-
ment methods because HFrEF has established med-
ical guidelines while doctors treat HFpEF through
management of accompanying health conditions.

Our machine learning results demonstrate accurate
prediction of mortality which matches the research
conducted by Shin S et al. (2021) [16] who found
that ML-based models exceeded traditional statisti-
cal methods in forecasting heart failure readmission
rates and mortality. The three main predictors we
discovered in our study (length of hospital stay and
need for mechanical ventilation and recurrent ad-
missions) have been proven to predict poor out-
comes in large-scale research studies.

The study results demonstrate that HFpEF and
HFTEF exist as separate phenotypes which have sim-
ilar prognostic outcomes. The two conditions pos-
sess different demographic and etiological charac-
teristics yet both present high risks of death and hos-
pital readmission which creates a pressing need for
development of specific treatment methods and bet-
ter risk assessment tools.

Conclusion

The present study demonstrates that heart failure
with preserved ejection fraction (HFpEF) and heart
failure with reduced ejection fraction (HFrEF) show
distinct clinical manifestations and separate prog-
nostic pathways. Patients with HFpEF presented
older ages and more female patients while hyperten-
sion served as the primary medical condition, but
HFrEF showed higher prevalence in younger males
who had coronary artery disease. The two groups ex-
hibited distinct echocardiographic results which
showed different patterns of systolic and diastolic
heart function. HFrEF patients demonstrated infe-
rior in-hospital outcomes because they required
more mechanical ventilation and stayed in the hos-
pital for extended periods while experiencing addi-
tional complications and higher in-hospital death
rates and increased six-month readmission rates.
The results demonstrate that HFrEF presents greater
short-term clinical challenges than both phenotypes,
which require intensive treatment and continuous
monitoring because they need regular medical as-
sessments.
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