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ABSTRACT

Background: Heart failure (HF) often coexists with multiple comorbidities, which may
substantially increase healthcare resource use. However, economic evaluations often overlook
the specific cost impact of comorbid conditions in HF patients. Objective: To systematically
review and quantify the excess direct medical costs and markup factors associated with
comorbidities in patients with heart failure. Methods: A structured literature search was
conducted across four databases (PubMed, Embase, ScienceDirect, and Google Scholar) on June
28, 2025. Observational studies reporting direct medical costs of HF patients with and without
comorbidities were included. All cost values were standardized to 2024 USD using the
Consumer Price Index (CPI) and converted using average exchange rates. The methodological
quality of included studies was assessed using criteria adapted from Huber et al. (2015). A total
of six studies, all conducted in the United States, met the inclusion criteria. Narrative synthesis
was performed due to heterogeneity in cost reporting. Results: Across the six studies,
comorbidities significantly increased HF-related costs. Mark-up factors ranged from 0.64 to
2.15, with the highest excess costs observed in patients with hyperkalemia (USD 39,543), drug
use disorder (USD 27,783), and cancer (USD 19,379). In contrast, some comorbidities, such as
Alzheimer’s disease, ischemic heart disease, and type 2 diabetes mellitus, were associated with
lower costs, possibly due to end-of-life care patterns or system-level cost controls. Conclusion:
Comorbidities impose a substantial and variable economic burden on HF patients. Findings
highlight the need for multi-country studies, standardized cost methodologies, and the inclusion
of indirect costs and HF severity stratification in future research.

Keywords: Comorbidities; Direct medical costs; Economic burden; Heart failure; Mark-up
factor.

INTRODUCTION
Heart failure (HF) is a clinical
syndrome characterized by complex signs

classified based on the degree of functional
limitation  experienced by the patient,

and symptoms resulting from structural or
functional cardiac impairment, which leads
to reduced ejection or impaired filling of the
ventriclesll. According to the New York
Heart Association (NYHA), heart failure is
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ranging from Class | (no limitation) to Class
IV (severe limitation)t]. Globally, HF is a
major public health burden, affecting
approximately 64 million people
worldwidel2],
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In clinical practice, heart failure is
rarely seen in isolation and is frequently
accompanied by comorbidities such as
coronary artery disease, hypertension, atrial
fibrillation, COPD, CKD, and diabetes
mellitus®].  These  coexisting conditions
worsen  clinical ~ outcomes,  increase
hospitalizations, and raise overall healthcare
costs. Moreover, comorbidities may amplify
each other’s negative effects, leading to a
cycle of worsening health and higher
resource usel-5l,

Despite this impact, many economic
evaluations often exclude patients with
comorbidities, potentially  underestimating
the true cost of heart failure in real-world
settings[®. However, to date, no previous
systematic review has specifically calculated
the excess direct medical costs for individual
heart failure comorbidities using markup
factors. Therefore, this systematic review
aims to analyse and quantify the excess
healthcare costs due to comorbidities in
patients with heart failure. This review
addresses the following research question
based on the PICOS framework: In patients
with heart failure (P), how does the presence
of comorbidities (1), compared to those
without comorbidities (C), affect direct
medical costs (O), as reported in analytical
observational studies (S).

METHODS
1. Comorbidity, assessment, and markup

factor

The definition and cost implications of
comorbidities may vary depending on
whether  the  comorbid condition is
considered causally related to the index
diseasel’). In this review, comorbidity is
defined using the classical approach, treating
heart failure as the index disease and any
additional condition as comorbid.

The definition and evaluation of
comorbidities remain an important
consideration in health economic research.
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Comorbidities may be assessed either
individually ~ or  through  index-based
methods. Quantitative indices simply count
the number of comorbid conditions, while
weighted indices such as the Charlson
Comorbidity Index (CCI) assign scores
based on the severity or mortality risk of
each condition, with scores ranging from 1
to 6. These indices are commonly used to
adjust for patient complexity or to match
study populations.

In the context of cost analysis,
comorbidity-related economic burden can be
reported as excess costs, calculated as the
difference in cost between patients with and
without specific comorbidities. To further
express the proportional impact, markup
factors can be calculated by dividing the
average cost per patient with comorbidities
by the cost per patient without. This
approach provides a clearer understanding
of how comorbidities contribute to increased
healthcare utilization.

Following the methodology of this
review included only studies that reported or
allowed the calculation of comorbidity-
specific  excess costs were included.
Retrospectively collected cost data from
over a Yyear prior to the study require
adjustment, commonly referred to as cost
standardization, using the Consumer Price
Index (CPI) to account for inflationl’-8l. All
cost data were adjusted for inflation to
reflect 2024 U.S. dollars and were made
using the official CPI inflation calculator
from the U.S. Bureau of Labor Statistics
(https://www.bls.gov/data/inflation calculat
or.htm), according to the following formula:

CPI2024

Adjusted cost = Original cost x —————
justed cos riginal cost x —o—— year

To minimize bias, comorbidity-specific
costs were analyzed separately, and study
quality was assessed using criteria adapted
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from several validated assessment

frameworksl[71.

2. Database Sources, Search Strategy,

Study Selection, and Data Extraction

On 28 June 2025, we conducted a
structured literature search in PubMed,
Embase, ScienceDirect, and Google Scholar.
Embase was accessed via the Cochrane
Library platform, while PubMed,
ScienceDirect, and Google Scholar were
accessed directly. The following search
concept was used in PubMed and adapted
for other databases: The PubMed search
("heart failure"[Title/Abstract]) AND
("comorbidity"[ Title/Abstract] OR
"multimorbidity"[ Title/Abstract]) AND
("cost"[Title/Abstract] OR "economic
burden"[Title/Abstract]).

The search was restricted to articles
published between January 2010 and 28
June 2025, in English, involving human
subjects, and limited to observational or
economic evaluation studies reporting direct
medical costs related to comorbidities in
heart failure.

A total of 2,224 records were retrieved:
PubMed  (n=142), Embase (n=799),
ScienceDirect  (n=1,248), and  Google
Scholar (n=35). After importing all records
into reference  management  software,
duplicate entries were removed, especially
overlapping records from PubMed and
Embase.

Two independent reviewers screened
titles, abstracts, and full texts. No
prespecified protocol was registered [,
Studies focusing solely on healthcare
utilization without reporting cost outcomes
were excluded. A total of 6 studies were
included after full screening. Data extraction
emphasized cost components attributable to
comorbidities, and markup factors were
calculated to express excess costs. Studies
that described only healthcare utilization
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without reporting cost outcomes were
excluded.

Ultimately, 6 studies met the eligibility
criteria and were included in the final
analysis. Data extraction focused on key
variables, including comorbidity type, cost
category, study design, and currency year.
Markup factors were calculated where
possible to quantify excess costs.

To standardize costs across studies, an
inflation adjustment was performed using
the Consumer Price Index for All Urban
Consumers (CPI-U) with 2024 as the
reference year, obtained from the U.S.
Bureau of Labor Statistics. Subsequently,
inflated values were converted to 2024 US
dollars using the average exchange rate for
2024.

3. Quality Assessment

The methodological quality of included
studies was assessed using a structured
checklist adapted from Huber et al. (2015),
who based their framework on previously
published criteria by Husereau, McKeage,
and Molinierf10-121, The checklist consisted
of 14 items, including study objectives,
study perspective, epidemiological sources,
costing components, and funding disclosure.
Each item was scored as “Yes (v)” if clearly
addressed or “No (x)” if not.

4. Data Synthesis

Due to the heterogeneity of the included
studies in terms of study design,
populations, comorbidity types, and cost
reporting methods, a meta-analysis was not
feasible. Variations in the types of
comorbidities evaluated, cost components
included (e.g., inpatient vs. outpatient, direct
vs. total costs), and differences in currency
years and healthcare systems further limited
statistical pooling.

Therefore, a  narrative  synthesis
approach was employed. Key characteristics
of each study, including country, sample
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size, comorbidity of interest, cost type, and
reported cost values, were extracted and
summarized in structured tables. Mark-up
factors were calculated where possible to
estimate the relative increase in cost due to
comorbidities. Results were synthesized
thematically according to comorbidity type
and cost category, with a focus on excess
direct medical costs.

6. Outcome Measures

The primary outcome in this review
was the excess direct medical costs
associated with comorbidities in patients
with heart failure. This approach was
adapted from the comparative cost analysis
framework used by Huber et al. (2015),
which compared costs between heart failure
patients with and without comorbidities.

Excess cost was defined as the
difference in annual direct medical costs
between patients with comorbidities (CD
case) and those without (base case):
Excess Cost Cost CD — Cost Base.

To standardize the relative impact of
comorbidities, we also calculated the
markup factor, which represents the
proportional increase in cost due to
comorbidities:

Markup Factor = Cost CD/Cost Base

These outcomes were calculated on a per-
patient per-year basis and were used to
compare the cost burden across different
comorbidities and studiesl’l.

RESULTS

A total of 2,224 records were identified
through  database  searching, including
PubMed, Embase, ScienceDirect, and

Google  Scholar.  After removing 588
duplicates and excluding an additional 87
records through automation tools and other
preliminary checks, 2,137 unique records
remained for screening. Following the title
and abstract assessment, 2,081 records were
excluded for not meeting the predefined
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eligibility criteria. Fifty-six full-text articles
were subsequently retrieved and evaluated
for eligibility, of which 44 were excluded
with documented reasons. Ultimately, six
studies met all inclusion criteria and were
incorporated into the final qualitative
synthesis. The detailed study identification
and selection process is illustrated in Figure
1

All six included studies were conducted
in the United States, reinforcing the
predominance of cost-of-illness research in
high-income countries [13-181 All studies used
real-world data from large databases such as
MEPSI13], NIS 4], Premier [15ITufts Medical
Centerll6], the VA systeml!’, and US
insurance claims [18]

In terms of sample characteristics, the
smallest cohort included 307 patients
[13lwhile the largest exceeded 899,000 [14],
Four studies reported a mean patient age
>70 years [13.151619]  Gender was mostly
balanced except in the VA and insurance-
based datasets, which had predominantly
male populations [17.18]

The most prominent excess cost was
observed in patients with hyperkalemia,
where annual costs rose from USD 69,625 to
USD 109,168, resulting in an excess cost of
USD 39,543 and a mark-up factor of 1.57
[18JAnother notably high increase was seen
in patients with drug use disorder, where
costs rose from USD 57,791 to USD 85,574
(excess: USD 27,783; mark-up: 1.48)
[17JComorbid renal failure (RF) and other
psychiatric disorders also led to substantial
excess costs of USD 17,568 and USD
19,224, respectively (Table 1).

For diabetes mellitus (T2DM), higher
excess costs in patients with HFrEF (USD
5199; mark-up 1.36) than those with
HFpEF (USD 4,120; mark-up 1.29). The
lowest additional burden was observed in
patients with acute myocardial infarction
(AMI), where excess cost was only USD
2,655 (mark-up 0.88)[15-16],
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Records identified from™: RECDTU_S removed before

Total records identified: 2,224 screening.

PubMed (n = 142) Duplicate records removed

Embase (n = 799) (n = 588)

ScienceDirect (n = 1,248) I Records marked as ineligible

Google Scholar {n = 35) by automation tools (n =23)
Records removed for other
reasons (n =64)

l

Records screened Records excluded™
(n=2137) L, | (n=2081)
Reports sought for retrieval Reports not retrieved
(n = 56) L | (n=0)

Y
Reporis assessed for eligibility Reporis excluded:
(n = 56) * | With Reason (n = 44)
Reporis of included studies
(n=6)

Figure 1. Flow Diagram of the Study Selection Process

*Consider, if feasible to do so, reportingthe number of records identified from each database or register searched
(rather than the total number across all databases/registers).

**|f automation toolswere used, indicate how many records were excluded by a human and how many were excluded
by automation tools.

55
DOI: https://doi.org/10.24843/JPSA.2025.v07.i02.p01



=N
’q_;ijSANugroho et al

Volume 7, Issue 2, Page 51-63, December 2025

Table 1. Characteristics of Heart Failure Studies, Cost Categories, Excess Costs, and Corresponding Mark -up Factors

No Study Country Gender (%) Comorbiditiy of  Base caseper CDcase per Excess cost Mark-
. Interestand atientandyear atientand year with CD u
Sample size Mean Age (+-SD) Evaluated Cost P g P g F;)ctor
Source Saverity of HF Category
Adjusment method Prevalence of
Comorbidities
1 W USA (ACS+HF) Female| ACS + HF (All $ 25,108 % 45,970 $ 20,862 1.83
Male: 50.1%]| 49.9% Cause Total)
(ACS+HF): 70.8% SE
1.02;
(ACS+HF): 307 n/a ACS + HF $ 8,662 $ 18,619 $ 9,957 2.15
(Cardiovascular
related)
Medical Expen-diture Panel ACS+HF 6.01 SE 0.2
Survey (MEPS) database from
1998 through
2009
Tobit Model and Negative
Binomial Regression
2 1 USA Female No HF| HF: Cancer+HF $ 33,813 $ 52,490 $ 18,677 1.55
50.2%] 46.3%
No HF| HF: 834,900 (92.8%)  No HF| HF: 63.9 (14.1)
64,740 (7.2%) | 73.7 (11.3)
National Inpatient Sample n/a
(NIS)
Logistic regression (cluster-
adjusted) for mortality; age-
standardization for costs/LOS
3 USA Male No HF| HF: 47.2]  AMI + HF $ 20332 % 22,987 $ 2,655 1.13
43.3
No HF| HF: 425708 | 42946 Age No HF| HF: 82.2
(4.7)|83.2 (4.7)
Premier Healthcare Database n/a
(Premier Inc., Charlotte, NC)
56
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No  Study Country Gender (%) Comorbidity of Base case per CD case per Excess cost with Mark-up
) Interest and patient and year patient and year CD Factor
Samplesiz Mean Age (+- SD) Evaluated Cost
Source Severity of HF Category
Adjustment method Prevalence of
Comorbidities
4 el us Female 238 (44%) HFrEF + DM 14,707 19,948 5,241 1.36
N =544 Age 71.04 (15.13) HFpEF + DM 14,147 18,301 4,154 1.29
Tufts Medical Center cost HFrEF 161; (HFrEF+C)
accounting system 124; HFpEF 146;
(HFPEF+C) 113
17 Texas Female 2.299 (2) | 115.585 HF+HT $ 57,847 $ 49,216 3 -8,631 0.85
5 (98)
N =117,870 Age <50 2088 (2) | 50-59 HF + IHD $ 57,847 $ 52,270 $ -5,577 0.90
12428 (11) | 60-69 37014
(31) |70-79 29421 (25) |
80+ 36934 (31)
Veterans Aflairs (VA) system. N/A HF + T2DM 57,847 $ 51,124 -6,723 0.88
regression analysis HT 89014 (76) | IHD HF + RF 57,847 $ 75,431 17,584 1.30
. . 62143 (53) | T2DM 57672 .
VA National Patient Care Database  (49) | RF 24187 (21) HF + Depression $ 57,847 $ 60,194 $ 2,347 1.04
and Fee Basis files | Depression 17361 (15) |
Post-traumatic Stress HF + post- $ 57,847 $ 61,111 $ 3,264 1.06
Disorder 8158 (7) |Alcohol  traumatic stress
Use Disorders 3851 (3) disorder
|Other Psychiatric Disorder  HF + prug use $ 57,847 $ 85656 $ 27,809 1.48
4Q35 (3)|Drug Use disorder
Disorder 2457 (2) | HF + Alcoholuse  $ 57,847 $ 69,695 $ 11,848 1.20
Alzheimer's Disease 854 disorder
(€Y
HF + Other $ 57,847 $ 77,089 $ 19,242 1.33
psychiatric
disorder
HF + Alzheimer's $ 57,847 $ 52,005 $ -5,842 0.90
disease
57
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No  Study Country Gender (%) Comorbidity of Base case per CDcase per Excess cost Mark-
. Interestand patientandyear patientand with CD up
Sample size Mean Age (+-SD) Evaluated Cost year Factor
Source Severityof HF Category
Adjustment method Prevalence of
Comorbidities
119 UsS Men 2391 (54.0) HF + $ 68,770 $ 107,827 $ 39,057 1.57

N () 4426; N = 4426

US insurance claims database

Age 63.7 (15.6)

Patientswith
yperkalemia-related
hospitalizations 1473
(33.3); Patientswith
index hospitalization
unrelated to
hyperkalemia
1473(33.3)

Hyperkalemia

All costs were adjusted to 2024 USD using the Consumer Price Index (CPI) via the CPI inflation calculator. ACS = Acute Coronary Syndrome; HF = Heart Failure; AMI = Acute Myocardial Infarction;
HT = Hypertension; IHD = Ischemic Heart Disease; T2DM = Type 2 Diabetes Mellitus; RF = Renal Failure; DM = Diabetes Mellitus; HFrEF = Heart Failure with Reduced Ejection Fraction; HFpEF =
Heart Failure with Preserved Ejection Fraction; Depression = Major Depressive Disorder; PTSD = Post-Traumatic Stress Disorder; Drug Use Disorder = Substance Use Disorder involving illicit or
prescription drugs; Alcohol Use Disorder = Chronic alcohol misuse with clinical diagnosis; Other Psychiatric Disorder = Includes anxiety, bipolar disorder, schizophrenia, and unspecified psychiatric
conditions; Alzheimer’s Disease = A neurodegenerative disorder causing progressive dementia; Hyperkalaemia = Elevated blood potassium levels; “ All-cause total” = Includes all medical cost
Includes only costs directly related to cardiovascular conditions

components regardless of disease origin; “Cardiovascular-related”

Mark Up Factor

HFTEF + DM

HF + Other psychiatric disorder

HF + Post-traumatic stress disorder

HF + T2DM

0y W
).

N &N 1 0
'..I.-\..'..I .ul::I

1.50 2.00

Figure 2. Mark-Up Factors of Medical Costs Due to Comorbidities in HF
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Table 2. Quality Criteria and Their Implementation in HF Comorbidity Studies

No Items/ Studies [13] [14] 18] [15] [17] [16]
1 Purposeofthe study explained v v v v v v
2 Setting and location v v v v v v
3 The study perspective is stated directly orindirectly. v v v v 4 4
4 The epidemiology source was carefully described. v 4 v 4 v 4
5 Were the Inclusion criteria for patient groups clear and sufficient? 4 4 4 4 4 x
6 Was the severity of HF assessed or indicated? x x x x x x

Was the indexused to indicatethe prevalence and severity of comorbiditiesamong the

! group? v v v v x x
8 Were the prevalences for single additional comorbidities stated? 4 4 4 v 4 v
9 Was the comparisongroup matched for characteristics? 4 v 4 4 4 4
10  Did the outcome includedirect costs? 4 4 4 4 4 v
11  Wasthe price date stated? x v v v v v
12 Werethe study limitations stated? v v v v v v
13 Wasthe sourceof fundingstated? 4 4 v v v x
14 Wasapossible conflict of interest stated? 4 v v v v v
v Yes; x:No
59
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Interestingly,  several  comorbidities,
such as Alzheimer’s disease, hypertension,
and ischemic heart disease, were associated
with negative excess costs, indicating lower
costs than for HF alone. For example, HF +
Alzheimer’s disease showed an excesS COSt
of —USD 5836 (mark-up 0.90), while
ischemic heart disease showed -USD
5,5720171,

Notably, found that cancer comorbidity
was associated with a reduction in cost, from
USD 54,461 (HF only) to USD 35,082 (HF
+ cancer), producing a negative excess cost
of —USD 19,379 and a mark-up of 0.64, the
lowest among all included studies(*9l.

Statistical methods used included Tobit
and negative binomial regression[3l, cluster-
adjusted logistic ~ regression®®],  and
multivariate models across other studies. All
adjusted for demographic and clinical
covariates. However, no study reported HF
severity, and a few did not disclose price
year or funding source, as noted in Table 2.

They found a cost increase from USD
20,328 to USD 22,983 (excess cost of USD
2,655), resulting in a lower mark-up factor
of 0.88 (Pasala et al., 2022). Another study
by Yoon (2016) utilized data from the
Veterans Affairs (VA) system in Texas,
USA. This study examined various
comorbidities in HF patients, including
hypertension (HT), ischemic heart disease
(IHD), type 2 diabetes mellitus (T2DM),
renal failure (RF), and psychiatric disorders.
The results varied widely depending on the
type of comorbidity. For instance, HF
patients with drug use disorder had the
highest excess cost of USD 27,783 and a
mark-up factor of 1.48. Conversely, patients
with Alzheimer’s disease experienced a
reduction in costs, with a negative excess
cost of USD 5,836 and a mark-up factor of
0.90.

Betts (2018) investigated the effect of
hyperkalemia on HF patients and found a
substantial cost increase from USD 69,625
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to USD 109,168, yielding an excess cost of
USD 39543 and a mark-up factor of 1.57.
This study used insurance claims data from
the United States(18l.

Finally, compared the impact of type 2
diabetes mellitus (T2DM) in two types of
heart failure: HF with reduced -ejection
fraction (HFrEF) and HF with preserved
ejection fraction (HFpEF). The results
showed that patients with HFrEF and DM
had an excess cost of USD 5,199 with a
mark-up factor of 1.36, while those with
HFpEF and DM had an excess cost of USD
4,120 and a mark-up factor of 1.29 (Figure
2). The cost data were obtained from the
Tufts Medical Center cost accounting
systemi[i6],

Overall, the findings presented in this
table highlight that certain comorbidities can
substantially increase the cost of care for
patients with heart failure. The magnitude of
this increase depends on the specific
comorbid condition and the cost evaluation
method used.

DISCUSSION

To assess the methodological quality of
the included studies, a structured set of
quality criteria  was applied to each
publication. These criteria included clarity
of study objectives, identification of
epidemiological sources, study perspective,
and inclusion of direct medical costs. As
summarized in Table 2, most studies met
most criteria, suggesting good
methodological rigor. However, common
limitations were observed: none of the
studies reported the severity of HF, and
some did not clearly state the period of time
or funding sources. This quality assessment
enhances transparency and contextualizes
the interpretation of excess costs and
markup  factors across various HF
comorbidities.

Across the studies, for example, none of
them reported the severity of heart failure
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(HF) in their analyses, and several did not
clearly specify the price year or funding
sources, limiting full transparency. This
evaluation is important to contextualize the
interpretation of excess costs and mark-up
factors across comorbid conditions in HF
patients.

When compared to other systematic
reviews of chronic disease cost burdens,
such as in chronic obstructive pulmonary
disease (COPD)[! a similar pattern emerges
where  comorbidities  drive  significant
increases in direct medical costs. In both HF
and COPD, conditions like renal failure,
psychiatric disorders, and diabetes are
consistently  associated with  substantial
economic burden.

Interestingly, not all comorbidities led
to  higher costs. Some  conditions,
particularly Alzheimer’s disease, ischemic
heart disease (IHD), and type 2 diabetes
mellitus (T2DM) in Veterans Affairs (VA)
populations, showed negative excess costs
and  mark-up  factors <1.  These
counterintuitive results could reflect end-of-
life care pathways where therapeutic
intensity is reduced, or differences in cost
coverage structures, such as bundled
services or capitated care models, which are
common in VA systems.

From a policy and clinical standpoint,
the findings highlight the need to prioritize
interventions for comorbidities with high
excess costs and strong mark-up factors,
including hyperkalemia [18], acute coronary
syndrome [31 and cancer [9Proactive
screening, comorbidity-specific care
pathways, and multidisciplinary outpatient
management may help reduce avoidable
hospitalizations and control cost escalation
in these populations.

Several limitations must be
acknowledged. First, the review only
includes studies from the United States,
limiting its external generalizability. Second,
publication bias may be present, as studies

DOI: https://doi.org/10.24843/JPSA.2025.v07.i02.p01

Volume 7, Issue 2, Page 51-63, December 2025

with non-significant or negative findings
might be underrepresented. Third, there was

substantial heterogeneity in cost
components, with some studies reporting all-
cause Costs, others limiting to

cardiovascular-related  costs, and few
clarifying whether overhead or indirect costs
were included.

Fourth, none of the studies evaluated
indirect costs (e.g., productivity loss,
caregiver burden), which likely results in
underestimation of total burden. Finally,
although one study stratified by HFpEF and
HFrEF, this was limited, and HF severity
was not reported in any included study,
restricting clinical interpretability.

Future economic evaluations in HF
should adopt standardized costing
frameworks, consider indirect costs, and
include diverse health system settings.
Stratification by HF subtype, severity class,
and comorbidity clusters may also provide
more actionable insights for policy and
practice.

Additionally, no prior registration of the
systematic review protocol was made in
PROSPERO, as the review was initiated
retrospectively, and the data collection
process had already begun before
registration could be completed. This lack of
registration may limit transparency and
reproducibility and should be acknowledged
as a limitation of the current review.

CONCLUSION

This systematic review found that
comorbidities in heart failure (HF) patients
are associated with substantial increases in
direct medical costs. The mark-up factors
ranged from 0.64 to 2.15, indicating that
costs for HF patients with comorbidities can
be more than double those without. The
highest excess costs were observed in
comorbid hyperkalemia (USD  39,543),
cancer (USD 19,379), and drug use disorder
(USD 27,783). Conversely, comorbidities
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such as Alzheimer’s disease, ischemic heart
disease, and type 2 diabetes mellitus showed
negative excess costs, potentially due to care
intensity differences or system-level cost
controls.

To improve future research and policy
impact, we recommend: Conducting multi-
country studies to enhance generalizability
beyond the U.S. Adopting standardized cost
reporting, including inflation and currency
adjustments.  Incorporating indirect costs
(e.g., productivity loss) and HF severity or
subtype stratification to ensure more
comprehensive economic evaluations.
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