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ABSTRACT

Introduction: Diabetes is associated with sig-
nificant economic burden. Moreover, cardio-
vascular disease (CVD), including heart failure,
and chronic kidney disease (CKD) are common
comorbidities, leading to premature mortality.
We conducted a systematic review to assess the
humanistic and economic burden of cardio-re-
nal-metabolic (CRM) conditions in individu-
als C 18 years with CVD, CKD, and type 2
diabetes mellitus.

Methods: We searched Embase� and Medline�

databases from 2011 to January 10, 2022 for
English publications reporting humanistic and
economic burden outcomes from observational
studies, real-world evidence, and economic
model studies. Intervention and validation
studies were excluded. Study quality was asses-
sed using the Newcastle–Ottawa Scale.
Abstracts/posters were identified from four
conferences (2020–2022).
Results: Of 1804 studies identified, 22 (includ-
ing four conference publications) were selected
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involving 351,296,930 participants (one mod-
eled the US population); eight reported health-
care resource utilization (HCRU), seven only
cost data, six HCRU and cost data, one reported
quality-of-life data (11/18 and 7/18 had esti-
mated low and medium risk of bias, respec-
tively). Participants were predominantly C 65
years and identified as having White ethnicity.
Higher costs and HCRU were observed in
patients with all three conditions compared to
those with two or none. Urban/metropolitan
and insured patients had higher healthcare
expenditure and service utilization compared to
uninsured and racial/ethnic minority popula-
tions. Comorbidities were associated with
increased hospitalizations, higher costs, and
more emergency department visits. In general,
patients identified as having Black ethnicity had
low odds of using healthcare services, possibly
due to disparities in healthcare access and dis-
trust in the system. Limitations included no
adjustment for inflation and a predominance of
retrospective studies.
Conclusions: This review showed a greater
economic burden for patients with CRM con-
ditions, with a clear trend between increasing
numbers of comorbidities and increasing
healthcare costs/resource use. Comparisons
between countries are complicated and the
scarcity of evidence from minority racial and
ethnic groups and lack of data from non-US
geographies warrant further investigation.

Keywords: Cardiorenal metabolic conditions;
Cardiovascular disease; Economic burden;
Humanistic burden; Kidney dysfunction;
Metabolic disorders; Type 2 diabetes

Key Summary Points

This systematic review assessed the
humanistic and economic burden of
cardio-renal-metabolic (CRM) conditions
in individuals C 18 years with
cardiovascular disease (CVD), chronic
kidney disease (CKD), and type 2 diabetes
mellitus.

Limited research data are available on the
economic burden of all three CRM
conditions together, with a particular
paucity of information on the humanistic
burden in patients with CRM.

In patients with diabetes, higher costs and
utilization of healthcare resources were
observed in patients with increasing
number of comorbidities, and were
associated with more hospitalizations,
longer lengths of stay, and more visits to
the emergency department.

Uninsured patients and those belonging
to US racial and ethnic minority
populations have lower odds of utilizing
healthcare services, possibly due to a lack
of disease awareness, differences in access
to healthcare, and distrust in the
healthcare system.

Targeted interventions, such as early and
more aggressive lifestyle changes and
evidence-based pharmacological
treatments, are warranted for patients
with multiple CRM comorbidities to
improve outcomes, quality of care, and
cost efficiencies across healthcare systems.

INTRODUCTION

The International Diabetes Federation esti-
mated that 10% of adults (20–79 years old)
worldwide had diabetes in 2021 (i.e., 537 mil-
lion people); this number is predicted to rise to
783 million by 2045 [1]. In the United States
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(US), an estimated 32 million adults had dia-
betes in 2021, with a projected increase to 36
million by 2045 [1]. Type 2 diabetes mellitus
(T2D) accounts for 90–95% of diagnosed cases,
with major complications/co-morbidities being
hypertension and dyslipidemia, atherosclerotic
cardiovascular disease (ASCVD) [2], heart failure
(HF) [3–5], and chronic kidney disease (CKD)
[6–8].

Insights from epidemiological, clinical, and
basic research have highlighted the closely
intertwined influence of metabolic disorders,
cardiovascular diseases (CVDs; including HF),
and kidney dysfunction, collectively referred to
as cardio-renal-metabolic (CRM) conditions [9].
These conditions reflect multidirectional
pathophysiologic interactions that increase
CRM risk, while representing individual diseases
that are complications of one another. In fact,
94% of people with T2D had C 1 other CRM
conditions and 51% had C 3 other CRM con-
ditions (commonly, combinations of hyperten-
sion, hyperlipidemia, ASCVD, and CKD) [10].
The 10-year incidence of cardiovascular death
was 2–3 times higher in patients with either
T2D (6.7%) or CKD (9.9%) than in those with-
out either condition (3.4%), and fivefold higher
in those with both conditions (19.6%) [11].
Similarly, an observational study of patients
with new-onset HF reported significantly higher
CVD and non-CVD hospitalization and deaths
in patients with T2D or CKD than in those
without, and were the worst in those with both
comorbidities [12]. The high premature mor-
bidity and mortality and associated economic
costs associated with CRM conditions heralds
an urgent need for developing effective strate-
gies to reduce the burden of complications.

T2D is also associated with a significant
economic burden, with estimated costs in the
US[$327 billion in 2017, with $237 billion in
direct medical costs and $90 billion in reduced
productivity due to unemployment from
chronic disability and premature mortality [13].
The mean annual direct cost of T2D per person
ranges from US $220–7600 in economically
developed countries [14]. The cost of treating
comorbid CVD in patients with T2D may
account for 20–49% of the total amount of T2D
care [13, 15]. In patients with T2D and

comorbid CKD, the medical costs of diabetes
increased significantly with CKD progression,
with late-stage CKD being the largest driver
[16]. Overall, these findings highlight the sig-
nificant economic burden associated with
comorbid T2D and CKD or CVD.

To our knowledge, a systematic review of the
literature on the burden of CRM conditions has
not been published previously. Considering the
significant clinical and economic burden of
CRM conditions, a comprehensive assessment
of their impact on economic and humanistic
outcomes is needed. This is an important first
step in developing holistic management strate-
gies to reduce the burden of CRM conditions to
improve quality of life for patients and quality
of care and cost efficiencies across healthcare
systems. The objective of this systematic litera-
ture review (SLR) was to assess the humanistic
and economic burden of CRM conditions in
patients with CKD, T2D, and CVD.

METHODS

Search Strategy and Selection Criteria

This SLR followed the Cochrane Methodology
[17], Centre for Reviews and Dissemination
[18], and the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
2020 statement [19]. PRISMA protocol guideli-
nes were used to prepare the SLR study protocol
[20]. Pre-specified inclusion and exclusion cri-
teria were formulated according to the PICOS
(population, intervention, comparator, out-
come, study type) framework.

The population of interest was individu-
als C 18 years with CKD, T2D, and CVD.
Observational studies, real-world evidence, and
economic model studies, with any interven-
tion/comparator, published in English between
2011 and January 10, 2022, as well as abstracts
from conferences published from 2020 to 2022,
were included. Outcomes of interest included
the humanistic burden (health-related quality
of life, functional impairment, disability-ad-
justed life years, quality-adjusted life years,
productivity, caregiver burden) and economic
burden (direct cost, indirect cost, healthcare
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resource utilization [HCRU]). When available
stage of CKD was identified by stage, typically as
follows: Stage 1—estimated glomerular filtra-
tion rate (eGFR) C 90 ml/min/1.73 m2 with
urine albumin-to-creatinine ratio (UACR)
greater than 30 mg/g; Stage 2—eGFR 60–89 ml/
min/1.73 m2 with UACR greater than 30 mg/g;
Stage 3—eGFR[30–59 ml/min/1.73 m2; Stage
4—eGFR 15–29 ml/min/1.73 m2; and Stage 5—
eGFR\ 15 ml/min/1.73 m2.

Studies in pediatric populations not includ-
ing all three CRM conditions, studies assessing
outcomes in response to interventions, or pub-
lications primarily focused on validating a tool,
were excluded. Studies not originally published
in English, studies published pre-2011, and
conference abstracts published pre-2020, were
also excluded. Details of the rigorous and
objective search strategy of the Embase� and
Medline� databases are in supplementary
eTable S1 and eTable S2. Grey literature searches
for additional conference abstract were also
performed: from the American College of Car-
diology (ACC, 2021–2022), American Heart
Association (AHA, 2020–2021), American Soci-
ety of Nephrology (ASN, 2020–2021), and
American Diabetes Association (ADA,
2021–2022).

Study Screening, Quality Assessment,
and Data Extraction

The identification process of studies included in
the SLR are presented in a PRISMA flow diagram
(supplementary eFigure S1). After removal of
duplicates, the papers (title and abstract) were
screened for eligibility by one reviewer, and a
quality check of 20% of all screened studies was
performed by a second reviewer. Full-text arti-
cles were obtained for references that met the
inclusion criteria, and a second round of eligi-
bility screening was performed, during which
the second reviewer quality-checked all
screened studies. Any discrepancies during each
round were resolved, with arbitration by a third
(senior) reviewer. In addition, a manual search
of reference lists from relevant publications
selected for inclusion was conducted to identify
papers missed by the database searches. As

before, eligibility screening was performed by
one reviewer, and accuracy was validated by a
second reviewer.

Observational longitudinal or prospective
studies were assessed for risk of bias using the
Newcastle–Ottawa Scale (NOS) for cohort stud-
ies, while quality assessment of cross-sectional
studies used the modified NOS. Full details are
in supplementary eTable S3 and eTable S4. The
data for relevant outcomes were extracted into a
pre-specified Microsoft Excel data-extraction
grid by one reviewer, and a second reviewer
validated all entries. Race/ethnicity data were
collected from the literature, which are typically
self-reported. For this article, reference to eth-
nicity to describe groups can equally be con-
sidered as racial groups. Multiple publications
reporting the same populations were linked to
avoid duplication.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Identification

Of the 1804 records identified, 410 duplicates
and 324 irrelevant records were removed. After
screening the remaining 1070 records, 980 were
excluded. Full-text reports were retrieved for 90
records, of which 73 were excluded, leaving 17
studies. Reasons for study exclusion are in sup-
plementary eTable S5. One additional study,
identified from Internet searching, was subse-
quently included, plus five studies presented as
congress abstracts (one of which was superseded
by a full-text publication), giving a total of 22
studies (see supplementary eFigure S1).

Study and Patient Characteristics

Details of the 22 studies are presented in
Table 1. Of these, 17 (77%) were retrospective
cohort studies; with one cross-sectional; one
prospective cohort; one budget impact model;
one Markov model; and one randomized
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Table 1 Characteristics of studies included in the analysis (n = 22)

Author,
year
Country

Data collection
period

Study type Data source Overall study
sample size
(N)

Outcomes
reported

North America (n = 14)

Betts et al., 2021

US

2014–2019 Retrospective cohort
study

Optum Clinformatics
claims database

52,599 Cost

Blankenburg et al.,
2019

US

October 2009 to
September 2014

Retrospective, cohort
study

PharMetrics Plus US
claims database
(PMTX?)

229,004 Cost

Blankenburg et al.,
2020

US

2006–2015 Retrospective cohort
study

PMTX? US claims
database and the
Experian consumer
data asset

10,930 Cost and
HCRU

Clements et al., 2020

US

Any time during 2012 Retrospective cohort
study

Medicare & Medicaid
Services (CMS)

443,932 HCRU

Folkerts et al., 2020

US

2007–2017 Retrospective cohort
study

Optum�

Clinformatics� Data
Mart (CDM)
database

106,369 Cost and
HCRU

Folkerts et al., 2021

US

2007–2017 Retrospective cohort
study

CDM database 106,369 HCRU

Li et al., 2021

US

(conference abstract)

2016–2019 Retrospective cohort
study

Humana Research
Database

241,628 Cost and
HCRU

McEwan et al., 2022

US

Over the period
2021–2030
(either in isolation or
combined)

Markov model study Compartmental Markov
model of the
prevalent US
population:
2021–2030

332,639,102 Cost and
HCRU

Nichols et al., 2011

US

2001–2008 Retrospective cohort
study

Kaiser Permanente
Northwest (KPNW)

7758 Cost

Nichols et al., 2022

US

(conference abstract)

2005–2017 Retrospective cohort
study

Electronic medical
record of KPNW

16,516 Cost

Olufade et al., 2021

US

2008–2018 Retrospective cohort
study

IBM MarketScan claims
data

1,286,287 Cost and
HCRU

Ozieh et al., 2015

US

2011 Retrospective cohort
study

Medical Expenditure
Panel Survey (MEPS)
consolidated file

2053 Cost
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Table 1 continued

Author,
year
Country

Data collection
period

Study type Data source Overall study
sample size
(N)

Outcomes
reported

Yandrapalli et al.,
2021

US

(conference abstract)

January to June
2014

Retrospective cohort
study

US Nationwide
Readmissions
Database

237,549 HCRU

Rapattoni et al.,
2021

Canada

2011–2012 to
2015–2016

Retrospective cohort
study

Administrative
databases from the
Institute for Clinical
Evaluative Sciences
(ICES)

811,794 Cost and
HCRU

Europe (n = 4)

Arévalo-Lorido et al.,
2020

Spain

2009–2013 Prospective cohort
study

Spanish national registry
(17 Spanish hospitals)

103 HCRU

Rosengren et al.,
2018

Sweden

1998–2012 Retrospective cohort
study

Swedish National
Diabetes Registry

266,305 HCRU

Tancredi et al., 2016

Sweden

1998–2009 Retrospective cohort
study

Patient data: Swedish
National Diabetes
Registry (NDR)

Data on HF
hospitalizations data:
Swedish Inpatient
Registry

Mortality data: Cause of
Death Registry

54,486 HCRU

Lawson et al., 2021

UK

January 1, 1998 to July
31, 2017

Retrospective cohort
study

Clinical Practice
Research Datalink
(CPRD),

Hospital Episode
Statistics (HES) and

Office of National
Statistics database

87,709 HCRU

Rest of the world (n = 4)

Kalantar-Zadeh
et al., 2020

Multinational a

(conference abstract)

November 2015 to
June 21, 2021

Phase III RCT NR 2425 HCRU
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controlled trial. A total of 14 (64%) studies were
conducted in North America. Two publications
[21, 22] reported different outcomes from the
same population. Baseline characteristics of the
participants are presented in supplementary
eTable S6. The majority were aged C 65 years.
The US and European studies predominantly
involved participants identified as having
White ethnicity.

Risk of Bias

Studies were scored on a 9-point NOS for qual-
ity, where\ 5 points suggests poor quality with
a high risk of bias, and higher scores suggest a
low risk of bias. Low risk of bias was noted in
11/17 (65%) observational studies (8–9 points),
whereas 6/17 (35%) observational studies and
1/1 cross-sectional study scored 6–7 indicating
medium risk of bias (Table 2).

Study Outcomes

Economic burden in the CRM population was
reported in 21/22 studies. Six studies reported
cost and HCRU data, seven reported only cost
data, and eight reported only HCRU data. One
study reported quality-of-life data [23].

Cost and HCRU

Details of the 13 studies containing cost data are
shown in supplementary eTable S7, and the 14
studies reporting HCRU data are shown in sup-
plementary eTable S8. As shown in Fig. 1A, B,
ten of the cost studies were conducted in the US
[22, 24–32], with one from Canada [33], Hong
Kong [34], and Malaysia [35]. No European
studies reported cost data; 9/10 US studies were
retrospective cohort studies, with one Markov
model study [31]. Similarly, eight of the HCRU

Table 1 continued

Author,
year
Country

Data collection
period

Study type Data source Overall study
sample size
(N)

Outcomes
reported

Mohd-Tahir and Li,
2019

Malaysia

Inception of databases
(Embase, PubMed
and
Ovid) to June 2017

Budget Impact model Department of
Statistics, Malaysia,
and Literature review

14,589,900 Cost

Wan et al., 2020

Hong Kong

2008–2010 Retrospective cohort
study

Hong Kong Hospital
Authority
computerized
administrative system,
Hong Kong Death
Registry,

Government of the
Hong Kong Special
Administrative Region
Gazette and Hospital
Authority Ordinance

210,271 Cost

Wang et al., 2017

China

October 2015 to April
2016

Cross-sectional study Second Affiliated
Hospital of Nantong
University

210 HRQoL

CKD chronic kidney disease, eGFR estimated glomerular filtration rate, HCRU healthcare resource utilization, HF heart failure, HRQoL
health-related quality of life, RCT randomized controlled trial
aMultinational = Argentina, Australia, Belgium, Bulgaria, Croatia, Germany, Hungary, Israel, Mexico, Netherlands, Poland, Russian
Federation, Serbia, Slovakia, and Taiwan
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studies were conducted in the US
[21, 22, 27, 29–31, 36, 37] with one from
Canada [33]; four were from Europe (one from
the UK [12] and Spain [38], and two from Swe-
den [39, 40]); and one study involved multiple
countries across Europe, Australia, and Asia [41]
(Fig. 1B).

Multimorbidity and advanced CKD were
associated with higher medical costs, disease
burden, and HCRU for patients with CRM
across all studies. Indeed, a Markov model esti-
mated that in 2021 the prevalence of CKD or HF
was associated with disproportionally higher
expenditure (Fig. 2). Folkerts et al. used the
Clinformatics Data Mart database to identify
106,369 patients with T2D and newly diagnosed
CKD, and reported a higher prevalence of

cardiovascular comorbidities and average
annual cost of $24,029/person in the first year
post-diagnosis [22]. Patients with comorbid HF
and anemia incurred average annual costs of
$41,951 and $31,127, respectively; costs were
higher compared with patients without these
comorbidities. Patients with stage 5 CKD
incurred an average cost of $110,210 annually
and had an approximate sevenfold-higher
annual inpatient hospitalization rate compared
with patients with stage 1 CKD.

Utilizing the same database, Betts et al. ana-
lyzed medical costs associated with certain
conditions including: the management of CKD,
renal replacement therapies (RRTs), and major
associated CKD complications including stroke
and hyperkalemia. These data were described in

Fig. 1 Geographic breakdown of studies. A All included
studies (n = 22). B Studies with assessed outcome, cost
(n = 13), HCRU (n = 14), both (n = 21). Abbreviation:
HCRU healthcare resource utilization. *Multinational

includes Argentina, Australia, Belgium, Bulgaria, Croatia,
Germany, Hungary, Israel, Mexico, Netherlands, Poland,
Russian Federation, Serbia, Slovakia, Taiwan
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a sample size of 52,599 patients with CKD and
T2D. Based on their analysis, as disease severity
increased, there was an associated higher level
of costs and substantially higher RRT. More-
over, CKD management expenditures, when
analyzed over approximately 4 months, varied
from $7725 for stage 1–2 to a higher level with
stage 5 (without RRT) of $11,879. There were
even higher additional costs in patients with
end-stage renal disease including those on
dialysis and kidney transplantation ($87,538
and $124,271, respectively). The subjects
incurring or experiencing acute events and
major complications had even higher costs,
which is consistent with data from previous
investigations. For instance, acute event costs

for myocardial infarction were $21,016, and
$21,087 for stroke, and $31,063 for HF. Within
4 months after the event, it was also noted that
these major costs substantially decreased in
subsequent 4-month cycles. Other associated
cardiovascular events, when experienced
acutely, had associated higher costs including
$30,500 for atrial fibrillation with hospitaliza-
tion, and $5162 without. Overall, there were
high costs for both CVD and renal-related
death. Finally, in the month prior to the ter-
minal event, the associated costs were: CV
death, $17,031, renal-related death, $12,605,
and due to other causes, $9900. Similar findings
of increased costs with CRM and higher hospi-
talization rates and length of stay with CKD or
HF were found across multiple studies, as
detailed in Supplementary eTables S7 and S8.
These findings are most likely generalizable
only to insured patients in the US, and not to
other populations.

Interestingly, Clements et al. reported that
for T2D alone, patients identified as having
Black ethnicity (14.5% of study population) had
decreased log odds of receiving any health ser-
vice use compared to patients identified as
having White ethnicity (82.0% of study popu-
lation). In general, with more chronic condi-
tions, disparities between patients identified as
having Black and White ethnicity regarding the
probability of any service use decreased, except
for patients identified as having Black ethnicity
with T2D and stroke, for whom it increased.
Disparity also increased slightly for patients
identified as having Black ethnicity with T2D
and congestive heart failure (CHF)/CKD (beta
[standard error (SE)] = – 0.02 [0.03]) but
decreased for patients identified as having Black
ethnicity with T2D and CHF/chronic obstruc-
tive pulmonary disease (COPD)/CKD or with
T2D plus CHF/COPD/stroke/CKD [37]. Service-
level gaps (assessed as Prevention, Screening,
and Monitoring Service use [PMSU]) for differ-
ent patient groups are presented in Fig. 3. When
compared to patients identified as having White
ethnicity, there was significantly lower mean
service use among those with T2D alone and
also in patients identified as having Black,
Asian/Pacific Islander, and Hispanic ethnicity
with any record of PMSU [37]. Nevertheless,

Fig. 2 The relationship between disease prevalence and
cost in 2021. Abbreviations: CKD chronic kidney disease,
HF, heart failure; T2DM, type 2 diabetes mellitus.
Reprinted with permission from the Journal of Managed
Care & Specialty Pharmacy: Phil McEwan, Angharad R
Morgan, Rebecca Boyce, Natalie Green, Bruce Song,
Joanna Huang, Klas Bergenheim, ‘Cardiorenal disease in
the United States: Future health care burden and potential
impact of novel therapies’, 2022;28(4):415–24. This
figure is copyright protected and permission is required
from Academy of Managed Care Pharmacy for any
reprinting or reuse
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after determining race, ethnicity, and interac-
tions with chronic conditions, this gap was
noted to change positively. Specifically, in
patients with T2D and certain comorbid con-
ditions, such as CHF/COPD/stroke and CKD,
there was a positive change and mean PMSU for
patients identified as having Black, Asian/Pacific
Islander, and Hispanic ethnicity [37]. This pos-
itive change was noted to have significant net
differences. These results suggest that patients
identified as having White ethnicity with T2D
and CHF/COPD/stroke/CKD when, comparing
mean level of PMSU relative to other popula-
tions and adjusted for covariance, had signifi-
cantly lower levels. In general, there are several
potential reasons why patients identified as
having Black ethnicity were noted to have lower

odds of using services. In addition, the use of
services was higher in patients identified as
having White ethnicity when accounting for
similar multiple chronic conditions. The
potential reasons for these differences include a
lack of awareness of the need for routine
screening among the population of patients
identified as having Black ethnicity with other
multiple comorbidities and a potential overall
diminished trust in the health care system. This
limited trust is based on multiple factors
including previous lived experiences and
decreased motivation to seek treatment. There-
fore, when patients identified as having Black
ethnicity do access treatment, the level of
morbidity may have increased, requiring more
resources to treat multiple conditions compared

Fig. 3 Service-level gaps for patients from racial/ethnic
minority populations compared with patients identified as
having White ethnicity. Negative values indicate PMSU
levels that are less than those for patients identified as
having White ethnicity, while positive values represent
PMSU levels that are more than those for patients
identified as having White ethnicity. Abbreviation: AIAN

American Indian/Alaska Native, A/PI Asian/Pacific Islan-
der, CHF congestive heart failure, CKD chronic kidney
disease, COPD chronic obstructive pulmonary disease,
MCC multiple chronic condition, SE standard error.
Reproduced from ‘Race Disparities in the Use of Preven-
tion, Screening, and Monitoring Services in Michigan
Medicare Beneficiaries With Type 2 Diabetes and

Diabetes Ther (2023) 14:1979–1996 1991



to similarly described patients identified as
having White ethnicity [37].

Quality of Life

Only one study reported data on the humanistic
burden of patients with CRM. Wang et al.
assessed the depressive symptoms of CKD in
China in 210 patients with T2D in a cross-sec-
tional study using the Hospital Anxiety and
Depression Scale (HAD-D) [23]. The mean age of
participants was 57.6 years, and over 20% (45/
210) of participants reported depressive symp-
toms, with female gender (P = 0.010), hyper-
tension (P = 0.022), stages 4 (P = 0.003) and 5
(P\0.001) CKD (i.e., severity of T2D-related
CKD) being statistically significant risk factors
for depressive symptoms. Participants with
HAD-D score\11 had a significantly better
quality of life than those with HAD-D
score C 11.

DISCUSSION

This SLR aimed to assess the economic and
humanistic burden of CRM conditions for
patients with T2D, CKD, and CVD. To our
knowledge, this is the first SLR on this topic. Of
the 22 studies, the majority were observational
retrospective cohort studies conducted in the
US of patients aged C 65 years. While research
into CRM conditions is limited, the available
evidence points to higher costs and HCRU in
patients with all three conditions compared to
those with two or no comorbidities. In addition,
increasing age was associated with a higher
number of comorbidities, indicating that older
patients are a particularly vulnerable
population.

Higher healthcare expenditure and service
utilization were observed among urban insured
patients than in the uninsured and racial/ethnic
minority populations [25]. Patients identified as
having Black ethnicity also had lower odds of
using healthcare services compared to patients
identified as having White, Asian/Pacific Islan-
der, and Hispanic ethnicity [37]. These dispari-
ties in access to care may be due to a lack of
disease awareness and trust in the healthcare

system, and structural inequalities in healthcare
delivery, as the US healthcare system better
serves those with financial resources/compre-
hensive health insurance, than the poor or
uninsured/underinsured [25, 37, 42]. However,
patients identified as having Black ethnicity
with multiple comorbidities tended to have
higher service utilization, which was possibly
related to reduced service use early in their
clinical course leading to more severe disease
later.

Dieleman and colleagues reported a dispro-
portionately large amount of US healthcare
spending on individuals identified as having
White ethnicity compared to other racial/eth-
nic backgrounds, which increased over time.
This included higher spending on ambulatory
and primary care, which plays a crucial role in
preventive healthcare. In contrast, individuals
identified as having Black ethnicity had higher
spending on emergency, inpatient, and nursing
facility care. This difference in healthcare uti-
lization suggests that individuals identified as
having Black ethnicity may lack access to
ambulatory care, which serves a critical pre-
ventive role. These spending differences could
not be explained by the numbers in each race/
ethnicity group diagnosed with a health con-
dition. This SLR supports the existing literature
on downstream factors that perpetuate health-
care inequality by race and ethnicity, such as
responses of physicians to patients, residential
segregation preventing easy access to healthcare
services, and lack of diversity in the healthcare
workforce reinforcing mistrust [42–44].

Inpatient hospital admissions were the
highest source of increased costs in patients
with CRM followed by outpatient visits, phar-
macy costs, and visits to the emergency room.
These costs are largely driven by a lack of qual-
ity preventive care and the absence of a uni-
versal healthcare system. Diagnoses of CKD and
HF were associated with increased hospitaliza-
tions and longer lengths of stay. CKD-related
complications, worsening CKD severity, and
progression to RRT were associated with
increased costs. Several large retrospective
cohort studies showed that costs and HCRU
were higher with increasing CKD stages
[12, 22, 27, 40]. In the study by Folkerts et al.
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[22], patients with comorbid HF and anemia
incurred higher costs than patients without
these comorbidities, with increased costs in the
first year after diagnosis of CKD. The risk of HF
hospitalization increased with deteriorating
renal function in Swedish patients with T2D
[40]. Higher CVD hospitalization rates occurred
in the first year in UK patients with HF, T2D,
and CKD compared to patients with only CKD/
T2D [12]. Furthermore, these patients had
higher hospitalization rates and longer lengths
of stay. Blankenburg et al. 2020 [27] also
reported increased visits to the emergency
department by patients with CKD. As expected,
in addition to higher costs with increasing CKD
stages, costs were substantially higher with RRT
[28].

In regard to the humanistic burden in
patients with CRM, a single retrospective
observational study from China showed that
particularly female patients with late-stage dis-
ease, T2D, CKD, and hypertension, were at
higher odds of experiencing depressive symp-
toms compared with patients without hyper-
tension [23].

This SLR has identified evidence gaps in the
published literature. Most evidence comes from
studies of the insured US population, while
research of the non-insured and ethnic minor-
ity populations is lacking. Further, there is a
scarcity of evidence from racial/ethnic groups
other than the population of patients identified
as having White ethnicity and data on Euro-
pean healthcare costs that needs to be addres-
sed. Additionally, the humanistic burden in
patients with CRM is severely understudied
with only a single report found. A key strength
of this review is its systematic approach and
quality assessment, with study selection and
quality assessment performed independently by
two researchers. While limited research exists,
the available evidence shows a clear trend of
increasing costs and HCRU with increasing
number of CRM comorbidities.

Limitations of this SLR include that the
studies identified did not cover the COVID-19
pandemic period and therefore the impact of
COVID-19 burdens and/or restricted access to
healthcare during the pandemic. Also, there
may be selection and publication bias, as only

English language studies were included. This
SLR may have omitted relevant publications not
indexed in the Embase or Medline databases, or
not identified in the hand searches of ACC,
AHA, ASN, or ADA congress abstracts, as well as
any published outside of the search period
(January 1, 2011—January 10, 2022 for data-
bases or 2020–2022 for congress abstracts). Most
studies were retrospective while only two had a
prospective design. There may be data in pub-
lications that were relevant but not the primary
outcome and therefore the title and abstract did
not allow for capturing in the search process.
The results are difficult to generalize and com-
parisons between groups based on social status,
race/ethnic group, and geography are compli-
cated. Lastly, the healthcare costs are not
adjusted for inflation or national standard of
living, so cannot be compared over time or
between countries. Despite this, the consistency
of trends identified in this SLR clearly indicate a
higher economic burden associated with CRM
conditions.

CONCLUSIONS

This SLR found a clear trend of increasing
healthcare costs and resource use with an
increasing number of comorbidities, indicating
a greater economic burden for patients with
CRM conditions. This review also identified a
higher number of comorbidities with increasing
age leading to greater economic burden among
patients C 65 years. Given the sparsity of data
from Europe and American populations other
than individuals identified as having White
ethnicity and insured, further research is nee-
ded to evaluate the economic and humanistic
burden of CRM conditions in these lesser stud-
ied marginalized and higher risk groups. Tar-
geted interventions are also needed in patients
with CRM multimorbidities to reduce health-
care costs and improve outcomes, such as early
and more aggressive lifestyle and evidenced-
based pharmacologic interventions.
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