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Abstract

Objective: The aims of this systematic review were to determine the magnitude and impact of 

multimorbidity (≥ 2 chronic conditions) on mortality, length of stay, and rates of coronary 

intervention in patients with acute coronary syndrome (ACS) and to compare the prevalence of 

cardiovascular vs. non-cardiovascular multimorbidities.

Methods: Medline, PubMed, MedlinePlus, Embase, OVID, and CINAHL databases were 

searched for studies published between 2009 and 2019. Eight original studies enrolling patients 

with ACS and assessing cardiovascular and non-cardiovascular comorbid conditions met the 

inclusion criteria. Study quality was evaluated using the Crowe Critical Appraisal Tool.

Results: The most frequently examined cardiovascular multimorbidities included hypertension, 

diabetes, heart failure, atrial fibrillation, stroke/transient ischemic attack, coronary heart disease, 

and peripheral vascular disease; the most frequently examined non-cardiovascular 

multimorbidities included cancer, anemia, chronic obstructive pulmonary disease, renal disease, 

liver disease, and depression. The prevalence of multimorbidity in the ACS population is high 

(25%-95%). Patients with multimorbidities receive fewer evidence-based treatments, including 

coronary intervention and high-dose statins. Patients with multimorbidities experience higher in-

hospital mortality (5%-13.9% vs. 2.6%-6.1%), greater average length of stay (5-9 days vs. 3-4 
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days), and lower rates of revascularization (9%-14% vs. 39%-42%) than non-multimorbid patients. 

Women, despite being the minority in all sample populations, exhibited greater levels of 

multimorbidity than men.

Conclusions: Multimorbid ACS patients are at greater risk for worse outcomes than their non-

multimorbid counterparts. Lack of consistent measurement makes interpretation of the impact of 

multimorbidity challenging and emphasizes the need for more research on multimorbidity’s 

effects on post-discharge healthcare utilization.
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Introduction

Multimorbidity is defined by the World Health Organization as the co-occurrence of two or 

more chronic conditions.1 Multimorbidity affects health care system use, and the burden of 

multimorbidity will increase as the aging population increases over the next 10 years.2 

Approximately 40 million individuals in the United States over the age of 65 have 

cardiovascular disease (CVD), which remains the leading cause of morbidity and mortality.
3,4 The proportion of adults aged 65 and over is rapidly increasing and will reach 

approximately 19% of the U.S. population by 2030.3 As individuals age, multimorbidity 

dyads (2 conditions) and triads (3 conditions) emerge, and many include cardiovascular risk 

factors.5,6 There is a high prevalence (>50%) of three or more additional comorbidities for 

the six most frequently managed conditions in cardiovascular medicine (heart failure, stroke, 

hyperlipidemia, atrial fibrillation, ischemic heart disease, and hypertension).7 Comorbidity is 

the occurrence of two other conditions in addition to the primary condition.5 As the number 

(count) of comorbid conditions increases, the risk of poorer outcomes increases. 

Multimorbidity is also associated with polypharmacy, reduced quality of life, and higher 

mortality.8

In the United States, 5.5 million patients are evaluated for acute coronary syndrome (ACS) 

in emergency departments every year.9 Approximately 720,000 Americans this year will 

have a new coronary event, defined as the first hospitalization for myocardial infarction (MI) 

or coronary heart disease (a type of CVD), and approximately 335,000 will have a recurrent 

event.3 Acute coronary syndrome is a blanket term for a group of cardiovascular conditions 

including unstable angina (UA), non-ST segment elevation myocardial infarction 

(NSTEMI), and ST-segment elevation myocardial infarction (STEMI). Mortality rates from 

ACS have declined in the past decade, and people are living longer; hence, a highly 

heterogeneous cohort of complex multimorbid patients now require care.10 The risk for ACS 

increases in those with multimorbidity compared to the non-multimorbid population.11

Given the frequency of multimorbidity in ACS and the rapidly aging population, it is 

imperative to determine the prevalence of multimorbidity in this population to better 

understand clinical presentation for ACS, improve chronic care management, and design 

pragmatic clinical trials to include patients with multimorbidity. To date, no systematic 

review of the prevalence of or outcomes from multimorbidity in patients with ACS has been 

Breen et al. Page 2

J Cardiovasc Nurs. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



published. Therefore, the aims of this systematic review were to 1) determine the prevalence 

and effect of multimorbidity in patients with ACS on clinical outcomes, including short and 

long-term mortality, length of stay, and readmission and 2) determine the prevalence of 

cardiovascular and non-cardiovascular multimorbidity among patients with ACS.

Methods

Search Strategy and Study Selection

Articles were obtained by searching the Medline, PubMed, MedlinePlus, CINAHL, OVID, 

and Embase databases for articles published from January 2009 through August 2019. The 

following search terms were used: multimorbidity, multiple chronic conditions, multiple 

comorbidities, concurrent chronic conditions, acute coronary syndrome, myocardial 

infarction, ST-elevation myocardial infarction (STEMI), non-ST-elevation myocardial 

infarction (NSTEMI), and unstable angina (UA). The following conditions were classified as 

cardiovascular conditions: cardiac arrhythmias (atrial fibrillation and atrial flutter), 

cerebrovascular disease, peripheral vascular disease, peripheral artery disease, diabetes 

mellitus, hyperlipidemia, and coronary heart disease (including previous history of MI, 

coronary artery bypass grafting, or percutaneous intervention). Non-cardiovascular 

conditions were any other conditions, including chronic pulmonary obstructive disorder 

(COPD), renal disease, anemia, cancer, arthritis, and mental health conditions such as 

depression and anxiety.

Search limits were used in each database to restrict findings to the following inclusion 

criteria: 1) original research studies published between 2009-2019; 2) articles in English; 3) 

qualitative or quantitative research articles that examined multimorbidity in patients with 

ACS; 4) studies examining health outcomes (readmission, mortality, and length of stay) 

following ACS; and 5) study participants over age 18. We excluded studies that did not 

analyze multimorbidity. Case reports, abstracts, reviews, conference proceedings, editorials, 

or opinions were also excluded. Reference lists from the selected articles were reviewed to 

identify additional articles that did not appear in the database search. The selection process 

followed PRISMA guidelines (Figure 1). Only research published in the past 10 years was 

selected because older studies may be less generalizable to the present-day due to changes in 

the ACS patient population, anticoagulants, percutaneous treatments, and improved 

outcomes. Furthermore, a recent systematic review found that 79% of all studies with 

multimorbidity as the focus were published between 2013 and 2016.12

Data Extraction and Synthesis

The first author independently examined the titles and abstracts to determine eligibility for 

inclusion. Duplicate articles were removed. If the title and abstract appeared to be relevant, it 

was marked for full-text review by the last author. Articles marked as questionable by the 

rater were also marked for full-text review. If there was a disagreement on inclusion, a third 

author examined the paper, and the paper was included or excluded based on majority 

opinion. A systematic analysis of all articles was completed by two reviewers (K.B and H.D) 

using a data extraction form developed by the authors. The reviewers conducted the data 

extraction process independently. Means and standard deviations of continuous variables 
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were extracted to compute the mean prevalence of multimorbidity for all studies in the 

aggregate. Otherwise, data were summarized using descriptive statistics from each study.

Quality Appraisal

The Crowe Critical Appraisal Tool (CCAT) was used to assess the quality of research 

articles in this review.13 The CCAT consists of eight categories: preliminaries, introduction, 

design, sampling, data collection, ethical matters, results, and discussion. Each category is 

scored on a 6-point scale ranging from 0 to 5. Total scores range from 0 to 40. A higher 

score indicates higher quality. No quality parameters have been established; however, the 

score is useful for comparison purposes. Two authors (K.B. and H.D.) independently 

assessed the methodological quality of each study and resolved disagreements through 

discussion until consensus was reached.

Search Outcomes

A total of 132 articles were identified in the initial search, and duplicate articles and studies 

based on the title and abstract screen were removed. No qualitative studies were found that 

met inclusion criteria. The full texts of 13 articles were reviewed; seven met inclusion 

criteria (Figure 1). A review of reference lists from the seven articles resulted in the 

identification of one additional eligible study. The final number of research articles included 

was eight.

Results

Study Characteristics

Study characteristics are summarized in Table 1. One study included patients with diabetes 

mellitus (DM) and STEMI. The remaining seven studies included patients with either ACS 

or a specific clinical subcategory (MI, STEMI, or UA). Seven of the studies were 

multicenter, and one was single center. Six of the studies were retrospective. Two studies 

were prospective cohort studies. Three of the six retrospective studies analyzed different 

variables and different time points from the large Worcester Heart Attack Study dataset. 

Four were U.S.-based studies. The five non-U.S.-based studies were from Australia (n = 2), 

England and Wales (n = 1), Switzerland (n = 1), and Poland (n = 1). All studies used medical 

records for data collection. Two used the International Classification of Disease (ICD) 9 or 

10 codes.14,15 One used a baseline interview in addition to medical records. As determined 

by the CCAT, the quality scores of the studies ranged from 30 to 38, indicating moderate to 

high quality (Table 1).

Conditions were assessed in multiple ways: simple counts (n = 6), a combination of the 

Elixhauser16 and Charlson Comorbidity Indices17 (n = 1), and the Charlson Comorbidity 

Index alone (n = 1). The prevalence of conditions ranged from one additional condition 

present in 16% to 57% of study populations18 to four or more conditions in 0.02% to 36.8% 

of study populations.8,15 The most common conditions considered were DM, renal disease, 

chronic obstructive pulmonary disease (COPD), hypertension (HTN), heart failure (HF), 

anemia, cerebrovascular disease, and cancer.6,8,14,18–21
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Participant Characteristics

Study sample sizes ranged from 277 to 693,38818,22; only one of the studies included <1,000 

subjects.22 The mean age ranged from 61 to 79 years.8,14 Five of the eight studies included 

data on race/ethnicity, and most subjects (81% to 97%) in those studies were Caucasian8,15 

and male (55%-95%).5,8

Prevalence of Multimorbidity

Overall multimorbidity ranged from 25%18 to 95%22, with a mean of 48% across studies 

(Figure 2). Seven out of eight studies reported that patients with a greater multimorbidity 

count and burden were more likely to be older, female, non-white, and widowed or single. 

Four studies examined the prevalence of multimorbidity by the categories of cardiovascular 

and non-cardiovascular multimorbidity. Two studies simply classified conditions as 

multimorbidity. One6 only examined cardiovascular multimorbidity, while another14 

examined only non-cardiovascular multimorbidity. The prevalence of cardiovascular 

multimorbidity ranged from 33% to 69%, with a mean of 56%.19,22,23 Non-cardiovascular 

multimorbidity varied from 1% to 53%, with a mean of 31%.8,18

Two studies report mixed multimorbidity, including both cardiovascular multimorbidity and 

non-cardiovascular multimorbidity (Figure 3).18,20 One study15 generated groupings by the 

presence and combination of cardiovascular conditions and non-cardiovascular conditions 

and obtained four groupings: 1) ≤2 cardiovascular conditions and no non-cardiovascular 

conditions (28%), 2) ≤2 cardiovascular conditions and ≥ 1 non-cardiovascular condition 

(21%), 3) ≥3 cardiovascular conditions and no non-cardiovascular conditions (20%), and 4) 

≥3 cardiovascular conditions and ≥1 non-cardiovascular condition (31%). Hall et al.18 

reported three multimorbidity classes among patients: 1) high overall multimorbidity (class 

1) with concomitant HTN, HF, and PVD was present in 7% (n = 47,839); 2) moderate 

overall multimorbidity (class 2) with concomitant HTN and PVD was present in 13% (n = 

87,009); and 3) low overall multimorbidity (class 3) with high prevalence concomitant PVD 

was present in 62% (n = 433,215). The high multimorbidity class more often had NSTEMI 

(83.2%) than STEMI diagnoses compared with the moderate and low multimorbidity classes 

(71.6% and 57.6%, respectively).18

Prevalence of Multimorbidity Over Time

Multimorbidity prevalence changed over time in two studies. One study6 found that the 

proportion of people with no comorbid conditions declined by half and the number of people 

with four or more comorbid conditions diagnosed previously more than doubled between 

1990 and 2007 (3% to 7%, and 31% to 16%, p < 0.05, respectively). Hall et al.18 reported 

that the percentage of people in the high and moderate multimorbidity classes (classes 1 and 

2) was higher in the latter years of study, as compared to the earliest time points of study 

(class 1: 9.0% in 2011-2013 vs. 7.9% 2003-2006; class 2: 16.6% in 2011-2013 vs. 13.9% in 

2003-2006). There was an associated 2% (95% CI 1.9%-2.3%) increase in the number of 

conditions per year.18
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Females and Multimorbidity

Patients with higher levels of multimorbidity were more likely to be older and female, with 

women making up more than half of patients with greater multimorbidity across studies.
15,18,24 Women with multimorbidity were 42-93% more likely to receive no coronary 

intervention compared to males with the same number (count) of conditions (Table 2).21 

Women were overly represented in the high multimorbidity class compared to the moderate 

and low multimorbidity classes (40.5% vs. 38.5% and 33.1%, respectively).18 Furthermore, 

women were reported to have higher representation in mixed multimorbidity (≥2 

cardiovascular and ≥1 non-cardiovascular condition) groups than their male counterparts.15

Greater Mortality and Increased Length of Stay

All studies reported a poorer prognosis and most reported increased mortality for patients 

with multimorbidity (Table 3). Four studies reported a significant association with 

cumulative multimorbidity and in-hospital mortality compared to non-multimorbid patients.
14,19,20,22 Two studies reported a significant increase in 30-day mortality, with an increase in 

the highly multimorbid patient (≥4 conditions) compared to low or non-multimorbid patients 

(17% vs. 7.4% and 22.3% vs. 9%, respectively).6,18 This effect remained at one year across 

studies. The average 1-year mortality across studies for multimorbid patients vs. their non-

multimorbid counterparts was 37% vs. 13%.6,18,22 One study18 reported a 2.4-fold increased 

hazard of death for class 1 (high multimorbidity) compared with class 3 (low 

multimorbidity; hazard ratio [HR] 2.40; 95% CI 2.33-2.47) patients over the 8.4-year study 

period. Increased LOS25 was also associated with multimorbidity, with median LOS days in 

multimorbid patients ranging from five to nine days compared with a LOS of three to four 

days in non-multimorbid patients.14,20,22

Coronary Interventions and Guideline-Directed Therapies

Half of the studies reviewed demonstrated that as multimorbidity (count) increased, rates of 

revascularization (percutaneous coronary intervention or CABG) decreased.15,18,20–22,24 

Revascularization rates for patients with high multimorbidity were significantly lower than 

for their no- or low-level multimorbidity counterparts (9%-14% vs. 39%-42%).15,24 Three 

studies reported that multimorbid patients were less likely to receive evidence-based 

pharmacologic treatments.15,18,19 For example, patients with ≥2 non-cardiovascular 

conditions (OR = .72, 95% CI) or ≥3 non-cardiovascular conditions (OR = .62, 95% CI) 

were significantly less likely to receive at least four of the six following medications during 

their ACS hospitalization: angiotensin-converting enzyme inhibitors or angiotensin two 

receptor blockers, anticoagulants, aspirins, beta-blockers, lipid-lowering agents, or 

thrombolytics.24

Readmission

Higher readmission rates were reported in multimorbid patients compared to non-

multimorbid patients at seven- and thirty-days post-discharge (6.8% vs. 4.6% and 21.5% vs. 

14.5%), respectively.15
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Post-Discharge Outcomes

Three studies reported on post-discharge outcomes, including cardiac rehab attendance, 

medications at discharge and at one year post-discharge, and medication prescriptions at one 

year post-discharge. Canivall et al.8 reported that cardiac rehab attendance at one year was 

decreased in multimorbid patients compared to non-multimorbid patients (32.4% vs. 72%; p 

< 0.001). Two studies examined statins or lipid-lowering agents at discharge and one year 

following discharge and found decreased rates of usage in multimorbid patients (Table 2).
18,23 Polypharmacy (>5 medications) at one year was also significantly increased in 

multimorbid patients compared to their non-multimorbid counterparts (81.4% vs. 59.1%, p < 

0.001).8

Discussion

This review produced multiple findings. 1) There is an inconsistency in the way which 

multimorbidity is measured and characterized in the ACS population. 2) Multimorbidity is 

highly prevalent in the ACS population. 3) Multimorbidity has a large impact on mortality 

rates, LOS, and pharmacologic intervention. 4) Women have greater levels of 

multimorbidity. 5) There is sparse literature on clinical outcome measures other than 

mortality at one year. The studies included in this review were of moderate to high quality as 

assessed by the CCAT.

Assessment of Multimorbidity

Despite the high prevalence of multimorbidity in the ACS population, our findings suggested 

that there was a lack of consistency in the way multimorbidity was measured and 

characterized. Currently, there is no “gold standard” for measuring the rather complex 

phenomenon of multimorbidity. Multiple methods for assessing multimorbidity, ranging 

from simple counts to psychometrically sound indices, have been employed in health 

research. A simple count of comorbid conditions is the most straightforward approach; 

however, it does not account for the severity of a condition or impact across conditions. 

Similar challenges are faced with the use of administrative data (i.e., claims databases), 

given that the data do not account for the severity of diseases at time of initial diagnosis and 

prevent investigators from assessing outcomes such as symptom burden, functional status, 

and quality of life. Comorbidity indices vary across studies and are widely used, given the 

ease of application. The summary scores derived from the various indices, however, can 

pose a challenge to apply in clinical decision-making in the care of the ACS patient.26 A 

relatively recent systematic review comparing measures of multimorbidity used with 

administrative data found that the most frequently employed measure is the Charlson 

Comorbidity Index, followed by the Elixhauser Index.27 The authors concluded that the 

performance of a given comorbidity measure depends on the patient population and outcome 

of interest.27 Future studies, using both administrative data and supplemental data sources 

such as electronic health records and self-report measures, may improve our understanding 

of multimorbidity burden in adults with ACS.
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Prevalence of Multimorbidity

The accumulation of chronic conditions is the result of genetics, lifestyle factors, 

environmental factors, treatment of prior conditions (e.g., heart failure as a consequence of 

chemotherapy regimens), and aging itself, resulting in a heterogeneous population of older 

adults that requires management of multiple medical problems.11 Multiple pathologies are 

prevalent among older adults; a recent systematic review revealed that 66% of older adults in 

ambulatory settings had multimorbidity.28 Additionally, the higher prevalence of 

cardiovascular multimorbidity compared to non-cardiovascular multimorbidity may increase 

a patient’s risk for adverse outcomes. Further study will be required to establish the 

contributions of CV and non-CV multimorbidity to the risk for an episode of ACS, as well 

as the contribution to poorer outcomes. In one study, 92% of the sample were found to have 

one or more concordant conditions (i.e., HF, HTN, arrhythmias, and/or DM) related to their 

ACS diagnosis.21 This helps explain the finding of this review in the ACS population 

regarding the higher prevalence of cardiovascular conditions, such as HTN and DM, which 

are known ACS risk factors.

Women Have a Higher Prevalence of Multimorbidity

Our review found that sex is associated with multimorbidity. While most study populations 

in this review were predominantly male, women had a higher multimorbidity burden and 

were overly represented in both high and moderate multimorbidity groups across studies.
6,18,22,23 This finding coincides with previous literature that women who experience ACS 

are often older; hence, additional conditions are likely to be present.29–31 However, our 

review found that, even when matched by age and condition (count), women still 

experienced lower levels of intervention. Future studies should focus on the influence of 

multimorbidity on sex differences in diagnostic testing, treatments, and outcomes.

Multimorbidity Negatively Impacts Inpatient Treatment

This review explored the effect of multimorbidity on clinical outcomes in patients with ACS. 

Patients with greater multimorbidity and burden have been shown to be at risk for increased 

risk of poor outcomes.21 Clinically, patients with multimorbidity are more susceptible to 

increased rates of complications from ACS treatment, such as bleeding, owing to factors 

such as drug interactions and drug-disease interactions.14 Patients with multimorbidity are 

less likely to receive guideline-indicated treatments.18,24,32 During inpatient treatment, the 

studies reviewed revealed lower rates of revascularization, less frequent high-dose statin use, 

and decreased cardiac rehab referrals for patients as comorbidities increase.18,24,33 Females 

in the studies reviewed were less likely than their multimorbidity-matched male counterparts 

to receive invasive treatments for ACS. This disparity warrants further investigation to 

determine the extent of the disparity and the impact on outcomes following ACS 

hospitalization.

Multimorbidity and Post-discharge Outcomes at 1 year

The increased risk of adverse outcomes continues as treatment progresses from the acute 

setting to post-discharge care.23 After discharge, patients with multimorbidity frequently 

receive care from different specialists, which may impact the medical optimization and 

Breen et al. Page 8

J Cardiovasc Nurs. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



achievement of secondary prevention targets.2,23,34,35 Unfortunately, no studies reviewed 

measured health care use (emergency department visits and specialist visits) following 

discharge, and only one8 measured polypharmacy (>5 medications), medications at one year, 

and cardiac rehab attendance. The benefits and risks of treatments and preventive drugs are 

unknown among patients with multimorbidity. This is frequently due to clinical guidelines 

that are based on scientific studies that focus on the primary/index disease and exclude or 

underrepresent multimorbid patients.2,12,26,31,34,36–38 Future studies should employ a 

pragmatic design and focus on health care use following discharge for ACS for patients with 

multimorbidity.

Clinical Decision-Making

In the clinical arena, the likelihood of an ACS diagnosis is done using risk scores.39 

Examples include the Agency for Health Care Policy and Research (AHCPR) criteria40 and 

the thrombolysis in myocardial infarction (TIMI) risk score41 used for prognostication and 

therapeutic decision-making in the emergency department. While risk stratification, along 

with the clinical presentation, is useful in predicting a diagnosis and patient outcomes, 

assessment of multimorbidity may be useful in the future if further research confirms 

patterns of multimorbidity in patients with ACS. Pragmatic trials are needed to determine if 

the identification of multimorbidity phenotypes may improve risk stratification for clinical 

decision-making.

Limitations

Only studies published in English were included in this review. The impact of 

multimorbidity on patients with ACS published in non-English journals remains unknown. 

Most studies limited their outcomes to in-hospital, 30-day, and 1-year all-cause mortality, 

making it difficult to determine cardiovascular mortality and draw critical conclusions about 

overall vs. cardiovascular mortality. Only a few studies measured health care use post-

discharge, which limits the ability to evaluate the impact of multimorbidity on secondary 

prevention measures such as cardiac rehab referrals, statin use, and follow-up of care (ED, 

specialist visits, clinic visits, and primary care visits). There were, however, large variations 

in sample sizes in the studies, and there was an inconsistency in the way in which 

multimorbidity was measured and characterized in the ACS population. This may limit 

generalizability of the findings.

Conclusions

Multimorbidity is ubiquitous in the ACS population, with cardiovascular multimorbidity 

being more prevalent than non-cardiovascular multimorbidity. Multimorbidity is associated 

with a poorer prognosis following ACS and with higher short- and long-term mortality. 

There is little research on the importance of mixed multimorbidity (cardiovascular and non-

cardiovascular conditions), which warrants further study to understand the complex 

simultaneous interactions of various conditions and the role multimorbidity plays in the 

likelihood of developing ACS and subsequent outcomes. Further research is needed to 

determine the impact of specific combinations of multimorbidity “phenotypes” on both 

inpatient and outpatient health care utilization.
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Figure 1. 
Prisma Flow Diagram
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Figure 2. 
Prevalence of multimorbidity by study

Abbreviations: MM = multimorbidity
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Figure 3. 
Prevalence of Cardiovascular and Non-Cardiovascular Multimorbidity
1Oforio-Asenso et al. did not report CV MM.

Abbreviations: CV = cardiovascular; MM = multimorbidity.
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