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Abstract

OBJECTIVES: To assess the multimorbidity burden and its association with clinical outcomes in 

adults with heart failure (HF) according to sex, age, and HF type.

DESIGN: Retrospective cohort study.

SETTING and PARTICIPANTS: 114, 553 adults with HF from five healthcare delivery systems 

across the U.S.

MEASUREMENTS: We characterized patients with respect to the presence of 26 chronic 

conditions categorized into quartiles based on overall burden of comorbidity (0–4, 5–6, 7–8, ≥9). 
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Outcomes included all-cause death and hospitalizations for HF or any cause. Multivariable Cox 

regression was used to evaluate the adjusted association of categorized burden of multimorbidity 

burden with outcomes.

RESULTS: Among 114,553 adults with HF, adjusted hazard ratios (HR) for all-cause death 

among those with 5–6, 7–8, or 9 or more morbidities (vs. 0–4) were HR 1.27 (95% CI, 1.24–1.31), 

HR 1.52 (95% CI, 1.48–1.57), and HR 1.92 (95% CI, 1.86–1.99), respectively. There was a 

graded, higher adjusted rate of any-cause hospitalization associated with 5–6, 7–8, or 9 or more 

morbidities (vs. 0–4): HR 1.28 (95% CI, 1.25–1.30), HR 1.47 (95% CI, 1.44–1.50), and HR 1.77 

(95% CI, 1.73–1.82), respectively. Similar findings were observed for HF-specific hospitalization 

in those with 5–6, 7–8, or 9 or more morbidities (vs. 0–4): HR 1.22 (95% CI, 1.19–1.26), HR 1.39 

(95% CI, 1.34–1.44), and HR 1.68 (95% CI, 1.61–1.74), respectively. Consistent findings were 

seen by sex, age group and HF type (preserved, reduced, borderline HF), with the relationship 

between categorical burden of multimorbidity and outcomes especially prominent among those 

<65 years.

CONCLUSION: After adjustment higher levels of multimorbidity predict worse HF outcomes 

and may be an important consideration in strategies to improve clinical and patient-centered 

outcomes.
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Introduction

Heart failure (HF) develops frequently in the presence of multiple other concomitant chronic 

conditions which may complicate clinical management and treatment decision-making.1–10 

Previous studies have shown that the majority of adults with HF have five or more chronic 

medical conditions.1–3

As a consequence, health care providers face the prospect of simultaneously managing HF 

and multiple chronic conditions.4–7;11,12 Therefore, it can be challenging to apply clinical 

practice guidelines which do not currently consider how multimorbidity contributes to 

undesirable outcomes such as adverse interactions among drugs and diseases.4 Furthermore, 

in selected studies, multimorbidity was associated with higher risks of hospitalization and 

death among patients with HF.3–6

As Rich et al have written, “… most randomized clinical trials have either explicitly 
excluded older adults or have enrolled only relatively healthy older patients. As a result, the 
generalizability of the results of most major clinical trials to older patients, especially those 
>75 years of age with multimorbidity, is uncertain.”13 Our rationale in pursuing this 

investigation was to fill gaps in knowledge highlighted by Rich and colleagues by better 

characterizing the association between multimorbidity and adverse outcomes in HF patients 

cared for in real-world clinical settings. Gaining additional insight into these relationships is 

crucial to advancing the care of the growing population of patients with HF.
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In addition, over recent years, HF epidemiology has changed with an increase in the 

prevalence of HF with preserved ejection fraction (HFpEF), especially in older patients, as 

compared with reduced ejection fraction (HFrEF) or borderline ejection fraction (HFbEF).
10,14 Through the Cardiovascular Research Network (CVRN),15 we sought to better define 

the association of burden of multimorbidity with clinical outcomes in adults with heart 

failure (HF) according to sex, age, and HF type.

Methods

Source population

The source population included members from five participating healthcare delivery systems 

within the CVRN. Sites included Kaiser Permanente Northern California, Kaiser 

Permanente Colorado, Kaiser Permanente Northwest, Kaiser Permanente Southern 

California, and Fallon Health in Massachusetts. These healthcare systems provide care to an 

ethnically and socioeconomically diverse population across varying practice settings and 

geographically diverse areas. Each site also developed and maintained a Virtual Data 

Warehouse (VDW) which served as the primary data source for subject identification and 

characterization.15,16 The VDW is a distributed standardized data resource comprised of 

electronic datasets at each CVRN site, populated with linked demographic, administrative, 

ambulatory pharmacy, outpatient laboratory test results, and health care utilization 

(ambulatory visits and network and non-network hospitalizations with diagnoses and 

procedures) data for members receiving care at participating sites.15,16

Institutional review boards at participating sites approved the study and a waiver of consent 

was obtained due to the nature of this observational study.

Study Sample

We first identified all persons aged ≥21 years with diagnosed HF based on either having 

been hospitalized with a primary discharge diagnosis of HF and/or having ≥3 ambulatory 

visits coded for HF between January 1, 2005 and December 31, 2012. We used the following 

International Classification of Diseases, Ninth Edition (ICD-9) codes to identify patients 

with HF: 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 

428.0, 428.1, 428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 428.32, 428.33, 428.40, 

428.41, 428.42, 428.43, and 428.9. Previous studies have shown a positive predictive value 

of >95% for admissions with a primary discharge diagnosis of HF based on these codes 

when compared against chart review using Framingham clinical criteria.15,16 For the 

outpatient HF definition, we required ≥3 ambulatory visits with associated HF diagnoses, 

with ≥1 of the visits being to a cardiologist to enhance specificity for having HF.

We ascertained information on quantitative and/or qualitative assessments of left ventricular 

systolic function from the results of echocardiograms, radionuclide scintigraphy, other 

nuclear imaging modalities, and left ventriculography test results available from site-specific 

databases complemented by manual chart review. We classified patients into categories of 

HFpEF, HFrEF, and HFbEF. We defined HFpEF as either a reported left ventricular ejection 

fraction ≥50% and/or based on a physician’s qualitative assessment of preserved or normal 
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systolic function.17 HFrEF was defined either by a reported left ventricular ejection fraction 

≤40% and/or based on a physician’s qualitative assessment of moderate, moderate to severe, 

or severe systolic dysfunction.17 HFbEF was defined as a reported left ventricular ejection 

fraction between 41% to <50% and/or based on a physician’s qualitative assessment of 

mildly reduced systolic function.17

Assessment of multimorbidity burden

We selected 26 conditions for analysis based on their high prevalence or previously reported 

association with worse outcomes among patients with HF. We included 14 of the 19 

comorbidities recommended by the U.S. Department of Health and Human Services’ 

Strategic Framework on Multiple Chronic Conditions.18 The conditions included in this 

investigation also incorporated the 10 conditions recently specified by Drye and colleagues 

under a task order from the Centers for Medicare and Medicaid Services (CMS) to 

systematically narrow the list of chronic conditions identified by CMS’s Chronic Condition 

Data Warehouse to those most relevant to risk for hospitalization.19 The 26 chronic 

conditions included in our analysis were: acute myocardial infarction, unstable angina, 

coronary heart disease, ventricular tachycardia or fibrillation, mitral or aortic valve disease, 

atrial fibrillation, ischemic stroke or transient ischemic attack, peripheral arterial disease, 

diabetes mellitus, dyslipidemia, hypertension, chronic kidney disease, hospitalized bleeds, 

anemia, arthritis, chronic obstructive pulmonary disease, asthma, cancer, chronic liver 

disease, osteoporosis, thyroid disease, dementia, depression, hearing impairment, mobility 

impairment and visual impairment. We did not have systematically available information on 

mental disorders such as autism or schizophrenia, as well as HIV infection status. All 

conditions were identified using previously described methods20–23 using data from 

inpatient, emergency and ambulatory diagnoses and procedures, dispensed prescription 

medications, and laboratory test results found in the VDW (definitions and specific codes 

included in Appendix Table B).

Outcomes

Follow-up occurred from index date of meeting eligibility criteria through December 31, 

2013. Patients were censored if they disenrolled from the health plan or reached the end of 

the study follow-up. Hospitalizations were identified from each site’s VDW, and admissions 

for HF were based on a primary discharge diagnosis for HF using the same ICD-9 inclusion 

codes. Deaths were identified from hospital and billing claims databases, administrative 

health plan databases, state death certificate registries, and Social Security Administration 

files as available at each site. These approaches have yielded >97% vital status information 

in prior studies.20–22

Data Analysis

All analyses were performed using SAS software, version 9.3 (Cary, NC). The 26 chronic 

conditions included in this study were summed for each study subject to create a 

multimorbidity count. We categorized our study population into four multimorbidity burden 

groups based on the sample distribution (0–4, 5–6, 7–8 and ≥9 chronic conditions). We 

compared differences in baseline patient characteristics and medication use patterns across 

the comparison multimorbidity burden groups using chi square tests for categorical variables 

Tisminetzky et al. Page 4

J Am Geriatr Soc. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and t-tests for continuous variables. Cox proportional hazards regression models were used 

to examine the associations between burden of multimorbidity and each outcome of interest 

after adjustment for potential confounding variables. Covariates included study site; 

demographic characteristics (age, sex, race/ethnicity); selected laboratory and physiologic 

variables (systolic blood pressure, body mass index, estimated glomerular filtration rate, 

hemoglobin, serum potassium); and receipt of relevant cardiac medications within 120 days 

before the index date based on dispensed outpatient prescriptions (ACE Inhibitors 

[ACEi],Angiotensin II receptor blockers ([ARB], calcium channel blockers, beta-blockers, 

warfarin, digoxin, statins, and antiplatelet agents). Consistent with the objectives of our 

study, we also performed separate analyses stratified by patient gender, age group (<55, 55–

64, 65–74, 75–84, 85–94, and ≥95 years), and HF type (HFpEF, HFrEF and HFbEF).

Results

Study Population

We identified a total of 114,553 eligible adults with HF in whom left ventricular systolic 

function data were available. Mean age was 75.0 (12.8) years, 45.9% were women, and 

73.5% were white (Table 1). Patients had a mean of 6.0 chronic conditions, with 26.4% of 

patients having 0–4, 29.3 % having 5–6, 26.9% having 7–8, and 17.4% having 9 or more of 

the 26 chronic conditions examined at the time of study entry. With regard to type of HF, 

51.3% had HFpEF, 34.3% had HFrEF, and 14.4% had HFbEF. Frequency distribution of 

chronic conditions overall and stratified by multimorbidity burden are summarized in Table 

2. Use of all classes of cardiovascular medications was higher with greater burden of 

multimorbidity at entry (Appendix Table A).

Association between burden of multimorbidity and the principal study outcomes

Compared to patients with the lowest comorbidity burden (0–4 comorbidities), higher 

comorbidity burden was associated with higher all-cause mortality in crude analyses: 

unadjusted hazard ratios (HRs) were 1.59 (95% CI: 1.55–1.63) for 5–6 comorbidities, 2.20 

(95% CI: 2.15–2.26) for 7–8 comorbidities, and 3.17 (95% CI: 3.09–3.25) comorbidities. 

After adjustment for demographic characteristics, laboratory and physiologic variables, 

medications, and study site, there remained a graded increased risk of death with greater 

morbidity burden: adjusted HR 1.27 (95% CI: 1.24–1.31) for 5–6 comorbidities, HR 1.52 

(95% CI: 1.48–1.57) for 7–8 comorbidities, and HR 1.92 (95% CI: 1.86–1.99) for ≥9 

comorbidities (Figure 1A).

Compared to patients with 0–4 comorbidities, unadjusted HRs for HF-specific 

hospitalization were 1.06 (95% CI, 1.03–1.09) for 5–6 comorbidities, 1.18 (95% CI, 1.15–

1.22) for 7–8 comorbidities, and 1.42 (95% CI, 1.38–1.47) for ≥9 comorbidities. In 

multivariable analyses, compared to persons with 0–4 comorbidities, there were higher 

adjusted risks with greater multimorbidity: HR 1.22 (95% CI: 1.19–1.26) for 5–6 

comorbidities, HR 1.39 (95% CI: 1.34–1.44) for 7–8 comorbidities, and HR 1.68 (95% CI, 

1.61–1.74) for ≥9 comorbidities Figure 1B).
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A similar pattern between multimorbidity burden and hospitalizations from any cause was 

observed. Unadjusted hazard ratios for any-cause hospitalization were 1.12 (95% CI: 1.10–

1.14) for patients with 5–6 comorbidities, 1.31 (95% CI: 1.29–1.33) for 7–8 comorbidities, 

and 1.65 (95% CI, 1.62–1.69) for ≥9 comorbidities, as compared to persons with 0–4 

comorbidities. After adjustment for potential confounders, compared to persons with 0–4 

comorbidities, greater multimorbidity remained associated with a graded higher risk of 

hospitalization: HR 1.28 (95% CI: 1.25–1.30) for 5–6 comorbidities, HR 1.47 (95% CI: 

1.44–1.50) for 7–8 comorbidities, and HR 1.77 (95% CI: 1.73–1.82) for ≥9 comorbidities 

(Figure 1C).

Association between burden of multimorbidity and outcomes by gender

In men, compared to those with 0–4 comorbidities, multivariable adjusted hazard ratios for 

all-cause mortality for persons with 5–6, 7–8, or 9 or more comorbidities were 1.28 (95% 

CI:1.23–1.33), 1.59 (95% CI:1.53–1.66), and 2.01 (95% CI:1.92–2.10), respectively (Figure 

1A). In women, compared to persons with 0–4 comorbidities, adjusted hazard ratios were 

1.25 (95% CI: 1.19–1.30) for 5–6 comorbidities, 1.43 (95% CI: 1.37–1.50) for 7–8 

comorbidities, and 1.82 (95% CI: 1.73–1.91) for ≥9 comorbidities, respectively (Figure 1A).

Similar trends were found in the multivariable adjusted associations of greater 

multimorbidity with HF-specific and any-cause hospitalization among both men and women 

(Figure 1B and 1C).

Association between burden of multimorbidity and outcomes by age

Across a wide age range, there was a consistent association between higher burden of 

multimorbidity and worse clinical outcomes. However, the relative impact of multimorbidity 

burden on outcomes was greater in younger vs. older patients (Figures 2A, 2B and 2C). For 

example, among individuals aged 55–64 years, compared to patients with 0–4 comorbidities, 

greater morbidity ( 5–6, 7–8, or 9 or more morbidities) was associated with notably higher 

risk of dying from any cause (adjusted HRs 1.49 [95% CI:1.37–1.62], 2.01 [95% CI:1.83–

2.21] and 2.53 [95% CI:2.26–2.83], respectively), while the association was less prominent 

in the oldest age group of ≥95 years (adjusted HRs 1.11 [95% CI:0.95–1.30], 1.23 [95% CI:

1.04–1.45] and 1.47 [95% CI:1.22–1.77], respectively (Figure 2A).

Similar trends were found in the multivariable associations of greater morbidity burden with 

HF-specific and any cause hospitalizations, in which the strength of association was less 

prominent with older age (Figure 2B and 2C).

Association between burden of multimorbidity and outcomes by type of HF

For the outcome of all-cause death, among patients with confirmed HFpEF, compared to 

individuals with 0–4 comorbidities, adjusted hazard ratios for 5–6, 7–8, or ≥9 comorbidities 

were 1.25 (95% CI:1.19–1.32), 1.50 (95% CI:1.42–1.59) and 1.90 (95% CI:1.79–2.02), 

respectively. The direction and strength of association between higher multimorbidity 

burden and the risk of dying were similar for patients with HFrEF or HFbEF (Figure 3A).
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Similar trends were observed for greater multimorbidity and the outcomes of HF-specific 

and any-cause hospitalization according to type of HF (Figure 3B and 3C).

Discussion

In this large, population-based study of adults with HF, after adjustment we found a graded, 

increasing risk of adverse clinical outcomes with greater multimorbidity burden. Similar 

trends were found in men and women, across a broad age spectrum, and among those with 

preserved, reduced, and borderline ejection fraction findings. Of special note, worse 

prognoses associated with greater multimorbidity burden were especially prominent among 

persons younger than 65 years of age, an important finding that highlights the fact that the 

clinical implications of multimorbidity for both the health of populations and individuals are 

not limited just to older adults with HF.24

Several previous studies have examined the association between multimorbidity burden and 

clinical outcomes in patients with HF.5,25,26 The HF Pilot Survey of the EURObservational 

Research Program of the European Society of Cardiology examined the association between 

multimorbidity burden and adverse outcomes in 3,226 patients with HF.25 Compared to 

patients with none of the 10 comorbidities examined, those with ≥3 comorbidities were 

approximately ninefold more likely to die during a one-year follow-up, and fivefold more 

likely to be hospitalized for HF during the period of follow-up.25 Similarly, in a study of 

18,300 fee-for-service Medicare beneficiaries with HF, those with ≥5 chronic conditions had 

a twofold higher 1-year risk of dying compared to those with ≤2 conditions.5 Finally, 

findings from an outpatient cohort of veterans with HF (2,843 HFpEF, 6,599 HFrEF) also 

revealed that HF patients presenting with ≥8 non-cardiac-related comorbidities had a 60% 

higher relative risk of being hospitalized for any cause compared to those with no 

comorbidities.26

Our work builds on these prior studies within the context of a larger and more 

demographically diverse population of adults with confirmed HFpEF, HFrEF, and HFbEF, as 

well as examining an expanded set of comorbidities and outcomes. Of note, while we found 

that the associations of greater multimorbidity with death and hospitalization were strongest 

in individuals aged ≤65 years, the impact on a population-level is largest among older 

patients with HF since the prevalence of morbidity burden is highest in the oldest patients.

Our study had several strengths and limitations that should be considered in interpreting the 

study findings. While we did not individually adjudicate each patient’s records to confirm 

the presence of clinical HF, prior studies in our population have shown a high positive 

predictive value for our algorithms to identify patients with HF.27,28 Our study uniquely 

included a large sample of patients with confirmed HFbEF. Few studies have included this 

interesting group of HF patients, that some have asserted have different clinical 

characteristics and outcomes compared to those with HFpEF and HFrEF.29 Of note, across 

the range of left ventricular systolic function, we observed similar findings in relation to 

multimorbidity burden. We also relied on automated clinical databases for ascertainment of 

the presence of comorbidities and use of medications, which may have led to some 

misclassification. Our study was conducted among an insured population living in five 
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geographic areas of the US. We believe, however, that our findings are generalizable to other 

healthcare settings and uninsured persons in the U.S. within “real-world” practice settings, 

given the diverse nature and large size of the studied population. Another study limitation 

was that detailed information about the duration, severity, or extent of the chronic conditions 

studied was unavailable. However, our approach to characterizing multimorbidity—namely 

summing the number of chronic conditions—addressed the limitation of considerable 

heterogeneity and complexity with existing approaches to examining the burden of 

multimorbidity. Some examples of the most commonly used approaches include the 

Charlson and Elixhauser indices, which while often employed in observational research 

studies of prognosis, may be less practical and applicable for use by health care providers 

delivering face-to-face care to “real” patients in “real-world” clinical settings in real-time.30 

Our straightforward approach to characterizing the burden of multimorbidity in HF patients 

may be readily applied as health care systems continue to implement novel informatics 

approaches to assist in clinical decision-making at point-of-care.31

Our findings underscore the importance of the association between multimorbidity burden 

and adverse outcomes in patients with varying types of HF, middle-aged and older persons, 

and in men as well as women. Multimorbidity in patients with HF substantially increases the 

complexity of their care, as practitioners face the challenge of managing multiple conditions 

simultaneously that may increase therapy-associated side effects.4,28,32–35 With the aging of 

the US population, the numbers of patients affected by HF will increase dramatically over 

the coming decades,1,2 especially those with a high burden of multimorbidity, which will 

create greater demands on health care providers and the systems in which they work. A 

clearer understanding of the impact of multimorbidity burden on important outcomes in 

patients with HF will help health care providers, patients, and their caregivers in discussions 

around the prognosis of this complex condition. Clinical trials of treatments for HF have 

usually excluded older adults with a high burden of comorbidity, which has led to evidence 

gaps in how to optimally treat this complex, vulnerable population.32–34

In conclusion, our study highlights the uniformly negative prognosis of greater morbidity 

burden across multiple clinical outcomes. Our findings also suggest that large observational 

studies can help to identify important high risk HF subgroups and to inform the design of 

future randomized trials focused on those patients at highest risk for adverse outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact Statement

We certify that this work is novel. Our study uniquely included a large sample of patients 

with confirmed heart failure borderline ejection fraction. Our findings are likely to be 

generalizable to the large fraction of patients with heart failure due to the breadth of 

geographic and demographic diversity in our community-based population.
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Figure 1. 
Multivariable association between burden of multimorbidity and risk of death from any 

cause (A); risk of heart failure-related hospitalization (B) or risk of hospitalization for any 

cause(C) in adults with heart failure, overall and stratified by gender.

Tisminetzky et al. Page 13

J Am Geriatr Soc. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Multivariable association between burden of multimorbidity and risk of death from any 

cause (A); heart failure related-hospitalization (B) and hospitalization for any cause (C) in 

adults with heart failure stratified by age.
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Figure 3. 
Multivariable association between burden of multimorbidity and risk of death (A); risk of 

heart failure-related hospitalization (B) or risk of hospitalization for any cause(C) in adults 

with heart failure stratified by type of heart failure.

* HFpEF: HF preserved ejection fraction; HFrEF: HF reduced ejection fraction; HFbEF: HF 

borderline ejection fraction
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