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Abstract

BACKGROUND—Comorbidities are a major concern in heart failure, leading to adverse 

outcomes, increased healthcare utilization, and excess mortality. Nevertheless, the epidemiology 

of comorbid conditions and differences in their occurrence by type of heart failure and sex are not 

well documented.

METHODS—The prevalence of 16 chronic conditions defined by the US Department of Health 

and Human Services was obtained among 1,382 patients from Olmsted County, Minnesota 

diagnosed with first-ever heart failure between 2000 and 2010. Heat maps displayed the pairwise 
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prevalences of the comorbidities and the observed-to-expected ratios for occurrence of morbidity 

pairs by type of heart failure (preserved or reduced ejection fraction) and sex.

RESULTS—Most heart failure patients had 2 or more additional chronic conditions (86%); the 

most prevalent were hypertension, hyperlipidemia, and arrhythmias. The co-occurrence of other 

cardiovascular diseases was common, with higher prevalences of co-occurring cardiovascular 

diseases in men compared to women. Patients with preserved ejection fraction had 1 additional 

condition compared to those with reduced ejection fraction (mean 4.5 vs. 3.7). The patterns of co-

occurring conditions were similar between preserved and reduced ejection fraction; however, 

differences in the ratios of observed-to-expected co-occurrence were apparent by type of heart 

failure and sex. In addition, some psychological and neurological conditions co-occurred more 

frequently than expected.

CONCLUSION—Multimorbidity is common in heart failure, and differences in co-occurrence of 

conditions exist by type of heart failure and sex, highlighting the need for a better understanding 

of the clinical consequences of multiple chronic conditions in heart failure patients.

INTRODUCTION

Multimorbidity is defined as the co-occurrence of 2 or more chronic conditions.1 As the 

number of conditions that a patient has increases, so do the risks of declining functional 

status, adverse drug effects, prescription non-adherence, duplicative tests, conflicting 

medical advice, unnecessary hospitalizations, and mortality.2–7 Multimorbidity is 

particularly concerning in heart failure because comorbid conditions may precipitate acute 

decompensation, lead to greater healthcare utilization, and increase the risk of non-fatal 

complications and death.8–11 Indeed, only a small proportion of hospitalizations in heart 

failure patients are due to heart failure; more than half are due to non-cardiovascular 

causes.12 Therefore, comorbidities play a prominent role in the prognosis of patients with 

heart failure.

However, key questions remain on the frequency and combinations of comorbidities in heart 

failure. The case mix of heart failure is changing over time, with an increasing proportion of 

heart failure with preserved ejection fraction,13–15 who are less likely to have coronary 

disease than heart failure patients with reduced ejection fraction.16 These changes highlight 

the need for a better understanding of the comorbidity burden in the heart failure syndrome, 

including the contribution of cardiovascular and non-cardiovascular comorbidities according 

to type of heart failure (preserved vs. reduced ejection fraction). Finally, differences in the 

comorbidity burden between men and women with preserved and reduced ejection fraction 

have not been described. We undertook this study to describe differences in the prevalence 

of individual and co-occurring comorbidities according to type of heart failure and sex in a 

cohort from a geographically defined community in southeastern Minnesota.

METHODS

Study Population

This study was conducted in Olmsted County, Minnesota utilizing the resources of the 

Rochester Epidemiology Project (REP), a records-linkage system allowing virtually 
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complete capture of health care utilization and outcomes in county residents.17–20 The 

retrieval of nearly all health care events occurring in Olmsted County is possible because 

this area is relatively isolated from other urban centers; only a few providers, Mayo Clinic, 

Olmsted Medical Center, and their affiliated hospitals, deliver most health care to local 

residents. This study was approved by the Mayo Clinic and Olmsted Medical Center 

Institutional Review Boards.

Identification of the Incident Heart Failure Cohort

Heart failure diagnoses among Olmsted County residents between 2000 and 2010 were 

identified using International Classification of Diseases-9th Revision, Clinical Modification 

(ICD-9-CM) code 428 assigned during either an outpatient visit or a hospitalization.12, 21 A 

random sample of 50% of the heart failure diagnoses given between 2000 and 2006 were 

selected and reviewed; all heart failure diagnoses from 2007 to 2010 were reviewed. Heart 

failure diagnoses were validated using the Framingham Criteria,22 and incidence status was 

determined after review of the entire medical record which, on average, spanned 4 

decades.23 Patients who had a diagnosis of heart failure prior to the study period (i.e., those 

with prevalent heart failure) were excluded.

Clinical Data Collection

Twenty chronic conditions have been identified by the US Department of Health and Human 

Services (US-DHHS) for studying multimorbidity.24, 25 These conditions were selected as 

comorbidities and were ascertained electronically by retrieving ICD-9-CM codes from 

inpatient and outpatient encounters at all providers indexed in the REP. Two occurrences of 

a code (either the same code or two different codes within the code set for a given disease) 

separated by more than 30 days and occurring within the 5 years prior to the index date were 

required for diagnosis. More extensive details about the definition of the 20 chronic 

conditions were reported elsewhere.26 Because all patients had heart failure, this condition 

was not considered a comorbidity. In addition, because few individuals in our cohort had 

autism (N=0), hepatitis (N=9), and human immunodeficiency virus (N=0), these conditions 

were also excluded, resulting in 16 of the original 20 chronic conditions.

Left ventricular ejection fraction (%) was determined using values collected from any 

echocardiogram, angiogram, multigated acquisition scan, or sestamibi scan performed 

within 3 months of the incident heart failure date. When multiple values were available, the 

value closest to the heart failure date was used; the average was used when multiple values 

were measured on the same day. Heart failure with preserved ejection fraction was defined 

as ejection fraction greater than or equal to 50%, while heart failure with reduced ejection 

fraction was defined as ejection fraction less than 50%.27 Patients who did not have a 

measure of ejection fraction in their records were excluded.

Statistical Analysis

Analyses were performed using SAS statistical software, version 9.2 (SAS Institute Inc., 

Cary, NC) and R, version 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria). 

Baseline participant characteristics are presented as frequencies and mean (SD). Within men 

and women, differences by type of heart failure were tested using Fisher’s exact tests for 
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categorical variables and t-tests for continuous variables. Among men and women 

separately, logistic regression was used to compare the frequency of each chronic condition 

in preserved vs. reduced ejection fraction after adjustment for age.

Given the large number of comorbid conditions under consideration and the complexity of 

summarizing all pairwise comparisons in tabular form, we generated heat maps, which are 

well-suited to visualizing large data tables. Heat maps for preserved and reduced ejection 

fraction were generated to display the pairwise prevalences of the comorbidities and the 

observed-to-expected ratios for occurrence of morbidity pairs stratified by sex. The 

observed-to-expected ratio was calculated as the proportion of patients with both 

comorbidities in the pair divided by the expected proportion with both comorbidities 

assuming independence (calculated by multiplying the individual prevalences of each 

condition). Color coding was assigned based on the value of the prevalence or observed-to-

expected ratio. To account for multiple comparisons, the p-values were adjusted by 

controlling for the false discovery rate, which is the expected proportion of falsely rejected 

hypotheses.28

RESULTS

Of the 1,728 patients with incident heart failure in our cohort, 1,382 (80%) had ejection 

fraction measured within 3 months of the incident heart failure date (mean age 75.3 years; 

46% men). The number of comorbidities ranged from 0 to 12, and nearly 86% of patients 

had 2 or more chronic conditions (Table 1). Men and women had a similar number of 

comorbidities; however, patients with preserved ejection fraction had on average 1 extra 

chronic condition compared to those with reduced ejection fraction (overall: 4.5 vs. 3.7, p-

value<0.001; men: 4.5 vs. 3.7 and women: 4.4 vs. 3.6).

The most common chronic conditions were hypertension, hyperlipidemia, and arrhythmias, 

occurring in more than 50% of heart failure patients (Figure 1). The prevalence of chronic 

conditions was higher in those with preserved vs. reduced ejection fraction, with the 

exception of osteoporosis in men and diabetes and cancer in women. After adjusting for age, 

conditions occurring more frequently in heart failure with preserved ejection fraction were 

hypertension in men and hypertension, cardiac arrhythmias, arthritis, chronic obstructive 

pulmonary disease, depression, and asthma in women.

The prevalence of each combination of 2 co-occurring chronic conditions is presented for 

preserved and reduced ejection fraction among men and women separately in Figure 2. The 

proportion of co-occurring conditions ranged from 0% to nearly 50%. The co-occurrence of 

cardiovascular diseases was most common, with a higher prevalence of co-occurring 

cardiovascular diseases in men compared to women. The patterns of co-occurring conditions 

were generally similar between those with preserved and reduced ejection fraction, except 

for a lower co-occurrence of substance abuse and schizophrenia with the other comorbidities 

in women with reduced ejection fraction.

Finally, we plotted the observed-to-expected ratios for occurrence of morbidity pairs, where 

a ratio >1 indicates a higher than expected co-occurrence of two conditions and a ratio <1 
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indicates a lower than expected co-occurrence of two conditions compared to chance alone 

(Figure 3). P-values are adjusted for multiple comparisons by controlling for the false 

discovery rate; statistically significant ratios are indicated by asterisks.

Differences were apparent between men and women, and within each sex, differences were 

observed between preserved and reduced ejection fraction. In both men and women, a 

significantly higher than expected co-occurrence of dementia with schizophrenia was 

apparent for those with preserved ejection fraction. In men with reduced ejection fraction 

and women with both preserved and reduced ejection fraction, the combinations of 

hyperlipidemia with coronary artery disease, and of hyperlipidemia with diabetes occurred 

more commonly than expected. However, in men, a greater than expected co-occurrence of 

cardiac arrhythmias with coronary artery disease, of chronic obstructive pulmonary disease 

with asthma, and of depression with substance abuse were observed in those with reduced 

ejection fraction. Finally, in women, chronic obstructive pulmonary disease with asthma, 

depression with dementia, and stroke with dementia occurred more commonly than expected 

in those with preserved ejection fraction.

DISCUSSION

Among heart failure patients living in a geographically defined population, nearly 86% had 

2 or more of the 16 chronic conditions, and those with preserved ejection fraction had, on 

average, 1 additional chronic condition compared to those with reduced ejection fraction. 

Hypertension in men and women, and cardiac arrhythmias, arthritis, chronic obstructive 

pulmonary disease, depression, and asthma in women were more common in heart failure 

with preserved ejection fraction. The co-occurrence of cardiovascular diseases was most 

common, with a higher prevalence of co-occurring cardiovascular diseases in men compared 

to women. The patterns of co-occurring conditions were generally similar between those 

with preserved and reduced ejection fraction; however, differences in the ratios of observed-

to-expected co-occurrence were apparent between preserved and reduced ejection fraction 

and also between men and women.

Multimorbidity: The Scope of the Problem

The most common condition in adults is multimorbidity, the co-occurrence of 2 or more 

chronic conditions.1 More than 1 in 4 adults in the US have multimorbidity,2, 29, 30 and 66% 

of total health care spending is related to the approximately 27% of Americans with 

multimorbidity.2 The prevalence of multiple chronic conditions increases with age, with 

nearly 3 of 4 adults over the age of 65 having multiple chronic conditions.2 As the number 

of conditions increases, the risks of adverse outcomes, including poor functional status, 

unnecessary hospitalizations, and mortality also increase.2–7

In 2010, the US-DHHS developed a list of 20 selected chronic conditions considered a 

public health priority, and created a strategic framework on multiple chronic 

conditions.24, 25 Our study focused on the co-occurrence of 16 of these chronic conditions to 

address 1 of the 4 main goals of the DHSS framework by providing an understanding of the 

epidemiology of multiple chronic conditions in patients with heart failure.25 Describing the 

specific combinations of conditions that are prevalent in heart failure patients is imperative 
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to build a better understanding of multimorbidity in these patients and to foster awareness of 

the importance of chronic conditions in the assessment and treatment of heart failure. This is 

particularly important as heart failure is one of the most costly health care problems in the 

US,31 and is the leading cause of hospitalizations in the Medicare population.32 In addition, 

the changing phenotype of heart failure, with an increase over the last 2 decades in the 

proportion of older individuals experiencing a large number of comorbidities,33 underscores 

the increasing complexity of heart failure and the critical need to better understand heart 

failure in the context of multiple chronic conditions.

Previous studies using National Health and Nutrition Examination Survey and Medicare 

data described the degree of multimorbidity in patients with heart failure and showed that 

more than two-thirds of heart failure patients have 5 or more additional chronic 

conditions.8, 33 Nevertheless, these data are based on self-report33 or are limited to 

individuals enrolled in fee-for-service Medicare continually over a 7-year period,8 with no 

validation of heart failure diagnoses and lack of ejection fraction data.8, 33 In contrast, our 

study includes validated heart failure patients, and with available ejection fraction data, we 

were able to describe differences in comorbid chronic conditions between patients with 

preserved and reduced ejection fraction. We observed that the majority of heart failure 

patients have 2 or more of the 16 conditions considered, and 42% have 5 or more chronic 

conditions. Patients with preserved ejection fraction presented with a greater number of 

comorbidities. In addition, the patterns of co-occurring conditions were similar between 

those with preserved and reduced ejection fraction, but differences in the ratios of observed 

to expected co-occurrence were detected between patients with preserved and reduced 

ejection fraction.

Interestingly, while the prevalence of the cardiovascular conditions were greatest, some 

combinations of the non-cardiovascular conditions, that were less prevalent individually, 

had much greater than expected co-occurrence. In particular, some combinations of the 

psychological and neurological conditions were observed at much higher than expected 

frequency, such as dementia with schizophrenia in men with preserved ejection fraction, 

depression with substance abuse in men with reduced ejection fraction, and dementia with 

depression, stroke, and schizophrenia in women with preserved ejection fraction. These 

conditions, which are not directly related to heart failure in their pathophysiology or 

management, may have a negative impact on care coordination, polypharmacy and drug 

interactions, disease management, and outcomes.34–36 Multimorbidity involving these 

discordant conditions adds complexity to the patients’ management and may be more 

disabling to the patient, underscoring the need to better understand their role in the 

management and outcomes in heart failure patients.

Limitations and Strengths

Some limitations of our study deserve mention. First, the stratification of our cohort into 4 

distinct groups based on heart failure type and sex resulted in relatively small sample sizes 

in each group. These sample sizes precluded us from describing clustering of 3 or more 

chronic conditions. Second, additional comorbidities and geriatric conditions beyond those 

studied may contribute to multimorbidity in heart failure patients; however, we chose to 
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focus on the selected chronic conditions considered a public health priority by the US-

DHHS. Third, the reliance on ICD-9-CM codes to identify the chronic conditions may have 

resulted in some errors in the capture of these conditions; however, we required 2 

occurrences of a diagnostic code separated by more than 30 days to reduce false positive 

diagnoses. Finally, although our results pertain to a geographically defined population that is 

representative of the state of Minnesota and the Midwest region of the US,18 results may not 

be generalizable to the entire US. Despite these limitations, our study has many unique 

strengths, including the rigorous validation of heart failure, characterization of preserved vs. 

reduced ejection fraction, linkage of medical records allowing complete ascertainment of 

comorbidities from multiple sources of care, and inclusion of adults of all ages.

Clinical Implications and Future Directions

Our study has taken the first step in characterizing multimorbidity in heart failure, including 

differences in co-occurrence of conditions in those with preserved and reduced ejection 

fraction and between men and women. This is critical to influence a paradigm shift in 

treatment from focusing on a single disease to a more holistic approach focusing on treating 

multimorbidity. In particular, with increasing proportions of older patients with preserved 

ejection fraction and a higher comorbidity burden,13–15, 33 the need to consider co-morbid 

conditions in the management of heart failure patients is mounting and critical. This is 

particularly important for heart failure patients with preserved ejection fraction who 

experience a higher comorbidity burden, and for whom specific treatment guidelines are 

limited.37, 38

We provided herein a robust foundation to understand comorbidity among community 

patients living with heart failure. Defining nomenclature and prevalence will inform future 

research aimed at determining which specific combinations of conditions are associated with 

worse prognosis. This will guide future studies aimed at developing targeted treatment 

strategies based on a patient’s comorbidity burden.

CONCLUSIONS

In the community, most heart failure patients have at least 2 additional chronic conditions 

(out of a selected list of 16 conditions), and those presenting with preserved ejection fraction 

have a greater number of chronic conditions than those presenting with reduced ejection 

fraction. Greater than expected co-occurrence of several morbidity pairs were apparent, but 

the significant pairs differed by sex and between preserved and reduced ejection fraction. 

Some non-cardiovascular conditions, including psychological and neurological conditions, 

co-occurred at much higher frequency than expected. These findings will inform research on 

the impact of multimorbidity on outcomes in heart failure, and will help identify treatment 

approaches tailored to the combinations of comorbidities in these patients. These new 

treatment approaches are needed to improve outcomes in heart failure patients.
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• Heart failure (HF) patients have a high comorbidity burden, and those with 

preserved ejection fraction (EF) have on average 1 additional comorbidity than 

those with reduced EF

• Co-occurrence of some of the psychological and neurological conditions, which 

are less prevalent individually, occur at much higher than expected frequency

• Multimorbidity involving noncardiovascular conditions adds complexity to the 

management of HF patients, underscoring the need to better understand their 

role in the management and outcomes in HF
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Figure 1. 
Prevalence of individual chronic conditions in heart failure patients with preserved and 

reduced ejection fraction Left panel, men; Right panel, women
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Figure 2. 
Proportion of co-occurring chronic conditions in heart failure patients in four strata: men 

with preserved and with reduced ejection fraction, and women with preserved and with 

reduced ejection fraction Left panel, men; Right panel, women The upper right of the figure 

corresponds to heart failure with preserved ejection fraction and the lower left corresponds 

to heart failure with reduced ejection fraction. Percentages indicate the individual prevalence 

of each chronic condition. The colors of each square indicate the percent of patients with 

both chronic conditions. Pulmonary disease indicates chronic obstructive pulmonary disease
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Figure 3. 
Ratio of observed to expected co-occurrence of chronic conditions in heart failure patients in 

four strata: men with preserved and with reduced ejection fraction, and women with 

preserved and with reduced ejection fraction Left panel, men; Right panel, women The 

upper right of the figure corresponds to heart failure with preserved ejection fraction and the 

lower left corresponds to heart failure with reduced ejection fraction. The colors of each 

square correspond to the ratio of the observed to expected co-occurrence of chronic 

condition pairs. Asterisks represent significant p-values adjusted for multiple comparisons 

by controlling for the false discovery rate. Pulmonary disease indicates chronic obstructive 

pulmonary disease; O/E ratio indicates ratio of observed to expected co-occurrence
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