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Abstract

Background:  To examine the individual and combined associations of noncardiac-related conditions and mobility limitation with morbidity 
and mortality in adults with heart failure (HF).
Methods:  We conducted a retrospective cohort study in a large, diverse group of adults with HF from five U.S. integrated healthcare delivery 
systems. We characterized patients with respect to the presence of noncardiac conditions (<3 vs ≥3) and/or mobility impairment (defined by the 
use/nonuse of a wheelchair, cane, or walker), categorizing them into four subgroups. Outcomes included all-cause death and hospitalizations 
for HF or any cause.
Results:  Among 114,553 adults diagnosed with HF (mean age: 73 years old, 46% women), compared with <3 noncardiac conditions/no 
mobility limitation, adjusted hazard ratios (HR) for all-cause death among those with <3 noncardiac conditions/mobility limitation, ≥3 
noncardiac conditions/no mobility limitation, ≥3 noncardiac conditions/mobility limitation (vs) were 1.40 (95% CI, 1.31–1.51), 1.72 (95% 
CI, 1.69–1.75), and 1.93 (95% CI, 1.85–2.01), respectively. We did not observe an increased risk of any-cause or HF-related hospitalization 
related to the presence of mobility limitation among those with a greater burden of noncardiac multimorbidity. Consistent findings regarding 
mortality were observed within groups defined according to age, gender, and HF type (preserved, reduced, mid-range ejection fraction), with 
the most prominent impact of mobility limitation in those <65 years of age.
Conclusions:  There is an additive association of mobility limitation, beyond the burden of noncardiac multimorbidity, on mortality for 
patients with HF, and especially prominent in younger patients.

Keywords:   Multimorbidity, Mobility impairment, Mortality

The burden of multiple chronic conditions, or multimorbidity, and 
mobility limitation are interrelated and each independently affects 
clinical outcomes in older patients with cardiovascular disease 
(1–10). Among patients with heart failure (HF), multimorbidity 
increases the risk of adverse outcomes, and it has been suggested 

that noncardiac-related conditions may have a greater impact than 
cardiac-related conditions (6). In addition, it has been reported that 
approximately one out of every two older adults has some degree of 
mobility limitation (6–8). Even though few studies have investigated 
the prognostic role of mobility limitation in patients with HF, the lit-
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erature suggests that mobility limitation is an important risk factor 
for the development of adverse outcomes in this vulnerable popula-
tion (6–8). Data on the interplay between multimorbidity, mobility 
limitation, and the risk of hospitalization and/or dying in older pa-
tients with HF are very sparse, however, and very few studies have 
examined these associations in this population in clinical settings 
(6–8). Gaining additional insight into these relationships may help 
guide care and inform clinical decision-making in the growing popu-
lation of older adults with HF.

We examined the individual and combined associations of 
noncardiac conditions and mobility limitation on overall and 
HF-related hospital readmissions and all-cause mortality in a large 
community-based cohort of patients with HF identified through the 
Cardiovascular Research Network (11,12).

Method

Source Population
The study population was derived from five integrated healthcare 
delivery systems within the Cardiovascular Research Network, 
namely Kaiser Permanente Northern California, Kaiser Permanente 
Colorado, Kaiser Permanente Northwest, Kaiser Permanente 
Southern California, and the Fallon Health/Reliant Medical Group 
in Massachusetts. These healthcare systems provide care to an eth-
nically and socioeconomically diverse population across varying 
practice settings and geographically diverse areas. Each site also 
develops and maintains a Virtual Data Warehouse, which served 
as the primary data source for individual identification and char-
acterization (11,12). The Virtual Data Warehouse is a distributed 
standardized data resource comprised of electronic data sets at 
each Cardiovascular Research Network site, populated with in-
dividually linked demographic, administrative, ambulatory phar-
macy, outpatient laboratory test results, and healthcare utilization 
(ambulatory visits and network and non-network hospitalizations 
with diagnoses and procedures) data for members receiving care at 
participating sites (11,12).

Institutional review boards at participating sites have reviewed 
and approved this study and a waiver of consent has been obtained 
due to the nature of this observational retrospective study.

Study Sample
Persons aged ≥21 and older 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 were included in this investigation. 
The following International Classification of Diseases, Ninth Edition 
(ICD-9) codes were used 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 clin-
ical criteria (11,12). 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.

Assessment of Noncardiac-Related Conditions
The 18 chronic conditions that were included in our analysis were 
anemia, arthritis, asthma, atrial fibrillation, cancer, chronic kidney 

disease, chronic liver disease, chronic obstructive pulmonary disease, 
coronary heart disease, dementia, depression, diabetes mellitus, 
dyslipidemia, hearing impairment, hypertension, osteoporosis, thy-
roid disease, and ventricular tachycardia or fibrillation. All condi-
tions were identified employing previously described methods and 
were included in the analysis based on their high prevalence or asso-
ciation with poor outcomes in the setting of HF (13–16) using data 
from inpatient, emergency and ambulatory diagnoses and proced-
ures, dispensed prescription medications, and laboratory test results 
found in the Virtual Data Warehouse. These 18 conditions were fur-
ther characterized into 5 cardiac (atrial fibrillation, coronary heart 
disease, dyslipidemia, hypertension, and ventricular tachycardia 
or fibrillation) or 13 noncardiac-related conditions (ie, all others). 
Mobility limitation was defined by Healthcare Common Procedure 
Coding System (HCPCS) codes related to the receipt of healthcare 
claims for canes, walkers, or wheelchairs. The receipt of any of these 
HCPCS codes at any time qualified the individual as having mobility 
impairment (9).

Consistent with the approach used by Manemann and colleagues 
(6,8), and using the median number of noncardiac conditions as a 
cut point, individuals with HF were stratified into four groups ac-
cording to the presence of noncardiac-related conditions and mo-
bility limitation as follows: <3 noncardiac-related conditions and no 
mobility limitation; <3 noncardiac-related conditions and mobility 
limitation; ≥3 noncardiac-related conditions and no mobility limita-
tion; and ≥3 noncardiac-related conditions and mobility limitation.

Outcomes
Follow-up ascertainment of the outcomes of interest occurred from 
the index date through December 31, 2013. Patients were censored 
if they disenrolled from their health plan or reached the end of the 
study follow-up (median follow-up 1.8  years, interquartile range: 
0.8; 3.1). Hospitalizations were identified from each site’s Virtual 
Data Warehouse, 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 regis-
tries, and Social Security Administration files as available at each 
site. These approaches have yielded >97% vital status information 
in prior studies (14–16).

Statistical Analysis
Proportions for categorical variables, means (standard deviation) for 
normally distributed continuous variables, and medians (interquartile 
range) for continuous variables with a skewed distribution were used 
to describe the baseline characteristics of the study cohort. Chi-square 
tests for categorical variables and analysis of variance for continuous 
variables were used to test trends in various demographic and clinical 
characteristics across the four comparison groups. Life-table analyses 
were performed separately for the risk of dying or having a hospitaliza-
tion (any-cause or HF-related), further stratified according to the four 
exposure groups specified above. The log-rank test was used to com-
pare the significance of observed differences in the risk of developing 
any of the adverse outcomes among comparison groups. Cox propor-
tional hazards regression was used to examine the association between 
noncardiac conditions/mobility limitation and the risk of dying or 
having a subsequent hospitalization (any-cause or HF-related). Models 
were initially performed unadjusted and then conducted controlling 
for age, gender, and race/ethnicity. Other covariates included cardiac-
related conditions and the receipt of relevant cardiac medications 
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within 120 days before the index date based on dispensed outpatient 
prescriptions (Angiotensin-converting enzyme (ACE) inhibitors [ACEi], 
angiotensin II receptor blockers [ARB], ß-blockers, and statins). We 
also performed additional subgroup analyses stratified by HF type [HF 
with preserved ejection fraction (HFpEF); HF with reduced ejection 
fraction (HFrEF), and HF with mid-range ejection (HFmrEF)], by age 
group (<65, 65–74, 75–84, and ≥85 years), and by gender.

Results

Study Population
We identified 114,553 eligible adults with HF in whom left ven-
tricular systolic function data were available, with mean age of 
72.8 years old, 45.9% women, and 73.5% white (Table 1). Patients 
had a median number of noncardiac-related conditions of 3, with 
53,022 patients having <3 noncardiac-related conditions and no mo-
bility limitation; 1,447 patients who presented with <3 noncardiac-
related conditions and mobility limitation; 56,292 who presented 
with ≥3 noncardiac-related conditions and no mobility limitation; 
and 3,792 who presented with ≥3 noncardiac-related conditions and 
mobility limitation at the time of study entry. With regard to type of 
HF, 31.8% had HFpEF, 21.3% had HFrEF, and 8.9% had HFmrEF.

The frequency distribution of the 13 noncardiac conditions exam-
ined according to the presence/absence of noncardiac-related conditions/
mobility limitation are summarized in Table 1. The two most prevalent 
noncardiac-related conditions in those with <3 noncardiac conditions and 
no mobility limitation were chronic kidney disease and diabetes. For the 
other three groups, similar patterns were found, where the most prevalent 
noncardiac conditions were chronic kidney disease and arthritis.

Association Between Noncardiac-Related 
Conditions/Mobility Limitation and Clinical 
Outcomes
Overall, the highest risk of death was observed in individuals with 
≥3 noncardiac conditions and mobility impairment (Table 2). 
Compared to patients with <3 noncardiac-related conditions and no 
mobility limitation, patients with greater noncardiac-related burden 
plus mobility limitation were at a significantly higher risk of death in 
unadjusted analyses. After adjustment for demographic characteris-
tics, presence of cardiac-related conditions, HF-type, and use of car-
diac medications, compared to persons with <3 noncardiac-related 
conditions and no mobility limitation, there remained a graded 
increased risk of death with greater noncardiac morbidity burden 
and mobility limitation: adjusted hazard ratio (HR) 1.40 (95% CI: 
1.31–1.51) for those with <3 noncardiac-related conditions and mo-
bility limitation, HR 1.72 (95% CI: 1.69–1.75) for those with ≥3 
noncardiac-related conditions and no mobility limitation, and HR 
1.93 (95% CI: 1.85–2.01) for those with ≥3 noncardiac-related con-
ditions and mobility limitation (Table 2).

The risk of hospitalization for any cause was the highest, and 
followed similar trends, in individuals with ≥3 noncardiac condi-
tions with and without mobility impairment (Table 2). Greater 
noncardiac morbidity burden and mobility impairment remained 
associated with a graded higher risk of any-cause hospitalization in 
adjusted analyses: adjusted HR 1.15 (95% CI: 1.08–1.22) for those 
with <3 noncardiac-related conditions and mobility limitation, HR 
1.46 (95% CI: 1.44–1.48) for those with ≥3 noncardiac-related con-
ditions and no mobility limitation, and HR 1.52 (95% CI: 1.47–
1.58) for those with ≥3 noncardiac-related conditions and mobility 

Table 1.  Population Characteristics According to the Presence of Noncardiac-Related Conditions and Mobility Limitation

Characteristic

<3 noncardiac no  
mobility limitation  
n = 53,022

<3 noncardiac  
mobility limitation  
n = 1,447

≥3 noncardiac no  
mobility limitation  
n = 56,292

≥3 noncardiac  
mobility limitation  
n = 3,792

Age, mean, years 69.0 77.2 75.8 78.4
Age category, years %
  <65 35.4 14.1 15.9 10.4
  65–74 26.4 20.1 24.6 20.3
  75–84 26.1 38.4 36.7 39.0
  85 and older 12.2 27.4 22.8 30.3
Men, % 61.5 48.7 48.3 39.1
White 71.0 68.9 76.2 68.4
Black 12.6 4.4 10.6 4.3
Asian 7.3 1.2 5.9 1.0
Noncardiac chronic condition, %
  Diabetes mellitus 25.0 27.4 55.1 54.8
  CKD 28.3 35.0 70.8 71.9
  Anemia 14.0 18.2 55.6 58.9
  Arthritis 19.2 30.4 55.8 60.7
  COPD 11.6 15.6 38.5 41.6
  Asthma 6.5 3.5 23.3 18.7
  Cancer 1.9 3.0 8.4 10.0
  Chronic liver disease 1.4 0.9 4.6 3.4
  Osteoporosis 4.1 7.6 20.3 26.5
  Dementia 1.3 2.6 7.8 10.6
  Depression 5.0 5.7 23.1 26.1
  Hearing impairment 7.1 7.4 27.1 27.3
  Stroke 1.8 2.3 8.1 7.7

Note: CHD = coronary heart disease; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease.
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limitation, when compared with persons with <3 noncardiac-related 
conditions and no mobility limitation (Table 2).

The risk of an HF-related hospitalization was the highest and 
followed similar trends in individuals with ≥3 noncardiac conditions 
with and without mobility impairment (Table 2). In adjusted ana-
lyses, compared to persons with <3 noncardiac-related conditions 
and no mobility limitation, there were higher adjusted risks with 
greater noncardiac-related burden and mobility limitation: adjusted 
HR 1.09 (95% CI: 0.99–1.21) for those with <3 noncardiac-related 
conditions and mobility limitation, HR 1.46 (95% CI: 1.43–1.49) 
for those with ≥3 noncardiac-related conditions and no mobility 
limitation, and HR 1.42 (95% CI, 1.34–1.51) for those with ≥3 
noncardiac-related conditions and mobility limitation (Table 2).

Association Between Noncardiac-Related 
Conditions/Mobility Limitation and Outcomes 
by Gender
In men, compared to those with <3 noncardiac-related conditions and 
no mobility limitation, adjusted HRs for all-cause mortality for per-
sons with <3 noncardiac-related conditions and mobility limitation, 
≥3 noncardiac-related conditions and no mobility limitation, or ≥3 
noncardiac-related conditions and mobility limitation were 1.58 (95% 
CI: 1.43–1.75), 1.81 (95% CI: 1.76–1.86), and 2.26 (95% CI: 2.11–
2.41), respectively (Table 3). In women, compared to persons with those 
with <3 noncardiac-related conditions and no mobility limitation, ad-
justed HRs were 1.24 (95% CI: 1.12–1.37) for those with <3 noncardiac-
related conditions and mobility limitation, 1.60 (95% CI: 1.56–1.65) for 
those with ≥3 noncardiac-related conditions and no mobility limitation, 
and 1.69 (95% CI: 1.60–1.79) for those with ≥3 noncardiac-related con-
ditions and mobility limitation, respectively (Table 3).

Similar trends were found in the multivariable adjusted asso-
ciations of greater noncardiac conditions/mobility limitation with 
HF-specific and any-cause hospitalization among both men and 
women (Table 3).

Association Between Noncardiac-Related 
Conditions Burden/Mobility Limitation and 
Outcomes by Age
Across a wide age range, there was a consistent association between 
higher burden of noncardiac-related conditions/mobility limita-
tion and worse clinical outcomes. However, the relative impact of 

noncardiac morbidity burden/mobility limitation on outcomes was 
greater in younger versus older patients (Table 4). For example, 
among individuals aged <65 years old, compared to patients with 
<3 noncardiac-related conditions and no mobility limitation, greater 
noncardiac morbidity burden/mobility limitation (<3 noncardiac-
related conditions and mobility limitation, ≥3 noncardiac-related 
conditions and no mobility limitation, or ≥3 noncardiac-related 
conditions and mobility limitation) was associated with a notably 
higher risk of dying from any cause (adjusted HRs 2.21 [95% CI: 
1.72–2.83], 2.23 [95% CI: 2.12–2.35], and 3.57 [95% CI: 3.05–
4.16], respectively). These relative associations were less prominent 
in the oldest age group of persons ≥85  years (adjusted HRs 1.12 
[95% CI: 1.00–1.26], 1.41 [95% CI: 1.36–1.46], and 1.44 [95% CI: 
1.34–1.55], respectively); Table 4.

Similar trends were found in the multivariable associations 
of greater noncardiac-related conditions burden/mobility limita-
tion with HF-specific and any cause hospitalizations, in which the 
strength of association was less prominent with older age (Table 4).

Association Between Noncardiac-Related 
Conditions/Mobility Limitation and Outcomes by 
Type of HF
For the outcome of all-cause mortality, among patients with con-
firmed HFpEF, compared to individuals with <3 noncardiac-related 
conditions and no mobility limitation, adjusted HRs for those with <3 
noncardiac-related conditions and mobility limitation, ≥3 noncardiac-
related conditions and no mobility limitation, or ≥3 noncardiac-related 
conditions and mobility limitation were 1.39 (95% CI: 1.22–1.58), 
1.68 (95% CI: 1.63–1.74), and 2.11 (95% CI: 1.96–2.26), respect-
ively. The direction and strength of association between higher 
noncardiac-related morbidity burden/mobility limitation and the risk 
of death were similar for patients with HFrEF or HFmrEF (Table 5).

Similar trends were observed for greater burden of noncardiac-
related conditions/mobility limitation and the outcomes of 
HF-specific and any-cause hospitalization according to type of HF 
(Table 5).

Discussion

In this large, population-based study of adults with HF, we found 
an additive impact of mobility limitation, beyond the burden of 

Table 2.  Risk of Adverse Events in Patients Diagnosed with HF Between 2005 and 2012 According to the Presence of Noncardiac-Related 
Conditions and Mobility Limitation: Overall

<3 noncardiac conditions  
No mobility limitation

<3 noncardiac conditions  
Mobility limitation HR (95% CI) 

≥3 noncardiac conditions  
No mobility limitation HR (95% CI)

≥3 noncardiac conditions  
Mobility limitation HR (95% CI)

 Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

All-cause mortality
  Referent 1.99 (1.86; 2.14) 1.40 (1.31; 

1.51)
2.00 (1.96; 2.03) 1.72 (1.69; 

1.75)
2.75 (2.63; 2.86) 1.93 (1.85; 

2.01)
Any-cause hospitalization
  Referent 1.25 (1.18; 1.33) 1.15 (1.08; 

1.22)
1.58 (1.56; 1.60) 1.46 (1.44; 

1.48)
1.70 (1.64; 1.77) 1.52 (1.47; 

1.58)
HF-related hos pitalization
  Referent 1.22 (1.11; 1.35) 1.09 (0.99; 

1.21)
1.60 (1.57; 1.64) 1.46 (1.43; 

1.49)
1.63 (1.54; 1.73) 1.42 (1.34; 

1.51)

Notes: Model covariates: age, gender, race/ethnicity, hypertension, hyperlipidemia, atrial fibrillation, coronary heart disease, ventricular tachycardia/fibrillation, 
ACE inhibitors, angiotensin II receptor blockers, ß-blockers, and statin. ACE = angiotensin-converting enzyme; HF = heart failure; HR = hazard ratios.
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noncardiac multimorbidity, on all-cause mortality in adults with HF. 
We did not observe an increased risk of any-cause or HF-related 
hospitalization in relation to the presence of mobility limitation 
among those with a greater burden of noncardiac multimorbidity. 
Consistent findings related to the presence of mobility limitation and 
adverse outcomes, namely an incremental increased risk for death 
and more attenuated association with hospitalization, were seen ac-
cording to patient age, gender, and HF type (preserved, reduced, mid-
range ejection fraction), with a more prominent relative impact of 
mobility limitation on outcomes in those aged <65 years old. These 
findings highlight the fact that the clinical implications of mobility 
limitation are not limited just to older adults with HF (9). Similar 
trends were found in men and women and among those with pre-
served, reduced, and mid-range ejection fraction.

Numerous studies have examined the individual and combined 
associations of noncardiac conditions and mobility limitation burden 
with clinical outcomes in older adults (8,9,17–20). The Biology 
Study to Tailored Treatment in Chronic Heart Failure (BIOSTAT-
CHF) included 3,500 individuals with HF (mean age 71 years; 70% 
men) and eight noncardiac conditions (17). The authors reported 
an increased risk of all-cause death and subsequent hospitalizations 
according to the presence of noncardiac conditions, particularly 
among individuals who presented with either chronic kidney disease 
and anemia who were at the greatest risk of death whereas those 
who presented with chronic obstructive pulmonary disease and an-
emia were at higher risk of hospitalization when compared with 
those without these conditions (17). Researchers from the ambula-
tory clinics in the Veterans Affairs system examined the association 
of 15 noncardiac comorbidities with hospitalization and death in 
individuals with HFpEF and HFrEF during up to 2 year follow-up 
(n = 9,442; mean age 70 years old, 95% men) (20). In contrast to 
our findings, that study reported an association between noncardiac 
comorbidity burden and increased risk for non-HF-related hospital-
izations in individuals with HFpEF compared to those with HFrEF, 
while there was a similar association of noncardiac conditions and 
mortality in persons with HFpEF and HFrEF (20). Among >72,000 
Medicare beneficiaries aged ≥65 and older hospitalized with an 
acute myocardial infarction, mobility limitation (defined by the use 
of canes, wheelchairs, or walkers) was associated with modestly 
higher adjusted odds of death during the first year postdischarge 
(adjusted odds ratio 1.14, 95% CI 1.09; 1.20) (9). In examining the 
combined effects of noncardiac conditions and mobility limitation 
on healthcare utilization and mortality among 2,692 adults (mean 
age 74 years, 54% men) with presumed incident HF, those with both 
multimorbidity (≥2 noncardiac conditions) and functional limitation 
(ie, mobility limitation and/or activities of daily living and/or instru-
mental activities of daily living) experienced the highest risk of death 
and excess healthcare utilization, whereas those with only functional 
limitation had similar rates of hospitalization and emergency depart-
ment visits as those with only multimorbidity (8). Even though these 
studies were carried out in slightly different patient population and 
geographic settings than ours, and only one of the studies examined 
the combined effects of noncardiac conditions and mobility limita-
tion on selected outcomes, together with our findings, these results 
highlight the importance of considering both noncardiac burden and 
mobility limitation when managing adults with any form of HF.

Our findings suggest an important relative impact of mobility 
limitation on the risk of adverse outcomes in those aged <65 years 
old. These findings are in contrast with the results of other studies 
that have examined the association between mobility limitation 
and clinical outcomes in patients with cardiovascular disease across Ta
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different age groups. The “Pulmonary Edema and Stiffness of the 
Vascular System” study (21), examined whether increased cardio-
vascular stiffness was associated with disability in more than 400 
middle-aged and older adults with HF. In this cohort of middle-aged 
and elderly men with HF, cardiovascular stiffness was associated 
with decreased mobility and increased the likelihood of overall dis-
ability; decreased mobility was shown to be an independent pre-
dictor of mortality in this vulnerable population (21). A sample of 
100 adults with HF, 71 years and older, from the three communi-
ties of the Established Populations for Epidemiologic Studies of the 
Elderly were assessed for the impact of mobility impairment with the 
risk of all-cause hospitalizations. Mobility impairment was meas-
ured by standing balance, a timed 2.4 m walk, and a timed test of 
rising from a chair five times (22). Mobility impairment was signifi-
cantly associated with the risk of being hospitalized over a 4 year 
follow-up period. An increased hospitalization risk was particularly 
found for older individuals who presented with other geriatric con-
ditions including dementia, hip fracture, and decubitus ulcer (22).

Some potential explanations for our unexpected findings of a 
particularly marked impact of mobility in persons <65 years old in 
the present study might be due to the different approach that we used 
to define mobility limitation using HCPCS codes instead of more 
traditional measures of factors such as exercise capacity that require 
a formal evaluation of the patient. Another potential explanation 
is “survival bias.” Patients in our 85 years and older group might 
be different from other older adults by virtue of having survived to 
this older age. Although we found that the associations of greater 
mobility impairment with death and hospitalization were strongest 
in individuals aged ≤65 years, the impact of mobility impairment at 
population-level is largest among older patients with HF since the 
prevalence of mobility impairment is highest in the oldest patients.

Study Strengths and Limitations
Our study had several strengths and limitations. A limitation of our 
study was the use of HCPCS codes to identify mobility limitation, 
which does not include direct observation of patients to assess mo-
bility limitation but has been used and validated in different popula-
tions to characterize the association with adverse outcomes (eg, death 
after myocardial infarction, hospitalizations, functional decline, and 
drug-related side effects) (9,18,19). As mentioned before mobility 
limitation was defined based on the approach by Chrischilles and 
colleagues (9). These researchers developed patient function-related 
indicators, which were derived from claims records in a cohort of 
U.S. Medicare beneficiaries aged 65 years and older who were hos-
pitalized with an acute myocardial infarction. One of the function-
related indicators was labeled mobility limitation and it was defined 
by claims (HCPCS codes) for the use of a cane, walker, or a wheel-
chair. In their article, the investigators reported that persons with mo-
bility limitation were at increased risk for dying over the subsequent 
12 months (adjusted OR = 1.14 (95% CI 1.09; 1.20)) and were less 
likely to undergo a cardiac catheterization during the hospitalization 
(adjusted OR = 0.85 (95% CI 0.81; 0.89)) (9). These findings suggest 
that the mobility limitation indicator employed by Chrischilles and 
colleagues did predict an outcome (mortality) and health service util-
ization/clinical decision-making (receipt of a cardiac catheterization) 
consistent with what would be expected in relation to the functional 
status of older acute myocardial infarction patients. Other investi-
gators have examined the association between mobility limitation 
(using the same indicator described by Chrischilles et  al.), clinical 
decision-making, and clinical outcomes across a range of conditions Ta
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such as individuals with kidney cancer and those with colorectal 
cancer (23,24). Findings from these studies suggest that this approach 
to measure mobility limitation may help investigators using admin-
istrative claims data to better capture the complexity and improve 
the care of this vulnerable population of older adults. Although we 
did not individually adjudicate each patient’s records to confirm the 
presence of clinical HF, prior studies in the Cardiovascular Research 
Network population have shown a high-positive predictive value for 
our diagnosis code-based algorithms to reliably identify patients with 
HF (20,25). We also studied a large population receiving care within 
healthcare delivery systems, but our findings may not be fully applic-
able to all adults with HF. However, given the breadth of geographic 
and sociodemographic diversity in our community-based popula-
tions, our findings are likely to be generalizable to the large fraction 
of patients with HF in the U.S. within “real-world” practice settings. 
Although we evaluated a wide range of comorbid conditions, detailed 
information about the duration, severity, or extent of the chronic con-
ditions studied was unavailable. However, our approach to charac-
terizing the burden of noncardiac conditions/mobility limitation in 
patients with HF may be readily applied as healthcare systems de-
velop and implement novel informatics approaches at the point-of-
care to assist in clinical decision-making (26).

Conclusions

Our findings underscore the importance of the association between 
noncardiac conditions and mobility limitation with adverse out-
comes in patients with varying types of HF, middle-aged and older 
persons, and in men as well as women. The presence of noncardiac 
conditions and/or mobility limitation in patients with HF substan-
tially increases the complexity of their care, as practitioners face the 
challenge of managing multiple conditions simultaneously that may 
increase therapy-associated side effects (1,25,27–29). With the aging 
of the U.S. population, the number of patients affected by HF will 
increase dramatically over the coming decades (30,31), especially 
those with a high burden of noncardiac-related conditions and mo-
bility limitation, which will create greater demands on healthcare 
providers and the systems in which they work. Clinical trials of treat-
ments for HF have usually excluded older adults with a high burden 
of noncardiac-related conditions, which has led to evidence gaps in 
how to optimally treat this complex, vulnerable population (28,29).

In summary, our findings suggest that there is an additive as-
sociation of mobility limitation, beyond the burden of noncardiac 
multimorbidity, with survival in patients with HF and less so for 
any cause and HF-related hospitalization. Younger patients with HF 
appear to be at highest risk for adverse outcomes with concomitant 
mobility limitation in the presence or absence of a high burden of 
noncardiac-related morbidity burden.

Funding
The work was supported by R24 AG045050 and R33AG057806 from the 
National Institute on Aging, as well as RC1 HL099395 and U19 HL91179 
from the National Heart, Lung, and Blood Institute. The National Institute on 
Aging and the NIH had no role in the preparation, review, or approval of the 
manuscript, or decision to submit the manuscript for publication.

Conflict of Interest
A.S.G.  reports receiving grant funding through his institution (Kaiser 
Permanente Northern California Division of Research) from Novartis and 
GlaxoSmithKline, as well as from NHLBI, NIDDK, and NIA. D.H.S. reports Ta

b
le

 5
. 

R
is

k 
o

f A
d

ve
rs

e 
E

ve
n

ts
 in

 P
at

ie
n

ts
 D

ia
g

n
o

se
d

 w
it

h
 H

F 
B

et
w

ee
n

 2
00

5 
an

d
 2

01
2 

A
cc

o
rd

in
g

 t
o

 t
h

e 
Pr

es
en

ce
 o

f 
N

o
n

ca
rd

ia
c-

R
el

at
ed

 C
o

n
d

it
io

n
s 

an
d

 M
o

b
ili

ty
 L

im
it

at
io

n
 b

y 
H

F-
ty

p
e

<3
 n

on
ca

rd
ia

c 
co

nd
it

io
ns

  
N

o 
m

ob
ili

ty
 li

m
it

at
io

n
<3

 n
on

ca
rd

ia
c 

co
nd

it
io

ns
  

M
ob

ili
ty

 li
m

it
at

io
n 

H
R

 (
95

%
 C

I)
≥3

 n
on

ca
rd

ia
c 

co
nd

it
io

ns
  

N
o 

m
ob

ili
ty

 li
m

it
at

io
n 

H
R

 (
95

%
 C

I)
≥3

 n
on

ca
rd

ia
c 

co
nd

it
io

ns
  

M
ob

ili
ty

 li
m

it
at

io
n 

H
R

 (
95

%
 C

I)

 
 

U
na

dj
us

te
d

A
dj

us
te

d
U

na
dj

us
te

d
A

dj
us

te
d

U
na

dj
us

te
d

A
dj

us
te

d

A
ll-

ca
us

e 
m

or
ta

lit
y

 
H

Fp
E

F
R

ef
er

en
t

1.
89

 (
1.

66
; 2

.1
4)

1.
39

 (
1.

22
; 1

.5
8)

1.
89

 (
1.

83
; 1

.9
5)

1.
68

 (
1.

63
; 1

.7
4)

2.
72

 (
2.

54
; 2

.9
1)

2.
11

 (
1.

96
; 2

.2
6)

 
H

Fr
E

F
 

2.
41

 (
2.

12
; 2

.7
5)

1.
55

 (
1.

36
; 1

.7
7)

2.
22

 (
2.

14
; 2

.3
1)

1.
75

 (
1.

68
; 1

.8
2)

3.
41

 (
2.

12
; 2

.7
5)

2.
01

 (
1.

83
; 2

.2
1)

 
H

Fm
rE

F
 

2.
18

 (
1.

68
; 2

.8
4)

1.
60

 (
1.

23
; 2

.0
9)

2.
09

 (
1.

98
; 2

.2
1)

1.
75

 (
1.

65
; 1

.8
6)

3.
57

 (
3.

05
; 4

.1
6)

2.
49

 (
2.

12
; 2

.9
2)

A
ny

 c
au

se
 h

os
pi

ta
liz

at
io

n
 

H
Fp

E
F

R
ef

er
en

t
1.

12
 (

1.
01

; 1
.2

5)
1.

06
 (

0.
95

; 1
.1

7)
1.

54
 (

1.
51

; 1
.5

7)
1.

47
 (

1.
43

; 1
.5

0)
1.

62
 (

1.
53

; 1
.7

2)
1.

52
 (

1.
44

; 1
.6

2)
 

H
Fr

E
F

 
1.

40
 (

1.
25

; 1
.5

8)
1.

25
 (

1.
11

; 1
.4

1)
1.

59
 (

1.
54

; 1
.6

3)
1.

43
 (

1.
38

; 1
.4

7)
1.

76
 (

1.
62

; 1
.9

2)
1.

50
 (

1.
38

; 1
.6

4)
 

 
H

Fm
rE

F
 

1.
31

 (
1.

05
; 1

.6
4)

1.
20

 (
0.

95
; 1

.5
0)

1.
58

 (
1.

51
; 1

.6
5)

1.
44

 (
1.

38
; 1

.5
0)

2.
02

 (
1.

76
; 2

.3
3)

1.
78

 (
1.

54
; 2

.0
5)

H
F-

re
la

te
d 

ho
sp

it
al

iz
at

io
n

 
H

Fp
E

F
R

ef
er

en
t

1.
10

 (
0.

92
; 1

.3
1)

0.
98

 (
0.

82
; 1

.1
6)

1.
66

 (
1.

61
; 1

.7
2)

1.
50

 (
1.

45
; 1

.5
5)

1.
82

 (
1.

67
; 1

.9
9)

1.
57

 (
1.

44
; 1

.7
2)

 
H

Fr
E

F
 

1.
20

 (
1.

01
; 1

.4
4)

1.
05

 (
0.

88
; 1

.2
6)

1.
61

 (
1.

54
; 1

.6
7)

1.
41

 (
1.

35
; 1

.4
8)

1.
59

 (
1.

41
; 1

.8
0)

1.
33

 (
1.

17
; 1

.5
1)

 
H

Fm
rE

F
 

1.
37

 (
0.

97
; 1

.9
2)

1.
24

 (
0.

88
; 1

.7
5)

1.
77

 (
1.

66
; 1

.8
9)

1.
54

 (
1.

44
; 1

.6
5)

1.
90

 (
1.

54
; 2

.3
6)

1.
59

 (
1.

28
; 1

.9
7)

N
ot

es
: M

od
el

 c
ov

ar
ia

te
s:

 a
ge

, g
en

de
r, 

ra
ce

, e
th

ni
ci

ty
, h

yp
er

te
ns

io
n,

 h
yp

er
lip

id
em

ia
, a

tr
ia

l fi
br

ill
at

io
n,

 c
or

on
ar

y 
he

ar
t d

is
ea

se
, v

en
tr

ic
ul

ar
 ta

ch
yc

ar
di

a/
fib

ri
lla

ti
on

, A
C

E
 in

hi
bi

to
rs

, a
ng

io
te

ns
in

 II
 r

ec
ep

to
r 

bl
oc

ke
rs

, ß
-b

lo
ck

er
s,

 
an

d 
st

at
in

. A
C

E
 =

 a
ng

io
te

ns
in

-c
on

ve
rt

in
g 

en
zy

m
e;

 H
Fp

E
F 

= 
H

F 
w

it
h 

pr
es

er
ve

d 
ej

ec
ti

on
 f

ra
ct

io
n;

 H
Fr

E
F 

= 
H

F 
w

it
h 

re
du

ce
d 

ej
ec

ti
on

 f
ra

ct
io

n;
 H

Fm
rE

F 
= 

H
F 

w
it

h 
m

id
-r

an
ge

 e
je

ct
io

n.

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 10� 1987



receiving grant funding through his institution (Center for Health Research, 
Kaiser Permanente Northwest) from Novartis to undertake an FDA mandated 
drug safety study. K.R.  reports receiving grant funding through her institu-
tion (Department of Research and Evaluation, Kaiser Permanente Southern 
California) from Novartis; Amgen Inc., Merck & Co., and Novartis as well as 
from NHLBI, NIA, PCORI, and AHRQ. The other authors report no conflicts.

Authors’ Contribution 
Study concept and design: M.T., J.H.G., A.S.G.; Acquisition of data: J.H.G., 
K.R., D.H.S., A.S.G.; Analysis and interpretation of data: M.T., J.H.G., H.F., 
D.F., K.R., D.H.S., S.H.S., R.G., A.S.G.; Preparation of manuscript: M.T., 
J.H.G., A.S.G.; Critical revision of the manuscript: J.H.G., K.R., D.H.S., 
R.G., R.J.G.

Sponsor’s Role: 

References
	1.	 Masoudi  FA, Krumholz  HM. Polypharmacy and comorbidity in heart 

failure. BMJ. 2003;327:513–514. doi: 10.1136/bmj.327.7414.513
	2.	 Braunstein JB, Anderson GF, Gerstenblith G, et al. Noncardiac comorbidity 

increases preventable hospitalizations and mortality among Medicare 
beneficiaries with chronic heart failure. J Am Coll Cardiol. 2003;42:1226–
1233. doi: 10.1016/s0735-1097(03)00947-1

	3.	 Alter DA, Ko DT, Tu JV, et al. The average lifespan of patients discharged 
from hospital with heart failure. J Gen Intern Med. 2012;27:1171–1179. 
doi: 10.1007/s11606-012-2072-y

	4.	 Ahluwalia SC, Gross CP, Chaudhry SI, et  al. Impact of comorbidity on 
mortality among older persons with advanced heart failure. J Gen Intern 
Med. 2012;27:513–519. doi: 10.1007/s11606-011-1930-3

	5.	 Havranek  EP, Masoudi  FA, Westfall  KA, Wolfe  P, Ordin  DL, 
Krumholz HM. Spectrum of heart failure in older patients: results from 
the National Heart Failure project. Am Heart J. 2002;143:412–417. doi: 
10.1067/mhj.2002.120773

	6.	 Manemann  SM, Chamberlain  AM, Boyd  CM, et  al. Multimorbidity in 
heart failure: effect on outcomes. J Am Geriatr Soc. 2016;64:1469–1474. 
doi: 10.1111/jgs.14206

	7.	 Chaudhry  SI, Wang  Y, Gill  TM, Krumholz  HM. Geriatric conditions 
and subsequent mortality in older patients with heart failure. J Am Coll 
Cardiol. 2010;55:309–316. doi: 10.1016/j.jacc.2009.07.066

	8.	 Manemann  SM, Chamberlain  AM, Roger  VL, et  al. Multimorbidity 
and functional limitation in individuals with heart failure: a prospective 
community study. J Am Geriatr Soc. 2018;66:1101–1107. doi: 10.1111/
jgs.15336

	9.	 Chrischilles  E, Schneider  K, Wilwert  J et  al. Beyond comorbidity: ex-
panding the definition and measurement of complexity among older adults 
using administrative claims data. Med Care. 2014;52(Suppl 3):S75–S84. 
doi:10.1097/MLR.0000000000000026

	10.	Hayes SL, Salzberg CA, McCarthy D et al. High-need, high-cost patients: 
who are they and how do they use health care? A population-based com-
parison of demographics, health care use, and expenditures. Issue Brief 
(Commonw Fund). 2016;26:1–14.

	11.	Go AS, Magid DJ, Wells B, et al. The Cardiovascular Research Network: 
a new paradigm for cardiovascular quality and outcomes research. 
Circ Cardiovasc Qual Outcomes. 2008;1:138–147. doi: 10.1161/
CIRCOUTCOMES.108.801654

	12.	Magid DJ, Gurwitz JH, Rumsfeld JS, Go AS. Creating a research data net-
work for cardiovascular disease: the CVRN. Expert Rev Cardiovasc Ther. 
2008;6:1043–1045. doi: 10.1586/14779072.6.8.1043

	13.	Drye EE, Altaf FK, Lipska KJ, et al. Defining multiple chronic conditions 
for quality measurement. Med Care. 2018;56:193–201. doi: 10.1097/
MLR.0000000000000853

	14.	Saczynski  JS, Go AS, Magid DJ, et  al. Patterns of comorbidity in older 
adults with heart failure: the Cardiovascular Research Network 

PRESERVE study. J Am Geriatr Soc. 2013;61:26–33. doi: 10.1111/
jgs.12062

	15.	Go AS, Lee WY, Yang J, Lo JC, Gurwitz JH. Statin therapy and risks for 
death and hospitalization in chronic heart failure. JAMA. 2006;296:2105–
2111. doi: 10.1001/jama.296.17.2105

	16.	Go  AS, Yang  J, Ackerson  LM, et  al. Hemoglobin level, chronic kidney 
disease, and the risks of death and hospitalization in adults with chronic 
heart failure: the Anemia in Chronic Heart Failure: Outcomes and 
Resource Utilization (ANCHOR) Study. Circulation. 2006;113:2713–
2723. doi: 10.1161/CIRCULATIONAHA.105.577577

	17.	Streng  KW, Nauta  JF, Hillege  HL, et  al. Non-cardiac comorbidities in 
heart failure with reduced, mid-range and preserved ejection fraction. Int 
J Cardiol. 2018;271:132–139. doi: 10.1016/j.ijcard.2018.04.001

	18.	Chrischilles  E, Rubenstein  L, Van  Gilder  R, Voelker  M, Wright  K, 
Wallace R. Risk factors for adverse drug events in older adults with mo-
bility limitations in the community setting. J Am Geriatr Soc. 2007;55:29–
34. doi: 10.1111/j.1532-5415.2006.01034.x

	19.	Bentler SE, Liu L, Obrizan M, et al. The aftermath of hip fracture: dis-
charge placement, functional status change, and mortality. Am J 
Epidemiol. 2009;170:1290–1299. doi: 10.1093/aje/kwp266

	20.	Ather S, Chan W, Bozkurt B, et al. Impact of noncardiac comorbidities on 
morbidity and mortality in a predominantly male population with heart 
failure and preserved versus reduced ejection fraction. J Am Coll Cardiol. 
2012;59:998–1005. doi: 10.1016/j.jacc.2011.11.040

	21.	Andersen  MM, Kritchevsky  SB, Morgan  TM, et  al. Increased cardio-
vascular stiffness and impaired age-related functional status. J Gerontol 
A Biol Sci Med Sci. 2015;70:545–553. doi: 10.1093/gerona/glu085

	22.	Penninx BW, Ferrucci L, Leveille SG, Rantanen T, Pahor M, Guralnik JM. 
Lower extremity performance in nondisabled older persons as a pre-
dictor of subsequent hospitalization. J Gerontol A  Biol Sci Med Sci. 
2000;55:M691–M697. doi: 10.1093/gerona/55.11.m691

	23.	Tan  HJ, Chamie  K, Daskivich  TJ, Litwin  MS, Hu  JC. Patient function, 
long-term survival, and use of surgery in patients with kidney cancer. 
Cancer. 2016;122:3776–3784. doi: 10.1002/cncr.30275

	24.	Mehta HB, Vargas GM, Adhikari D, Dimou F, Riall TS. Comparative ef-
fectiveness of chemotherapy vs resection of the primary tumour as the ini-
tial treatment in older patients with Stage IV colorectal cancer. Colorectal 
Dis. 2017;19:O210–O218. doi: 10.1111/codi.13659

	25.	Go AS, Yang J, Gurwitz JH, Hsu J, Lane K, Platt R. Comparative effect-
iveness of different beta-adrenergic antagonists on mortality among adults 
with heart failure in clinical practice. Arch Intern Med. 2008;168:2415–
2421. doi: 10.1001/archinternmed.2008.506

	26.	Green AR, Leff B, Wang Y, et al. Geriatric conditions in patients under-
going defibrillator implantation for prevention of sudden cardiac death: 
prevalence and impact on mortality. Circ Cardiovasc Qual Outcomes. 
2016;9:23–30. doi: 10.1161/CIRCOUTCOMES.115.002053

	27.	Boyd CM, Ritchie CS, Tipton EF, Studenski  SA, Wieland D. From bed-
side to bench: summary from the American Geriatrics Society/National 
Institute on Aging Research Conference on Comorbidity and Multiple 
Morbidity in Older Adults. Aging Clin Exp Res. 2008;20:181–188. doi: 
10.1007/bf03324775

	28.	HHS initiative on multiple chronic conditions. Accessed March 14, 2018 
https://www.hhs.gov/ash/about-ash/multiple-chronic-conditions/index.
html

	29.	Boyd  CM, Vollenweider  D, Puhan  MA. Informing evidence-based 
decision-making for patients with comorbidity: availability of ne-
cessary information in clinical trials for chronic diseases. PLoS One. 
2012;7:e41601. doi: 10.1371/journal.pone.0041601

	30.	Kupari M, Lindroos M, Iivanainen AM, Heikkilä J, Tilvis R. Congestive 
heart failure in old age: prevalence, mechanisms and 4-year prognosis 
in the Helsinki Ageing Study. J Intern Med. 1997;241:387–394. doi: 
10.1046/j.1365-2796.1997.129150000.x

	31.	Kitzman DW, Rich MW. Age disparities in heart failure research. JAMA. 
2010;304:1950–1951. doi: 10.1001/jama.2010.1592

1988� Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 10

https://www.hhs.gov/ash/about-ash/multiple-chronic-conditions/index.html
https://www.hhs.gov/ash/about-ash/multiple-chronic-conditions/index.html

