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Abstract

Mobility and function are important predictors of survival. However, their combined impact on 

mortality in adults ≥65 years of age with heart failure (HF) is not well understood. This study 

examined the role of gait speed and instrumental activities of daily living (IADL) in all-cause 

mortality in a cohort of 1,119 community-dwelling Cardiovascular Health Study participants ≥65 

years of age with incident HF. Data on HF and mortality were collected through annual 

examinations or contact during the 10-year follow-up period. Slower gait speed (<0.8m/s vs. 

≥0.8m/s) and IADL impairment (≥1 vs. 0 areas of dependence) were determined from baseline and 

follow-up assessments. A total of 740 (66%) of the 1119 participants died during the follow-up 

period. Multivariate Cox proportional hazards models showed that impairments in either gait 
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speed (hazard ratio 1.37, 95% CI 1.10-1.70; p=0.004) or IADL (HR 1.56, 95% CI 1.29-1.89; 

p<0.001), measured within 1 year before the diagnosis of incident HF, were independently 

associated with mortality, adjusting for socio-demographic and clinical characteristics. The 

combined presence of slower gait speed and IADL impairment was associated with a greater risk 

of mortality and suggested an additive relationship between gait speed and IADL. In conclusion, 

gait speed and IADL are important risk factors for mortality in adults ≥65 years of age with HF, 

but the combined impairments of both gait speed and IADL can have an especially important 

impact on mortality.
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Introduction

Gait speed is an important predictor of mortality,1-3 hospitalization3 and nursing home 

placement4 in adults 65 years and older, as well as disability5 and mortality6,7 in individuals 

with cardiovascular disease in particular. A related measure, the 6-minute walk distance is a 

prognostic marker of mortality in heart failure (HF).8-10 Impairment in gait speed often 

occurs in the setting of impairments in other geriatric measures, for example, in conjunction 

with deficits in lower extremity strength and balance as measured by the Short Physical 

Performance Battery (SPPB),4,11,12 or as a component of frailty in HF.13-15 Instrumental 

activities of daily living (IADL) is another important geriatric measure in HF given its 

association with HF incidence and mortality in adults ≥65 years of age.16 Of the available 

measures of mobility or function, gait speed and IADL are quick and reliable17,18 and may 

serve as screening tools in the clinical setting to identify adults with HF at increased risk for 

adverse outcomes. We therefore investigated the impact of gait speed and IADL, separately 

and combined, on all-cause mortality in adults with incident HF who are ≥65 years of age.

Methods

The Cardiovascular Health Study (CHS) is a prospective, population-based observational 

cohort study of cardiovascular disease and cardiovascular risk factors in community-

dwelling United States adults ≥65 years of age.19 An initial cohort of 5,201 participants was 

recruited in 1989-1990 and a second cohort of 687 African-Americans was recruited in 

1992-1993. All participants underwent health evaluations per standardized protocols, and 

details of the CHS study methodology including variables collected have been published 

elsewhere.19,20 There were 1,139 CHS participants ≥65 years of age without prevalent HF at 

enrollment and who were diagnosed with incident HF during the study. Of these, 1,119 had 

complete gait speed and IADL data and were included in the current study.

Variables analyzed in this study included socio-demographic characteristics (age, gender, 

race, marital status, education, income) and past medical history (general health, smoking 

history, myocardial infarction, coronary artery disease, hypertension, diabetes mellitus, 

stroke, chronic obstructive pulmonary disease, cancer, kidney disease, depression as 

measured with the Center for Epidemiologic Studies Depression Scale, and cognitive status 
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as measured by the Mini-Mental State Examination score) collected at baseline. Time to 

walk 15 feet and IADL were collected at baseline and at annual follow-up assessments. We 

converted the time to walk 15 feet into gait speed in meters per second and dichotomized 

into slower (or impaired) (<0.8 m/s) or normal (≥0.8 m/s) based on prior studies.6,21 We 

defined IADL impairment as dependence in one or more categories among the 8 activity 

categories. Gait speed measurements were collected from Year 3 (which was the first year of 

follow-up) through Year 11, but not in Year 10. IADL was measured from Year 3 through 

Year 11. Of the 1,119 participants meeting inclusion criteria for this study, we identified 815 

(73%) participants whose diagnosis of incident HF was at Year 12 or earlier. This subset 

represented those participants who had either a gait speed or IADL assessment scheduled 

within one year of their incident HF diagnosis, since neither gait speed nor IADL was 

assessed beyond Year 11. Among these 815, a total of 606 (74%) had a completed gait 

speed measurement and 690 (85%) had a completed IADL assessments within 1 year prior 

to incident HF diagnosis.

Incident HF was diagnosed by central-adjudication by the CHS Events Committee.22 The 

primary outcome of interest was all-cause mortality, which was adjudicated by reviewing 

death certificates, autopsy reports, hospital records and interviews with attending physicians, 

next-of-kin, and witnesses.19

We analyzed cross-sectional associations between socio-demographic and clinical 

characteristics, and gait speed and IADL, respectively, using chi-square and t-tests. We 

examined the associations between (1) gait speed impairment and (2) IADL impairment, and 

all-cause mortality using Cox proportional hazard survival models. Separate models were 

created for both gait speed and IADL using measurements at baseline and within 1 year of 

incident HF diagnosis. We further stratified individuals into those with and without 

preserved ejection fraction (EF) for separate survival analyses. Only 89% of the 1,119 

participants had an EF recorded at baseline: 862 (86%) had EF ≥55%, 77 (8%) had EF 

45-54% and 60 (6%) had EF <45%. All African-American CHS participants were recruited 

after the baseline echocardiogram. A second echocardiogram at year 7 was recorded for 687 

(61%) of the 1,119; excluding those who died or were lost to follow-up. Among these, 526 

(77%) had EF ≥55%, 94 (14%) had EF 45-54% and 68 (10%) had EF <45%. Only 618 

participants had EF measurements at baseline and year 7. As the CHS EF categories (≥55% 

“normal”; 45-54% “mildly reduced” and <45% “moderately or severely reduced”)23 are not 

concordant with the 2013 American Heart Association guideline EF classifications (≥50% 

“preserved”; 41-49% “borderline”; ≤40% “reduced” and >40% with previous reduced EF 

“improved”),24 we incorporated both classifications for this study and defined preserved EF 

to include any of following criteria: (a) EF ≥55% at Year 7; or (b) EF ≥45% at Year 7 and 

EF ≥45% at baseline (to exclude individuals with AHA-classified “improved EF”); or (c) EF 

≥45% at baseline and died or lost to follow-up before Year 7. Those with EF <45% were 

defined as “reduced EF”, but their numbers were too small to obtain a meaningful estimate 

in the Cox model, and so those with no recorded EF were included in this reference group.

We also performed a sensitivity analysis on the subset of participants who did not have 

impairment with regards to either gait speed or IADL at baseline, in order to examine the 
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impact of acute impairment of gait speed, IADL and both factors combined, in the follow-up 

period.

Hazard ratios (HR) and 95% confidence intervals (CIs) were used to describe the statistical 

associations. All statistical tests were 2-tailed, with a p-value <0.05 considered significant. 

Data analyses were conducted using SPSS statistics software version 21 (IBM Corporation, 

Somers, NY) and Stata v.12.1 (Stata, Inc. College Station, TX).

Results

The mean age at enrollment for eligible participants in this study was 74 (standard deviation 

±6) years, 51% were female and 14% were non-white. The median gait speed at baseline 

was 0.76 m/s with an inter-quartile range of 0.65-0.91 m/s, and 566 (51%) had a gait speed 

<0.8 m/s. Males had a significantly faster mean gait speed (0.87 m/s) than females (0.78 

m/s; p<0.001). Among the 1,119 participants, 780 (68%) reported no IADL impairments, 

270 (24%) reported one and 89 (8%) reported 2 or more impairments. Slower gait speed was 

positively correlated with age, female sex, non-white race, fewer years of education and 

lower income, while IADL impairment was more likely to be positively correlated with a 

number of medical conditions (Table 1).

Overall, 740 (66%) of the 1,119 participants died. The median time from enrollment to 

incident HF was 6.4 years and the median time from incident HF to death was 1.7 years. 

Slower gait speed and IADL impairment, whether assessed at baseline or within 1 year of 

incident HF, was each independently associated with all-cause mortality (Table 2). The 

adjusted hazard ratio for IADL was substantially greater, while that for gait speed did not 

differ meaningfully, for models utilizing assessments within 1e year of incident HF. (Table 

2). There was no meaningful difference observed in our stratified analysis of the impact of 

gait speed in females (HR 1.38, 95% CI 1.09-1.75; p=0.009) and males (HR 1.22, 95% CI 

0.99-1.51; p=0.08). Analysis using quartiles of gait speed did not demonstrate a dose-

response effect of gait speed on all-cause mortality (Figure 1).

Stratification by ejection fraction showed no significant differences in the effect estimates 

for gait speed or IADL in individuals with preserved versus reduced EF, but the results were 

not statistically significant among those with reduced EF due to the small sample size.

A sensitivity analysis of both gait speed and IADL, as measured within 1 year prior to 

incident HF and restricted to individuals without impairments in either measure at baseline, 

found only a significantly increased hazard of mortality when impairments in both gait 

speed and IADL were present (Table 3).

Discussion

This study demonstrates that slower gait speed and IADL impairment are important risk 

factors for all-cause mortality in adults ≥65 years of age with HF, and that the impact on 

mortality is greater when both impairments coexist than in the presence of either alone. Our 

results also show that although other sociodemographic and clinical risk factors for mortality 

in HF may be associated with mortality in this cohort, none of these variables significantly 
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confounded the association with either gait speed or IADL, as evidenced by the lack of a 

difference in the crude and adjusted hazard ratios. The observed relationship between gait 

speed and mortality in this study is supported by previous reports on the prognostic role of 

gait speed on mortality, whether described alone1,3 or as part of composite measures, such 

as the SPPB4,11 and frailty.25 Although the relationship was not described in a specific 

cohort of HF patients, many of the participants in those cohort studies had cardiovascular 

disease.1 However, the prognostic role of the 6-minute walk distance on mortality has been 

specifically reported in HF patients in different cohorts.8-10 Our findings add to the body of 

evidence by characterizing the role of gait speed at or around the time of HF diagnosis and 

by clarifying its relationship with IADL. It also demonstrates the prognostic role of gait 

speed in adults ≥65 years of age with HF and preserved EF.

Although gait speed and IADL may change over time, our analysis demonstrated similar 

risk relationships between gait speed and mortality, and between IADL and mortality, 

whether using gait speed or IADL assessed at baseline or closer to the time of incident HF. 

Importantly, gait speed was less likely to change over time than IADL, and the adjusted HR 

estimates for gait speed were more consistent across models using either baseline or follow-

up gait speed, supporting the notion that gait speed may be a more robust predictor of 

mortality over time.

Both gait speed and IADL predict functional decline26 and mortality,1 but perhaps gait 

speed is a more sensitive marker of comorbidity and deterioration. Gait speed is more than a 

simple measure of lower extremity function and has been described as a measure of overall 

health and physiological reserve in older adults.27 However, it is unclear if the mechanism 

through which gait speed impacts mortality in HF is a direct one, or through an intermediate 

conditions, namely frailty.28 While gait speed impairment can be found in pre-frailty 

states,29 it is unclear if gait speed is a precursor state or an early metric for frailty. 

Nonetheless, gait speed is more objective than IADL as it is actually measured, while IADL 

relies on self-report by study participants.19 Additionally, the data in CHS did not allow the 

determination of which individual IADL was impaired,16 as opposed to gait speed, which 

serves as an objective assessment of functional status.4 IADL may also be less susceptible to 

some actual declines in function, for example, using a microwave to prepare frozen meals 

when one begins losing the physical ability to prepare fresh food prevents identification of 

the loss in dexterity.

Bowling, et al. showed that IADL predicted HF incidence and all-cause mortality in the 

same cohort and postulated that IADL indicated difficulties with complex function that 

adversely affected medication compliance and hindered other healthy practices that 

ultimately led to increased risk of disease or mortality.16 Perhaps gait speed offers a more 

accurate metric of the person's underlying overall state of well-being, and IADL is simply 

the symptomatic manifestation resulting from any insults to this underlying state. Therefore, 

one could argue that gait speed is superior to IADL in terms of measuring function or 

mobility, and is a more appropriate indicator for any intervention aimed at preserving 

mobility.
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This study has several limitations. Since time must elapse between baseline and incident HF, 

it is reasonable to assume that baseline measures may not reflect what these same measures 

would be at the time of incident HF. We minimized potential misclassification due to 

changes in either gait speed or IADL in this study with our analysis using only assessments 

of gait speed and IADL that were within 1 year of the diagnosis of incident HF. IADL data 

was self-reported and susceptible to misclassification. Data on individual IADLs were not 

available, thereby limiting our ability to clarify which specific IADL might be associated 

with outcome.

The sensitivity analyses excluded prevalent cases of impairment involving either gait speed 

or IADL and provided a subgroup of participants in whom we could investigate the impact 

of acute impairment. The result of the sensitivity analysis strengthens the findings observed 

in the larger cohort.

Our results underscore the importance of gait speed on mortality in adults ≥65 years of age 

with HF. Efforts aimed at improving outcomes and reducing mortality should focus on 

measures of mobility and function, such as gait speed and IADL respectively, that may serve 

as useful screening tools in the clinical setting to identify individuals ≥65 years of age with 

HF who are at increased risk of adverse outcome and who may benefit from interventions 

aimed at preserving mobility and function.
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Figure 1. Adjusted hazard ratios for all-cause mortality by increasing impairment, based on 
quartiles of gait speed
Gait speed measured within one year prior to incident heart failure (HF) in meters per 

second. Adjusted for age at incident HF, gender (female vs. male), race (non-white vs. 

white), marital status (married vs. not), education (any college or higher vs. high school 

graduate or less), and income (>$25,000 vs. not), depression score, Mini Mental State 

Examination Score, hypertension, coronary artery disease, and chronic kidney disease.
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