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Abstract

Background—Slow gait is a component of frailty assessment in older adults, but its prognostic
value in predicting outcomes one year following acute myocardial infarction (AMI) is unknown.

Design—Observational cohort with longitudinal follow up.
Setting—24 US Hospitals participating in the TRIUMPH Registry.

Participants—338 older adults (age = 65 years) with in-home gait assessment one month
following acute myocardial infarction.

Measurements—Baseline characteristics and one-year mortality or hospital readmission
adjusted using Cox proportional hazards regression among older adults with slow (<0.8m/s) vs.
preserved (=0.8m/s) gait speed.

Results—Slow gait was present in 181/338 older adults (53.6%). Those with slow gait were
older, more often female and nonwhite, and had a higher prevalence of heart failure and diabetes.
They were also more likely to experience one-year mortality or readmission compared with those
with preserved gait (35.4% vs. 18.5%, log-rank P=.006). This association remained significant
after adjusting for age, sex, and race (slow vs. preserved gait HR = 1.76, 95% CI 1.08-2.87, P=.
02), but was no longer significant after adding clinical factors (HR = 1.23, 95% CI 0.74 to 2.04,
P=.43).

Conclusion—Slow gait, a marker of frailty, is common one month after AMI in older adults and
is associated with a nearly twofold increased risk for mortality or readmission at one year.
Understanding its prognostic importance independent of comorbidities and whether routine testing
of gait speed can improve care requires further investigation.

Keywords
Coronary artery disease; older adults; frailty; outcomes

INTRODUCTION

Frailty, defined by an increased physiologic vulnerability to stressors, 1 is playing an
increasingly important role in clinical risk stratification of older adults~. Gait speed, a
single performance measure for identifying physical frailty across clinical settings, is
associated with mortality*®, loss of independence®, hospitalization’, and nursing home
placement8-. Gait speed is an accepted health metric among community-dwelling older
adults, yet its utility among older adults with acute cardiac conditions has only recently been
exploredl0,
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To better characterize the prognostic importance of frailty in older adults recovering from an
acute myocardial infarction (M), we conducted a multi-center study and hypothesized that
slow gait speed at one month would be associated with an increased likelihood of mortality
or hospital readmission at one year. An association of slow gait with outcomes would
substantiate its importance as a marker of risk in a cardiac population. It would also have
implications for identifying vulnerable individuals who stand to benefit from closer
monitoring and rehabilitation in the post-MI period.

Study Design and Participants

Gait Speed

Details of the Translational Research Investigating Underlying disparities in recovery from
acute Myocardial infarction: Patients” Health status (TRIUMPH) registry have been
previously described!®. Briefly, TRIUMPH is a prospective, multi-center registry of AMI
patients from 24 study sites across the United States. Patients were =18 years of age and met
objective criteria for AMI (biomarker evidence of myocardial injury and clinical features of
ischemia), and presented to the enrolling institution within 24 hours of symptom onset.
Enrollment occurred between April 2005 and December 2008.

Patients underwent detailed interviews by trained research personnel within 24 to 72 hours
of initial presentation, with additional information obtained by chart abstraction. Data were
collected on an array of variables, including sociodemographic characteristics, medical
comorbidities, AMI severity, interventions and events during hospitalization, and discharge
medications. At 1, 6, and 12 months following AMI discharge, patients were interviewed to
obtain follow-up clinical and health status data.

At 1 month, all patients who were =65 years of age were invited to participate in an
additional in-home assessment of gait speed. Participants who consented to the in-home
assessment, but were unable to complete the walk test due to self-reported physical
limitations (N=6), were included in the sample and their gait speed was scored as zero.

All participants provided written informed consent, and the institutional review board at
each participating site approved the protocols.

To measure gait speed, a flat space 6 meters in length, free of obstructions for half a meter
on either side, was identified in the home. The course was marked with masking tape at four
points such that the internal space between markers 2 and 3 measured 5 meters. Participants
were instructed to start at the first point and walk at their usual pace from one end of the
course to the other. They were timed in seconds between markers 2 and 3. Gait speed was
calculated as the average velocity in meters per second (m/s) of three of these timed walks
with a brief recovery period between each walk. Slow gait was defined by gait speed <0.8
m/s. ®
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The primary outcome was the combination of mortality or hospital readmission at one year
following hospitalization for AMI. Mortality was assessed through follow-up interviews and
a query of the Social Security Death Masterfilel2. Data on hospital readmissions were
collected during follow-up interviews. If a hospital readmission was reported, charts were
requested and adjudicated according to previously described methods!!. For descriptive
purposes, readmissions were categorized as cardiovascular (a primary diagnosis of AMI,
unstable angina, sudden cardiac death, heart failure, or arrhythmia) or not cardiovascular (all
other primary diagnoses).

Statistical Analysis

RESULTS

We compared characteristics of patients with slow gait versus preserved gait using the t-test
for continuous variables and the Pearson’s Chi-squared or Fisher’s exact test for categorical
variables, as appropriate. For the primary outcome of mortality or hospital readmission
within 1 year of the AMI, we generated survival curves comparing patients with and without
slow gait identified at the 1 month assessment using the Kaplan-Meier method and tested
significance using the log-rank test. Patients were censored at the time of first readmission
or mortality event. We then adjusted the association of gait speed with the primary outcome
by using a multivariable Cox proportional hazards model adjusting for age, sex, and race
(Model 1), and additionally adjusting for clinically relevant covariates (atrial fibrillation,
heart failure, hypertension, peripheral vascular disease, diabetes, chronic lung disease,
advanced renal dysfunction [creatinine clearance <30]) (Model 2). All tests for statistical
significance were two-tailed with an alpha level of 0.05.

Analyses were conducted using SAS software, release 9.3 (SAS Institute, Cary, North
Carolina) and R version 2.14.113,

To account for potential bias attributable to those with missing follow-up data, we calculated
a non-parsimonious propensity score with successful follow-up as the dependent variable.
An inversely weighted propensity score was assigned to each participant 14 to provide
greater weight to the gait speed of patients who were most like those without follow-up.
Results were comparable with and without weighting, so only the unweighted analyses are
presented.

Study sample characteristics

Of the 1,314 older adults (age =65) in TRIUMPH, 994 could not be assessed for gait speed,
leaving a cohort of 338 participants with 1 month gait speed tested. Of the 994 without gait
speed at one month, 37 had died prior to 1 month, 596 had a phone interview only (so were
missing the in-home assessment), and 90 had the in-home assessment but declined the gait
speed test. Those without an in-home assessment were less likely to have at least a high
school education (43.7% vs. 52.5%, P=.005), less likely to have been revascularized at the
time of initial M1 hospitalization (65.5% vs. 75.4%, P<.001), and more likely to have
reported problems with usual activities, self-care and mobility at baseline (P<.001)
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compared with those who did. (Appendix) Among the older adults with 1-month gait
assessment, 181 (53.6%) had slow gait speed (Figure 1). Compared with participants with
preserved gait, those with slow gait speed were older, more likely to be nonwhite, female
and had higher comorbidity burden (Table 1).

Death or Readmission at 1-year

At one year, older adults with slow gait were significantly more likely to experience
mortality or hospital readmission compared with older adults with preserved gait (KM-
estimated rates 35.4% vs. 18.5%, log-rank P=.006). (Figure 2) The majority of these adverse
events in both groups were readmissions, with mortality being a relatively uncommon
contributor to the composite (slow gait: 12/55 events [21.8%]; preserved gait: 6/27 events
[22.2%]). Older adults with slow gait had a two-fold higher unadjusted hazard for mortality
or hospital readmission than those with preserved gait (HR 1.90 (95% CI 1.20 to 3.01), P=.
01). This association remained significant after adjustment for age, sex, and race (HR 1.76,
95% CI 1.08-2.87, P=.02) but not after adding clinical characteristics (atrial fibrillation,
heart failure, hypertension, peripheral vascular disease, diabetes, chronic lung disease,
advanced renal dysfunction) (HR = 1.23, 95% CI 0.74 to 2.04 P=.43) (Figure 3). Sensitivity
analyses using both a lower cut point for gait speed at <0.65m/s (data not shown) and using
continuous gait per 0.2m/s decline demonstrated similar results. For each 0.2m/s decline in
gait speed, the age/sex and race adjusted HR for death or rehospitalization was 1.18 (1.05-
1.33); p=0.005. After full adjustment this association was no longer significant (HR 1.04
(0.93-1.16); p=0.507).

Hospital readmissions at 1 year were significantly higher among those with slow gait speed
(34% vs. 16%, p=.01). Readmissions were classified as cardiovascular (Ml, unstable
angina, sudden cardiac arrest, heart failure, arrhythmia) and non-cardiovascular (all other
diagnoses). Overall, fewer than half of the readmissions were cardiovascular in either group
(18/43 [41.9%)] slow gait, 10/21 [47.6%] preserved gait, p=.66). The hazard for readmission
with slow gait persisted after adjustment for age, sex and race (HR 1.87 (95% CI 1.07 to
3.24), P=.026), but after full adjustment (HR = 1.45, 95% CI 0.82 to 2.59 P=.202) was no
longer significant.

DISCUSSION

Slow gait speed, an indicator of physical frailty, assessed one month after discharge is a
predictor of adverse outcomes in older MI survivors. Older adults with slow gait speed post-
MI experienced greater mortality or hospital readmission at one year after adjusting for age,
sex and race. This association was no longer significant after adjusting for comorbidities,
perhaps due to limited sample size, or the fact that comorbidities are along the causal
pathway of frailty and adjusting for them diminishes the independent association of frailty
with outcomes. However, biologic plausibility and the well-established relationship between
frailty and outcomes in community-dwelling older adults*>1> and recent studies in STEMI
patients10-16 lend context to interpreting these results. More than half of the older adult
population who underwent gait speed testing had slow gait, despite having less mobility
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impairment and higher education than those who did not have a gait speed, further
underscoring the benefits of directly measuring gait speed.

The risk associated with slow gait speed in older adults is partly attributable to
comorbidities, including heart failure and diabetes. Heart failure commonly co-exists with
frailtyl?, and is an independent driver of hospital readmissions and mortality!8. Diabetes has
been previously described as a risk factor for hospital readmissions in older adults.19.20
Diabetics are at risk of developing frailty 2 and both conditions share common
inflammatory pathways.?2 Adjusting for diabetes, or heart failure, may be in the same causal
pathway therefore diminishing the association between gait and outcomes with the fully
adjusted model in this relatively small sample. Disentangling slow gait speed attributable to
frailty from that attributable to other comorbid conditions is challenging. Gait speed as a
predictor independent of comorbidities may be less important than gait speed as a
stratification tool, identifying those who would benefit from follow up targeted to improve
outcomes.

Our findings extend prior work on the association between performance measures in
hospitalized older adults and short-term outcomes. Two studies found gait speed and short
physical performance battery were predictive of length of stay or likelihood of home
discharge.23:24 Another study found the short physical performance battery performed at
discharge was predictive of rehospitalization, death and difficulty in ADLs during follow
up. 2> While it is premature to recommend routine gait speed screening post-MI, the ongoing
NIH-funded SILVER-AMI trial (NCT01755052), may provide further insight into the
association of this measure with long-term outcomes. Risk stratification may enable the use
of a number of interventions for vulnerable older adults with acute cardiac conditions,
including improving transitions of care at hospital discharge26:27, implementing early
follow-up after hospitalization?’, and increasing referrals to cardiac rehabilitation.28 There is
also growing evidence that physical activity may prevent or reverse the frailty
phenotype??:30 and that structured physical activity should be recommended. Therefore,
further development of gait speed as an identifier of vulnerable cardiac patients is warranted.

Our study has several limitations. First, the small sample size limited our ability to adjust for
multiple potentially important covariates. Second, gait speed was performed one month after
AMI hospitalization to allow for recovery from the acute event. This limited participation
with a significant number of participants who either could not be contacted or declined an
in-home assessment. While there were differences between those who did and did not have
the gait speed assessment, our use of inverse propensity weighting to obtain a more
generalizable assessment of the association of gait speed with outcomes suggests no
meaningful impact related to this association.

CONCLUSION

Slow gait speed, an indicator of physical frailty, was present in half of older adults
recovering from an MI hospitalization and was associated with a nearly twofold increase in
mortality or hospital readmission over the subsequent year. Larger, prospective studies with
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complete ascertainment of gait speed are needed to clarify its optimum use for risk
stratifying and guiding therapy in older adults after an MI.
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Appendix: Missing gait speed and in-home gait speed populations

No Gait Speed (N=994)  Gait Speed (N=338) P Value

Age (mean + SD) 73.8+638 722454 726
Female 42.2% 40.8% .670
Nonwhite race 27.7% 22.2% .087
>HS education 43.7% 52.5% .005
Revascularization during index hospitalization 65.5% 75.4% <.001

Comorbid diseases

Atrial fibrillation 11.3% 6.2% .007
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Heart failure
Hypertension
Diabetes
Chronic lung disease
Advanced renal dysfunction?
Peripheral vascular disease
Baseline EQ-5D
Mobility (some problems or confined)
Self-care (some problems or unable to do)

Usual Activities (some problems or unable to do)

No Gait Speed (N=994)

12.4%
77.9%
37.1%
10.2%
11.8%
7.5%

47.6%
26.0%
51.1%

Gait Speed (N=338)

9.5%
75.7%
30.5%

9.2%

8.3%

7.1%

36.1%
14.3%
40.9%

P Value

.150
420
.027
.599
.075
.788

<.001
<.001
<.001

a_ .. - .
Defined as calculated creatinine clearance <30 mL/min

SD=standard deviation
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Figure 1.

Distribution of gait speed among study participants (N=338). Patients with gait speed <0.8
m/sec were classified as having slow gait.
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Figure 2.
Kaplan-Meier survival curves for combined endpoint of mortality or hospital readmission

among patients with slow gait (<0.8 m/sec) versus normal gait (=0.8m/sec) within 1 year of
AMI.
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Slow gait speed (<0.8 m/sec)

Male

Age (per 5 years)

Advanced renal impairment

(CrCl < 30)

History of atrial fibrillation

History of heart failure

History of hypertension

History of PVD

History of diabetes

History of lung disease

Figure 3.
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Page 12

1.23 (0.74, 2.04)

0.62 (0.38, 1.00)

1.04 (0.70, 1.54)

1.20 (0.56, 2.56)

1.31 (0.60, 2.86)

3.19 (1.75, 5.80)

1.73 (0.87, 3.45)

0.63 (0.25, 1.62)

1.74 (1.05, 2.89)

1.28 (0.67, 2.47)

Multivariable association of slow gait and other baseline characteristics with one year
mortality or hospital readmission.
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Table 1

Study Sample Characteristics

Slow gait (N=181)  Preserved gait (N=157) P Value

Age (mean + SD) 749+6.5 722+54 <.001
Female 52.5% 27.4% <.001
Nonwhite race 29.3% 14.0% <.001

Comorbid diseases

Atrial fibrillation 7.7% 4.5% 213
Heart failure 12.7% 5.7% .029
Hypertension 80.7% 70.1% .023
Diabetes 35.9% 24.2% .020
Chronic lung disease 12.2% 5.7% .041
Advanced renal dysfunction® 9.7% 4.5% 074
Peripheral vascular disease 8.3% 5.7% .362
AMI presentation
ST-elevation AMI 33.7% 46.5% .016
Shock 2.8% 3.8% .584
In-hosp. revascularization 70.7% 80.9% .030
Participated in rehab (6 mo.) 40.0% 52.4% .040

a_ .. - .
Defined as calculated creatinine clearance <30 mL/min

SD=standard deviation
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