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Abstract
Background—Acute myocardial infarction (AMI) may contribute to health status declines
including independence loss and physical function decline. Despite the importance of these
outcomes for prognosis and quality of life, their incidence and predictors have not been well
described.

Methods—We studied 2002 patients with AMI enrolled across 24 sites in the TRIUMPH registry
who completed assessments of independence and physical function at the time of AMI and one
year later. Independence was evaluated by the EQ-5D (mobility, self care, usual activities), and
physical function was assessed with the SF-12 Physical Component Summary (PCS). A decline in
≥1 level on EQ-5D and >5 points in PCS were considered clinically significant changes.
Hierarchical, multivariable modified Poisson regression models accounting for within-site
variability were used to identify predictors of independence loss and physical function decline.
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Results—One year post-AMI, 43.0% of patients experienced health status declines: 12.8%
independence loss alone, 15.2% physical function decline alone, and 15.0% both. After
adjustment, variables that predicted independence loss included female sex, non-Caucasian race,
unmarried status, uninsured status, end-stage renal disease, and depression. Variables that
predicted physical function decline were uninsured status, lack of cardiac rehabilitation referral,
and absence of pre-AMI angina. Age was not predictive of either outcome after adjustment.

Conclusions—More than 40% of patients experience independence loss or physical function
decline one year following AMI. These changes are distinct but can occur simultaneously. While
some risk factors are not modifiable, others suggest potential targets for strategies to preserve
patients’ health status.

INTRODUCTION
Ten years ago, the Institute of Medicine recommended refocusing the healthcare system to
more successfully achieve the provision of patient-centered care (1). From patients’
perspectives, this warrants the preservation and optimization of their health status,
symptoms, function, and quality of life (2). Acute myocardial infarction (AMI) represents a
common condition that is a harbinger of potential independence loss and physical function
decline among survivors (3–6). Despite the importance of these patient-centered outcomes,
both in terms of prognosis (7, 8) and quality of life (9), the incidence and predictors of
independence loss and physical function decline after AMI have not been well described.
Furthermore, although these outcomes are related concepts, the degree to which their
predictors and trajectories are similar is unknown.

To address these gaps in knowledge, we sought to assess the incidence of independence loss
and physical function decline, separately and together, one year after hospitalization for
AMI. We further evaluated potential clinical and sociodemographic risk factors associated
with each adverse outcome to identify patients vulnerable to health status declines after
AMI.

METHODS
Study Design and Participants

Details of the Translational Research Investigating Underlying disparities in recovery from
acute Myocardial infarction: Patients’ Health status (TRIUMPH) registry have been
previously described (10). Briefly, TRIUMPH is a large, 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 original
presentation. Between April 2005 and December 2008, 4340 patients were enrolled out of
31,567 screened. All participants provided written informed consent, and the study protocols
were approved by the institutional review board at each participating site.

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. Angina was assessed with the Seattle Angina Questionnaire (SAQ) (11), a 19-
item disease-specific health status measure for patients with coronary artery disease (CAD).
A follow-up telephone assessment was attempted on all participants at one year.

The TRIUMPH registry received funding from the National Heart, Lung, and Blood
Institute (P50 HL077113) and this study was funded in part by CV Outcomes, Inc., Kansas
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City, MO. The authors are solely responsible for the design and conduct of this study, all
study analyses, the drafting and editing of the paper and its final contents.

Analytic Sample
Of the 4340 patients in the TRIUMPH registry, we excluded those who died during the
initial hospitalization (n=24), left against medical advice (n=19), or were discharged to
hospice or a nursing home (N=64). Because our primary outcomes of interest were
independence loss and physical function decline, we excluded patients who were already
debilitated, which was defined as EuroQol-5D (EQ-5D) maximum disability in 2 of 3
independence items (n=121) or a Short Form-12 (SF-12) physical component score (PCS)
<25 (n=622). After one year, 151 patients were deceased, 154 refused, 42 were too ill to
participate in an interview, 266 had incomplete assessments, and 875 were lost to follow-up.
Excluding deceased patients, those missing one-year assessments were more likely to be
younger (mean age 56.5 vs. 59.3, P<0.001), nonwhite (40.6% vs. 25.7%, P<0.001), and
uninsured (26.8% vs. 17.8%, P<0.001). Our final analytic sample included 2002 patients.

Measures of Independence and Physical Function
Measures of independence and physical function were obtained by the EQ-5D (12) and
SF-12 (13) surveys, respectively, during the index hospitalization and at 12 months.

The EQ-5D is a two-page survey of physical and mental health that has previously been
used in longitudinal analysis of AMI survivors (14). Page one includes 5 questions assessing
different dimensions of health (mobility, self-care, usual activities, pain/discomfort, anxiety/
depression) and page two consists of a self-reported visual analog scale (VAS) (12). Each
question is on page one is answered on a three-point scale (no problems, some problems,
extreme problems); prior studies have defined problems in any domain as abnormal (15, 16).
The visual analog scale (VAS) is reported on a scale of 0 to 100 with 100 being “best
imaginable health state”. Since our interest was in independent functioning, we focused our
analyses on the three questions assessing independent living capability: mobility (“I have no
problems in walking about”, “I have some problems in walking about”, or “I am confined to
bed”), self-care (“I have no problems with self-care”, “I have some problems washing or
dressing myself”, or “I am unable to wash or dress myself”), and usual activities (“I have no
problems performing my usual activities”, “I have some problems performing my usual
activities”, or “I am unable to perform my usual activities”). Based on clinical judgment, we
defined “independence loss” as worsening of ≥1 independent capability (for example,
changing from “I have some problems washing or dressing myself” to “I am unable to wash
or dress myself”) between baseline and one-year follow-up. To investigate the sensitivity of
this threshold, we analyzed VAS scores at one year between patients with worsening of ≥1
capability vs. those with no worsening; VAS among patients with any worsening was
significantly lower (70.1 vs. 82.8, P<0.001).

The SF-12 is a generic health status measure that has demonstrated reliability and validity in
patients with CAD (12). The physical component score (PCS), a summary measure of
physical well-being that is calculated from the 12-item questionnaire, was created using
norm-based methods that standardize the scores to a mean of 50 and a standard deviation of
10, with higher scores indicating better physical functioning. We defined “physical function
decline” as a >5-point decrease in PCS (moderate effect size). This level of decline was
shown in a previous study of AMI patients to be associated with worse CAD-related quality
of life, depressive symptoms, and mortality, indicating the clinical relevance of this
threshold (17).
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Statistical Analysis
We divided the population into four groups: independence loss alone, physical function
decline alone, both, and neither. Baseline clinical and sociodemographic characteristics were
described using mean and standard deviation for continuous variables and percentages for
dichotomous variables.

Multivariable modified Poisson regression hierarchical models that accounted for within-site
variability were used to identify the factors independently associated with independence loss
and physical function decline, respectively. Typical analyses utilize logistic regression to
estimate adjusted odds ratios, which are then generally interpreted as relative risks.
However, in this study the event being modeled (independence loss or physical function
decline) was not rare, in which case odds ratios are poor estimates of relative risks. To
address this issue, we estimated adjusted relative risks directly using a modified Poisson
regression model with robust error variance (18). Missing baseline covariate data were
minimal (12% missing ejection fraction (EF), 5% missing Patient Health Questionnaire
(PHQ), 4 covariates missing < 2%) and, hence, were imputed in IVEware (19).

Potential risk factors evaluated in the multivariable model were selected a priori and
included sociodemographic characteristics (age, gender, race, marital status, insurance,
living alone), medical history (CAD, congestive heart failure (CHF), angina, hypertension
(HTN), cerebrovascular accident (CVA), chronic kidney disease (CKD), peripheral arterial
disease (PAD), diabetes, chronic lung disease), and details of patients’ AMI presentation and
treatment (STEMI, Killip class, revascularization, EF, depression, referral to cardiac
rehabilitation).

All tests for statistical significance were two-tailed with an alpha level of 0.05. Statistical
analyses were conducted using SAS software, release 9.2 (SAS Institute, Cary, North
Carolina) and R version 2.11.1 (20).

RESULTS
Patient Characteristics

Baseline characteristics of the study sample are shown in Table I. The mean age of the
population was 59.3 years, 31.8% were female, and 25.7% were nonwhite. At the time of
AMI admission, 27.4% had a prior history of CAD, 13.3% had a history of angina, and
26.3% were diabetic. Most were managed invasively, with 94.9% proceeding to cardiac
catheterization and 77.2% undergoing revascularization (67.8% PCI, 9.4% CABG).

In regards to patients’ baseline independence, as assessed by EQ-5D, 72.9% of subjects had
no problems with mobility, 90.3% had no problems with self-care, and 66.0% had no
problems with usual activities. Overall 56.3% had no problems with any of the three
domains. Regarding patients’ baseline physical function, the mean SF-12 PCS score for the
population was 45.7 (standard deviation, 9.9).

Independence Loss and Physical Function Decline
Over the follow-up period, 43.0% of the study population experienced either independence
loss or physical function decline: 12.8% independence loss alone, 15.2% physical function
decline alone, and 15.0% both (Table I). Patients with independence loss alone were slightly
older than those in other groups. Patients with independence loss (either alone or with
physical function decline) were also more likely to be female, non-Caucasian, single,
uninsured, and to have more depressive symptoms. Comorbidities (both cardiac and non-
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cardiac) were generally highest among those with independence loss alone, and were lowest
among those with no declines.

Among the EQ-5D dimensions that constituted independence loss (mobility, self-care, and
usual activities), declines in mobility (58.2%) and usual activities (65.5%) were more than
twice as common as declines in self-care (21.4%). Within each EQ-5D dimension, the
majority of declines were by one level (mobility: 97.8%, self-care: 90.8%, usual activities:
90.4%), while the remainder were by two levels. Among patients with physical function
decline, SF-12 PCS decreased in the following distribution: 5–9 points: 39.3%, 10–14
points: 26.9%, ≥15 points: 33.7%.

Factors Associated with Independence Loss and Physical Function Decline
The results of the multivariable models for independence loss and physical function decline
are shown in Figure 1. After multivariable adjustment, only medical insurance status
(uninsured) remained independently associated with both outcomes. Variables that were
associated with independence loss included female sex, non-Caucasian race, unmarried
status, end-stage renal disease (GFR <30), and depression. In the model for physical
function decline, patients without a cardiac rehabilitation referral or without baseline angina
were more likely to have physical function declines at one year. Patient age was not
independently associated with either outcome.

Angina and Physical Function
In the multivariable model for physical function decline, patients with angina at baseline
were less likely to experience physical function decline one year following AMI. To further
examine this association, we performed an unadjusted exploratory analysis evaluating
change in angina status between baseline and one year among groups (groups were divided
based on angina status at these time points). In patients with an improvement in angina
(present at baseline/absent at follow-up, N=578), 21% experienced physical function
decline, while in patients with angina that developed (absent at baseline/present at follow-
up, N=180), 59% experienced this outcome. Rates of physical function decline among
patients with no angina (absent at baseline and follow-up, N=997), or persistent angina
(present at baseline and follow-up, N=239), were 29% and 34%, respectively.

DISCUSSION
More than four in ten survivors of an AMI hospitalization experience clinically important
declines in independence or physical functioning after one year. These declines are as likely
to occur separately as they are to occur together, underscoring the distinct nature of these
outcomes. Demographic characteristics and depression were associated with independence
loss, while symptom status and referral to cardiac rehabilitation were associated with
physical function decline. The only common risk factor for both outcomes was a lack of
medical insurance. These observations emphasize the importance of clarifying the unique
predictors of health status outcomes after AMI.

Comparison to Prior Studies
The relationship between AMI and physical function decline or independence loss has been
reported in prior studies (3, 4, 6, 17, 21), although estimates of AMI-related declines using a
single measure have ranged from 10% (4) to 30% (17). This variation is likely due to
heterogeneous patient populations, differing definitions of disability, and varying intervals
of follow-up. The Framingham Disability Study, which represented an early evaluation of
health status after AMI, used three questions from the Rosow and Breslau Functional Health
scale: ability to do heavy work around the house, ability to walk up and down stairs, and
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ability to walk half a mile (22). Subsequent studies have evaluated self-report of basic upper
and lower extremity tasks (crouching, kneeling, extending arms above shoulder level) (23),
explicit activities of daily living (e.g. dressing, bathing, eating) (4, 23, 24), the EQ-5D (25),
SF-12 PCS (3, 17), and performance-based measures such as the 6-minute walk test (26).
For the current study we used the EQ-5D and SF-12 PCS, which have the advantage of
being obtainable by self-report, and are extensively validated patient-centered outcomes.
Furthermore, we used one-year follow-up, a clinically meaningful period following
hospitalization to assess changes in health status.

Implications for Preserving Independence
Among AMI survivors discharged home, female gender, non-Caucasian race, unmarried
status, lack of insurance, renal impairment, and depression were each associated with
independence loss. While some of these factors are not modifiable, their identification is
important in raising questions as to whether there are systematic disparities in the post-
hospitalization care of these patients that may account for worse outcomes, or prevention
strategies that may be specifically targeted to these higher-risk groups. Other factors that are
modifiable, including depression and lack of medical insurance, suggest that identifying and
addressing these at the time of index hospitalization may prevent future disability. For
example, among uninsured AMI survivors, 54.6% reported difficulty in obtaining medical
care (vs. 12.6% with insurance). Being uninsured may therefore serve as a barrier to
obtaining appropriate post-AMI care including medications, outpatient follow-up, and
rehabilitation, all of which may increase the likelihood of independence loss.

Implications for Preserving Physical Function
Among AMI survivors discharged home, referral to cardiac rehabilitation and the presence
of baseline angina were associated with preservation of physical function over time. The
finding that referral to cardiac rehabilitation is associated with reduced physical function
decline supports prior studies linking structured exercise programs with improvement in gait
speed (27) and the prevention of disability (28). Specifically, patients undergoing
rehabilitation have reported improvements in activities of daily living (29) and decreases in
angina frequency (28, 30). Our results are observational and we cannot determine causality,
and in addition we do not have data on the frequency or intensity of participation in
rehabilitation. However, as it is known that a significant number of eligible AMI patients are
not referred for rehabilitation (31) this deserves further study as a potentially modifiable risk
factor.

The presence of angina has been linked to disability (21, 22, 32), and angina-related
functional limitation has been independently associated with mortality (33, 34). In our study,
baseline angina was associated with less physical function decline one year later, which in
our exploratory analysis appeared to be mostly due to patients in whom angina resolved at
follow-up. These patients had a considerably lower rate of physical function decline
compared with those in whom angina developed between baseline and one year assessments.
We did not have information on the etiology of resolved angina; this may have been due to
multiple factors including revascularization, appropriate medical therapy, or infarction of
previously ischemic myocardium. Although further study is necessary to better elucidate this
relationship, our results suggest that angina treated at the time of incident AMI may preserve
physical function, if angina relief is sustained.

Limitations
There are several limitations to our study that deserve consideration. We relied on self-
reported health status measures rather than objective assessments, although prior studies
have found a reasonable correlation between the SF-12 and EQ-5D and objective in-person
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functional measurements (35–37). However, it is possible that some patients (for example,
those with higher social support) did not perceive the onset of disability, since new health
status declines may have been compensated for by their social contacts. In addition, the
SF-12 and EQ-5D are not specific to cardiac disease and we were unable to attribute
declines to specific cardiac limitations (for example, angina or exertional dyspnea);
therefore our ability to extrapolate whether cardiac interventions would be beneficial in
preventing declines is limited. Secondly, as with any observational study, there is the
potential for unmeasured confounding – for example, patients may not have been referred
for cardiac rehabilitation at the time of index hospitalization because they were too ill (and
could not participate), or there may have been inadequate community referral programs
available at specific study hospitals. Third, our findings are only applicable to the AMI
survivors who completed assessments at one year; we could not evaluate functional status in
the subset of enrolled patients lost to follow-up, who were more likely to be younger,
nonwhite, and uninsured. Finally, the numbers of “oldest old” in our study (≥85 years of
age) were low and our conclusions may underestimate the risk of health status loss in this
population. Further investigations are needed to elucidate the association between very
advanced age and health status changes post-AMI, as well as the efficacy of prevention
efforts across the age spectrum.

CONCLUSIONS
A significant proportion of patients experience health status declines in independence or
physical function one year following AMI. While there is some degree of overlap, these
health outcomes appear to be distinct: occurring in isolation as well as together, and
influenced by different predictors. These findings underscore the importance of considering
each outcome separately when evaluating health status after a cardiac event. By
understanding the pathways for these declines, better avenues for preserving health status
following AMI may be identified.
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Figure 1.
Multivariable models of Independence Loss and Physical Function Decline (N=2002)
*Included in models but not significant: history of CAD, CVA, CHF, PVD, lung disease,
diabetes; ejection fraction <40%; presentation with STEMI; in-hospital revascularization
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