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ABSTRACT 

Background: Many patients evaluated for acute coronary syndrome (ACS) in emergency 

departments (EDs) experience ongoing or recurrent symptoms after discharge, regardless of their 

ultimate medical diagnosis. A comprehensive understanding of post-ED symptom trajectories is 

lacking. 

Aims: Aim 1 was to determine trajectories of severity of common symptoms (chest pressure, 

chest discomfort, unusual fatigue, chest pain, shortness of breath, lightheadedness, upper back 

pain and shoulder pain) in the six months following an ED visit for potential ACS. Aim 2 was to 

identify relationships between symptom trajectories and baseline physiologic factors (age, 

gender, diabetes status, diagnosis, comorbidities, functional status) and situational factors 

(marital status, insurance status, education level). Aim 3 was to identify relationships between 

symptom trajectories and health service use (outpatient visits and calls, ED visits, 911 calls, 

hospitalization) in the six months after the ED visit. 

Methods: This was a secondary data analysis from a study conducted in five U.S. EDs. Patients 

(n=1002) who had abnormal electrocardiogram or biomarker testing and were identified by the 

triage nurse as potentially having ACS were enrolled. Symptom severity was assessed in the 

hospital and 30 days and six months post-discharge using the 13-item ACS Symptom Checklist. 

Symptom severity was modeled across the three study time points using growth mixture 

modeling. Model selection was based on interpretability, theoretical justification, and statistical 

fit indices. Patient characteristics were used to predict trajectories using logistic regression and 

differences in health service use were tested using chi-square analysis. 
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Results: Between two and four distinct trajectory classes were identified for each symptom. 

Identified trajectories were labeled “tapering off,” “mild/persistent,” “moderate/persistent,” 

“moderate/worsening,” “moderate/improving,” “late onset,” and “severe/improving.” Age, sex, 

diabetes, BMI, functional status, insurance status, and diagnosis significantly predicted symptom 

trajectories. Clinic visits and phone calls, 911 calls, ED visits, and probability of hospitalization 

varied significantly among trajectories. 

Conclusions: Research on the individual nature of symptom trajectories can support patient-

centered care. Patients at risk for ongoing symptoms and increased health service use can be 

targeted for education and follow-up based on clinically observable characteristics. Further 

research is needed to verify the existence of multiple symptoms trajectories in diverse 

populations. 
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INTRODUCTION 

Over 5.5 million patients annually are evaluated for acute coronary syndrome (ACS) in 

U.S. emergency departments (EDs), and over 1.1 million of these are diagnosed with ACS 

(Mozaffarian et al., 2015; National Center for Health Statistics, 2010). These patients, both those 

ruled-in and those ruled-out for ACS, generally seek care on the basis of certain symptoms. The 

need for rapid diagnosis and treatment of ACS has driven efforts to increase awareness of ACS 

symptoms among the lay public and health professionals (Mozaffarian et al., 2015). While this 

disease-centered approach to ACS symptoms is valuable in reducing morbidity and mortality, the 

importance of these symptoms outside of their diagnostic value remains underappreciated.  

A patient-centered approach to symptoms has two components: first, a focus on symptom 

experience rather than medical diagnosis, and second, awareness of patients’ symptom 

trajectories over time. Regarding symptom experience, a variety of physical symptoms may 

trigger suspicion for ACS in the ED, and these symptoms are distressing both for patients ruled-

in and ruled-out for ACS. All patients with such symptoms require treatment, support, and 

education regardless of their medical ultimate diagnosis. 

Regarding symptom trajectories, the great majority of patients both ruled-in and ruled-out 

for ACS are eventually discharged home, either from the ED or from inpatient units, but there is 

little evidence about their symptoms after discharge. Though symptoms measured cross-

sectionally before or during hospitalization are useful in studying diagnosis and treatment 

seeking, this approach does not capture the experience of patients over time as they transition 

back into the community. As patients experience their symptoms over time, a patient-centered 

approach requires understanding individual symptom trajectories. While psychological 
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symptoms (i.e., anxiety and depression) over time have been associated with both physiological 

and situational factors in post-ACS patients (Murphy et al., 2014; Tisminetzky, Bray, Miozzo, 

Aupont, & McLaughlin, 2011), there is currently no evidence describing patients’ trajectories of 

physical symptoms following an ED visit for potential ACS symptoms. Additionally, the post-

ED symptoms of patients ruled-out for ACS have been largely ignored in recent literature. As a 

result of this knowledge gap, healthcare providers in the ED and in primary care are ill-equipped 

to help patients understand what they are likely to experience when they go home, to provide 

adequate symptom management plans, or to identify patients in need of early intervention. This 

study focused on physical symptom trajectories in the six months after an ED visit for possible 

ACS to address this knowledge gap. 

Purpose and Specific Aims 

The purpose of the present study was to examine relationships among patients’ symptom 

trajectories, baseline characteristics, and health service use over six months following evaluation 

for ACS in the ED. The long-term goals were to increase understanding of these symptom 

trajectories, generate further testable hypotheses about antecedents and consequences of 

symptom trajectories, and inform education for patients and healthcare providers about symptom 

trajectories after hospital discharge. The present study addressed this purpose by pursuing the 

following specific aims for patients evaluated for potential ACS in the ED. 

Aim 1 

The first aim was to determine trajectories of severity of the most common symptoms (chest 

pressure, chest discomfort, unusual fatigue, chest pain, shortness of breath, lightheadedness, upper back 

pain, and shoulder pain) over three time points (baseline, 30 days, and six months) following initial 
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presentation. The hypothesis for this aim was that multiple, distinct classes of symptom trajectories 

would be identified. 

Aim 2 

The second aim was to identify relationships between symptom trajectories over six months and 

baseline physiologic factors (age, sex, diabetes status, ACS diagnosis, comorbidities, and functional 

status) and situational factors (marital status, insurance status, and education level). The hypothesis for 

this aim was that trajectory class membership could be predicted based on baseline characteristics. 

Aim 3 

The third aim was to identify relationships between symptom trajectories and health service use 

(outpatient visits, calls to healthcare providers, ED visits, 911 calls, and hospitalization) at 30 days and 

six months after initial presentation. The hypothesis for this aim was that symptom trajectories with 

greater persistent severity would be associated with increased health service use over six months. 

Background 

Acute Coronary Syndrome 

Acute Coronary Syndrome (ACS) is an umbrella term encompassing three manifestations 

of coronary heart disease (CHD): ST-elevation myocardial infarction (STEMI), non-ST-

elevation myocardial infarction (NSTEMI) and unstable angina (Mozaffarian et al., 2015). All 

types of ACS share common pathophysiological mechanisms of coronary artery plaque 

progression, instability, and rupture leading to myocardial ischemia or infarction (Mozaffarian et 

al., 2015). Thrombosis and vasospasm may also occur with ACS and are implicated in 

commonly reported symptoms such as chest pain, discomfort, and pressure. Though CHD death 

rates have fallen in recent years, it remains the leading cause of death in both men and women in 
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the industrialized world, responsible for approximately 7.4 million deaths annually (World 

Health Organization, 2014). Additionally, prevalence is expected to continue to rise, with an 

expected 18% increase by 2030 (Mozaffarian et al., 2015). 

Symptoms Associated with Acute Coronary Syndrome 

Because ACS is common and associated with significant morbidity and mortality, both 

patients and healthcare providers are justifiably concerned when symptoms potentially associated 

with ACS occur. A symptom is defined as “a subjective experience reflecting changes in the 

biopsychosocial functioning, sensations, or cognition of an individual” (Dodd et al., 2001, p. 

669). A large number of ACS symptoms, including “classic” symptoms of chest pain or 

discomfort, discomfort in other areas of the upper body, shortness of breath, sweating, nausea, 

and lightheadedness, as well as “atypical” symptoms of fatigue, palpitations, indigestion, and 

pain in other areas have been well documented in the literature (Canto et al., 2012b; DeVon, 

Ryan, Ochs, & Shapiro, 2008; El-Menyar et al., 2011; McSweeney, O’Sullivan, Cody, & Crane, 

2004; Mozaffarian et al., 2015). It is also well established that patient characteristics including 

age, gender, race, and comorbidities are associated with differences in symptoms (Canto et al., 

2012a; Canto et al., 2012b; Coventry, Finn, & Bremner, 2011; DeVon, Burke, Nelson, Zerwic, & 

Riley, 2014a). Prodromal symptoms have also been associated with cardiac events, particularly 

in women (McSweeney et al., 2014). This body of research has been largely directed at 

understanding treatment-seeking behavior and improving risk stratification during an episode of 

ACS, and driven by the pressing need to recognize and treat ACS quickly. However, no single 

symptom has been shown to be both highly sensitive and highly specific for the diagnosis of 

ACS, and over 80% of patients experience more than one symptom (DeVon, Rosenfeld, Steffen, 
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& Daya, 2014b; Richards, Funk, & Milner, 2000). Therefore, patients with varied symptom 

profiles will continue to be evaluated for potential ACS in the ED. 

For many patients evaluated for potential ACS, symptoms continue after the initial 

evaluation and treatment, but this phenomenon has not yet been thoroughly described in the 

literature (Barnason, Zimmerman, Nieveen, Schulz, & Young, 2012). Many patients, whether 

ultimately diagnosed with ACS or not, report feeling unprepared to manage their ongoing 

symptoms and unsure what to expect after discharge from the ED or inpatient setting (Barnason 

et al., 2012; Karlson, Sjöland, Währborg, Lindqvist, & Herlitz, 1997). Additionally, because 

post-hospitalization symptom patterns are not well understood, these symptoms are likely 

undertreated (Barnason et al., 2012; Karlson et al., 1997).  

Post-emergency Care Transitions 

Post-hospitalization transition back to the community is a vulnerable period for many 

patients (O’Gara et al., 2013). The divide between acute and community-based care can result in 

periods where patients are undersupported, undereducated, and undertreated (Naylor, Aiken, 

Kurtzman, Olds, & Hirschman, 2011). Transition after hospital discharge, whether from the ED 

or inpatient units, has been identified as a critical aspect of patient-centered care (O’Gara et al., 

2013). Because the nature of patient needs during and after this transition is not well understood, 

however, discharge support is often inadequate (Barnason et al., 2012). Unmet needs, including 

lack of education and unmanaged symptoms, are associated with high rates of readmission and 

ED use: nearly 20% of ACS patients are readmitted within 30 days of discharge (Dharmarajan et 

al., 2013; LeClerc, Wells, Craig, & Wilson, 2002; Vashi et al., 2013). Patients with undiagnosed 

symptoms, including many who are discharged after being ruled-out for ACS, are less likely to 
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receive comprehensive education and are also at high risk for repeat visits (Karlson, Wahrbogrm, 

Sjöland, Lindqvist, & Herlitz, 1998; Katz et al., 2013).  

Symptom Trajectories 

A symptom trajectory is defined as a pattern of symptoms over time (Henly, Wyman, & 

Gaugler, 2011b). The role of symptoms in patients’ quality of life and functional status has been 

identified as a key area of inquiry to support high-quality, patient-centered healthcare (Rumsfeld 

et al., 2013). However, most symptom research to date has been cross-sectional (Brant, Beck, & 

Miaskowski, 2009). Focusing research on individuals’ symptom trajectories, rather than only on 

differences between individuals at a single time point, is a dynamic, patient-centered approach. 

This approach focuses on individual symptom experiences and is thus highly relevant to clinical 

situations, where the imperative is to understand the individual case (Henly, Wyman, & Findorff, 

2011a).  

Longitudinal studies of both intra-individual and inter-individual change are necessary to 

fully understand the range of patient experiences in the context of their lives (Brant et al., 2009). 

Such research can enable the development of contextual, tailored interventions that can 

ultimately support patient-centered care (Henly, Wyman, & Findorff, 2011a). The study of 

symptom trajectories can also aid in identification of the optimal time to deliver interventions 

(Henly, Wyman, & Findorff, 2011a). Contemporary statistical methods to model change over 

time are becoming more widely used, though in some fields including nursing, lack of familiarity 

with these methods has slowed progress (Henly, Wyman, & Gaugler, 2011b). Statistical 

advances in recent years have allowed for analyses that include both variable-centered and 
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person-centered components and thus have the potential to improve understanding of symptom 

trajectories in context (Brant et al., 2009; Nesselroade & Ram, 2004).  

Theoretical Framework 

A modified version of the Theory of Unpleasant Symptoms (TOUS) served as the 

organizing framework for this study (Lenz, Pugh, Milligan, Gift, & Suppe, 1997). This middle-

range theory relates influencing factors (including physiologic, psychologic, and situational 

factors), symptoms, and performance outcomes. Symptoms are conceptualized as multi-

dimensional, including quality, intensity, distress, and timing, and multiple symptoms may 

influence one another.  

 

FIGURE 1. The Theory of Unpleasant Symptoms. 
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In the present study, situational factors included education, marital status, and insurance 

status. Physiological factors included age, gender, diabetes status, ACS diagnosis, comorbidities, 

and functional status. Symptom quality, intensity, and timing were then related to these 

influencing factors (distress is not directly addressed due to the limitations of ED data 

collection). Timing is especially important to the conceptualization of symptom trajectories, and 

for the present study, timing was extended to include change over time as described by Brant, 

Beck and Miaskowski (2009). Though the performance outcomes described in the TOUS were 

not the main focus of this study, health service use was conceptualized as an outcome of the 

symptom experience. Other components of symptom experience outcomes, including adjustment 

to illness, disease progression, and survival, informed the conceptualization of the health service 

use outcomes in the present study (Armstrong, 2003; Brant et al., 2009). 

 

FIGURE 2. Conceptual Framework Derived from the Theory of Unpleasant Symptoms. 
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Significance 

Patient-centered Care 

The majority of research on ACS symptoms to date has focused on the timely diagnosis 

of ACS. Though this work has been valuable in improving ACS risk stratification, other aspects 

of the symptom experience are also important. Patient-centered care and symptom management 

are core elements of nursing practice (Henly, Wyman, & Gaugler, 2011b). Symptoms impact 

health at multiple levels beyond their role in diagnosis, including quality of life, treatment 

seeking, treatment decisions, cost of care, emotional status, and mortality (Dodd et al., 2001). 

The identification of symptom trajectories and their antecedents and consequences is an initial 

step toward improving patient-centered care and symptom management. Focusing on the 

symptom experiences of all patients with similarly distressing symptoms, rather than exclusively 

on patients with a confirmed ACS diagnosis, is a patient-centered approach rather than a disease-

centered approach. The emphasis on symptom experience rather than medical diagnosis is 

congruent with the values of the nursing profession (Brant et al., 2009).This broad approach also 

has the potential to capture the experience of the majority of patients presenting to the ED with 

symptoms suggestive of ACS but who go on to be ruled-out. This population utilizes significant 

healthcare resources, but may be undertreated in the current disease-focused model of care. 

Advanced Practice Nursing 

Follow-up, education, and symptom management for patients discharged from ED and 

impatient settings is an important element of primary care practice. Advanced practice registered 

nurses (APRNs), including nurse practitioners (NPs), are increasingly providing primary care. As 

of 2010, over 55,000 NPs were working in primary care in the U.S. (Agency for Healthcare 
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Research and Quality [AHRQ], 2011). Research shows that NPs in primary care achieve 

comparable outcomes to physicians, but with more time spent with patients, greater patient 

satisfaction, and more patient education (Naylor & Kurtzman, 2010). These characteristics of 

NP-delivered care are likely to be especially valuable to patients experiencing ongoing and 

distressing symptoms after an ED visit for potential ACS symptoms. Primary care is the ideal 

setting for APRNs to address patient-centered priorities such as symptom management because 

the APRN and patient can develop an ongoing relationship based on mutual trust and 

understanding.  

Many of the patients evaluated for potential ACS symptoms have some kind of 

underlying cardiovascular disease (Ruddox, Mathisen, & Otterstad, 2012). Cardiovascular care 

has historically focused on reducing morbidity and mortality, but the value of patient-reported 

health status is increasingly recognized by the healthcare community (Rumsfeld et al., 2013). 

Primary-care based treatment focused on addressing quality of life, symptom burden, and 

functional status has the potential to reduce cardiovascular events, hospitalization, costs, and 

mortality (Rumsfeld et al., 2013). Current CHD treatment guidelines stress the importance of 

shared decision-making, patient and family education, adherence plans, self-management skills, 

symptom recognition, mental health, and treatment of comorbidities (Arnett, Goodman, 

Halperin, & Anderson, 2014; Fihn et al., 2012). These principles are applicable to all patients 

experiencing ongoing symptoms, regardless of medical diagnosis. Increased understanding of 

symptom trajectories is a potentially valuable tool for improving patient-centered outcomes in 

primary care because APRNs may use this information to aid in assessment and treatment of 

symptoms, evaluation of treatment response, and patient education. This patient-centered 
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approach to symptom management is congruent with the goals and values of nursing, and 

APRNs are well trained to provide this kind of care  through active listening, coaching, and 

promoting self-care (Geden, Isaramalai, & Taylor, 2001; Housholder-Hughes, Ranella, Dele-

Michael, & Rubenfire, 2015). 

Readmissions 

Improved knowledge about post-ED symptom trajectories of patients evaluated for ACS 

has the potential to reduce unnecessary repeat ED visits and hospitalizations (Karlson et al., 

1998). Unnecessary readmissions and ED use are costly, divert resources, and impact hospitals’ 

quality metrics and even reimbursement (Dharmarajan et al., 2013; Vashi et al., 2013). 

Readmissions also result in added financial, physical, and psychosocial stress for patients and 

their families. Knowledge gained from this study can potentially be applied to reducing 

readmission rates through improved education, assessment, and early intervention. 

Nursing Science 

Newer approaches to symptom science include the study of symptom clusters, the 

interaction of multiple symptoms, and symptom trajectories (Brant et al., 2009). The novel 

approach of studying symptom trajectories irrespective of medical diagnosis will address this 

broad conceptualization of the role of symptoms in health. The use of person-centered analysis 

techniques such as mixture modeling, which are relatively new to nurse researchers, will 

facilitate this work (Schmiege, Meek, Bryan, & Petersen, 2012). The person-centered analysis of 

symptom trajectories integrates nursing research with the patient-centered values espoused by 

nursing theory and practice (Henly, Wyman, & Gaugler, 2011b). 
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Review of the Literature 

A summary of the methods and findings of the literature review are presented below. 

Details of included studies are presented in Appendix D. A systematic literature search was 

conducted using the electronic databases Medline, CINAHL, and ISI WebOfScience. The search 

terms were “acute coronary syndrome,” “myocardial infarction,” “unstable angina,” 

“symptom*,” “trajectory,” “recovery after hospitalization,” “recovery pattern,” and “transition.” 

Hand searching and examination of key articles’ reference lists were used to identify additional 

relevant articles. Articles were included if they were published up to 2015, were written in 

English, were qualitative or quantitative studies or systematic reviews, and included a post-event 

period of at least one month. Articles were excluded if they did not include symptoms as a 

variable or major concept, were not primarily about ACS, did not include data from the post-

acute period, or were not primary research articles or systematic reviews. Forty-seven studies 

were identified and are reviewed below (Figure 3). 
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265 potential studies identified from databases
7 potential studies identified from hand-searching

58 duplicates

excluded:
11 not in English
5 not research or systematic review
151 not about symptoms, ACS, or recovery

included:
47 studies

 
FIGURE 3. Literature Search: Post-ACS Symptom Trajectories. 

Because the initial search did not yield evidence on patients who were ruled-out for ACS 

in the ED, a second search was then conducted to focus on these patients. The search terms were 

“acute coronary syndrome,” “myocardial infarction,” “unstable angina,” “symptom*,” “rule out” 

or “ruled out,” and “emergency department” or “emergency room.” Hand searching and 

examination of key articles’ reference lists were used to identify additional relevant articles. 

Articles were included if they were published up to 2015, were written in English, were 

qualitative or quantitative studies or systematic reviews, and included analysis of patients not 
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diagnosed with ACS. Articles were excluded if they did not include symptoms as a variable or 

major concept, did not analyze patients not diagnosed with ACS, or were not primary research 

articles or systematic reviews. Notably, a large number of articles evaluating ACS diagnostic 

tests and protocols identified by the database searches was excluded because they did not include 

a substantive discussion or analysis of symptoms (Figure 4). Fourteen relevant studies were 

identified. 
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138 potential studies identified from databases
9 potential studies identified from hand-searching

54 duplicates

excluded:
2 not in English
6 not research or systematic review
65 not symptom-focused

included:
14 studies

 
FIGURE 4. Literature Search: Symptoms of Patients Ruled-out for ACS. 

Post-ACS Symptom Trajectories 

Physical symptoms. Physical symptoms following ACS have thus far received little 

attention in the literature. Trajectories of physical symptoms over time have rarely been 

explored, and then, only individual symptoms in isolation. One study examining vital exhaustion 
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in cardiac patients (including 407 MI patients) found four distinct trajectories over one year: low, 

decreasing, increasing, and severe (Smith, Kupper, Denollet, & de Jonge, 2011). Increasing and 

severe vital exhaustion were associated with higher rates of cardiac events. A second study also 

found that fatigue was common after MI, and though men experienced persistent moderate to 

high fatigue, women’s initially higher fatigue declined by 30 days (Fennessy et al., 2010).  

Several studies looked at the occurrence of physical symptoms at single time points 

during ACS recovery. One analysis of a large registry found that dyspnea was very common and 

persistent after ACS, and that worse dyspnea was associated with increased hospitalization at one 

year and mortality at three years (Arnold, Spertus, Jones, Xiao, & Cohen, 2009). Another study 

found that over one fourth of patients experienced angina in the 30 days after MI, and women 

were more affected than men (Garavalia et al., 2007). A secondary study conducted as part of a 

randomized controlled trial found that patients receiving thrombolysis were more likely to have 

dyspnea and angina at 30 days than patients receiving percutaneous coronary intervention, 

although both symptoms were common in both groups (Mortensen et al., 2005). Another study 

of post-MI patients with heart failure found that patients reported an average of 4.7 symptoms 

one year post-MI, and that greater symptom burden was associated with worse quality of life 

(Kim, Kim, & Hwang, 2015). However, the symptom data in all of these studies was cross-

sectional, so change over time was not analyzed. 

Multiple studies included either pain or angina as part of another outcome measure, such 

as quality of life (Dreyer et al., 2015; Sakai et al., 2011; Shah et al., 2012; Simpson & Pilote, 

2003; Worcester et al., 2007). However, this approach does not elucidate the variety of possible 

physical symptoms patients may experience, nor does it allow analysis of symptom trajectories 
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over time. One large study on gender differences in recovery of younger MI patients included 

analysis of angina specifically as part of a quality of life measure. Though women and men had 

similar change patterns in quality of life and angina over one year, women had lower health 

status overall (Dreyer et al., 2015). Both men and women experienced increasing angina, and the 

rate of increase was greatest from baseline to one month. However, frequency, but not severity, 

of angina was analyzed, and no other physical symptoms were included in the analysis. Two 

additional studies collected data on multiple physical symptoms during recovery, but reported 

only summary scores without individual symptom analysis (Dixon, Lim, Powell, & Fisher, 2000; 

Ginzburg et al., 2003).  

A number of qualitative studies found that ACS patients had ongoing and troubling 

physical symptoms during recovery (Askham et al., 2010; Fors, Dudas, & Ekman, 2014; Rankin, 

1995; Rankin, deLeon, Chen, Butzlaff, & Carroll, 2002; Sutherland & Jensen, 2000; Yasuhara, 

Takada, Tanioka, Kawanishi, & Locsin, 2010). Symptoms identified by participants in these 

studies included fatigue, dyspnea, ongoing chest pain, undifferentiated or other pain, 

gastrointestinal distress, joint problems, palpitations, dizziness, headaches, and leg swelling. 

These findings are especially useful because participants were not directly asked about specific 

symptoms, so responses represent true perceptions of their most distressing symptoms. This 

qualitative work supports the need for quantitative analysis of symptoms over time and provides 

a starting point for this future work.  

Overall, this evidence indicates that patients do experience ongoing physical symptoms 

after ACS, and that patient characteristics may influence these symptoms. However, despite 

qualitative evidence suggesting a wide variety of symptoms, quantitative studies have focused 
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primarily on fatigue, dyspnea, and angina. No known studies have yet examined trajectories of 

multiple physical symptoms after ACS. 

Psychological symptoms. A larger body of existing post-ACS symptom trajectory 

research focuses on the psychological symptoms patients experience after ACS, most commonly 

depression and anxiety. Eight studies were identified that describe trajectories of depression or 

anxiety symptoms for up to 12 months after ACS (Doyle, McGee, Delaney, Motterlini, & 

Conroy, 2011; Kaptein, de Jonge, van den Brink, & Korf, 2006; Lane, Carroll, Ring, Beevers, & 

Lip, 2002; Martens, Smith, Winter, Denollet, & Pedersen, 2008; Murphy et al., 2014; 2008; Page 

et al., 2010; Tisminetzky et al., 2011; van Beek et al., 2012). Some found that symptoms varied 

between individuals, but were largely stable over time (Doyle et al., 2011; Martens et al., 2008; 

van Beek et al., 2012). Others found worsening depression trajectories and improving anxiety 

trajectories within individuals (Kaptein et al., 2006; Lane et al., 2002; Murphy et al., 2014; 

Tisminetzky et al., 2011). One study examining symptoms of post-traumatic stress disorder 

(PTSD) (including re-experiencing and avoidance) found an overall decrease in symptoms over 

1-3 years (Abbas et al., 2009). While trajectory timelines varied among studies, Murphy et al. 

(2008) reported that the first two months after ACS was consistently the period of greatest 

change for psychological symptoms.  

Several researchers also found associations between psychological symptoms following 

ACS and disease-specific outcomes. Patients with significant and increasing symptoms of 

depression over 12 months experienced more cardiac events than patients with other depression 

trajectories (Kaptein et al., 2006), as did patients with declining positive affect (Elliott, Gallo, 

Have, Bogner, & Katz, 2005). The presence of depression symptoms was also found to increase 
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risk of rehospitalization up to 42 months after ACS (Reese et al., 2011). One large registry study 

reported that all depression symptoms, whether transient or persistent, were associated with 

greater rates of mortality, rehospitalization, and angina (Parashar et al., 2006). Another, smaller 

study reported that both depression and anxiety were associated with more cardiac events over 

three years, although only anxiety predicted increased healthcare use (Strik, Denollet, Lousberg, 

& Honig, 2003).  

Patient-centered outcomes have also been associated with psychological symptoms. One 

study reported that the trajectory of PTSD symptoms was significantly related to anxiety, quality 

of life, perceived severity of the event, and somatic complaints (Ginzburg et al., 2003). Persistent 

depression symptoms have also been correlated with decreased well-being over six months (Page 

et al., 2010), poor physical health at 12 months (Thombs et al., 2008), and higher pain levels, 

lower physical functioning (Sakai et al., 2011), and poor mental health, especially for females 

(Norris, Hegadoren, & Pilote, 2007). Persistent hopelessness was also found to predict decreased 

participation in cardiac rehabilitation (Dunn, Stommel, Corser, & Holmes-Rovner, 2009), which 

is a key component of post-ACS care (O’Gara et al., 2013). 

This body of literature on psychological symptoms following ACS encompasses a variety 

of designs and statistical techniques, and includes data from several large registries. Overall, the 

evidence indicates that psychological symptoms persist and vary over the year following ACS, 

and that these symptoms and symptom trajectories may be useful in predicting both disease-

specific and patient-centered outcomes. Trajectories of depression symptoms in particular were 

shown to be either stable or worsening, and associated with poor outcomes. This information 

may be useful not only to clinicians in assessing risk, but also to patients and families 
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experiencing uncertainty about the recovery process. This body of evidence also shows that 

multiple distinct trajectories of psychological symptoms can be identified among ACS patients, 

and that statistical techniques such as growth mixture modeling can model this heterogeneity. 

Several of these studies also examined the occurrence of multiple psychological symptoms 

together. Though few of these studies included physical symptoms, the results suggest that 

physical symptom trajectories may be significant and may be identified using similar techniques. 

Associated situational factors. A number of studies have focused on situational factors 

related to either physical or psychological symptoms after ACS. Factors found to be associated 

with or predictive of symptoms during recovery include social support (Leifheit-Limson et al., 

2012; Vilchinsky et al., 2011), financial stress (Shah et al., 2012), general stress (Al-Hassan & 

Sagr, 2002), role transition, dysfunctional attitudes, poor adjustment, lack of pleasant events 

(Denton, Rieckmann, Davidson, & Chaplin, 2012), comorbidities (Watkins et al., 2003), illness 

perception (Petrie, Cameron, Ellis, Buick, & Weinman, 2002), and perceived health (Winefield 

& Martin, 1981). Some studies also found relationships among situational factors, symptoms, 

and outcomes such as medication adherence (Kronish, Rieckmann, Burg, Alcántara, & 

Davidson, 2013), death, or repeated MI (Denollet, Freedland, Carney, de Jonge, & Roest, 2013). 

This body of evidence identifies some relevant situational, psychological, and biological factors 

associated with ongoing symptoms. However, in order to be clinically useful, future research 

should focus explicitly on our ability to predict symptoms and symptom trajectories based on 

these factors and should include patients who were ruled-out for ACS. 
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Symptoms in Patients Ruled-out for ACS 

Post-ED course of ruled-out patients. There is a small body of evidence about the post-

ED course of patients determined not to have ACS. One systematic review of hospitalized 

patients diagnosed with “non-specific chest pain” found that one-year mortality in these patients 

was low (ranging from 1.4% to 8.1%), but readmission was common (17.5% on average) 

(Ruddox et al., 2012). Significantly, CHD was common in these patients (40%), suggesting that 

their symptoms should not be ignored when considering future risk. However, ongoing, post-ED 

symptoms were not analyzed. 

A group of studies conducted by Karlson, Herlitz and colleagues at a Swedish hospital in 

the 1980s and 1990s included analysis of patients discharged after a suspected ACS diagnosis 

was ruled-out. Though not recent, these studies represent the only identified research focusing on 

post-ED symptoms of patients ruled-out for ACS and thus they will be reviewed here. In one 

study including both patients with and without MI, one-year mortality and post-discharge MI 

were higher in the MI group, but several symptoms during the year after discharge, including 

chest pain and dyspnea at rest, were more common in the non-MI group (Karlson, Wiklund, 

Bengtson, & Herlitz, 1994b). These symptoms, as well as fatigue, weakness, lack of energy, and 

palpitations, were common in both groups. A similar analysis by the same group, however, 

revealed conflicting findings: the second analysis revealed that chest pain limiting daily activity, 

dyspnea, palpitations, and weakness were more common among MI patients (Karlson, Wiklund, 

Bengston, & Herlitz, 1994a). Some “emotional” symptoms (anxiety) and “psychosomatic” 

symptoms (headache, sweating, restlessness, difficulty relaxing or concentrating, and time 

urgency), however, were more common in non-MI patients than MI patients. These conflicting 
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findings point to the need for further studies with more heterogeneous samples, including 

multiple EDs and wider demographic variation. A long-term outcome analysis by Karlson and 

colleagues found that patients who were admitted for ACS-like symptoms had higher ten-year 

mortality than patients who were discharged from the ED, but that risk factors such as age and 

hypertension were more correlated with outcomes in the discharged group (Herlitz, Karlson, 

Lindqvist, & Sjölin, 2002). However, symptoms following discharge were not measured in this 

study. Another analysis by the Karlson group determined that 15% of patients who did not have 

MI were readmitted at least once in the year following the initial visit, and that even among 

patients not readmitted, 63% reported that their symptoms recurred during the following year. 

These findings suggest that symptoms are undertreated after initial evaluation for ACS, 

potentially contributing to repeat ED visits. However, specific symptoms were not analyzed in 

this study. Two studies evaluated an intervention consisting of a follow-up visit three to five days 

after discharge for patients determined not to have MI. The group that received this further 

evaluation and education had significantly fewer admissions than the control group over the 

following year, despite no difference in reported symptoms (Karlson et al., 1997; 1998). These 

findings suggest that education and follow-up may contribute to decreased readmissions in 

patients evaluated for potential ACS even if symptoms are not better controlled. Overall, their 

findings point to the need for knowledge about post-ED symptoms to improve prognostication, 

treatment, and readmission rates, but none of this group’s studies analyzed symptom trajectories 

over time. In evaluating all of the studies by this group, it is important to note that they were 

carried out before the advent of the more sensitive biomarker testing routinely used today (such 

as Troponin T), and as a result, it is likely that some patients who would now be classified as 
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having NSTEMI were considered ruled-out. This improved diagnostic capability also likely 

reduces the percentage of initially ruled-out patients later determined to have CHD, some of 

whom may have had unrecognized myocardial damage at initial presentation. 

The role of symptoms in ACS diagnosis. The majority of identified studies focused on 

the utility of symptoms in ACS diagnosis and risk stratification in the ED. Several studies have 

found that so-called “typical” symptoms such as chest pain and arm pain are more likely in 

patients with ACS, whereas “atypical” symptoms such as dizziness and shortness of breath are 

either unrelated to diagnosis or more likely in patients who are ruled-out for ACS (Comeau, 

Jensen, & Burton, 2006; DeVon, Rosenfeld, Steffen, & Daya, 2014b; Milner, Funk, Arnold, & 

Vaccarino, 2002; Pelter et al., 2012). Sex, age, and race have also been shown to interact with 

predictive value of symptoms (DeVon, Burke, Nelson, Zerwic, & Riley, 2014a; DeVon, 

Rosenfeld, Steffen, & Daya, 2014b; Milner, Funk, Richards, Vaccarino, & Krumholz, 2001). 

One large study also found that severity of pain was not related to ACS diagnosis in the ED 

(Edwards et al., 2011). A meta-analysis of 28 studies on the value of ten different symptoms in 

ACS diagnosis reported that only tenderness to palpation was meaningfully associated with non-

ACS, and that no other symptoms could yet be meaningfully used in diagnosis (Bruyninckx, 

Aertgeerts, Bruyninckx, & Buntinx, 2008). A study of physicians’ impressions of the risk of 

ACS found that symptoms contributed to the impression of ACS risk more than ECG or 

Troponin-T levels, despite lack of evidence that symptoms have diagnostic value. However, 

these studies did not include the post-acute period. 

Overall, these findings suggest that both patients ruled-in and ruled-out for ACS 

experience distressing symptoms and that symptoms may differ by diagnosis, but these 
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symptoms are not reliable diagnostic tools, and more research is needed to determine whether 

differences in symptoms are clinically useful in diagnosis and risk stratification either during or 

after the acute period. 

Discussion 

The evidence reviewed above suggests that patients’ ongoing symptoms after evaluation 

for potential ACS are troubling, related to both patient-centered and disease-specific outcomes, 

and potentially predictable based on data observed at initial presentation. A variety of symptoms 

and associated characteristics have been identified. However, the evidence defining 

psychological symptom trajectories is much more developed than that of physical symptom 

trajectories, and post-acute symptom trajectories in ruled-out patients have not been studied. 

Limitations of Current Evidence 

It is important to note that several studies included in this review drew their samples from 

the same larger studies or registries (including the Prospective Registry Evaluating Myocardial 

Infarction: Events and Recovery [PREMIER] and the Enhancing Recovery in Coronary Heart 

Disease Study [ENRICHD]), a fact that may exaggerate the true extent of the evidence. Much of 

the work defining physical symptom patterns after ACS is qualitative and would benefit from 

further exploration and analysis in larger, more diverse samples. Additionally, most current 

evidence is focused on narrowly defined individual symptoms and predictors, and as a result, 

does not accurately reflect clinical realities and patient experiences as they occur in the 

environment. Many studies also used chest pain as an inclusion criterion, although it is known 

that not all patients with ACS have chest pain. As a result, patients without chest pain but with 

other distressing symptoms and risk factors are likely underrepresented. 
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Emerging Statistical Techniques 

Several studies included in this review used a variety of statistical techniques to define 

latent trajectory classes within longitudinal data (Doyle et al., 2011; Kaptein et al., 2006; 

Martens et al., 2008; van Beek et al., 2012). These techniques, including growth mixture 

modeling and latent class growth analysis, are well-suited to patient-centered research because 

they account for the dimension of time that is a reality of patient experience (Henly, Wyman, & 

Findorff, 2011a). They also provide a method of integrating person-centered and variable-

centered analyses (Muthen & Muthén, 2000). These flexible statistical techniques are becoming 

more popular in nursing research as approaches to identifying useful patterns and clusters in data 

(Schmiege et al., 2012). While growth mixture modeling has been used to analyze trajectories of 

psychological symptoms after ACS, as described above, it has not yet been used for physical 

symptoms or combinations of heterogeneous symptoms or for patients ruled-out for ACS. 

Advances in statistical analysis and computing represent an area of great promise for symptom 

trajectory research. 

Suggestions for Future Studies 

Because patients rarely experience a single symptom in isolation, research is needed to 

examine trajectories of multiple, heterogeneous symptoms following evaluation for potential 

ACS. This approach is patient-centered and focused on individuals’ experiences as they occur in 

the natural environment. Studies are also needed to systematically examine the ability of 

clinically observable patient characteristics and situational factors to predict future symptom 

trajectories. This research will be potentially valuable both to guide clinical assessment and to 

reduce patient uncertainty. Finally, the relationship between patterns of symptom trajectories and 
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both patient-centered and disease-specific outcomes could be valuable to clinicians in 

assessment, prognostication, and patient education. 
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PRESENT STUDY 

Details of the methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. This chapter presents an overview of the author’s role in the 

production of these manuscripts, and a summary of the methods and most important findings. 

Manuscript Option for Dissertation 

The author of this dissertation, with approval from the doctoral committee, elected to 

complete three publishable manuscripts in lieu of a traditional dissertation. The study’s purpose, 

specific aims, hypotheses, and conceptual framework represent the original contribution of the 

author, and the analysis methods were chosen by the author to support these aims. The author is 

the primary author of all three appended manuscripts. The coauthors provided data, assistance 

with analysis, and editorial feedback. The first manuscript, titled “A Patient-Centered Approach 

to Symptom Trajectories Following Acute Coronary Syndrome,” is a review of the theoretical 

importance and empirical evidence of post-ACS symptom trajectories (Appendix A). This paper 

will be submitted to International Journal of Nursing Studies after the dissertation defense. The 

second manuscript is a data-based research article representing the findings for Aim One. This 

article, titled “Symptom Trajectories Following an Emergency Department Visit for Potential 

Acute Coronary Syndrome,” has been submitted to Nursing Research as of October 2015 

(Appendix B). The third manuscript, titled “Patient Factors and Health Services Use Are Related 

to Symptom Trajectories After Evaluation for Potential Acute Coronary Syndrome,” is also a 

data-based research article and presents the findings of Aims Two and Three (Appendix C). This 

article will be submitted to The Journal of Cardiovascular Nursing following the defense.  
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Methods 

Study Design 

The present study was a secondary analysis of data collected as part of the multi-center, 

longitudinal, prospective study “The Influence of Gender on Symptom Characteristics during 

Acute Coronary Syndromes” (“Think Symptoms”) (R01NR012012, DeVon, PI). Data for the 

parent study were collected using structured questionnaires and medical records review from 

patients evaluated for ACS in the ED. Study participants were then contacted by telephone at 30 

days and six months after their initial ED visit to complete follow-up questionnaires. 

Approximately 1,000 individuals were included. Data for the present analysis were obtained with 

the permission of the parent study’s principal investigator (PI). 

A longitudinal design is necessary to study symptom trajectories over time (Henly, 

Wyman, & Gaugler, 2011b). However, longitudinal studies are often costly, time-consuming, 

and logistically complicated. Attrition associated with longer timelines necessitates larger sample 

sizes to maintain adequate power. Issues related to participant burden and data management also 

complicate longitudinal studies (Shadish, Cook, & Campbell, 2002; Trochim & Donnelly, 2008). 

Therefore, it is an efficient use of resources to use data collected for large longitudinal studies to 

answer multiple research questions. Although secondary data analyses are limited by the design 

and conduct of the parent study, the efficiency of using existing data allows for a great benefit to 

the scientific community with lower financial costs and burden to participants. With these 

principles in mind, a secondary data analysis was chosen for this study. 
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Parent Study Setting and Sample 

Parent study data were collected from the EDs of four academic medical centers and one 

community hospital located in the Midwest, Pacific Northwest, and Western United States. The 

sample is a convenience sample of 1,002 patients who presented to the ED with symptoms 

suggestive of ACS. Patients were included if they had abnormal electrocardiogram (ECG) or 

cardiac biomarker testing (troponin T) results and were identified by the triage nurse as 

potentially having ACS. 

Inclusion and exclusion criteria. Inclusion criteria were symptoms on presentation to 

the ED, age greater than 21 years, English speaking, telephone access, and intact cognition. One 

site, located in the West, also included Spanish-speakers. Patients were deemed to have intact 

cognition if they were able to understand the explanation of the study and participate in the 

consent process. Exclusion criteria included heart failure exacerbation (B-type natriuretic peptide 

>500 ng/mL), referral to ED from a dialysis center, and referral for cardiac dysrhythmia. 

Recruitment and consent process. The EDs of the participating sites were staffed with 

trained research assistants between eight and sixteen hours per day. The research assistant 

administered the ACS symptom checklist to potentially eligible patients, identified from medical 

records and by the triage nurse, as soon as possible upon presentation. The choice to rely on 

triage nurses’ judgment reflects the study’s focus on the clinical realities of ED decision making. 

After the patients’ initial stabilization, the study was explained, eligibility was determined and 

informed consent obtained by the research staff. If a patient declined to participate or was 

determined to be ineligible, the symptom checklist was destroyed.  
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The parent study was approved by the institutional review boards (IRB) at all 

participating sites. Waiver of consent to complete initial eligibility screening and to collect 

symptom data prior to enrollment was obtained. The consent waiver was necessary because the 

parent study’s main aim was to assess symptoms on presentation to the ED. The secondary 

analysis for the present study used a limited, de-identified dataset and was determined to be 

exempt from IRB oversight. 

Parent Study Data Collection 

After participants were stabilized, research assistants obtained consent and collected 

symptom and demographic data using standardized questionnaires during face-to-face 

interviews. After discharge, a research assistant contacted participants by telephone at 30 days 

and six months after initial presentation. Symptoms and health service use were assessed during 

these follow-up calls (Table 1). Medical records were accessed in the ED and again at six months 

to confirm eligibility and final diagnosis. Detailed methods of the parent study have been 

published elsewhere (DeVon, Rosenfeld, Steffen, & Daya, 2014b). Structured questionnaires 

were used to collect data on study variables and patient demographics. The tools used for each 

variable of interest to the present secondary analysis are discussed below. 

Symptoms. Symptoms were assessed using the 13-item ACS Symptom Checklist. An 

additional space marked “other” is included for any symptoms not included on the checklist. 

Each item is analyzed individually with no summary score. Participants were asked to rate the 

severity of each symptom from zero (none) to ten (worst). In the hospital after initial 

stabilization, participants were instructed to rate symptoms experienced now, and at the follow-

up assessments at 30 days and six months, participants were instructed to rate symptoms 
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experienced in the past week. The present analysis included the post-stabilization, 30 day, and 6 

month data. 

The ACS Symptom Checklist was derived from the longer, multi-part Symptoms of 

Acute Coronary Syndrome Index (SACSI) (DeVon et al., 2008; DeVon & Zerwic, 2003; DeVon, 

Rosenfeld, Steffen, & Daya, 2014b). The SACSI was developed by extensive literature review 

and has been shown to be valid (content validity index .88-.94) and reliable (Cronbach’s alpha 

.81) in populations approximating the study population (DeVon et al., 2008; DeVon & Zerwic, 

2003; DeVon, Ryan, Rankin, & Cooper, 2010).The shorter ACS Symptom Checklist was 

deemed more appropriate for assessing symptoms as they occur in the ED setting where time is 

limited by acuity. The 13-item checklist has a content validity of 1.00 (p<.05) calculated from 11 

expert responses using Lynn’s formula (DeVon, Rosenfeld, Steffen, & Daya, 2014b; Lynn, 

1986).  

Demographics. Baseline participant characteristics were assessed using the ACS Patient 

Information Questionnaire. This self-report questionnaire includes both demographic and clinical 

items. It was designed to capture all relevant data as outlined in the standardized reporting 

guidelines for ED patients with potential ACS, which are supported by the Society for Academic 

Medicine, the American College of Emergency Physicians, the American Heart Association, and 

the American College of Cardiology (Hollander et al., 2004). The use of standardized guidelines 

is an important step in ensuring that results and conclusions can be compared across studies. The 

use of self-report data reflects the information typically available in real-world ED assessment 

and is thus a clinically relevant approach. 
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Comorbidities. Comorbidities were assessed using the Charlson Comorbidity Index 

(CCI), a 19-item weighted index designed to assess comorbid conditions that alter mortality risk 

(Charlson, Pompei, Ales, & MacKenzie, 1987). Higher scores represent a greater disease burden. 

The CCI has been extensively used to measure comorbidity in clinical research populations 

including patients with heart disease (de Groot, Beckerman, Lankhorst, & Bouter, 2003). Studies 

have demonstrated concurrent validity with other comorbidity indices, predictive validity with 

outcomes such as mortality and readmissions, and construct validity (de Groot et al., 2003). 

Studies have also demonstrated acceptable test-test reliability and interrater reliability (de Groot 

et al., 2003). 

Functional status. The Duke Activity Status Index (DASI) was used to measure 

functional status (Hlatky et al., 1989). Higher scores indicate better functioning. The twelve 

items are weighted to reflect metabolic energy expenditure. Scores significantly correlate with 

peak oxygen uptake (p<0.0001) and with other functional status measures, indicating construct 

and concurrent validity (Hlatky et al., 1989). The DASI has demonstrated validity in ACS 

patients (D. A. Katz et al., 2008). 

ACS diagnosis. The final diagnosis at discharge was abstracted from the medical record 

and thus reflected clinical judgment of the attending physician, who was blinded to study data. 

The decision to rely on discharge diagnosis rather than the commonly-used 30-day major adverse 

cardiac events (MACE) reflects the study design and focus on patient and clinician decision-

making. 

Health service use. Froelicher’s Health Service Utilization Questionnaire- Revised was 

used to measure calls and visits to healthcare providers, ED visits, 911 calls, and hospital 
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admissions (Froelicher, Sohn, Max, & Bacchetti, 2004). This questionnaire was adapted with 

permission from the authors for administration by telephone. As recommended by the tool’s 

authors, participants were given calendars to track their health service use in an attempt to 

minimize recall bias. 

TABLE 1. Measurement Timeline. 

Variable Measure Baseline 30 days 6 months 

Symptoms • 13-item ACS Symptom checklist x x x 
Situational 
factors 

• ACS patient info questionnaire: 
Insurance status, education level, 
marital status 

x   

Physiologic 
factors 

• ACS patient info questionnaire: 
Diabetes, age, sex 

• Medical record: ACS diagnosis 
• Charlson Comorbidity Index: 

comorbidity 
• Duke Activity Status Index: 

functional status 

x  x* 

Health service 
use 

• Froelicher Questionnaire: Office 
visits, calls to MD or NP, 911 
calls, ED visits, admissions 

 x x 

*Only ACS diagnosis was verified in the medical record at six months. 

Secondary Analysis 

The de-identified dataset used for the present secondary analysis was obtained directly 

from the parent study’s PI via secure cloud-based file sharing. All files were subsequently stored 

on the present study PI’s password-protected computer. Growth Mixture Modeling (GMM) was 

chosen to model symptom trajectories and the relationships between baseline patient 

characteristics, symptom trajectories over six months, and health service use (Figure 5). Growth 

mixture models can increase understanding of a phenomenon when previous studies have had 

inconsistent or contradictory findings (Wang & Bodner, 2007). This possibility is valuable in the 



 
 
 

 
45 

study of potential ACS symptoms, where previous studies have not reached consensus on the 

role of sex, age, race, diabetes status, or diagnosis in symptom experience (Canto et al., 2012b; 

DeVon et al., 2008; Fennessy et al., 2010; Gimenez et al., 2014; Karlson et al., 1994a; Khan, 

Albarran, Lopez, & Chair, 2010; O’Donnell, McKee, O’Brien, Mooney, & Moser, 2012; 

Sherrod, 2011). Growth mixture models are also useful in describing change when the 

population is heterogeneous, as is the case with potential ACS patients, and both normative and 

non-normative change patterns may exist (Schmiege et al., 2012).  

 

FIGURE 5. Diagram of GMM for Each Symptom. 

Symptom selection. Although data were collected for thirteen symptoms, only the eight 

most common (chest pressure, shoulder pain, chest discomfort, upper back pain, shortness of 

breath, unusual fatigue, lightheadedness, and chest pain) were analyzed in this study. Symptoms 

were designated as common if at least 25% of the respondents reported a non-zero severity score 
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for that symptom at any time point. The procedure for determining this percentage was as 

follows: the frequency of non-zero severity scores for each of the thirteen symptoms at each of 

the three time points was calculated. This number was divided then by the total number of 

responses for that symptom that time point (thus accounting for attrition). The resulting numbers 

are reported below as a percentages. This procedure identified eight common symptoms (Table 

2). 

TABLE 2. Percentage of Sample Experiencing Each Symptom. 

Symptom % Experiencing at 
baseline 

% Experiencing at 
30 days 

% Experiencing at 
6 months 

Chest pressure* 47.8 23.7 20.7 
Shoulder pain* 25.8 26.1 24.2 
Chest discomfort* 49.2 30.9 24.0 
Upper back pain* 26.8 21.8 19.0 
Shortness of breath* 37.8 26.4 28.4 
Unusual fatigue* 46.5 31.4 24.9 
Lightheadedness* 35.6 30.9 25.0 
Chest pain* 42.3 22.9 17.6 
Arm pain 24.4 19.4 18.2 
Sweating 19.7 21.9 16.8 
Indigestion 17.5 21.1 23.5 
Nausea 24.6 16.3 16.6 
Palpitations 19.1 18.5 16.4 

*symptoms designated as common 

The decision to limit included symptoms in this manner reflects both sample size 

limitations and the desire to generate parsimonious, clinically useful models. The rationale for 

determining which symptoms should be included is discussed below. 

Sample size. The present study was a secondary analysis and thus limited by the size and 

characteristics of the existing sample. Symptoms reported by less than 25% of the sample likely 

lack sufficiently large numbers for robust analysis using the planned methods. Although there are 
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not formal sample size requirements for growth mixture modeling, statistical power increases 

with sample size, and samples must be sufficiently large to detect the presence of hypothesized 

classes. This may not be possible if class sizes are very small (Wang & Bodner, 2007). 

Insufficient numbers of participants experiencing a symptom will reduce ability to distinguish 

classes of symptom severity. 

For the data used in the present analysis, 25% of the sample is approximately 250 

individuals at baseline, and 180 at 30 days and 145 at six months (due to attrition). Studies of 

anxiety and depression trajectories in post-ACS patients have identified between two and four 

classes per symptom with sample sizes ranging from 100-425 (Doyle et al., 2011; Murphy et al., 

2014; 2008; Tisminetzky et al., 2011; van Beek et al., 2012). Based on the findings of these 

related studies, it is likely that 25% of the present sample is sufficient to identify multiple latent 

trajectory classes.  

Other factors specific to the data, including number of time points and separation of 

classes, also affect both power and the performance of fit indices used in model selection 

(Muthen, 2004). For the present study, the inclusion of only three time points and unknown class 

separation provide further rationale for a larger required sample size. 

Clinical significance. Less common symptoms are likely less clinically significant in this 

context than more commonly reported symptoms. Because clinical time and resources are 

limited, parsimonious models are needed to provide the greatest amount of information for the 

greatest number of patients. While all thirteen symptoms were experienced by some percentage 

of the sample, the eight most common are likely to represent the greatest symptom burden and 
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thus are of high priority. With these statistical and clinical factors in mind, the cutoff of 25% was 

chosen to ensure adequate power while preserving a heterogeneous set of symptoms. 

Analysis Procedures and Results 

Preliminary analyses were carried out using SPSS (v.22). Growth mixture models were 

then estimated using Mplus (v.7.2). The majority of the 1,002 participants were white (70.5%) 

and male (62.6%) with a mean age of 60.17 years, and the majority (57.1%) ruled-out for ACS. 

Each symptom was analyzed individually. The most common symptoms experienced after 

stabilization were chest discomfort (49.2%), chest pressure (47.8%), unusual fatigue (46.5%), 

chest pain (42.3%) shortness of breath (37.8%), lightheadedness (35.6%), upper back pain 

(26.8%) and shoulder pain (25.8%). These eight symptoms had adequate sample sizes and were 

included in the final analysis. Cases with missing symptom data for all time points were 

excluded from the analysis. Mean symptom severity ranged from 1.714-3.319 at baseline, 1.405-

2.354 at 30 days, and 1.420-3.241 at six months.  

 Aim 1. For each of the eight symptoms, cases with a non-zero score (indicating symptom 

presence) at any point during the study period were included in that symptom’s models. Linear 

models were estimated because the data comprise three time points. Models with between one 

and five latent classes were considered for each symptom. Models with increasing number of 

classes were systematically compared based on criteria including interpretability, parsimony, 

lowest adjusted Bayesian Information Criterion (BIC), significant Vo-Lo-Mendell-Rubin 

likelihood ratio test (VLMR-LRT), and class size greater than 5% of the sample (Andruff, 

Carraro, Thompson, Gaudreau, & Louvet, 2009; Kim, 2014; Nylund, Asparouhov, & Muthén, 

2007; Wang & Bodner, 2007; Zaslavsky et al., 2013). 
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The final model for each symptom included between two and four classes. No symptom 

was best modeled by a single trajectory class, and models with greater than four classes included 

at least one class too small to interpret (i.e., less than 5% of the sample). For four of the 

symptoms (chest discomfort, chest pain, chest pressure, and unusual fatigue), the majority of 

participants were assigned to a class with an intercept less than three and a negative slope, a 

trajectory labeled “tapering off.” A trajectory defined by intercept close to zero with a positive 

slope was labeled “late-onset/worsening” and was common among participants with upper back 

pain (66.7%), shoulder pain (69.3%), and shortness of breath (61.0%). A “severe/improving” 

trajectory characterized by an intercept greater than 8 and a negative slope was found in 

participants with shortness of breath (17.4%) and upper back pain (7.4%). Participants with 

lightheadedness (78.2%), chest discomfort (20.4%), shoulder pain (11.8%), and unusual fatigue 

(16.7%) exhibited a “mild/persistent” trajectory with an intercept less than 3 and a relatively flat 

slope. Other trajectories identified included moderate symptoms that either decreased 

(improving), remained stable (persistent), or increased (worsening). 

 Aim 2. The analysis of baseline characteristics as predictors of latent trajectory class 

membership was conducted using a revised three-step procedure (model estimation, class 

assignment based on posterior probabilities, and logistic regression accounting for 

misclassification) (Asparouhov & Muthen, 2014; Vermunt, 2010). The largest class for each 

symptom was used as the reference class.  

Body mass index was a significant predictor for all eight symptoms. Lower BMI 

predicted moderate persistent or worsening trajectories for the majority of symptoms (chest 

discomfort, chest pain, chest pressure, shoulder pain, and unusual fatigue). Diagnosis was a 
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significant predictor of trajectory membership for every symptom except unusual fatigue. 

NSTEMI diagnosis predicted “tapering off” or “late onset” trajectories for most symptoms (chest 

discomfort, chest pain, chest pressure, shortness of breath, shoulder pain, and upper back pain). 

STEMI diagnosis also predicted “late onset” trajectories for upper back pain, shoulder pain, and 

shortness of breath. Age was a significant predictor of trajectory membership for chest 

discomfort, lightheadedness, shortness of breath, shoulder pain, and upper back pain. “Late-

onset” and “tapering off” trajectories were most commonly predicted by older age. Female sex 

predicted more severe symptom trajectories for shoulder pain, unusual fatigue, and upper back 

pain. 

Diabetes status and functional status each were significant predictors for only one 

symptom (chest pressure and upper back pain, respectively), and insurance status for just two 

symptoms (chest discomfort and shoulder pain). Comorbidity, marital status, and education level 

were not significant predictors for any symptom.  

 Aim 3. The analysis of health service use outcomes was conducted using a model-based 

approach (Lanza, Tan, & Bray, 2013). An auxiliary model including the outcome as a latent class 

predictor was combined with the original, unconditional model to obtain marginal and 

conditional distributions of the outcome variables (Asparouhov & Muthen, 2014). The means of 

continuous outcome variables and probabilities of categorical outcome variables were then 

compared across classes using chi-square tests (Lanza et al., 2013). For every symptom, between 

2 - 10 of the 10 health service use variables were significantly different among classes. Across 

symptoms, “moderate/worsening” trajectories (seen in chest discomfort, chest pressure, chest 

pain, and unusual fatigue) were generally associated with greater mean number of clinic visits, 
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calls to a healthcare provider, 911 calls, ED visits, and probability of hospitalization at both 30 

days and six months compared to “tapering off” trajectories. “Late onset” trajectories (seen in 

shortness of breath, shoulder pain, and upper back pain) were associated with fewer provider 

phone calls and ED visits at 30 days, and fewer clinic visits, 911 calls, ED visits, and lower 

probability of hospitalization at six months than persistent or improving trajectories. Health 

service use of patients with “mild/persistent” trajectories (seen in chest discomfort, 

lightheadedness, shoulder pain, unusual fatigue, and upper back pain),“moderate/improving” 

trajectories (seen in lightheadedness and upper back pain), “moderate/persistent” trajectories 

(seen in shortness of breath and shoulder pain), or “severe/improving” trajectories (upper back 

pain, shoulder pain) did not follow one consistent pattern across symptoms and outcome 

variables. 

Conclusions 

The first hypothesis that multiple, distinct symptom trajectories could be identified was 

supported. These findings add support to existing evidence that patients experience ongoing 

symptoms after an ED visit for potential ACS. The analysis also reveals individuals vary in both 

their initial symptom severity and rate and direction of change, a finding that has not been 

previously described in this population.  

The second hypothesis that symptom trajectories could be predicted based on patient 

characteristics was also supported. Contrary to expectations, however, the only situational 

variable predictive of symptom trajectory class was insurance status. Physiological variables 

were consistently predictive of trajectory class (with the exceptions of comorbidity burden, 

which was not predictive for any symptoms, and functional status, which was predictive only for 
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upper back pain). This finding suggests that routinely collected clinical data (age, sex, diabetes 

status, BMI, and diagnosis) are potentially useful in predicting post-ED symptom trajectories. An 

additional finding was that the same characteristics (younger age, female sex, lower BMI, and 

less likelihood of NSTEMI diagnosis) tended to predict membership in smaller, less typical 

classes across different symptoms regardless of the morphology of these trajectories. Patients 

fitting this profile do not conform to the “typical” scenario are therefore at particular risk for 

inadequate education and symptom management. 

The third and final hypothesis that trajectories with greater persistence and severity 

would be associated with increased health service use was partially supported. 

“Moderate/worsening” trajectories were consistently associated with greater health service use 

than “tapering off” trajectories. This pattern was most visible for chest symptoms, a finding that 

makes clinical sense since these symptoms are alarming to patients as well-known as cardiac 

warning signs (Mozaffarian et al., 2015).  

Implications for Future Research and Practice 

The identification of multiple, distinct classes of patients with different symptom 

trajectories is an initial step toward understanding how the symptom experience varies both 

among and within patients and thereby improving patient-centered care and symptom 

management. These findings support the need for ongoing, individual symptom assessment after 

an ED visit, an imperative that impacts both emergency and primary care clinicians.  

Prediction of likely symptom trajectory based on information observable at initial 

presentation is potentially clinically useful. Patient characteristics associated with late-onset, 

persistent, or worsening trajectories may be seen as “red flags” for identifying at-risk patients. 
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These patients may therefore be targeted for individualized education, post-discharge support, 

and intensive symptom management plans. The ability to predict likely symptom trajectories is 

especially significant given our findings that health service use varies among trajectories.  

Future studies are needed to verify the existence of multiple symptoms trajectories in 

diverse populations, to examine relationships among different symptoms, and to consider other 

variables such as medications or other treatments, clinical events, and symptom management 

interventions. Symptoms with marked differences in health service use among trajectory classes 

(chest discomfort, chest pain, chest pressure, unusual fatigue, and shortness of breath) should be 

particularly targeted for future research given the financial and human cost of repeated 

hospitalization. The present study has laid the groundwork for this ongoing work to improve 

patient-centered care and symptom management for patient evaluated for ACS in the ED. 
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Abstract 
 

Purpose: To identify the theoretical and clinical importance of post-emergency department (ED) 
symptom trajectories of patients with acute coronary syndrome (ACS), review existing evidence, 
and define research priorities. 
Background: ACS affects over 1.1 million Americans annually, yet evidence about their post-
acute symptom trajectories is limited. Patient-centered care requires an understanding of 
symptoms over time. 
Method: A comprehensive literature search was undertaken using the electronic databases 
Medline, CINAHL, and WebOfScience. Evidence on physical and psychological symptom 
trajectories after ACS was reviewed and integrated with symptom theory. 
Findings: Psychological symptoms including depression and anxiety are common after ACS and 
have been shown to change over time in diverse populations. Evidence on post-ACS physical 
symptoms trajectories is extremely limited. 
Conclusions: Research is needed to explore trajectories of physical symptoms after ACS. This 
future work will support patient-centered care. Several nursing theories are potentially relevant 
to this research and its application to advanced nursing practice.  
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A Patient-Centered Approach to Symptom Trajectories Following Acute Coronary 

Syndrome 

Acute coronary syndrome (ACS) is a common and serious problem, with over 5.5 million 

patients evaluated and over 1.1 million diagnosed in U.S. emergency departments (EDs) 

annually (Mozaffarian et al., 2015; National Center for Health Statistics, 2010). A variety of 

symptoms including chest pain or discomfort, discomfort in other areas of the upper body, 

shortness of breath, sweating, nausea, lightheadedness, fatigue, palpitations, indigestion, and 

pain in other areas, are associated with ACS (Canto et al., 2012; DeVon, Ryan, Ochs, & Shapiro, 

2008; El-Menyar et al., 2011; Go et al., 2014; McSweeney, O’Sullivan, Cody, & Crane, 2004). 

Many patients experience ongoing or recurrent symptoms after hospitalization. The importance 

of these symptoms outside their role in medical diagnosis, however, remains poorly understood. 

The purpose of this paper is to identify the theoretical and clinical importance of ACS patients’ 

post-ED symptom trajectories, to review existing evidence, and to propose research priorities to 

generate further clinically useful evidence. 

Background & Significance: Symptom Trajectories 

The great majority of ACS patients are eventually discharged home, either from the ED 

or from inpatient units, and many continue to experience distressing symptoms (Barnason, 

Zimmerman, Nieveen, Schulz, & Young, 2012). The impact of symptoms on patients’ quality of 

life, treatment seeking, treatment decisions, cost of care, emotional status, and mortality are key 

areas of inquiry to support high-quality, patient-centered healthcare (Rumsfeld et al., 2013). 

Nursing researchers have recognized this need and achieved great progress in symptom science. 

However, most ACS symptom research to date has been cross-sectional (Canto et al., 2012; 
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DeVon, Ryan, Rankin, & Cooper, 2010). The cross-sectional approach is limited because it does 

not capture the experience of patients over time as they transition back into the community and 

their daily lives.  

Symptom Trajectories & Patient-Centered Care 

A symptom trajectory is defined as a pattern of symptoms over time (Henly, Wyman, & 

Gaugler, 2011b). A focus on individual symptom experiences over time is patient-centered and 

highly relevant to clinical situations, where understanding individuals is imperative (Henly, 

Wyman, & Findorff, 2011a). However, most existing symptom research examines differences 

between individuals at a single point in time. The exploration of symptom trajectories is an initial 

step toward improving patient-centered care and symptom management. 

Clinical Applications  

Post-hospital care transitions. Post-hospital transition back to the community is a 

period where many patients lack sufficient education, support, and symptom treatment (Naylor, 

Aiken, Kurtzman, Olds, & Hirschman, 2011). Patients with ongoing or recurrent symptoms after 

hospitalization are at high risk for repeat visits (Karlson, Wahrbogrm, Sjöland, Lindqvist, & 

Herlitz, 1998; Katz et al., 2013).  

These unmet needs are associated with readmission and ED use: almost 20% of ACS 

patients are readmitted to the hospital within 30 days after discharge (Dharmarajan et al., 2013; 

LeClerc, Wells, Craig, & Wilson, 2002; Vashi et al., 2013). Unnecessary readmissions and ED 

use are costly, divert resources, and impact hospitals’ quality metrics (Dharmarajan et al., 2013; 

Vashi et al., 2013). Readmissions also result in added financial, physical, and psychosocial stress 

for patients and their families. Because the nature of ACS patients’ needs during and after 
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discharge is not well understood, support is often inadequate (Barnason et al., 2012). Improved 

knowledge about post-ED symptom trajectories has the potential to reduce unnecessary repeat 

ED visits and hospitalizations through improved symptom management, patient education, and 

supportive services (Karlson et al., 1998). The study of symptom trajectories can also aid in 

identification of the optimal time to deliver interventions, a question which is often not fully 

addressed in intervention studies (Henly, Wyman, & Findorff, 2011a). 

Primary care & advanced practice nursing. Follow-up after hospital discharge is an 

important element of primary care. Nurse practitioners (NPs) are increasingly providing primary 

care (Agency for Healthcare Research and Quality [AHRQ], 2011). Though cardiovascular care 

has historically focused primarily on reducing morbidity and mortality, the value of patient-

reported health status is increasingly recognized (Rumsfeld et al., 2013). Primary-care based 

treatment addressing quality of life, symptom burden, and functional status has the potential to 

reduce further cardiovascular events, hospitalization, costs, and mortality (Rumsfeld et al., 

2013). Current treatment guidelines for coronary heart disease stress the importance of shared 

decision-making, patient and family education, adherence plans, self-management skills, and 

symptom recognition (Arnett, Goodman, Halperin, & Anderson, 2014; Fihn et al., 2012). 

Characteristics of NP-delivered care, including more time spent with patients, greater patient 

satisfaction, and more patient education are well-suited to these techniques. Increased 

understanding of symptom trajectories is a potentially valuable tool for NPs to use in addressing 

these patient-centered priorities. 
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Theoretical Basis 

Several symptom theories and models are potentially relevant to the study of symptom 

trajectories and the clinical application of research findings. The Theory of Unpleasant 

Symptoms (TOUS) relates influencing factors, symptoms, and performance outcomes (Lenz, 

Pugh, Milligan, Gift, & Suppe, 1997). The TOUS defines symptoms as multi-dimensional, 

including quality, intensity, distress, and timing. Timing is especially important to the 

conceptualization of symptom trajectories. The Symptom Experience in Time (SET) theory 

expands the concept of timing to also include multiple dimensions: clock-calendar time, 

biological-social time, perceived time, and transcendence (Henly, Kallas, Klatt, & Swenson, 

2003). The New Symptom Management Model is a modification and extension of existing 

symptom theories, including the TOUS and the SET (Brant, Beck, & Miaskowski, 2009). It 

integrates the concept of change over time into a comprehensive symptom model that relates 

symptom experiences, symptom trajectories (including intercept and slope across multiple time 

points), symptom antecedents and consequences, and interventions. This growing body of 

symptom theory focuses on time and context as essential components of the symptom 

experience. The study of symptom trajectories directly addresses these issues. Researchers can 

draw on these theories to design symptom trajectory research and apply findings to the ongoing 

development of this theoretical work. 

Post-ACS Symptom Trajectories: Literature Review 

The majority of ACS symptom research to date has been focused on the pre-hospital and 

ED settings, driven by the need to improve timely diagnosis and treatment of ACS. The evidence 

on post-ED symptom trajectories in ACS patients is limited and has not yet been systematically 
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evaluated. To address this need, a systematic literature review was conducted to evaluate the 

current evidence on post-ACS symptom trajectories using the electronic databases Medline, 

CINAHL, and ISI WebOfScience. The search terms were “acute coronary syndrome,” 

“myocardial infarction,” “unstable angina,” “symptom*,” “trajectory,” “recovery after 

hospitalization,” “recovery pattern” and “transition.” Hand-searching and examination of key 

articles’ reference lists were used to identify additional relevant articles. Articles were included if 

they were published up to August 2015, were written in English, were qualitative or quantitative 

studies or systematic reviews, and included a post-event period of at least one month. Articles 

were excluded if they did not include symptoms as a variable or major concept, were not 

primarily about ACS, did not include data from the post-acute period, or were not primary 

research articles or systematic reviews. Forty-seven studies were identified and are reviewed 

below (Figure). 

Physical Symptoms 

Trajectories of physical symptoms after ACS have rarely been explored, and then, only 

individual symptoms in isolation. In one study examining vital exhaustion in cardiac patients 

(including 407 myocardial infarction patients), researchers found four distinct trajectories over 

one year: low, decreasing, increasing, and severe (Smith, Kupper, Denollet, & de Jonge, 2011). 

Increasing and severe vital exhaustion were associated with higher rates of cardiac events. In 

another study, researchers also found that fatigue was common after MI, and though men 

experienced persistent moderate to high fatigue, women’s initially higher fatigue declined by 30 

days (Fennessy et al., 2010).  
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Several studies looked at the occurrence of physical symptoms at single time points 

during ACS recovery. One analysis of a large registry reported that dyspnea was very common 

and persistent after ACS, and that worse dyspnea was associated with increased hospitalization at 

one year and mortality at three years (Arnold, Spertus, Jones, Xiao, & Cohen, 2009). Another 

found that over one-fourth of patients experienced angina in the 30 days after MI, and women 

were more affected than men (Garavalia et al., 2007). A secondary study conducted as part of a 

randomized controlled trial found that patients receiving thrombolysis were more likely to have 

dyspnea and angina at 30 days than patients receiving percutaneous coronary intervention, 

although both symptoms were common in both groups (Mortensen et al., 2005). Another study 

of post-MI patients with heart failure found an average of 4.7 symptoms one year post-MI, and 

that greater symptom burden was associated with worse quality of life ( Kim, Kim, & Hwang, 

2015). Because the symptom data in all of these studies was cross-sectional, however, change 

over time was not analyzed. 

Multiple studies included either pain or angina nested within another outcome measure 

(e.g., quality of life) (Dreyer et al., 2015; Sakai et al., 2011; Shah et al., 2012; Simpson & Pilote, 

2003; Worcester et al., 2007). However, this approach does not elucidate the variety of physical 

symptoms that patients experience, nor does it allow analysis of symptom trajectories over time. 

One study on gender differences in recovery of younger MI patients included analysis of angina 

specifically as part of a quality of life measure. Though women and men had similar change 

patterns in quality of life and angina over one year, women had lower health status overall 

(Dreyer et al., 2015). Both men and women experienced increasing angina, and the rate of 

increase was greatest from baseline to one month. However, frequency, but not severity, of 



 
 
 

 
74 

angina was analyzed, and no other physical symptoms were included in the analysis. Two 

additional studies included data on multiple physical symptoms during recovery, but reported 

only summary scores without individual symptom analysis (Dixon, Lim, Powell, & Fisher, 2000; 

Ginzburg et al., 2003).  

Researchers found in several qualitative studies that ACS patients had ongoing and 

troubling physical symptoms during recovery (Askham et al., 2010; Fors, Dudas, & Ekman, 

2014; Rankin, 1995; Rankin, de Leon, Chen, Butzlaff, & Carroll, 2002; Sutherland & Jensen, 

2000; Yasuhara, Takada, Tanioka, Kawanishi, & Locsin, 2010). Symptoms identified by 

participants in these studies included fatigue, dyspnea, ongoing chest pain, undifferentiated or 

other pain, gastrointestinal distress, joint problems, palpitations, dizziness, headaches, and leg 

swelling. This group of qualitative studies supports the need for quantitative analysis of 

symptoms over time and provides a starting point for future work.  

Psychological Symptoms 

More commonly, existing studies focus on the psychological symptoms patients 

experience after ACS. The most frequent symptoms examined are depression and anxiety. Eight 

studies were identified that describe trajectories of depression or anxiety symptoms for up to 12 

months after ACS (Doyle, McGee, Delaney, Motterlini, & Conroy, 2011; Kaptein, de Jonge, van 

den Brink, & Korf, 2006; Lane, Carroll, Ring, Beevers, & Lip, 2002; Martens, Smith, Winter, 

Denollet, & Pedersen, 2008; Murphy et al., 2014; Page et al., 2010; Tisminetzky, Bray, Miozzo, 

Aupont, & McLaughlin, 2011; van Beek et al., 2012). Some found that symptoms varied 

between individuals, but were largely stable over time (Doyle et al., 2011; Henly, Wyman, & 

Gaugler, 2011b; Martens et al., 2008; van Beek et al., 2012). Others found worsening depression 
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trajectories and improving anxiety trajectories within individuals (Kaptein et al., 2006; Lane et 

al., 2002; Murphy et al., 2014; Tisminetzky et al., 2011). One study examining pschological 

symptoms related to post-traumatic stress disorder after ACS found an overall decrease in 

symptoms over 1-3 years (Abbas et al., 2009). While trajectory timelines varied among studies, 

Murphy et al. (2008) reported that the first two months after ACS was consistently the period of 

greatest change for psychological symptoms.  

Researchers have also found associations between psychological symptoms following 

ACS and disease-specific outcomes. Patients with significant and increasing symptoms of 

depression over 12 months experienced more cardiac events than patients with other trajectories 

(Kaptein et al., 2006), as did patients with declining positive affect (Elliott, Gallo, Have, Bogner, 

& Katz, 2005). The presence of depression symptoms was found to increase risk of 

rehospitalization up to 42 months after ACS (Reese et al., 2011). All depression symptoms, 

whether transient or persistent, were associated with greater rates of mortality, rehospitalization, 

and angina in one large registry study (Parashar et al., 2006). In another, smaller study, both 

depression and anxiety were associated with more cardiac events over three years, although only 

anxiety predicted increased healthcare use (Strik, Denollet, Lousberg, & Honig, 2003).  

Patient-centered outcomes have also been associated with psychological symptoms. The 

trajectory of post-ACS PTSD symptoms was significantly related to anxiety, quality of life, 

perceived severity of the event, and somatic complaints in one study (Ginzburg et al., 2003). 

Persistent depression symptoms have also been correlated with decreased well-being over six 

months (Page et al., 2010), poor physical health at 12 months (Thombs et al., 2008), and higher 

pain levels, lower physical functioning (Sakai et al., 2011), and poor mental health, especially for 
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females (Norris, Hegadoren, & Pilote, 2007). Persistent hopelessness was also found to predict 

decreased participation in cardiac rehabilitation (Dunn, Stommel, Corser, & Holmes-Rovner, 

2009), which is a key component of post-ACS care (O’Gara et al., 2013). 

Associated Situational Factors 

Several studies have focused on situational factors related to symptoms after ACS. 

Factors found to be associated with symptoms during recovery include social support (Leifheit-

Limson et al., 2012; Vilchinsky et al., 2011), financial stress (Shah et al., 2012), general stress 

(Al-Hassan & Sagr, 2002), role transition, dysfunctional attitudes, poor adjustment, lack of 

pleasant events (Denton, Rieckmann, Davidson, & Chaplin, 2012), comorbidities (Watkins et al., 

2003), illness perception (Petrie, Cameron, Ellis, Buick, & Weinman, 2002), and perceived 

health (Winefield & Martin, 1981). Relationships among situational factors, symptoms, and 

outcomes such as medication adherence (Kronish, Rieckmann, Burg, Alcántara, & Davidson, 

2013), death, or repeated MI (Denollet, Freedland, Carney, de Jonge, & Roest, 2013) have also 

been documented.  

Summary 

Considerable evidence suggests that psychological symptoms persist and vary over the 

year following ACS, and that the trajectories of these symptom may be useful in predicting both 

disease-specific and patient-centered outcomes. The evidence also suggests that situational, 

psychological, and biological factors are associated with patterns of symptoms. There is 

currently little evidence describing patients’ patterns or trajectories of physical symptoms 

following ACS. As a result of this knowledge gap, healthcare providers in the ED and in primary 

care are ill-equipped to help patients understand what they are likely to experience when they go 
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home, to provide adequate symptom management plans, or to identify patients in need of early 

intervention.  

Agenda for Future Research 

Longitudinal studies are needed to examine trajectories of physical symptoms following 

ACS. The psychological symptom evidence and symptom theory discussed above may serve as a 

starting point and guide for this future work. Analysis methods and timelines successfully used 

for psychological symptoms may be useful in studying trajectories of physical symptoms. 

Because patients rarely experience a single symptom in isolation, research is also needed to 

examine trajectories of multiple, heterogeneous symptoms. The study of multiple symptoms over 

time is patient-centered because it examines individuals’ experiences as they occur in the natural 

environment. Future studies should systematically examine the ability of clinically observable 

patient characteristics and situational factors to predict future symptom trajectories. This research 

will be potentially valuable both to guide symptom management and to reduce patient 

uncertainty. Additionally, the relationship between patterns of symptom trajectories and both 

patient-centered and disease-specific outcomes could be valuable to clinicians in assessment, 

prognostication, and patient education. Such research can enable the development of contextual, 

tailored interventions that can ultimately support patient-centered care (Henly, Wyman, & 

Findorff, 2011a). 

Statistical Methods for Trajectory Modeling 

Contemporary statistical methods for modeling change over time are becoming more 

common, though in some fields including nursing, lack of familiarity with these methods has 

slowed progress (Henly, Wyman, & Gaugler, 2011b). Random coefficients models (mixed 



 
 
 

 
78 

models) are one useful approach (Singer & Willett, 2003). Several researchers have also used 

advanced statistical techniques such as growth mixture modeling and latent class growth analysis 

to identify latent symptom trajectory classes within longitudinal data (Doyle et al., 2011; Kaptein 

et al., 2006; Martens et al., 2008; van Beek et al., 2012). These techniques are well-suited to 

patient-centered research because they provide a method of integrating person-centered and 

variable-centered analyses (Muthen & Muthén, 2000). Such methods can increase understanding 

of a phenomenon when previous studies have had inconsistent or contradictory findings or when 

the population is thought to be heterogeneous as is the case with ACS patients (Schmiege, Meek, 

Bryan, & Petersen, 2012; Wang & Bodner, 2007). Continued development in statistical analysis 

and computing represent an area of great promise for future symptom trajectory research. 

Conclusions 

Increased understanding of post-ACS symptom trajectories has the potential to improve 

patient-centered care by focusing on individuals’ symptom experiences over time in the context 

of their lives. Research evidence can be used to support improved patient education and 

symptom management plans. Future studies can draw on existing symptom theories, evidence on 

psychological symptoms, and advanced statistical methods for longitudinal data analysis to 

generate evidence to fill in current knowledge gaps and inform future practice. 
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Figure. Literature search process. 

265 potential studies identified from databases
7 potential studies identified from hand-searching

58 duplicates

excluded:
11 not in English
5 not research or systematic review
151 not about symptoms, ACS, or recovery

included:
47 studies
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APPENDIX B: 

SYMPTOM TRAJECTORIES FOLLOWING AN EMERGENCY DEPARTMENT VISIT FOR 

POTENTIAL ACUTE CORONARY SYNDROME 
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Abstract 
 

Background: Many patients evaluated for acute coronary syndrome (ACS) in emergency 
departments (EDs) continue to experience troubling symptoms after discharge, regardless of 
their ultimate medical diagnosis. However, a comprehensive understanding of common post-
ED symptom trajectories is lacking. 
Objectives: To identify common trajectories of symptom severity in the six months after an 
ED visit for potential ACS. 
Method: This was a secondary analysis of data from a larger observational, prospective study 
conducted in five U.S. EDs. Patients (n=1002) who had electrocardiogram and biomarker 
testing ordered and were identified by the triage nurse as potentially having ACS were 
enrolled. Symptom severity was assessed in the hospital after initial stabilization and by 
telephone at 30 days and six months using the validated 13-item ACS Symptom Checklist. 
Growth Mixture Modeling was used for the secondary analysis. The eight most commonly 
reported symptoms (chest pressure, chest discomfort, unusual fatigue, chest pain, shortness 
of breath, lightheadedness, upper back pain, and shoulder pain) were modeled across the 
three study time points. Models with increasing numbers of classes were compared, and final 
model selection was based on a combination of interpretability, theoretical justification, and 
statistical fit indices. 
Results: The sample was 62.6% male with a mean age of 60.17 years, and 57.1% ruled-out 
for ACS. Between two and four distinct trajectory classes were identified for each symptom. 
The seven different types of trajectories identified across the eight symptoms were labeled 
“tapering off,” “mild/persistent,” “moderate/persistent,” “moderate/worsening,” 
“moderate/improving,” “late onset, “and “severe/improving.” 
Discussion: Research on the individual nature of symptom trajectories can contribute to 
patient-centered, rather than disease-centered, care. Further research is needed to verify the 
existence of multiple symptoms trajectories in diverse populations and to assess the 
antecedents and consequences of individual symptom trajectories. 
 
Key Words: Symptoms, acute coronary syndrome, growth mixture model 
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Symptom Trajectories Following an Emergency Department Visit for Potential Acute 

Coronary Syndrome 

Over 5.5 million patients are evaluated annually for acute coronary syndrome (ACS) in 

U.S. emergency departments (EDs). The need for rapid diagnosis and treatment of ACS has 

driven efforts to increase awareness of ACS symptoms among the lay public and health 

professionals (Mozaffarian et al., 2015). While this disease-centered approach to ACS symptoms 

is valuable in reducing morbidity and mortality, the impact of these symptoms on patient-

centered outcomes remains unknown.  

Purpose 

The purpose of this study was to explore trajectories of severity of the most common 

symptoms (chest pressure, chest discomfort, unusual fatigue, chest pain, shortness of breath, 

lightheadedness, upper back pain, and shoulder pain) experienced by patients with potential ACS  

over three time points (ED presentation, 30 days, and six months). This timeframe was chosen 

because a significant portion of patients are readmitted within 30 days after discharge and many 

report symptoms up to six months later (Barnason, Zimmerman, Nieveen, Schulz, & Young, 

2012; Vashi et al., 2013). The goals of this exploratory investigation were to increase 

understanding of these symptom trajectories, generate further testable hypotheses, and inform 

education for patients and healthcare providers about symptom trajectories after hospital 

discharge.  
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Background 

Symptoms Associated with ACS 

A variety of physical symptoms may trigger suspicion for ACS, including “classic” 

symptoms of chest pain or discomfort, discomfort in other areas of the upper body, shortness of 

breath, sweating, nausea, and lightheadedness, as well as less typical symptoms of fatigue, 

palpitations, indigestion, and pain in other areas (Canto et al., 2012; DeVon, Ryan, Ochs, & 

Shapiro, 2008; El-Menyar et al., 2011; Go et al., 2014; McSweeney, O'Sullivan, Cody, & Crane, 

2004). These symptoms are distressing both for patients ruled-in and ruled-out for ACS. All 

patients with such symptoms require treatment, support, and education regardless of their 

ultimate medical diagnosis.  

Significance of Post-ED Symptoms 

The great majority of patients ruled-in and ruled-out for ACS are eventually discharged 

home, either from the ED or from inpatient units, but little is known about their symptoms after 

discharge (Barnason et al., 2012).This knowledge gap results in periods where patients are 

undersupported, undereducated, and undertreated (Naylor, Aiken, Kurtzman, Olds, & 

Hirschman, 2011). Unmet needs, including lack of education and unmanaged symptoms, are 

associated with high rates of readmission and ED use: nearly 20% of ACS patients are 

readmitted within 30 days of discharge (Dharmarajan et al., 2013; LeClerc, Wells, Craig, & 

Wilson, 2002; Vashi et al., 2013). Patients with untreated symptoms, including many who are 

discharged after being ruled-out for ACS, are less likely to receive comprehensive education and 

are also at high risk for repeat ED visits (Karlson, Wahrbogrm, Sjöland, Lindqvist, & Herlitz, 

1998; Katz et al., 2013).  
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Symptom Trajectories 

The role of symptoms in patients’ quality of life and functional status has been identified 

as a key area of inquiry to support high-quality, patient-centered healthcare (Rumsfeld et al., 

2013). However, most ACS symptom research to date has been cross-sectional (Arslanian-

Engoren et al., 2006). Because patients frequently experience ongoing or recurrent symptoms 

following an ED visit or hospitalization, a truly patient-centered approach requires understanding 

individual symptom trajectories. A symptom trajectory is defined as a pattern of symptoms over 

time (Henly, Wyman, & Gaugler, 2011b). Focusing research on individuals’ symptom 

trajectories, rather than on symptoms at a single point in time, is a patient-centered approach and 

is highly relevant to clinical situations (Henly, Wyman, & Findorff, 2011a).  

Trajectories of both fatigue and vital exhaustion have been identified in ACS patients 

after discharge (Fennessy et al., 2010; Smith, Kupper, Denollet, & de Jonge, 2011). 

Psychological symptoms, such as anxiety and depression, have also been shown to persist over 

time (Doyle, McGee, Delaney, Motterlini, & Conroy, 2011; Kaptein, de Jonge, van den Brink, & 

Korf, 2006; Murphy et al., 2014). However, the spectrum of potential ACS-related symptoms is 

diverse, and patients who rule-in as well as those who rule-out are affected. To our knowledge, 

post-ED trajectories of multiple physical symptoms potentially related to ACS have not yet been 

studied. 

Growth Mixture Modeling of Symptom Trajectories 

Existing research suggests that potential ACS symptoms vary among individuals, but 

standard growth models are not able effectively model this heterogeneity (Arslanian-Engoren et 

al., 2006; Canto et al., 2012; DeVon, Ryan, Rankin, & Cooper, 2010). Growth mixture modeling 
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(GMM) is flexible statistical technique for modeling whether change over time is consistent 

among individuals (Muthen, 2004). Unlike traditional growth curve modeling, GMM does not 

rely on the assumption that all individuals belong to a single population. Instead, parameters are 

allowed to vary across unobserved subpopulations (Muthen, 2004). The membership of these 

subpopulations is not known at the outset, but is inferred from the data (Muthen, 2004). Rather 

than a single mean trajectory, GMM models may include multiple mean trajectories representing 

the different symptom patterns of these subpopulations. This method is uniquely suited to 

exploring heterogeneity in diverse populations where multiple change patterns may exist, as is 

the case with potential ACS patients. 

Conceptual Framework 

A modified version of the Theory of Unpleasant Symptoms served as the organizing 

framework for this study (Lenz, Pugh, Milligan, Gift, & Suppe, 1997). This theory relates 

influencing factors, symptoms, and performance outcomes. Symptoms are conceptualized as 

multi-dimensional, including quality, intensity, distress, and timing. Timing is especially 

important to the conceptualization of symptom trajectories, so for the present study, timing is 

extended to include not only initial occurance, but also change over time (Brant, Beck, & 

Miaskowski, 2009). 

Methods 

Design, Setting, & Sample 

The present investigation was a secondary analysis of data from a larger observational, 

prospective study. Detailed methods of the parent study are published elsewhere (citation 

removed for purpose of blinding). In the parent study, participants were recruited from the EDs 
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of four academic medical centers and one community hospital located in the Midwest, Pacific 

Northwest, and Western U.S. The convenience sample consisted of 1,002 patients who presented 

with symptoms suggestive of ACS. Patients were initially approached if they had an abnormal 

electrocardiogram or troponin T level and were identified by the triage nurse as potentially 

having ACS. Other inclusion criteria were symptoms on presentation to the ED, age greater than 

21 years, English speaking, telephone access, and intact cognition. One site, located in the 

Southwestern U.S., also included Spanish-speakers. Exclusion criteria included heart failure 

exacerbation (B-type natriuretic peptide >500 ng/mL), referral to the ED from a dialysis center, 

and referral for cardiac dysrhythmia. Data collection occurred during the initial ED visit with 

follow-up phone calls at 30 days and six months. The respective Institutional Review Boards at 

each site approved the study. 

Data Collection  

The EDs were staffed with trained research assistants (RAs) between eight and sixteen 

hours per day. Initial data collection occurred as soon as possible after arrival. After the patients’ 

initial stabilization (i.e., vital signs were stable and patients were treated with analgesics), RAs 

obtained written informed consent and administered questionnaires to collect symptom, clinical, 

and demographic data.  

Measures 

Demographic & clinical characteristics. Baseline participant characteristics were 

assessed using the ACS Patient Information Questionnaire, which includes both demographic 

and clinical items. It was designed to capture all relevant data as outlined in the standardized 

reporting guidelines for ED patients with potential ACS, which are supported by the Society for 
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Academic Medicine, the American College of Emergency Physicians, the American Heart 

Association, and the American College of Cardiology (Hollander et al., 2004). Final diagnosis 

was based on the clinical judgment of the attending physicians (who were blinded to study data) 

and was abstracted from the medical record by trained RAs. 

Symptoms. Symptoms were assessed using the validated 13-item ACS Symptom 

Checklist, which was derived from the original Symptoms of Acute Coronary Syndrome Index 

(DeVon & Zerwic, 2003) . Each symptom is analyzed individually with no summary score. 

Symptom severity was scored from zero (none) to ten (worst). After initial stabilization, 

participants were instructed to rate their current symptoms. At 30 days and six months, 

participants were instructed to rate symptoms experienced in the past week. 

Although data were collected for 13 symptoms as part of the parent study, only those 

symptoms reported by at least 25% of participants at any study timepoint (chest pressure, 

shoulder pain, chest discomfort, upper back pain, shortness of breath, unusual fatigue, 

lightheadedness, and chest pain) were included in this secondary data analysis. The decision to 

limit included symptoms in this manner reflects both sample size limitations and the desire to 

generate a parsimonious, clinically useful set of models. Because symptom trajectories have not 

previously been described in this population, symptoms were analyzed individually for this 

exploratory study. 

Statistical Analysis 

Model specification. Preliminary analyses, including calculation of descriptive statistics, 

were carried out using SPSS (v.22).  Growth mixture models were estimated using Mplus 

software (v.7.11) with a robust maximum-likelihood estimator. Cases with missing symptom 
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data for all time points were excluded from the analysis. Cases with partial data were retained 

and missing data were handled using a full-information maximum-likelihood method (Muthen, 

2004). 

For each of the eight symptoms, cases with a non-zero score (indicating symptom 

presence) at any point during the study period were included in that symptom’s models. This 

choice reflects the focus on trajectories of symptom severity rather than probability of symptom 

occurrence. The resulting samples for each individual symptom model ranged from n=725 to 

n=816.  

Linear models were estimated because the data comprised three time points. Initially, 

models with growth factor variances fixed to zero (i.e., latent class growth analysis [LCGA]) 

were estimated (Nagin & Odgers, 2010). LCGA is considered a special case of GMM, and 

produces simpler models and clearer classes (Berlin, Parra, & Williams, 2014; Jung & 

Wickrama, 2008). Subsequently, more flexible GMMs with intercept variances freed were 

estimated. Models with between one and five latent classes were considered for each symptom. 

Both sample size limitations and clinical utility limit the interpretability of additional classes. 

Model selection. For each symptom, models with increasing number of classes were 

systematically compared. Criteria were interpretability, parsimony, lowest adjusted Bayesian 

Information Criterion (BIC), significant Vo-Lo-Mendell-Rubin likelihood ratio test (VLMR-

LRT), and class size greater than five percent of the sample based on most likely class 

membership (Kim, 2014; Nylund, Asparouhov, & Muthén, 2007; Wang & Bodner, 2007). 

Bootstrap likelihood ratio tests (BLRT) were also computed for promising models (Nylund et al., 
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2007). Models with higher entropy and greater average posterior probability within each class 

were favored if other criteria were not decisive (Zaslavsky et al., 2013).  

Results 

Baseline Sample Characteristics 

Demographic and clinical characteristics of the sample are shown in Table 1. The 

majority of the 1,002 participants were white (70.5%), male (62.6%), ruled-out for ACS (57.1%), 

and had a mean age of 60.17 years.  

Individual Symptom Severity 

The most common symptoms experienced in the hospital after stabilization were chest 

discomfort (49.2%), chest pressure (47.8%), unusual fatigue (46.5%), chest pain (42.3%) 

shortness of breath (37.8%), lightheadedness (35.6%), upper back pain (26.8%) and shoulder 

pain (25.8%). Mean symptom severity ranged from 1.71-3.32 after stabilization, 1.41-2.35 at 30 

days, and 1.42-3.24 at six months (Table 2). Because baseline characteristics of patients with 

complete versus missing data were similar, missing symptom data at any time point was 

considered to be missing at random (i.e. not related to the missing values). 

Final Model Selection 

Model description and fit indices for each symptom’s final model are shown in Table 3. 

Fit statistics for rejected models are not included here due to the large number of models tested, 

but are available upon request. For the majority of symptoms, LCGA models with intercept and 

slope variance fixed to zero fit the data better than less restrictive models and were more 

interpretable. For two symptoms (shortness of breath and shoulder pain), GMM models with 

intercept variance freely estimated were a better fit to the data. Each symptom’s final model 
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included between two and four classes; no symptom was best modeled by a single trajectory 

class. Models with greater than four classes generally included at least one class too small to 

interpret (i.e., less than five percent of the sample).  

Symptom Trajectories 

Parameter estimates by class for each symptom’s final model are shown in Table 4 and 

the identified trajectory classes for each symptom are illustrated in Figure 1. For four of the eight 

symptoms (chest discomfort, chest pain, chest pressure, and unusual fatigue), the majority of 

participants were assigned to a class with an intercept less than three and a negative slope, a 

trajectory labeled “tapering off.” Another frequently seen trajectory, defined by intercept close to 

zero with a positive slope, was labeled “late-onset/worsening” and was common in participants 

with upper back pain (66.7%), shoulder pain (69.3%), and shortness of breath (61.0%). A 

“severe/improving” trajectory, characterized by intercept greater than eight and a negative slope, 

was identified in participants with shortness of breath (17.4%) and upper back pain (7.4%). A 

high percentage of participants with lightheadedness (78.2%), and smaller percentages of 

patients with chest discomfort (20.4%), shoulder pain (11.8%), and unusual fatigue (16.7%), 

exhibited a “mild/persistent” trajectory with an intercept less than three and a relatively flat 

slope. Other, less common trajectories identified included initially moderate symptoms that 

either decreased (improving), remained stable (persistent), or increased (worsening). 

Discussion 

The findings of this secondary data analysis add support to existing evidence that patients 

experience ongoing symptoms after an ED visit for potential ACS (Barnason, Zimmerman, & 

Young, 2011). The analysis also reveals individuals vary in both their initial symptom severity 
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and rate and direction of change, a finding that has not been previously described in this 

population. Because the mean symptom severity scores for the entire sample fail to capture this 

heterogeneity, growth mixture modeling is a valuable analytic tool for generating a more 

nuanced understanding. The identification of multiple, distinct classes of patients with different 

symptom trajectories is an initial step toward understanding how the symptom experience varies 

both among and within patients and thereby improving patient-centered care and symptom 

management.  

The examination of the individual trajectories within the symptom models is also 

revealing. The “tapering off” trajectory was common for chest symptoms and fits the expectation 

that symptoms generally improve over time after an acute period. The “late-onset/worsening” 

trajectory (observed for shortness of breath, shoulder pain, and upper back pain) and the 

“moderate/worsening” trajectory (seen in chest discomfort, chest pain, chest pressure, and 

unusual fatigue) are more concerning. These patterns suggest that some patients experience 

unexpected new or worsening symptoms after their initial ED visit. Such patients may require 

more intensive follow-up to ensure symptom management and prevent unnecessary readmissions 

(Karlson et al., 1998). Trajectories that are mild or moderate and persistent (found in chest 

discomfort, lightheadedness, shortness of breath, shoulder pain, unusual fatigue, and upper back 

pain) are also noteworthy. Such unresolved symptoms reduce quality of life and may signify 

chronic, stable disease that requires treatment (Kim, Kim, & Hwang, 2015). 

The unique approach of including all patients with similarly distressing symptoms, rather 

than including only patients with a confirmed ACS diagnosis, is patient-centered rather than 

disease-centered. Patients presenting to the ED with symptoms suggestive of ACS but who go on 
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to be ruled-out is a population that has been understudied in previous research. These patients 

utilize significant healthcare resources, but may be undertreated in the current disease-focused 

model of care. Our findings support the notion that follow-up is important for these patients as 

well as for patients who ruled-in for ACS. 

Limitations 

Because symptom severity data were collected at only three time points, only linear 

models could be estimated. Based on our findings that distinct trajectory classes can be 

identified, future studies should be designed to allow comparison of model fit for higher-order 

and piecewise models by including more timepoints. Such models may represent symptom 

trajectories with greater nuance and accuracy. This study is also limited by the available sample: 

though large, the sample includes a higher proportion of patients who ruled-in for ACS than 

other studies of this population. The parent study’s primary aims required an adequate number of 

ruled-in patients, and the resulting recruitment decisions led to underrepresentation of ruled-out 

patients. Finally, analysis of antecedents and consequences of symptom trajectories and the 

interaction of multiple symptoms were beyond the scope of this exploratory analysis, but may 

generate clinically useful information in future studies. 

Conclusions & Implications 

Evidence of individuals’ distinct symptom trajectories in the six months following an ED 

visit for potential ACS has the potential to improve patient education and clinical assessment of 

ongoing symptoms. Continued research on the individual nature of symptom trajectories may 

thus support patient-centered care. Symptom trajectory research can also contribute to the further 

development of symptom theory by expanding empirical evidence about the temporal aspects of 
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symptom experiences. Future studies are needed to verify the existence of multiple symptoms 

trajectories in diverse populations, to assess the antecedents and consequences of individual 

symptom trajectories, and to examine relationships among different symptoms.  
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Table	1.	Sample	characteristics	(n=1002).	
	 mean	 SD	 total	n	 missing	

Age	(years)	 60.17	 14.17	 1002	 0	
Body	Mass	Index	 30.00	 7.31	 983	 19	
	 	 	 	 	
	 n	 %	 total	n	 missing	

Sex	 	 	 1002	 0	
Male	 627	 62.6	 	 	

Female	 375	 37.4	 	 	
Study	Site	 	 	 1002	 0	

A	 121	 12.1	 	 	
B	 121	 12.1	 	 	
C	 439	 43.8	 	 	
D	 51	 5.1	 	 	
E	 270	 26.9	 	 	

Race	 	 	 998	 4	
White	 706	 70.5	 	 	
Black	 132	 13.2	 	 	

Hispanic	 59	 5.9	 	 	
Other	 101	 10.1	 	 	

Education	 	 	 1000	 2	
HS	or	less	 335	 33.5	 	 	

Some	College	 330	 32.9	 	 	
College	Degree	 205	 20.5	 	 	

Graduate	Degree	 130	 13.0	 	 	
Insurance	 	 	 988	 14	

Private	 418	 41.7	 	 	
Government	 438	 43.7	 	 	
Uninsured	 132	 13.2	 	 	

Diagnosis	 	 	 997	 5	
Non-ACS	 572	 57.1	 	 	

UA	 101	 10.1	 	 	
NSTEMI	 222	 22.2	 	 	
STEMI	 102	 10.2	 	 	

SD=	standard	deviation.	
HS=	high	school.	
ACS=	acute	coronary	syndrome.	
UA=	unstable	angina.	
NSTEMI=	non-ST-elevation	myocardial	infarction.	
STEMI=	ST-elevation	myocardial	infarction.	
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Table	2.	Mean	symptom	severity	at	each	time	point	for	participants	who	reported	the	symptom	during	the	study	
period.	
	 Mean	

baseln.	
SD	

baseln.	
n	

baseln.	
Mean	
30	days	

SD	
30	days	

n	
30	days	

Mean	
6	mo.	

SD	
6	mo.	

n	
6	mo.	

Chest	discomfort	 3.023	 3.252	 810	 1.790	 2.567	 545	 1.531	 2.428	 393	
Chest	pain	 2.868	 3.347	 759	 1.532	 2.598	 494	 1.420	 2.629	 345	

Chest	pressure	 2.899	 3.154	 782	 1.405	 2.345	 519	 1.542	 2.577	 368	
Lightheadedness	 2.152	 2.951	 775	 1.995	 2.714	 509	 1.904	 2.810	 358	

Shortness	of	breath	 2.554	 3.245	 784	 2.383	 2.826	 515	 2.372	 3.070	 368	
Shoulder	pain	 1.714	 2.819	 737	 2.102	 3.041	 470	 2.390	 3.183	 321	

Unusual	fatigue	 3.319	 3.497	 811	 2.354	 3.203	 548	 2.234	 3.241	 397	
Upper	back	pain	 1.821	 2.864	 717	 1.804	 2.885	 454	 2.017	 3.036	 303	

SD=	standard	deviation.
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Table	3.	Final	trajectory	models	by	symptom.	

Symptom	
n	(total	
cases	

included)	
Model	Description	 BIC	

(adjusted)	 VLMR-LRT	 Entropy	

Chest	discomfort	 816	 3-class	LCGA	 8225.488	 p<0.0009	 .643	
Chest	pain	 768	 2-class	LCGA	 7747.768	 p<0.0025	 .714	

Chest	pressure	 790	 2-class	LCGA	 7952.736	 p<0.0001	 .640	
Lightheadedness	 782	 2-class	LCGA	 7859.931	 p<0.0001	 .897	

Shortness	of	breath	 791	 3-class	GMM	with	free	intercept	variances	 8038.124	 p<0.0001	 .941	
Shoulder	pain	 744	 4-class	GMM	with	free	intercept	variances	 6650.923	 p<0.0001	 .985	

Unusual	fatigue	 819	 3-class	LCGA	 8684.698	 p<0.0001	 .612	
Upper	back	pain	 725	 4-class	LCGA	 6449.754	 p<0.0001	 .988	

LCGA=	latent	class	growth	analysis	
GMM=	growth	mixture	model	
BIC=	Bayesian	information	criterion	
VLMR-LRT=	Vo-Lo-Mendell-Rubin	likelihood	ratio	test	
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Table	4.	Parameter	estimates	by	class	for	each	symptom	model.	

Symptom	Model	
Percentage	

of	Sample	

Mean	

Intercept	

Mean	

Slope	
Interpretation	

Chest	discomfort	 	 	 	 	

Class	1	 20.4	 2.344**	 0.204*	 Mild/persistent	
Class	2	 69.4	 2.256**	 -0.363**	 Tapering	off	
Class	3	 10.2	 4.488**	 0.451**	 Moderate/worsening	

Chest	pain	 	 	 	 	
Class	1	 84.8	 2.021**	 -0.281**	 Tapering	off	
Class	2	 15.2	 3.673**	 0.507**	 Moderate/worsening	

Chest	pressure	 	 	 	 	
Class	1	 80.0	 1.997**	 -0.280**	 Tapering	off	
Class	2	 20.0	 2.947**	 0.082**	 Moderate/worsening	

Lightheadedness	 	 	 	 	
Class	1	 78.2	 0.889**	 0.157**	 Mild/persistent	
Class	2	 21.8	 6.576**	 -0.766**	 Moderate/improving	

Shortness	of	breath	 	 	 	 	
Class	1	 17.4	 8.189**	 -0.917**	 Severe/improving	
Class	2	 21.6	 4.363**	 -0.359**	 Moderate/persistent	
Class	3	 61.0	 0.288**	 0.332**	 Late	onset/worsening	

Shoulder	pain	 	 	 	 	
Class	1	 11.8	 2.957**	 -0.074**	 Mild/persistent	
Class	2	 11.1	 5.903**	 -0.489**	 Moderate/persistent	
Class	3	 7.7	 8.570**	 -1.041**	 Severe/improving	
Class	4	 69.3	 0.064**	 0.398**	 Late-onset/worsening	

Unusual	fatigue	 	 	 	 	
Class	1	 65.4	 2.753**	 -0.455**	 Tapering	off	
Class	2	 17.9	 4.294**	 0.619**	 Moderate/worsening	
Class	3	 16.7	 2.396**	 0.328**	 Mild/persistent	

Upper	Back	Pain	 	 	 	 	
Class	1	 66.8	 0.068**	 0.344**	 Late	onset/worsening	
Class	2	 11.8	 5.957**	 -0.209**	 Moderate/improving	
Class	3	 14.1	 2.966**	 -0.209*	 Mild/persistent	
Class	4	 7.4	 8.747**	 -1.064**	 Severe/improving	

*p<0.05	
**p<0.01	



 
 
 

 
108 

Figure. 

Chest Discomfort

Chest Pain

Chest Pressure

Lightheadedness

Shoulder Pain

Shortness of Breath

Unusual Fatigue

Upper Back Pain

 



 
 
 

 
109 

APPENDIX C: 

PATIENT FACTORS AND HEALTH SERVICES USE ARE RELATED TO SYMPTOM 

TRAJECTORIES AFTER EVALUATION FOR POTENTIAL ACUTE CORONARY 

SYNDROME IN THE EMERGENCY DEPARTMENT 

(planned submission: Journal of Cardiovascular Nursing) 
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Abstract 
Background: Many patients experience ongoing symptoms after emergency department (ED) 
evaluation for possible acute coronary syndrome (ACS). 
Objective: To identify patient factors predictive of symptom trajectories and associations 
between symptom trajectories and health service use 30 days and six months following ED 
discharge. 
Methods: This was a secondary analysis of data from a longitudinal study in five EDs. Patients 
(n=1002) with abnormal electrocardiogram or troponin-T who were identified as potentially 
having ACS were enrolled. Symptom severity was assessed in the hospital and 30 days and six 
months post-discharge using the 13-item ACS Symptom Checklist. Multiple trajectories of eight 
common symptoms (chest pressure, chest discomfort, unusual fatigue, chest pain, shortness of 
breath, lightheadedness, upper back pain, and shoulder pain) were modeled. Patient 
characteristics were used to predict trajectories using logistic regression and differences in health 
services use were tested using chi-square analysis. 
Results: The sample was 62.6% male, 70.5% white, and had a mean age of 60.17 years. 57.1% 
ruled-out for ACS. Age, sex, diabetes, BMI, functional status, insurance status, and diagnosis 
significantly predicted symptom trajectories. Clinic visits and phone calls, 911 calls, ED visits, 
and probability of hospitalization varied significantly among trajectories. 
Conclusions: Patient characteristics can predict post-ED symptom trajectories and patients with 
different symptom trajectories differ in health services use over six months. Further study is 
needed to verify these findings in other populations and develop clinical applications. 
Clinical Implications: At-risk patients can be targeted for education and follow-up based on 
clinically observable characteristics. 
 
Key Words: Acute coronary syndrome, symptom trajectories 
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Patient Factors and Health Services Use Are Related to Symptom Trajectories after 
Evaluation for Potential Acute Coronary Syndrome in the Emergency Department 

More than 5.5 million patients are evaluated annually for acute coronary syndrome 

(ACS) in U.S. emergency departments (EDs) (Go et al., 2014; National Center for Health 

Statistics, 2010). Many of these patients, both those ruled-in and those ruled-out for ACS, 

experience ongoing or recurrent symptoms after they leave the hospital (Barnason, Zimmerman, 

Nieveen, Schulz, & Young, 2012; Karlson, Wiklund, Bengtson, & Herlitz, 1994). Current 

understanding of patients’ symptom trajectories after discharge is extremely limited. As a result, 

symptom management and patient education are frequently inadequate. In a previous analysis, 

we identified multiple, distinct trajectories of each of eight common symptoms (chest 

discomfort, chest pressure, chest pain, lightheadedness, shortness of breath, shoulder pain, 

unusual fatigue, and upper back pain) over six months following evaluation for ACS. The goals 

of the present study were to identify patient characteristics that predict symptom trajectories and 

to identify associations between symptom trajectories and increased health services use. We 

hypothesized that physiological factors (age, sex, diabetes, body mass index, comorbidities, 

functional status, and diagnosis) and situational factors (marital status, education, and insurance 

status) would predict trajectory class membership, and that symptom trajectories with greater 

persistence and severity would be associated with increased health services use (clinic visits and 

calls, 911 calls, ED visits, and hospitalization) at 30 days and six months following an ED 

admission. 

Background 

It is well established that patient characteristics including age, sex, and comorbidities are 

associated with differences in symptoms before and during ACS (A. J. Canto et al., 2012a; J. G. 
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Canto et al., 2012b; Coventry, Finn, & Bremner, 2011; DeVon, Burke, Nelson, Zerwic, & Riley, 

2014a). This body of research has been directed at improving risk stratification during ACS and 

driven by the pressing need to recognize and treat ACS quickly. This approach, though valuable 

in reducing ACS-related morbidity and mortality, has not advanced knowledge of patients’ 

symptoms after discharge or focused on patient-centered outcomes. The limited available 

evidence suggests that post-ED symptoms may be associated with sex, repeat cardiac events, and 

subsequent hospitalization (Arnold, Spertus, Jones, Xiao, & Cohen, 2009; Fennessy et al., 2010; 

Smith, Kupper, Denollet, & de Jonge, 2011). Evidence also shows that almost 20% of ACS 

patients are readmitted within 30 days and patient-reported outcomes are related to 

hospitalization rates and cost of care (Dharmarajan et al., 2013; Rumsfeld et al., 2013). 

Prior Studies 

In a previous analysis, we identified multiple, distinct trajectories of the eight most 

commonly reported symptoms after an ED visit for potential ACS (chest pressure, chest 

discomfort, unusual fatigue, chest pain, shortness of breath, lightheadedness, upper back pain, 

and shoulder pain) using growth mixture modeling. These trajectories are represented 

statistically as latent classes. The identified trajectories were labeled “tapering off” (intercept less 

than three and negative slope), “late onset” (intercept close to zero with positive slope) 

“severe/improving” (intercept greater than eight and negative slope), “mild/persistent” (intercept 

less than three and relatively flat slope), “moderate/persistent,” “moderate/improving,” and 

“moderate/worsening” (intercepts between three and seven with flat, negative, and positive 

slopes respectively). The clinical utility of post-ED symptom trajectories may be enhanced by 

identifying predictors of symptom trajectories and identifying which trajectories are associated 
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with increased outpatient, emergency, and inpatient health service use. To our knowledge, no 

studies have yet examined such associations. 

Theoretical Framework 

A modified version of the Theory of Unpleasant Symptoms (TOUS) was the organizing 

framework for this study (Lenz, Pugh, Milligan, Gift, & Suppe, 1997). This theory relates 

influencing factors (including physiologic, psychologic, and situational factors), symptoms, and 

outcomes. Symptoms have four components: quality, intensity, distress, and timing. Timing is a 

key component of symptom trajectories. For the present study, the concept of timing was 

extended to include not only timing of the symptom’s initial occurrence, but also change over 

time as described by Brant, Beck, and Miaskowski (2009). For the purposes of this study, health 

services use was conceptualized as an outcome of the symptom experience based on related 

symptom theories (Armstrong, 2003; Brant, Beck, & Miaskowski, 2009). 

Methods 

The present study was a secondary analysis of data collected as part of a multi-center, 

longitudinal, prospective study. Detailed methods of the parent study are published elsewhere 

(DeVon, Rosenfeld, Steffen, & Daya, 2014b). The convenience sample of 1,002 patients was 

recruited from the EDs of four academic medical centers and one community hospital in the 

Midwest, Northwest, Southwest, and Western U.S. Eligible patients had an abnormal 

electrocardiogram or cardiac biomarkers (troponin T), were identified by the triage nurse as 

potentially having ACS, were English speaking (or Spanish speaking at the Southwestern site), 

had home telephone access, and had intact cognition. Patients were excluded if they were having 

a heart failure exacerbation (B-type natriuretic peptide >500 ng/mL), were referred to the ED 
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from a dialysis center, or were referred for cardiac dysrhythmia. After the patient was stabilized 

(i.e., had stable vital signs and was treated with analgesics), informed consent was obtained and 

symptom, clinical, and demographic data were collected. Participants were then contacted by 

telephone at 30 days and six months after their initial ED visit to measure symptoms and health 

services utilization.  

Measures 

Demographic & clinical characteristics. The ACS Patient Information Questionnaire 

was used to assess patient characteristics. This self-report tool was designed using standardized 

reporting guidelines for ED patients with potential ACS (Hollander et al., 2004). The ultimate 

medical diagnosis (ruled-in versus ruled-out for ACS) was based on the judgment of the 

attending physician (who was blinded to study data) as documented in the medical record. 

Symptoms. The 13-item ACS Symptom Checklist, derived from the Symptoms of Acute 

Coronary Syndrome Index, was used to collect symptom data (DeVon et al., 2014b; DeVon & 

Zerwic, 2003; DeVon, Ryan, Ochs, & Shapiro, 2008). The severity of each symptom is rated 

from zero (none) to ten (worst). At the initial assessment, patients were instructed to rate current 

symptoms, and at the follow-up assessments, they were instructed to rate symptoms experienced 

in the past week. The eight most commonly reported symptoms were included in the present 

analysis. The decision to limit included symptoms reflects the fact that several symptoms were 

infrequently reported by patients and the desire to generate a parsimonious, clinically useful set 

of models.  

Comorbidities. The Charlson Comorbidity Index (CCI), a 19-item weighted index, was 

used to assess comorbidities (Charlson, Pompei, Ales, & MacKenzie, 1987). Higher scores 
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indicate a greater burden of disease, with potential scores ranging from 0-35. The CCI has been 

extensively used to measure comorbidity in clinical research populations including patients with 

heart disease (de Groot, Beckerman, Lankhorst, & Bouter, 2003).  

Functional status. The 12-item Duke Activity Status Index (DASI) was used to measure 

functional status (Hlatky et al., 1989). Scores range from 0-58.2, and higher scores indicate 

better function. Scores significantly correlate with peak oxygen uptake, and it has demonstrated 

validity in ACS patients (Katz et al., 2008). 

Health service use. Froelicher’s Health Service Utilization Questionnaire- Revised was 

used to measure calls and visits to healthcare providers, ED visits, 911 calls, and hospital 

admissions (Froelicher, Sohn, Max, & Bacchetti, 2004). The questionnaire was adapted with 

permission from the authors for administration by telephone. As recommended by the tool’s 

authors, participants were given calendars to track their health services use in an attempt to 

minimize recall bias. 

Statistical Analysis 

For each symptom, between two and four distinct trajectory classes were identified. 

Patients who reported a symptom during the study period were included in that symptom’s 

analysis. All available cases were used to form the latent trajectory classes using full-information 

maximum likelihood estimation. Cases with missing covariate data at baseline, 30 days, or six 

months were excluded from further analysis based on the assumption that data were missing at 

random. This assumption is supported by the similarity of patients with complete and incomplete 

data based on available information. The analysis of predictors (baseline characteristics) was 

conducted using a revised three-step procedure (model estimation, class assignment based on 
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posterior probabilities, and logistic regression accounting for misclassification) (Asparouhov & 

Muthen, 2014; Vermunt, 2010). The largest class for each symptom was used as the reference 

class. Analysis of outcomes (health services use) was conducted using a model-based approach 

(Lanza, Tan, & Bray, 2013). An auxiliary model including the outcome as a latent class predictor 

was combined with the original, unconditional model to obtain marginal and conditional 

distributions of the outcome variables (Asparouhov & Muthen, 2014). The means of continuous 

outcome variables and probabilities of categorical outcome variables were then compared across 

classes using chi-square tests (Lanza et al., 2013). All analyses were carried out using Mplus 

(version 7.2). 

Results 

The majority of participants were male (62.6%), white (70.5%), and ruled-out for ACS 

(57.1%). Mean age was 60.17 years. Diabetes was common (28.8%) and average comorbidity 

burden was low (mean weighted CCI score 1.89) (Table 1). Patients made an average of 2.01 

clinic visits in the first 30 days after discharge and 4.87 visits between 30 days and six months. 

Repeat ED visits and 911 calls were uncommon, with a mean of less than one per patient at each 

follow-up point. Hospitalization was also relatively rare (11.2% at 30 days and 14.9% at 6 

months) (Table 2). 

Predictors of Symptom Trajectories 

Patient factors that were significant predictors of trajectory class membership for three or 

more symptoms are shown in Table 3. BMI was a significant predictor for all eight symptoms. 

Lower BMI predicted moderate persistent or worsening trajectories for the majority of symptoms 

(chest discomfort, chest pain, chest pressure, shoulder pain, and unusual fatigue). Diagnosis was 
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a significant predictor of trajectory membership for every symptom except unusual fatigue. 

NSTEMI diagnosis predicted “tapering off” or “late onset” trajectories for most symptoms (chest 

discomfort, chest pain, chest pressure, shortness of breath, shoulder pain, and upper back pain). 

STEMI diagnosis also predicted “late onset” trajectories for upper back pain, shoulder pain, and 

shortness of breath. Age was a significant predictor of trajectory membership for chest 

discomfort, lightheadedness, shortness of breath, shoulder pain, and upper back pain. “Late-

onset” and “tapering off” trajectories were most commonly predicted by older age. Female sex 

predicted more severe symptom trajectories for shoulder pain, unusual fatigue, and upper back 

pain. 

Results for the less commonly significant predictors are not reported in detail here due to 

limited space, but are available upon request. Diabetes status and functional status each were 

significant predictors for only one symptom (chest pressure and upper back pain, respectively), 

and insurance status for just two symptoms (chest discomfort and shoulder pain). Comorbidity, 

marital status, and education level were not significant predictors for any symptom.  

Health Services Use and Symptom Trajectories 

Results of the health services use analysis are shown in Tables 4 and 5. For each 

symptom, between 2 and 10 of the 10 health service use variables were significantly different 

among trajectory classes. Across symptoms, “moderate/worsening” trajectories (for chest 

discomfort, chest pressure, chest pain, and unusual fatigue) were generally associated with 

greater mean number of clinic visits, calls to a healthcare provider, 911 calls, ED visits, and 

probability of hospitalization at both 30 days and six months compared to “tapering off” 

trajectories. “Late onset” trajectories (for shortness of breath, shoulder pain, and upper back 
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pain) were associated with fewer provider phone calls and ED visits at 30 days, and fewer clinic 

visits, 911 calls, ED visits, and lower probability of hospitalization at 6 months than persistent or 

improving trajectories. Health services use of patients with “mild/persistent” trajectories (for 

chest discomfort, lightheadedness, shoulder pain, unusual fatigue, and upper back pain), 

“moderate/improving” trajectories (for lightheadedness and upper back pain), 

“moderate/persistent” trajectories (for shortness of breath and shoulder pain), or 

“severe/improving” trajectories (for upper back pain and shoulder pain) did not follow a 

consistent pattern across symptoms and outcome variables. 

Discussion 

Our hypothesis that symptom trajectories could be predicted based on patient 

characteristics was supported. The same characteristics (younger age, female sex, lower BMI, 

and less likelihood of NSTEMI diagnosis) tended to predict membership in smaller, less typical 

classes across different symptoms regardless of the morphology of these trajectories. Patients 

with these characteristics may therefore be less likely to receive appropriate education and 

treatment than their peers with more common symptom trajectories. Contrary to our 

expectations, situational factors were rarely predictive of symptom trajectory class. Several 

physiological factors, however, were consistently and significantly predictive of trajectory class. 

These findings suggest that biological, physiological, and demographic data routinely collected 

in clinical settings (age, sex, BMI, and diagnosis) are important in predicting post-ED symptom 

trajectories.  

Prediction of symptom trajectories based on information observable at initial presentation 

is potentially clinically useful. Patient characteristics associated with late-onset, persistent, or 
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worsening trajectories may be seen as “red flags” for identifying at-risk patients. These patients 

may be targeted for individualized education, post-discharge support, and symptom management 

plans. The ability to predict likely symptom trajectories is especially significant given our 

findings that health services use varies among trajectories. 

Our findings also suggest that women may be especially at risk for persistent and severe 

trajectories of symptoms that may be misinterpreted as less likely to be associated with heart 

disease. Unusual fatigue is associated with a myriad of conditions and back or shoulder pain may 

be erroneously attributed to musculoskeletal conditions. Female sex predicted a 

“moderate/worsening” trajectory of unusual fatigue, and patients with initially severe upper back 

pain and shoulder pain also more likely to be female. Sex did not predict post-ED trajectories of 

chest symptoms, which evidence suggests may be more common in men during ACS (Canto et 

al., 2012b; 2007). The role of sex in post-ED symptom trajectories requires further study. 

Our hypothesis that trajectories with greater persistence and severity would be associated 

with increased health services use was partially supported. “Moderate/worsening” trajectories 

were consistently associated with greater health service use than “tapering off” trajectories. This 

pattern was most visible for chest symptoms, a finding that makes clinical sense since chest 

symptoms are alarming to patients because they are well-known as cardiac warning signs 

(Mozaffarian et al., 2015). Therefore, it may be reassuring that patients with ongoing or 

worsening chest symptoms are continuing to seek care while patients with resolving symptoms 

seek less care. However, it may also indicate that patients with ongoing chest symptoms require 

further education, symptom management, and follow-up in order to prevent unnecessary 

emergency room visits or 911 calls for symptoms not related to ACS. The finding that “late 
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onset” trajectories were associated with lower health service use may indicate that patients are 

not associating these later symptoms with their initial ED visit for possible ACS and thus may 

not prioritize seeking care. 

Symptoms with marked differences in health service use among trajectory classes (chest 

discomfort, chest pain, chest pressure, unusual fatigue, and shortness of breath) should be 

targeted for future research. This study has demonstrated the potential of growth mixture 

modeling and its extensions to identify the importance of heterogeneity in both patient factors 

and symptom trajectories. This method can be used in future studies to further explore 

differences in outcomes of these trajectories. 

Our decision to include patients who ruled-out for ACS, a group underrepresented in 

previous research and requiring significant healthcare resources, is a strength of this study. Our 

findings indicate that diagnosis alone does not reliably predict post-ED symptom trajectories. 

Increased understanding of patients’ symptom trajectories is an important step towards providing 

personalized care that is patient-centered rather than disease-centered. 

Limitations 

Though the initial growth mixture models were estimated using the full-information 

maximum-likelihood method, the predictor and outcome analyses used listwise deletion to 

handle missing data, which is a potential source of bias. The sample also overrepresented 

patients who ruled-in for ACS, a choice made to achieve the parent study’s main aim of 

evaluating ACS symptoms. The analyses were conducted for each individual symptom, so 

potential relationships among symptoms were not considered. The analyses in this study were 



 
 
 

 
121 

also dependent on prior analyses which involved subjective decision-making to determine the 

initial trajectory models.  

Conclusions 

Clinically observable patient characteristics may be useful in predicting symptom 

trajectories following evaluation for ACS. These symptom trajectories are also associated with 

differences in health services use over six months for both patients who rule-in and rule-out for 

ACS. Further study is needed to verify these findings and develop clinical interventions to 

support patient self-care and symptom management after hospital discharge. 
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Table	1.	Sample	characteristics	(n=1002). 
	 mean	 SD	 total	n	 missing	

Age	(years)	 60.17	 14.17	 1002	 0	
Body	Mass	Index	 30.00	 7.31	 983	 19	
Comorbidity-	CCI	 1.89	 1.96	 944	 58	
Functional	Status-	DASI	 33.60	 19.12	 924	 78	
	 	 	 	 	
	 n	 %	 total	n	 missing	

Sex	 	 	 1002	 0	
Male	 627	 62.6	 	 	

Female	 375	 37.4	 	 	
Race	 	 	 998	 4	

White	 706	 70.5	 	 	
Black	 132	 13.2	 	 	

Hispanic	 59	 5.9	 	 	
Other	 101	 10.1	 	 	

Education	 	 	 1000	 2	
HS	or	less	 335	 33.5	 	 	

Some	College	 330	 32.9	 	 	
College	Degree	 205	 20.5	 	 	

Graduate	Degree	 130	 13.0	 	 	
Marital	Status	 	 	 999	 3	

Married	 466	 46.6	 	 	
Not	Married	 533	 53.4	 	 	

Insurance	 	 	 988	 14	
Private	 418	 41.7	 	 	

Government	 438	 43.7	 	 	
Uninsured	 132	 13.2	 	 	

Diagnosis	 	 	 997	 5	
Non-ACS	 572	 57.1	 	 	

UA	 101	 10.1	 	 	
NSTEMI	 222	 22.2	 	 	
STEMI	 102	 10.2	 	 	

SD=	standard	deviation.	
CCI=	Charlson	comorbidity	index.	
DASI=	Duke	Activity	Status	Index.	
HS=	high	school.	
ACS=	acute	coronary	syndrome.	
UA=	unstable	angina.	
NSTEMI=	non-ST-elevation	myocardial	infarction.	
STEMI=	ST-elevation	myocardial	infarction.	
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Table	2.	Health	service	use	30	days	and	6	months	post-discharge	
	 mean	 SD	 n	

Clinic	calls	30	days	 0.879	 2.117	 738	
Clinic	visits	30	days	 2.005	 2.100	 740	
911	calls	30	days	 0.099	 0.564	 737	
ED	visits	30	days	 0.227	 0.620	 740	
Clinic	calls	6	months	 1.740	 4.593	 584	
Clinic	visits	6	months	 4.868	 6.907	 586	
911	calls	6	months	 0.268	 0.987	 585	
ED	visits	6	months	 0.701	 2.195	 586	
	 	 	 	
	 Freq.	 %	 n	

Hospital	Admission	30	days	 83	 11.2	 741	
Hospital	Admission	6	months	 87	 14.9	 585	
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Table	3.	Most	common	predictors	of	symptom	trajectories.	

	 Age	 BMI	 Female	Sex	 Diagnosis	

	 mean	(SD)	 mean	(SD)	 n	(%)	 n	(%)	
	UA	

n	(%)	
NSTEMI	

n	(%)		
STEMI	

Chest	Discomfort	 	 	 	 	 	 	
Tapering	Off		 59.80	(14.08)	 33.90	(19.40)	 257	(38.42)	 64	(9.61)	 154	(23.12)	 66	(9.91)	

Mild/Persistent	 55.85	(12.77)	 33.70	(18.93)	 38	(41.76)	 12	(13.19)	 13	(14.29)
*	 7	(7.69)	

Mod./Worsening	 53.48	(14.76)
**
	 25.65	(16.61)

*	 25	(44.64)	 4	(7.14)	 6	(10.71)	 1	(1.79)	
Chest	Pain	 	 	 	 	 	 	

Tapering	Off	 59.61	(14.24)	 33.76	(19.28)	 261	(37.45)	 65	(9.37)	 160	(23.05)	 68	(9.80)	
Mod./Worsening	 56.09	(14.24)	 24.06	(19.64)

*	 34	(47.89)	 10	(14.08)	 6	(	8.45)
*	 2	(2.82)	

Chest	Pressure	 	 	 	 	 	 	
Tapering	Off	 59.47	(14.12)	 33.86	(19.38)	 267	(38.25)	 68	(9.78)	 157	(22.59)	 65	(9.35)	

Mod./Worsening	 57.39	(13.75)	 25.44	(18.17)
*	 45	(48.91)	 14	(15.22)	 9	(9.78)

*	 3	(3.26)	
Lightheadedness	 	 	 	 	 	 	

Mild/Persistent	 60.01	(14.11)	 33.80	(18.94)	 219	(35.15)	 58	(9.37)	 149	(24.07)	 70(	11.31)	
Mod./Improving	 57.80	(15.17)

*	
25.05	(18.37)

**	 82	(51.57)	 12	(7.55)	 19	(11.95)
**	

4	(2.52)
*	

Shortn.	of	Breath	 	 	 	 	 	 	
Late	Onset		 60.94	(14.28)	 34.11	(19.02)	 165	(34.09)	 54	(11.23)	 126	(26.20)	 62	(12.89)	

Mod./Persistent	 50.79	(14.36)	 29.84	(19.19)	 81	(46.83)	 14	(8.09)	 19	(10.98)
**	

7	(4.05)
**
	

Severe/Improving	 57.13	(14.36)
**	

24.66	(17.88)
**	 61	(45.52)	 7	(5.22)

**	
18	(13.43)

**	
4	(2.99)

**	

Shoulder	Pain	 	 	 	 	 	 	
Late	Onset		 60.23	(13.94)	 33.64	(19.19)	 182(	35.27)	 58	(11.28)	 125	(24.32)	 59	(11.48)	

Mod./Persistent	 58.83	(13.73)	 28.69	(19.47)
*	 43	(51.81)	 10	(10.84)	 10	(12.05)

*	
2	(2.41)

*	

Severe/Improving	 58.04	(15.55)	 26.57	(18.48)	 30	(52.63)
*	 5	(8.93)	 10	(17.86)	 3	(5.36)	

Mild/Persistent	 56.49	(13.56)
*	 31.31	(18.14)	 35	(39.77)	 8	(9.20)	 13	(14.94)

*	
2	(2.30)

*	

Unusual	Fatigue	 	 	 	 	 	 	
Tapering	Off	 60.20	(14.25)	 32.98	(19.00)	 236	(36.20)	 62	(9.55)	 153	(23.57)	 67	(10.32)	

Mod./Worsening	 59.12	(13.18)	 26.24	(17.74)
*	

57	(57.00)
**	 10	(10.00)	 14	(14.00)	 5	(5.00)	

Mild/Persistent	 59.10	(13.41)	 34.09	(18.95)	 32	(47.67)	 9	(13.43)	 10	(14.93)	 6	(8.96)	
Upper	Back	Pain	 	 	 	 	 	 	

Late	Onset	 59.66	(13.69)	 33.98	(19.66)	 168	(34.64)	 48	(9.96)	 131	(27.18)	 53	(11.00)	
Mod./Improving	 55.40	(15.58)

*	 31.73	(18.70)	 39	(45.88)	 11	(12.94)	 5	(5.88)
**	

4	(4.71)
*	

Mild/Persistent	 59.90	(13.75)	 29.11	(18.86)	 46	(45.10)	 11	(10.78)	 16	(15.69)
*	 6	(5.88)	

Severe/Improving	 60.23	(15.23)	 22.83	(15.58)
**	

36	(67.92)
**	 2	(3.77)	 8	(15.09)	 0	(0.00)

**	

Italics	signify	largest	class	for	each	symptom	
*signficant	vs.	largest	class	at	p<.05	
**significant	vs.	largest	class	at	p<.01	
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Table	4.	30-day	outcomes	by	symptom	trajectory	class.	
	 	

30	Day	Outcomes	
Clinic	Visits		
(30	days)	

	

Calls	to	MD/NP	
	(30	days)	

	

911	calls		
(30	days)	

	

ED	visits		
(30	days)	

	

Hospitalization	
Yes/No	
	(30	days)	

	
	 M.	 S.E.	 M.	 S.E.	 M.	 S.E.	 M.	 S.E.	 prob.	 S.E.	

Chest	Discomfort	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 1.089

*
	 0.092	 0.751

*
	 0.072	 0.060

*
	 0.015	 0.181

*
	 0.025	 0.088

*
	 0.016	

Mild/Persistent	 2.074	 0.192	 0.961
*
	 0.171	 0.084

*
	 0.034	 0.201

*
	 0.047	 0.088

*
	 0.035	

Mod./Worsening	 3.013
*
	 0.472	 2.606

**
	 0.733	 0.584

**
	 0.224	 0.801

**
	 0.177	 0.398

**
	 0.074	

Chest	Pain	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 1.930

*
	 0.096	 0.813

*
	 0.077	 0.077

*
	 0.017	 0.222

*
	 0.027	 0.102

*
	 0.014	

Mod./Worsening	 2.685
*
	 0.339	 2.063

*
	 0.513	 0.414

*
	 0.154	 0.572

*
	 0.126	 0.244

*
	 0.055	

Chest	Pressure	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 1.927

*
	 0.096	 0.774

*
	 0.070	 0.077

*
	 0.018	 0.192

*
	 0.025	 0.085

*
	 0.015	

Mod./Worsening	 2.509
*
	 0.270	 1.902

*
	 0.410	 0.312

*
	 0.114	 0.530

*
	 0.102	 0.276

*
	 0.051	

Lightheadedness	 	 	 	 	 	 	 	 	 	 	
Mild/Persistent	 2.036	 0.105	 0.630

*
	 0.057	 0.099	 0.024	 0.248	 0.031	 0.112	 0.014	

Mod./Improving	 2.169	 0.217	 2.243
*
	 0.405	 0.248	 0.102	 0.363	 0.083	 0.194	 0.038	

Shortness	of	Breath	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 1.991	 0.119	 0.723

*
	 0.077	 0.103	 0.030	 0.216

*
	 0.032	 0.103	 0.016	

Mod./Persistent	 2.417	 0.257	 1.212	 0.253	 0.169	 0.077	 0.408
*
	 .089	 0.174	 0.036	

Severe/Improving	 1.823	 0.187	 1.655
*
	 0.393	 0.153	 0.076	 0.247	 0.063	 0.171	 0.037	

Shoulder	Pain	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 1.942	 0.112	 0.877	 0.108	 0.120	 0.033	 0.258	 0.038	 0.110	 0.016	

Mod./Persistent	 2.348	 0.333	 1.208	 0.373	 0.127	 0.079	 0.354	 0.111	 0.130	 0.043	
Severe/Improving	 1.986	 0.325	 1.312	 0.513	 0.308	 0.203	 0.267	 0.109	 0.209	 0.065	
Mild/Persistent	 2.534	 0.353	 1.449	 0.435	 0.130	 0.076	 0.316	 0.095	 0.178	 0.045	

Unusual	Fatigue	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 1.982	 0.111	 0.692

*
	 0.067	 0.135

*
	 0.035	 0.211

*
	 0.029	 0.096

*
	 0.018	

Mod./Worsening	 2.334	 0.264	 1.983
**	 0.451	 0.181	 0.086	 0.512

**
	 0.109	 0.213

*
	 0.048	

Mild/Persistent	 2.094	 0.214	 0.950
*
	 0.178	 0.040

*
	 0.021	 0.184

*
	 0.048	 0.135	 0.042	

Upper	Back	Pain	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 1.909	 0.114	 0.700

*
	 0.076	 0.102	 0.028	 0.199

*
	 0.030	 0.114	 0.017	

Mod./Improving	 2.191	 0.293	 1.322	 0.374	 0.203	 0.110	 0.449
*
	 0.124	 0.194	 0.049	

Mild/Persistent	 2.425	 0.301	 1.622
*
	 0.423	 0.039	 0.024	 0.403	 0.101	 0.185	 0.043	

Severe/Improving	 2.384	 0.414	 1.892	 0.694	 0.448	 0.251	 0.412	 0.145	 0.180	 0.061	
*Chi-square	p<.05	vs.	one	other	class;	**Chi-square	p<.05	vs.	2	other	classes	
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Table	5.	6-month	outcomes	by	symptom	trajectory	class.	 	

6	month-outcomes	
Clinic	Visits		
(6	months)	

	

Calls	to	MD/NP	
(6	months)	

	

911	calls		
(6	months)	

	

ED	visits		
(6	months)	

	

Hospitalization	
Yes/No	

(6	months)	
	

	 M.	 S.E.	 M.	 S.E.	 M.	 S.E.	 M.	 S.E.	 prob.	 S.E.	
Chest	Discomfort	 	 	 	 	 	 	 	 	 	 	

Tapering	Off	 4.596	 0.368	 1.697	 0.228	 0.186
*
	 0.038	 0.483

*
	 0.062	 0.122

**
	 0.017	

Mild/Persistent	 6.603	 1.009	 2.633	 0.713	 0.418	 0.117	 0.978
*
	 0.175	 0.239

*
	 0.044	

Mod./Worsening	 7.564	 1.715	 3.640	 1.472	 1.259
*
	 0.440	 3.445

**
	 1.128	 0.394

*
	 0.076	

Chest	Pain	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 5.065	 0.410	 1.601	 0.194	 0.222

*
	 0.041	 0.608

*
	 0.069	 0.156

*
	 0.017	

Mod./Worsening	 7.055	 1.307	 3.494	 0.992	 0.984
*
	 0.303	 1.950

*
	 0.411	 0.139

*
	 0.050	

Chest	Pressure	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 4.899

*
	 0.390	 1.838	 0.253	 0.189	 0.037	 0.507

*
	 0.062	 0.139

*
	 0.017	

Mod./Worsening	 7.381
*
	 1.156	 3.136	 0.098	 0.844

*
	 0.235	 2.205

	*
	 0.570	 0.330

*
	 0.050	

Lightheadedness	 	 	 	 	 	 	 	 	 	 	
Mild/Persistent	 5.045	 0.403	 1.996	 0.257	 0.242

*
	 0.042	 0.714

*
	 0.078	 0.182	 0.020	

Mod./Improving	 6.618	 1.080	 2.296	 0.596	 0.904
*
	 0.244	 1.879

*
	 0.579	 0.254	 0.054	

Shortness	of	Breath	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 4.379

*
	 0.386	 1.639	 0.236	 0.253

*
	 0.052	 0.567

**
	 0.077	 0.168

*
	 0.023	

Mod./Persistent	 5.698	 0.806	 2.324	 0.569	 0.394	 0.111	 1.065
*
	 0.224	 0.177	 0.043	

Severe/Improving	 7.447
*
	 1.235	 3.405	 1.006	 0.757

*
	 0.238	 1.918

*
	 0.612	 0.303

*
	 0.060	

Shoulder	Pain	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 5.164	 0.508	 1.820	 0.284	 0.271

*
	 0.056	 0.832	 0.142	 0.155	 0.022	

Mod./Persistent	 4.776	 0.910	 2.847	 0.973	 0.084
**
	 0.052	 0.649	 0.195	 0.123

*
	 0.046	

Severe/Improving	 5.544	 1.523	 3.201	 1.517	 0.873	 0.436	 1.592	 0.982	 0.311	 0.090	
Mild/Persistent	 6.579	 1.250	 3.410	 1.088	 0.742

*
	 0.253	 1.381	 0.566	 0.275

*
	 0.056	

Unusual	Fatigue	 	 	 	 	 	 	 	 	 	 	
Tapering	Off	 4.628	 0.396	 1.405

*
	 0.162	 0.283	 0.055	 0.631

*
	 0.074	 0.161	 0.019	

Mod./Worsening	 6.820	 1.112	 3.564
*
	 0.859	 0.573	 0.205	 1.460

**
	 0.328	 0.222	 0.046	

Mild/Persistent	 6.205	 1.041	 1.958	 0.457	 0.400	 0.150	 0.670
*
	 0.152	 0.231	 0.049	

Upper	Back	Pain	 	 	 	 	 	 	 	 	 	 	
Late	Onset	 5.386	 0.561	 1.534	 0.230	 0.256	 0.061	 0.658	 0.307	 0.111

**
	 0.021	

Mod./Improving	 5.478	 1.126	 2.682	 0.821	 0.653	 0.294	 1.285	 0.569	 0.289
*
	 0.066	

Mild/Persistent	 4.320	 0.676	 3.065	 0.776	 0.367	 0.139	 1.355	 0.500	 0.180	 0.045	
Severe/Improving	 6.164	 1.738	 3.762	 1.546	 0.621	 0.378	 1.418	 0.862	 0.326

*
	 0.096	

*Chi-square	p<.05	vs.	one	other	class;	**	Chi-square	p<.05	vs.	2	other	classes	
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APPENDIX D: 

SUMMARY OF LITERATURE REVIEW FINDINGS 
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Physical Symptoms Following ACS. 

Reference Purpose Design Sample Findings Timeline  
Dreyer, Wang, 
Strait, Lorenze, 
D’Onofrio, 
Bueno, et al., 
2015 

Examine gender 
differences in health status 
in the year following MI 
for patients under age 55. 

Descriptive, 
longitudinal, 
prospective; linear 
mixed effects 
analysis 

American and Spanish 
MI patients (n=3,501). 
32% male, age range 
18-55. 

Women overall had lower 
health status than men, 
including QOL and angina 
frequency, but rate of 
change did not differ over 
the entire year of follow-up. 

1 year follow-up 
period, 3 time points. 

Kim, Kim, & 
Hwang, 2015 

Evaluate role of symptoms 
in HRQOL of post-MI 
patients. 

Descriptive, cross-
sectional, 
correlational 

South Korean post-MI 
patients with LV 
dysfunction (n=105). 
79% male, mean age 
65. 

Patients reported multiple 
symptoms including fatigue, 
shortness of breath, 
weakness, and dizziness. 
Female sex, low income, 
more symptoms, and low 
function were associated 
with lower QOL. 

At least one year 
post-MI. 

Fors, Dudas, & 
Ekman, 2014 

Explore patients’ 
experiences of ACS . 

Phenomenology ACS patients from 
two Swedish hospitals 
(n=12), 5 women/7 
men, age 45-72. 

Themes: overwhelmed and 
struggling in acute phase 
(including managing 
symptoms & anxiety), 
striving for security 
afterwards (needing 
explanation & dealing with 
uncertainty). 

Experiences only 
during hospital stay 
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Smith, Kupper, 
Denollet, & de 
Jonge, 2011 

Examine trajectories of 
vital exhaustion and 
relationship to prognosis 
for MI and CHF patients. 

Descriptive, 
longitudinal, latent 
growth mixture 
modeling 

Dutch MI (n=407) 
and CHF (n=297) 
patients. 76.6% male, 
62.9% over age 60. 
(DepreMI study). 

Four trajectories of VE 
(fatigue, irritability, 
demoralization) identified: 
low VE, decreasing VE, 
increasing VE, severe VE. 
Varied by sex, marital 
status, EF, medications, 
diagnosis, and depression. 
Increasing and severe 
classes had higher rates of 
CV events. 

1 year follow-up 
period, 3 time points 
 
 

Yasuhara, 
Takada, 
Tanioka, 
Kawanishi, & 
Locsin, 2010 

Explore experience of 
patients with ischemic 
heart disease during 
transition from 
hospitalization to 
discharge. 

Qualitative 
description 

Japanese first-time 
ischemic heart disease 
patients from two 
hospitals (n=24). 
54.2% male, mean 
age 60.8 years. 

Two themes: connecting 
experience with self, and 
instability of self as heart 
disease patient. Much 
confusion about facilitating 
own care and managing 
symptoms. 

Follow-up period 1-3 
months, 3 time 
points. 
 

Askham, Kuhn, 
Frederiksen, 
Davidson, 
Edward, & 
Worrall-Carter, 
2010 

Describe information and 
support needs of Faroese 
women after 
hospitalization for ACS. 

Qualitative 
description 

Faroese women with 
first ACS diagnosis 
from a single hospital, 
(n=8), age range 48-
70. 

Themes were “now what?” 
and lifestyle adjustments. 
Unexpected symptoms 
included fatigue and 
ongoing chest pain. 

3-4 week follow-up 
period, 1 time point. 
 

Fennessy, Fink, 
Eckhardt, Jones, 
Kruse, 
VanderZwan, 
Ryan, & Zerwic, 
2010 

Measure fatigue associated 
with MI at admission and 
30 days and examine 
whether gender, age, or 
depression contributes. 

Descriptive, 
longitudinal, 
correlational 

AMI patients from 6 
Midwestern hospital, 
n=116. 78.7% male, 
40.5% attrition, mean 
age 59.9. 

Severe fatigue was common. 
Women had more fatigue at 
baseline, but their fatigue 
declined by 30 days. Men’s 
fatigue did not change.  

Follow-up period 30 
days, 2 time points. 
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Arnold, Spertus, 
Jones, Xiao, & 
Cohen, 2009. 

To examine impact of 
dyspnea and angina on 
QOL after MI. 

Longitudinal, 
descriptive, 
regression 

MI patients from 19 
US hospitals 
(n=1,835). Mean age 
60. (PREMIER 
study). 

At one month 47% had 
dyspnea; worse dyspnea 
associated with worse QOL 
at one month and over 1 
year, increased risk of 1-year 
hospitalization and 3-year 
mortality. 

Follow-up period 12 
months (and 3 year 
mortality), 3 time 
points.  
 
 

Garavalia, 
Decker, Reid, 
Lichtman, 
Parashar, 
Vaccarino, 
Krumholz, & 
Spertus, 2007 

Examine differences in 
health status between men 
and women 30 days after 
MI. 

Descriptive, cross-
sectional 

MI patients from 19 
US hospitals (n-
2096), 68% male. 
(PREMIER study).  

1/4th of patients experienced 
angina in the 30 days after 
MI, and it was slightly more 
common in women. Women 
also had worse quality of life 
and physical functioning. 

Follow-up period 30 
days, 1 time point. 
 

Worcester, 
Murphy, Elliott, 
Le Grande, 
Higgins, Goble, 
& Roberts, 2007 

Assess female cardiac 
patients’ health-related 
quality of life during first 
year after acute event. 

Longitudinal, 
descriptive, growth 
curve modeling 

Female MI (n=103) or 
CABG patients from 
4 Australian hospitals 
(n=229). Mean age 
68.5. 

Scores were low at the time 
of the event. Most 
improvement occurred by 2-
4 months, with pain and 
mental health first, but all 
domains returned to baseline 
by 1 year. 

Follow-up period 1 
year, 4 time points. 
 
 

Mortensen, 
Bjorner, 
Oldenburg, 
Newman, 
Groenvold, 
Madsen, & 
Anderson, 2005 

Evaluate health-related 
quality of life 30 days after 
percutaneous intervention 
or thrombolytics after 
STEMI. 

Secondary study, 
part of RCT 

Danish STEMI 
patients participating 
in RCT (n=1351). 
76% male, mean age 
62 (DANAMI-2 
study). 

Thrombolysis patients were 
more likely to experience 
angina and dyspnea than 
PCI patients.  Anxiety and 
depression did not 
significantly differ. 

Follow-up period 30 
days, 1 time point 
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Simpson & 
Pilote, 2003 

Examine common patterns 
in effects of MI on QOL. 

Systematic review 11 articles published 
between 1966 and 
1999. 

HRQOL minimally affected 
by MI, with physical 
capacity, work status, 
symptoms, function, and 
general health returning to 
normal over time. 
Influencing factors are 
severity of symptoms, 
timing of measurement, age. 
Chest pain and dyspnea 
most frequent symptoms, 
worse in younger patients 
with more severe MI. 

n/a 

Rankin, deLeon, 
Chen, Butzlaff, 
& Carroll, 2002 

Gain perspective into 
recovery of unpartnerned 
elders after MI. 

Qualitative 
description 

Unpartnered patients 
over age 65 
recovering from MI 
(n=33), 27% male, 
age range 66-92. 

Participants wanted to return 
to familiar lifestyle. Most 
common symptoms were 
fatigue (55%), GI distress 
(49%), joint pain (46%). 
Others were chest pain, 
dyspnea, palpitations, 
dizziness, headaches, 
swelling. Psychological 
symptoms were anxiety, 
worry, sadness, poor sleep.  
Some had gender 
differences.  97% had 
healthcare contact. 

Minimum follow-up 
3 months. Symptom 
trajectories over time 
not analyzed. 
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Sutherland & 
Jensen, 2000 

Explore and describe 
elderly women’s 
perceptions of having an 
MI. 

Qualitative 
description 

Women over age 70 at 
least 8 weeks post-MI 
from 2 hospitals, 
without CABG 
(n=11), age range 70-
85.  

“Living with change” had 
five phases: searching for 
diagnosis, being hit with 
reality, discovering nature of 
change, adjusting, and 
moving on.  

Follow-up period at 
least 8 weeks. 
 
 

Dixon, Lim, 
Powell, & 
Fisher, 2000 

Describe nature, incidence, 
and severity of cardiac 
patients’ problems in early 
recovery. 

Descriptive, cross-
sectional 

Cardiac patients from 
18 Welsh hospitals 
(n=1304), including 
ACS (n=356). 64% 
male, 36% under age 
65. 

For MI patients, 67% had 
problems with emotional 
reactions, 76% physical 
condition, 62% 
convalescence, and 55% 
relating. Symptoms included 
fatigue, chest pain, dyspnea, 
dizziness, aching legs. 

Follow-up period 4 
months, 1 time point. 
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Abbreviations: 
ACS= Acute coronary syndrome 
CABG= Coronary artery bypass graft 
CHF= Congestive heart failure 
CV= Cardiovascular 
EF= Ejection fraction 
GI= Gastrointestinal 
HRQOL= Health-related quality of life 
LV= Left ventricle 
MI= Myocardial infarction 
PCI= Percutaneous coronary intervention 
QOL= Quality of life 
STEMI= ST-elevation myocardial infarction 
VE= Vital exhaustion 
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Psychological Symptoms Following ACS. 

Reference Purpose Design Sample Findings Timeline  
Murphy, 
Ludeman, Elliott, 
Judd, Humphries, 
Eddington, et al., 
2013 

Identify predictors of 
worsening anxiety or 
depression in non-urban 
patients after acute cardiac 
event. 

Descriptive, 
longitudinal, 
growth mixture 
modeling 

Australian ACS 
patients from two 
rural/regional facilities 
(n=160). 

Three trajectories of both 
anxiety and depression were 
identified: anxiety tends to 
resolve while depression may 
resolve for some or worsen for 
others.  Age, mental health 
history, smoking, financial 
stress, self-rated health, and 
diabetes predict trajectory. 

6-month follow-up 
period, 3 time points. 
 
 

Barnason, 
Zimmerman, 
Nieveen, Schulz, 
& Young, 2012 

Evaluate evidence on 
patients’ recovery 
trajectories after 
hospitalization for acute 
cardiac events. 

Systematic 
review 

Studies (n=61) of 
patients recently 
hospitalized for acute 
cardiac events, 
including ACS (n=18). 

Patients experience 
uncertainty, fear, anxiety, and 
depression. Both physical and 
psychosocial symptoms are 
ongoing, including chest pain, 
fatigue, dyspnea, sleep 
disturbance, GI distress, and 
palpitations. 

No evidence related 
to trajectory or 
timing of physical 
symptoms included 
in review. 
 

van Beek, 
Mingles, Voshaar, 
Balkom, 
Lappenschaar, 
Pop, & Speckens, 
2012 

Explore longitudinal 
course of anxiety 
symptoms after MI. 

Descriptive, 
longitudinal,  
latent growth 
class analysis 

Dutch MI patients 
from a single 
hospital(n=194). 66% 
male, mean age 61.8. 

Three distinct groups with 
stable anxiety symptoms (high, 
medium, low), and one with 
decreasing anxiety symptoms 
over time, were identified. 
Persistent high anxiety was 
associated with less 
employment, diabetes, prior 
ACS, and depression. 

1-year follow-up 
period, 5 time points 
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Doyle, McGee, 
Delaney, 
Motterlini, & 
Conroy, 2011 

Determine whether 
theoretical vulnerabilities 
to depression predict 
depressive symptoms and 
symptom trajectories in 
the year after MI. 

Descriptive, 
longitudinal, 
latent class 
analysis 

ACS patients from 12 
Irish hospitals 
(n=375). 33% attrition, 
79% male, mean age 
61.5. 

Distinct depression trajectories 
identified were persistent, 
subthreshold, and never 
depressed. Theorized 
vulnerabilities (stressful life 
events, low reinforcement, 
beliefs, personality) 
independently predicted 
trajectory. 

1-year follow-up, 
latent class growth 
analysis, 1-3 time 
points 
 
 

Reese, Freedland, 
Steinmeyer, Rich, 
Rackley, & 
Carney, 2011 

Determine whether 
depressive disorder by 
DSM-IV predicts 
rehospitalization after MI. 

Longitudinal, 
descriptive, 
regression 

Patients with MI from 
4 US hospitals 
(n=766). 60.4% male 
(ENRICHD study). 

Depressive disorders increase 
risk of rehospitalization (both 
at all and sooner) after MI. 
Diagnostic interview and 
questionnaire did not differ. 

Follow-up period up 
to 42 months 
 
 

Sakai, Nakayama, 
Shimbo, Uishima, 
et al., 2011  

Describe course of QOL 
after MI and relationship 
with depressive 
symptoms. 

Longitudinal, 
descriptive, 
regression 

Japanese male patients 
from 5 hospitals after 
MI (n=218). Mean age 
59.6, 22.9% attrition.  

Overall HRQOL scores lower 
than average at 12 months. 
Depressive symptoms at one 
month associated with lower 
aspects of QOL, including 
physical, higher pain levels. 

Follow-up period 12 
months, 4 time 
points. 
 
 

Tisminetzky, 
Bray, Miozzo, 
Aupont, & 
McLaughlin, 2011 

Identify symptom profiles 
of depression and anxiety 
in ACS patients, examine 
changes in profiles over 
time, and examine effects 
of age and sex on profiles. 

Longitudinal, 
latent 
class/latent 
transition 
analysis 

ACS patients with 
depression/anxiety 
symptoms from one 
Boston hospital 1 
month after discharge 
from RCT of 
behavioral therapy 
(n=100). Mean age 60, 
68% male. 

Two classes identified: 76% 
had depression and some 
anxiety, 24% had anxiety and 
some depression. Half of 
control patients had worsening 
symptoms vs. 28% of 
intervention. Older patients 
more likely to transition 
between classes. 

Follow-up period 6 
months, 4 time 
points. 
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Page, Davidson, 
Edward, Allen, 
Cummins, 
Thompson, & 
Worrall-Carter, 
2010 

Measure rates and 
trajectory of depression 
over six months following 
admission for acute 
cardiac event, describe 
relationship between 
depression and life 
satisfaction. 

Descriptive, 
longitudinal, 
correlational 

Patients from single 
Australian hospital 
with diagnosis of ACS, 
CHF, or PCI (n=63). 
6-month attrition 58%. 
73% male, mean age 
66. 

Levels of moderate depression 
were  highest at 3 months, 
major depression at baseline 
and six months. Depression 
was significantly correlated 
with well-being across time 
points. 

Trajectory described 
only by mean 
scores/ranges; 
individual trajectories 
not analyzed. 
6-month follow-up 
period, 4 time points. 
 

Abbas, Schmid, 
Guler, Wiedemar, 
Begre, Saner, 
Schnyder, & von 
Kanel, 2009 

Investigate longitudinal  
course of PTSD following 
MI. 

Descriptive, 
longitudinal, 
correlational 

Patients with MI from 
larger Swiss study 
diagnosed with PTSD 
by interview 
(n=40). 40% attrition, 
78% male, mean age 
54. 

One third of patients had PTSD 
remission at follow-up. Levels 
of PTSD symptoms decreased 
over time (total, re-
experiencing, avoidance 
significantly, and hyperrarousal 
borderline). Longer duration of 
follow-up predicted fewer 
symptoms, except 
hyperarousal. 

Follow-up period 1-3 
years, 2 time points.  
 
 

Dunn, Stommel, 
Corser, & 
Holmes-Rovner, 
2009 

Examine hopelessness as 
predictor of cardiac rehab 
after ACS. 

Longitudinal, 
descriptive, 
regression 

Patients with ACS 
(n=207). 66% male, 
mean age 58.8 (HARP 
study). 

Hopelessness persisted over 
time and predicted lower 
participation, depression was 
not a predictor. 

Follow-up period 8 
months, 3 time 
points. 
 
 

Thombs, 
Ziegelstein, 
Stewart, Abbey, 
Parakh, & Grace, 
2008 

Determine whether 
depression symptoms 
during or after 
hospitalization for ACS 
predict physical health 
status at 12 months.  

Descriptive, 
longitudinal, 
regression 

Patients with ACS 
diagnosis from 12 
Canadian hospitals 
(n=425), 71.5% male, 
mean age 62.4 

Persistent depression 
symptoms, but not transient 
symptoms,  associated with 
poor physical health at 12 
months, baseline depression 
score predicted 12-month 
physical health 

12-month follow-up 
period, 3 time points.  
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Murphy, Elliott, 
Worcester, 
Higgins, Le 
Grande, Roberts, 
& Gobble, 2008 

Assess for multiple 
anxiety and depression 
trajectories and predictors 
in the 12 months after MI 
or CABG. 

Descriptive, 
longitudinal, 
growth mixture 
modeling 

Australian women 
from four hospitals 
with MI or CABG 
surgery (n=226), mean 
age 68.2 

Two trajectories identified: low 
symptoms, high and worsening 
symptoms.  Both non-linear, 
most change in first 2 months. 
Most had low symptoms. 
Diabetes, perception, language, 
and loneliness associated with 
trajectory.   

12-month follow-up, 
4 time points 
 
 

Martens, Smith, 
Winter, Denollet, 
& Pedersen, 2008 

Examine course of 
depressive symptoms and 
predictors during first year 
post-MI. 

Descriptive, 
longitudinal, 
latent class 
analysis  

Patients hospitalized 
for MI at 4 Dutch 
hospitals (n=287). 
Descriptives for entire 
sample not reported 
(DepreMI study). 

Four trajectories identified: 
non-depressed, mild, moderate, 
severe. Cardiac history, 
depression history, personality 
predicted persistent depression. 
Trajectories were mostly 
stable/linear. 

12-month follow-up, 
3 time points. Non-
responders at any 
time point excluded. 
 
 

Norris, 
Hegadoren, & 
Pilote, 2007 

Examine differences in 
depression symptoms as 
related to QOL following 
MI. 

Longitudinal, 
descriptive 

Patients admitted 
through ED with MI 
from 10 Canadian 
hospitals (n=486). 
79% male, mean age 
60.5.  

Women had worse physical 
and mental quality of life at 
both time points and more 
depressive symptoms at 
baseline. Depression symptoms 
associated with worsening 
mental health QOL for women. 

Follow-up period 1 
year, 2 time points.  
 
 

Dunn, Corser, 
Stommel, & 
Holmes-Rovner, 
2006 

Examine hopelessness 
during recovery from ACS 
and relate to depression 
and other patient 
characteristics. 

Cross-
sectional, 
descriptive, 
correlational 

ACS patients from 5 
Michigan hospitals 
(n=525). 64.6% male, 
mean age 59.8. 

Hopelessness is correlated with 
depression, lower education, 
CABG, and angioplasty. 
Depression only correlated 
with gender.  Hopelessness was 
present in 27%, depression in 
36%.  

Follow-up period 
mean 14 days. 
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Parashar, 
Rumsfeld, 
Spertus, Reid, 
Wenger et al., 
2006 

Evaluate prognostic 
importance of transient, 
new, or persistent 
depression on outcomes 6 
months after MI. 

Longitudinal, 
descriptive, 
regression 

MI patients from 19 
US hospitals (n=1873). 
Mean age 61.5, 19% 
attrition (PREMIER 
study). 

All depression associated with 
higher rehospitalization and 
mortality, more angina, more 
physical limitations, and worse 
QOL, irrespective of time 
course. 

Follow-up period 6 
months, 2 time 
points. 
 

Kaptein, de Jonge, 
van den Brink, & 
Korf, 2006 

Identify post-MI courses 
of depressive symptoms 
and correlation with 
cardiac events over 1 year. 

Descriptive, 
longitudinal, 
latent class 
analysis 

Patients hospitalized 
for MI at 4 Dutch 
hospitals (n=475). 
80.8% male, mean age 
60.6 (DepreMI study). 

5 trajectories identified: None, 
mild, moderate & increasing, 
significant & decreasing, 
significant & increasing. Last 
class associated with higher 
rate of CV events. 

12-month follow-up, 
4 time points. 
 
 

Grace, Abbey, 
Pinto, Shnek, 
Irvine, & Stewart, 
2005 

Examine prevalence and 
course of depressive 
symptoms in 1 year after 
ACS and relationship with 
cardiac rehab. 

Descriptive, 
longitudinal, 
regression 

Convenience sample 
of patients with ACS 
diagnosis from 12 
Canadian hospitals 
(n=913), 40% attrition, 
64.6% male, mean age 
61.9.  

20% participated in CR; 
participation was lower in 
patients with more depressive 
symptoms. Depression 
symptoms decreased over 1 
year for all patients regardless 
of CR participation.  

12-month follow-up 
period, 3 time points. 
 
 

Elliott, Gallo, 
Have, Bogner, & 
Katz, 2005 

Examine whether latent 
class models can 
distinguish MI patients’ 
trajectories of affect, 
relate  to depression and 
cardiac events. 

Latent class 
analysis, 
growth mixture 
modeling 

Patients with MI in 
past year from 
Pennsylvania 
cardiology clinic 
(n=35). 

Multiple models with different 
fits possible; stable positive 
affect related to lower negative 
events; declining positive 
affect with higher events. 
Methodological issues 
discussed. 

Follow-up period 35 
consecutive days, 
average 31.5 days 
observed. 
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Ginzburg, 
Solomon, 
Koifman, Keren, 
Kriwisky, Kutz, 
David, & Bleich, 
2003 

Examine post-MI PTSD 
trajectories, relationships 
to threat, initial reaction, 
anxiety, somatization, 
QOL, hospitalization at 7 
months. 

Longitudinal, 
descriptive, 
correlational 

MI patients from 3 
Israeli hospitals 
(n=116), 94.8% male. 

PTSD trajectory related to 
anxiety, QOL, somatic 
complaints/symptoms.  

Follow-up period 7 
months, 2 time 
points; only patients 
with both points 
included.  
 
 

Strik, Denollet, 
Lousberg, 
&Honig, 2003. 

Compare depression and 
anxiety symptoms as 
predictors of cardiac 
events and health care 
consumption after MI. 

Longitudinal, 
descriptive, 
regression 

Male patients after first 
MI from single Dutch 
hospital (n=318), mean 
age 58. 

Both depression and anxiety 
were associated with cardiac 
events. Anxiety but not 
depression predicted 
rehospitalization and frequent 
outpatient visits. 

Average follow-up 
period 3.4 years. 
 
 

Lane, Carroll, 
Ring, Beevers, & 
Lip, 2002 

Assess prevalence and 
persistence of depression 
and anxiety symptoms in 
12 months after MI. 

Longitudinal, 
descriptive, 
correlational 

MI patients from 2 
English hospitals 
(n=288). 11% attrition. 
Mean age 62.7, 75% 
male. 

Both depression and anxiety 
increased from baseline at 4 
and 12 months; frequently both 
experienced together. At 12 
months, 37.7% had depression 
symptoms and 40.0 anxiety 
symptoms. 

Follow-up period 1 
year, 3 time points 
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Abbreviations: 
ACS= Acute coronary syndrome 
CABG= Coronary artery bypass graft 
CHF= Congestive heart failure 
CR= Cardiac rehabilitation 
ED= Emergency department 
GI= Gastrointestinal 
HRQOL= Health-related quality of life 
MI= Myocardial infarction 
PCI= Percutaneous coronary intervention 
PTSD= Post-traumatic stress disorder 
QOL= Quality of life 
RCT= Randomized controlled trial 
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Situational Factors Associated with Post-ACS Symptoms. 

Reference Purpose Design Sample Findings Timeline  
Kronish, 
Rieckmann, Burg, 
Alcantara, & 
Davidson, 2013 

Determine whether 
cognitive, behavioral, or 
psychosocial vulnerabilities 
for depression explain 
association between 
depression and medication 
adherence in ACS patients. 

Longitudinal, 
descriptive, 
regression. 

ACS patients with 
absent or high 
depression scores 
receiving aspirin 
(n=169). Mean age 
59, 56% male 
(COPES study). 

Role transition and 
interpersonal conflict were 
only predictors of poor 
adherence. Vulnerabilities 
did not mediate relationship 
between depression 
symptoms and adherence. 

Follow-up period 3 
months 
 
 

Denollet, 
Freedland, 
Carney, de Jonge, 
& Roest, 2013 

Determine whether 
prognostic importance of 
cognitive-affective 
depression symptoms after 
MI is age-dependent. 

Longitudinal, 
descriptive 

Patients with 
depression after MI at 
8 hospitals (n=1823). 
Mean age 55/76, 58% 
male under 70, 42% 
male over 70 
(ENRICHD study). 

In patients over 70, age, 
severity, and comorbidities, 
but not depressive 
symptoms, predict prognosis. 
In patients under 70, 
cognitive-affective 
symptoms predicted death or 
MI, largely explained by 
somatic symptoms. 

Mean follow-up 
period 2.1 years 
 
 

Leifheit-Limson, 
Reid, Kasi, Lin, et 
al., 2012 

Examine changes in social 
support after MI and 
determine association with 
1-year health status and 
depression symptoms. 

Longitudinal, 
descriptive, 
regression 

MI patients from 19-
center study 
(n=1951), 13% 
attrition (PREMIER 
study). 

80% had persistently high 
support; others had 
persistently low, worsened, 
or improved support. 
Worsened support associated 
with angina, lower QOL, 
lower mental functioning, 
depressive symptoms, high 
support with better 
outcomes. 

Follow-up period 12 
months, 4 time 
points. 
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Shah, Krumholz, 
Reid, Rathore, 
Mandawat, 
Spertus, & Ross, 
2012 

Examine association 
between financial stress and 
long-term outcomes of MI 
including symptoms, 
function, QOL, 
readmission, mortality. 

Longitudinal, 
descriptive, 
regression 

MI patients from 
large multicenter US 
study (n=2344). 
67.5% male 
(PREMIER study). 

High financial stress 
associated with worse 
physical health, mental 
health, QOL, and angina at 
one year compared to low or 
no stress. 1 year readmission 
also increased, but not 4-year 
mortality. 

Follow-up period 1 
year, 4 years. 
 
 

Denton & 
Rieckmann, 2012 

Examine relationships 
between vulnerabilities and 
depression symptoms 3 
months after ACS, assess 
whether rumination 
interacts, examine different 
effects on patients 
depressed vs. not at 
baseline. 

Longitudinal, 
descriptive, 
regression. 

ACS patients from 3 
US hospitals with 
either absent or 
marked depressive 
symptoms (n=387). 
59% male, mean age 
61. 

All defined vulnerabilities 
(lack of pleasant events, 
dysfunctional attitudes, role 
transition, poor dyadic 
adjustment) predict 
depression at 3 months; 
rumination predicts severity 
independently as well as in 
interaction. 

Follow-up period 3 
months, 2 time 
points. 
 
 

Vilchinsky, Dekel, 
Leibowitz, Rege, 
Khaskia, & 
Mosseri, 2011 

Explore how male cardiac 
patients’ perceived support 
moderates associations 
between partner’s 
perception of support and 
recovery outcomes 
including psychological 
well-being, cholesterol, and 
smoking. 

Longitudinal, 
descriptive, 
regression 

Israeli men from one 
hospital with first 
ACS event and their 
female partners 
(n=101). Mean age 
56.9 years, 9% 
attrition. 

Interaction between partner’s 
and patients perceptions of 
support predicted outcomes; 
positive or negative depends 
on type of support; includes 
depressive symptoms. 

Follow-up period 6 
months, 3 time 
points. 
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Watkins, 
Schneiderman, 
Blumenthal, 
Sheps, Catellier et 
al., 2003 

Examine association 
between clinical depression 
and comorbidity after MI. 

Cross-sectional, 
descriptive. 

Patients with MI and 
depression from 81 
US hospitals 
(n=2,481). Mean age 
61 (ENRICHD 
study). 

Odds ratio for major 
depression increased linearly 
with comorbidity, even 
excluding somatic symptoms 
of depression. 

Follow-up period up 
to 28 days, 
generally during 
hospitalization. 
 
 

Petrie, Cameron, 
Ellis, Buick, & 
Weinman, 2002 

Examine whether 
intervention designed to 
alter MI illness perceptions 
would improve recovery 
and reduce disability. 

Prospective, RCT Patients under age 65 
from single New 
Zealand hospital with 
first MI (n=65). 14% 
attrition. Mean age 
55.6, 72% male. 

Intervention group had more 
positive views of MI, felt 
better prepared to leave 
hospital, returned to work 
faster, and reported less 
angina at 3 months. No 
difference in rehab 
attendance. 

Follow-up period: 3 
months, 3 time 
points. 
 

Al-Hassan & 
Sagr, 2002 

Evaluate stress level, 
identify course of stress, 
and examine predictors of 
stress in MI patients after 
discharge. 

Cross-sectional, 
descriptive 

First-time MI patients 
under age 70 from 4 
Jordanian public 
hospitals (n=84). 
Mean age 55, 74% 
male. 

Most patients experienced 
moderate stress; 20% had 
high stress levels. Age, 
gender, income, chest pain 
frequency, and advice to quit 
smoking predicted stress. 

Follow-up period: 
2-16 weeks, 1 time 
point. 
 

Winefield & 
Martin, 1981 

Analyze MI outcome 
variables to determine 
which are useful indices of 
recovery, identify in-
hospital predictors of 
recovery. 

Longitudinal, 
descriptive, 
correlational 

Men under 65 with 
first MI from a single 
hospital (n=28). Mean 
age 53.2. 

Poor recovery predicted by 
high anxiety in-hospital, 
manual occupation, 
dissatisfaction with work, 
social isolation. Patients 
experienced a mean of 1.6 
symptoms; continuing 
symptoms negatively 
correlated with perceived 
health, resumption of work, 
sex. 

7-month follow-up 
period, 2 time 
points. 
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Abbreviations: 
ACS= Acute coronary syndrome 
MI= Myocardial infarction 
QOL= Quality of life 
RCT= Randomized controlled trial  
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Symptoms in Patients Ruled-out for ACS. 

Reference Purpose Design Sample Findings Timeline  
DeVon, Burke, 
Nelson, Zerwic, & 
Riley, 2014 

Explore disparities between 
blacks and whites with 
potential ACS in the ED. 

Prospective, 
longitudinal, 
descriptive 

Patients with 
potential ACS from 
four US EDs 
(n=663). 82.5% 
white, 62% male. 

Black patients with specific 
symptoms (fatigue, 
palpitations, chest pain) were 
more likely to rule-in for 
ACS; blacks with ACS had 
more symptoms, more risk 
factors, and more clinic visits 
at 1 month. 

6 months; 3 time 
points. 

Devon, Rosenfeld, 
Steffan, & Daya, 
2014 

Determine sensitivity, 
specificity, and predictive 
value of 13 symptoms for 
CS diagnosis. 

Cross-sectional, 
descriptive, logistic 
regression 

Patients with 
potential ACS from 
four US EDs 
(n=736). 70.5% 
white, 63% male, 
mean age 59.7. 

Chest pressure (66/63%), 
discomfort (66/79%), and 
pain (67/72%) were the most 
sensitive for ACS diagnosis 
(men/women); specificities 
ranged from 33-78%. Men 
and women were largely 
similar. No symptom was 
both sensitive and specific. 

ED only; cross-
sectional 

Pelter, Riegel, 
McKinley, Moser, 
Doering, 
Meischke, et al., 
2012 

Compare symptom 
differences in patients 
presenting to the ED who 
did vs. did not have ACS. 

Secondary analysis 
of RCT, 
prospective, 
longitudinal 

Patients with known 
CHD admitted to ED 
for symptoms 
suggestive of ACS 
(n=565). 65% male, 
mean age 67 years, 
59% had ACS 
(PROMOTION 
study). 

A higher percentage of ACS 
patients had chest or arm pain 
or history of PCI, whereas 
more non-ACS patients had 
shortness of breath or 
dizziness.  

Two years 
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Ruddox, 
Mathisen, & 
Otterstad, 2012 

Explore prevalence and 
prognosis of non-specific 
chest pain vs. ACS in ED 
patients suspected to have 
ACS. 

Systematic review Studies evaluating 
consecutive possible 
ACS patients with 
follow-up of at least 
six months (n=12). 

44% did not have ACS; non-
ACS patients had lower 
mortality (3.2% vs. 18.0%), 
but non-ACS patients with 
pre-existing CHD at higher 
risk for readmissions and 
mortality. 

At least six months 

Edwards, Chang, 
Matsuura, Green, 
Roben, & 
Hollander, 2011 

Determine whether pain 
severity is associated with 
MI or 30-day 
complications. 

Secondary 
analysis; 
prospective, 
longitudinal 

Patients presenting to 
the ED with potential 
ACS (n=3,306). 43% 
male; mean age 51 
years. 

Severity or duration of pain 
was not significantly related 
to MI diagnosis or 30-day 
cardiovascular outcomes. 

30 days 

Bruyninckx, 
Aertgeerts, 
Bruyninckx, & 
Buntinx, 2008 

Determine accuracy of 10 
signs and symptoms in 
ACS diagnosis. 

Systematic review Studies describing 
symptoms in ACS 
including 
undifferentiated 
patients (n=28). 

Absence of chest wall 
tenderness was sensitive for 
ACS (92%), but no other 
symptoms were highly 
sensitive for any diagnosis, 
and none were highly 
specific. 

ED only 

Comeau, Jensen, 
& Burton, 2006 

Compare typical and 
atypical symptom 
presentations in moderate 
risk possible UA/NSTEMI 
patients. 

Prospective, cross-
sectional, 
descriptive 

ED patients admitted 
to an ED’s chest pain 
program (n=100). 
52% male, mean age 
61.4 years, 31% had 
ACS. 

Most patients diagnosed with 
UA/NSTEMI had atypical 
symptoms, and symptom 
presentation in this group did 
not differ by age or gender. 
However, atypical symptoms 
were more common in 
patients without an ACS 
diagnosis that in patients with 
an ACS diagnosis. 

ED only; cross-
sectional. 
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Herlitz, Karlson, 
Lindqvist, & 
Sjolin, 2002 

Describe 10-year prognosis 
in women admitted to ED 
with potential MI. 

Prospective, 
longitudinal, 
descriptive 

Women admitted to a 
Swedish ED with 
suspected MI 
(n=2377). Mean age 
65 years, 11% had 
MI confirmed. 

10-year mortality was 42.5%; 
overall; 55.5% among those 
hospitalized. Women with 
chest pain had more 
favorable outcomes than 
those without. Heart failure 
symptoms were an 
independent predictor of 
mortality. 

10 years 

Milner, Funk, 
Arnold, & 
Vaccarino, 2002 

Evaluate role of typical and 
atypical symptoms in ACS 
diagnosis for women and 
men. 

Cross-sectional, 
descriptive, logistic 
regression 

Patients seen in a 
U.S. ED with 
symptoms suggestive 
of ACS (n=522). 
52.9% male. 

Typical symptoms associated 
with ACS in women, but not 
in men. Atypical symptoms 
not related to diagnosis in 
women, but some were 
inversely related to ACS 
diagnosis in men. 

ED only; cross-
sectional 

Milner, Funk, 
Ruchers, 
Vaccarino, & 
Krumholz, 2001 

Explore symptom 
predictors of ACS 
diagnosis in younger vs. 
older patients. 

Secondary 
analysis; cross-
sectional, 
descriptive. 

Patients seen in a 
U.S. ED with 
symptoms suggestive 
of ACS (n=522). 
56.6% male. 

No symptoms predicted ACS 
diagnosis in older patients; 
chest symptoms and total 
number of typical symptoms 
predicted ACS in younger 
patients. 

ED only; cross-
sectional 

Karlson, 
Qahrbogrm, 
Sjoland, 
Lindqvist, & 
Herlitz, 1998 

Evaluate the impact of an 
early follow-up program 
(assessment & education) 
on symptoms and 
readmissions after being 
ruled-out for ACS. 

Controlled 
intervention trial 
(without true 
randomization). 

Patients under age 65 
seen at a Swedish ED 
with suspicion of 
ACS who were then 
ruled-out (n=860). 
60% male, mean age 
45 years. 

Fewer in intervention group 
had ED readmissions (17.4% 
vs. 24.9%) or hospital 
admissions (15.9% vs. 
23.3%). There was no 
difference in reported 
frequency of symptoms. 

1 year 



 
 
 

 
151 

Karlson, Sjoland, 
Wahrborg, 
Lindqvist, & 
Herlitz, 1997 

Describe characteristics, 
symptoms, and stress-test 
responses of patients 
discharged from ED after 
being ruled-out for ACS at 
presentation and at follow-
up. 

Prospective, 
descriptive, cross-
sectional. 

Patients under age 65 
seen at a Swedish ED 
with suspicion of 
ACS who were then 
ruled-out (n=484). 
61% male, median 
age 48 years. 

Men more likely to have 
previously known CHD. 
More than half of patients 
reported ongoing symptoms 
after discharge. 36% of 
patients had no diagnosed 
cause of symptoms at initial 
visit, and 26% remained 
undiagnosed at follow-up. 

3-5 days 

Karlson, Wiklund, 
Bengston, & 
Herlitz, 1994a 

Describe outcomes of 
patients discharged from 
ED after being ruled-out 
for ACS. 

Prospective, 
longitudinal, 
descriptive. 

Patients admitted to a 
Swedish ED with 
chest pain who were 
discharged from the 
ED (n=2012). 54% 
male, median age 52 
years. 

Mortality at 1 year was 1%, 
ACS event rate was 3%. 
Ruled-out patients had 
palpitations and chest pain at 
rest with the same or greater 
frequency as ACS patients, 
but fewer other 
cardiovascular symptoms. 
Ruled-out patients had more 
“emotional” and 
“psychosomatic” symptoms. 

1 year 

Karlson, Wiklund, 
Bengston, & 
Herlitz, 1994b 

Describe severity of 
symptoms and well-being 
one year after 
hospitalization due to 
suspected MI in patients 
where the diagnosis was 
not confirmed. 

Prospective, 
longitudinal, 
descriptive. 

Patients presenting to 
a Swedish ED with 
symptoms suggesting 
ACS (n=1715). 58% 
male, median age 69 
years, 32.4% had 
ACS. 

Patients without confirmed 
ACS had more 
cardiovascular symptoms 
(chest pain, dyspnea, 
palpitations, fatigue) than 
ruled-in patients. 
“Psychosomatic” and 
“psychological” symptoms 
were also more common in 
ruled-out patients. 

1 year 
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Abbreviations: 
ACS= Acute coronary syndrome 
CHD= Coronary heart disease 
ED= Emergency department 
MI= Myocardial infarction 
NSTEMI= Non-ST-elevation myocardial infarction 
PCI= Percutaneous coronary intervention 
RCT= Randomized controlled trial 
UA= Unstable angina 
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APPENDIX E: 

UNIVERSITY OF ARIZONA DETERMINATION OF HUMAN SUBJECTS RESEARCH 
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